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ABSTRACT 
Background: Haemophilia A is an X-linked bleeding disorder resulting from dysregulation of clotting factor VIII (FVIII) during haemostasis. Predominant mode of treatment is by replacement therapy with recombinant FVIII (rFVIII) on demand or as a prophylaxis (Berntorp et al., 2003, Gouider et al., 2015). While there are a number of rFVIII products either in development or recently licensed with delayed clearance, none have a plasma half-life of >1.6 times that of native FVIII due to the dominant influence of von Willebrand factor (VWF) as all current commercial rFVIII products depend on binding to VWF for intravascular stability. However, the interaction facilitates plasma clearance via the VWF-mediated pathway, thus limiting the plasma half-life (Fischer et al., 2009). Here, a new technology for generating a long-acting rFVIII that functions independent of VWF was investigated. 
Objective: To develop a novel longer acting FVIII with a limited interaction with VWF and an extended plasma half-life via a fusion of rFVIII with an inactivated rFIX. 
Hypothesis: The fusion of FVIII to inactive FIX will create steric hindrance for binding to VWF and FVIII clearance receptors and thereby delay the in vivo clearance of FVIII.
Methods: Two novel rFVIII molecules were generated by fusion of FVIII to an inactivated factor IX designated 13A1FVIII and 13B1FVIII. Both FVIII fusions were cloned and expressed in mammalian cells (CHO Flp-In and HEK293c18), protein expression was confirmed by Western blotting and biological activity assessed in a chromogenic assay. In vitro haemostatic potential of the lead FVIII-fusion (13A1FVIII) was evaluated in an activated partial thromboplastin time (aPTT) and thrombin generation (TGA) assays while the in vivo efficacy was assessed in a tail vein transection (TVT) bleeding model. The plasma clearance was assessed in both a preliminary and repeat PK/PD studies in VWF/FVIII double knock out mice and FVIII single knockout mice relative to Advate FVIII.
Results: 13A1FVIII demonstrated more biological activity than 13B1FVIII in a chromogenic assay (5.58 IU/mL vs 1.22 IU/mL respectively) and so 13A1FVIII was taken forward for in vivo studies. Protein purification of 13A1FVIII was achieved by affinity chromatography with >95% purity as judged by silver staining. In vitro, 13A1FVIII was stable on storage and biological activity was confirmed in TGA and aPTT assays. In a pilot PK study using VWF/FVIII double knock out (DKO) mice, 13A1FVIII exhibited a reduced plasma clearance over Advate FVIII (terminal half-life of 32 hours vs 12 hours, respectively). However, the data from a repeat PK study in F8KO/DKO mice showed that the plasma clearance of 13A1FVIII is remarkably similar to that of Advate FVIII; both demonstrating half-lives of 7.2 vs 8.8 hours for F8KO and 51 vs 59 hours in DKO mice, respectively. In the TVT bleeding model there was no significant difference in bleed times, although Advate FVIII demonstrated a better haemostatic efficacy in TVT at 15 minutes whereas 13A1FVIII FVIII-showed reduced blood loss and bleeding time at 24 hours. 
Conclusions: The 13A1FVIII fusion of FVIII to inactivated FIX was stable and biologically active in vitro. However, in vivo, the 13A1FVIII fusion had similar clearance and activity to a third generation FVIII. The results suggest the FVIII and inactivated FIX fusion is being inactivated through the same pathway as native FVIII in vivo and that the current fusion molecule is not stable in vivo.
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GHRF		Growth hormone receptor fusion protein
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HEK			Human embryonic kidney
HEK293c18	Human embryonic kidney 293 with EBNA 
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HRP		Horseradish peroxidase
IMAC		Immobilized Metal Affinity Chromatography 
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RT			Room temperature
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SEAP		Secreted alkaline phosphatase 
Ser (S)		Serine
SF			Shaker Flask
SP			Serine Protease
TEMED		Tetra-methyl-ethylene-diamine
TGA		Thrombin Generation Assay
TMB		Tetramethylbenzidine
U			Unbound protein fraction
VLDL 		Very Low-Density Lipoprotein receptor
VPA			Valproic Acid
VWF		von Willebrand Factor
V/V			Volume / Volume
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1.1 Summary
Hemostasis is the normal physiological process through which the body halts bleeding in the event of an injury or a trauma. This is a complex process that involves the interactions of various proteins - coagulation factors and co-factors which are found in circulation. In circulation, these proteins are usually in their inactive forms (zymogen). Through regulated interactions with other proteins (procoagulants), the coagulation factors and cofactors are activated. The regulation of the interactions of the coagulation factors and co-factors with their activators is critical to maintaining the haemostatic balance. The coagulation process culminates in the formation of a stable fibrin clot or cellular hemostatic plug (blood clot) at the site of injury or haemorrhaging tissue, thus preserving the integrity of the vascular system.
1.2 Overview of Blood Coagulation Pathway
In vitro, two different pathways that lead to formation of blood clot have been identified. These are the contact activation (intrinsic) pathway which requires no external factor for its activation and the tissue factor (extrinsic) pathway which requires an external factor for its activation (Davie and Ratnoff, 1964, Ploplis et al., 1987). Both pathways lead to the proteolytic activation of coagulation factor (F) X to FXa, which in turn initiates series of proteolytic activities that generate sufficient thrombin that is required for fibrin clot formation (Figure 1.1). 
The tissue factor pathway depends on the exposure of tissue factor, a transmembrane glycoprotein normally found outside the vascular system, to circulation and its interaction with activated FVII (FVIIa) to form a TF-FVIIa complex (Osterud and Rapaport, 1977, Ploplis et al., 1987). The resulting TF-VIIa complex generates a limited amount of FIXa, FXa and thrombin from circulating FIX, FX and prothrombin zymogens, respectively (Hoffman et al., 1995, Oliver et al., 1999). Although limited, the amount of thrombin generated is sufficient to activate FXI (Naito and Fujikawa, 1991, Gailani and Broze, 1991, Oliver et al., 1999), FVIII, the cofactor of FIXa (Hill-Eubanks et al., 1989) and FV, the cofactor of FXa (Monkovic and Tracy, 1990) to their respective active forms. Similarly, the limited amount of FXIa generated is sufficient for the activation of more FIXa and facilitates thrombin generation in the contact activation pathway (Oliver et al., 1999). However, the FXa concentration generated through the tissue factor pathway is insufficient to initiate fibrin clot formation (Rao and Rapaport, 1988). This limitation is compensated for in the intrinsic pathway, which amplifies the FXa concentration in circulation to a level that is sufficient for stable fibrin clot formation. 
The contact activation pathway involves the interaction of three plasma serine proteases – factor XII (FXII), factor XI (FXI) and prekallikrein (PK), and a non-enzymatic high molecular weight kininogen (HMWK) (Schmaier, 2014, Schmaier, 2016), which culminates in the activation of FIX. The pathway is initiated following exposure of blood to a negatively charged surface, resulting in FXII activation which in turn converts PK to its active form, kallikrein. Additional FXII is further generated through kallikrein feedback activation, facilitating FXII activation of FXI which subsequently induces the activation of FIX. In the final phase of the contact activation pathway, the activated FIX interacts with its activated-cofactor, FVIIIa, in the presence of phospholipid and calcium to form the factor X activating FVIII-FIX complex (tenase complex or “X” ase complex) (Duffy et al., 1992) which amplifies FX activation and increases its plasma concentration. Additionally, the activated FXa further activates FVIII and FIX in circulation. The generated FVIIIa and FIXa through FXa further activate more circulating FX to FXa, thus facilitating the generation of sufficient FXa. The FXa formed interacts with its activated-cofactor FVa in the presence of phospholipid and calcium ion to form FXa-FVa complex (prothrombinase) (Tracy and Mann, 1983, Krishnaswamy et al., 1988); the complex that is responsible for thrombin activation (from prothrombin) and amplification. In turn, the activated thrombin cleaves fibrinogen to fibrin which coagulates at the site of vascular injury and stops the bleeding (Greenberg et al., 1985). The fibrin clot formed is stabilized by activated FXIII (FXIIIa), a fibrin-stabilizing factor and transglutaminase that catalyzes fibrin clot polymerization and cross-linking (Siebenlist et al., 2001, Schwartz et al., 1971). 
A dysregulation in the coagulation pathway has been associated with several haematological disorders such as von Willebrand disease (VWD), haemophilia A and B. The most common pathogenesis of these diseases involves a mutation in or deficiency of one of the coagulation factors. For instance, the coagulation factors VIII (FVIII) and IX (FIX) have been implicated in the clinical manifestation of haemophilia A (HEMA) and haemophilia B (HEMB) wherein these genes are found defective or deficient (Celie et al., 1999, Kemball-Cook et al., 1998, Onsori et al., 2011, Santacroce et al., 2008, Rogaev et al., 2009). Thus, restoring the activities of defective FVIII and/or FIX genes in hemophiliacs, or increasing the pool and half-lives of circulating FVIII and FIX in patients with haemophilia with deficient genes is an attractive approach to combating the disease.

[image: ]
Figure 1.1: Blood Coagulation Process. The blood coagulation process is initiated by contact damage to the blood vessels, and the release of sub-endothelium TF (tissue factor) into circulation. The released TF activates circulating FVII and associates with it to form a TF-FVIIa complex which activates FIX, FX and cofactor FV. FXa interacts with FVa in a phospholipid/calcium ion-dependent manner to activate a trace amount of thrombin from prothrombin. The TF-VIIa complex also activates FIX to FIXa. This marks the end of thrombin generation via the extrinsic pathway. Through the intrinsic pathway, the generated thrombin triggers the subsequent proteolytic activities that lead to explosive thrombin concentration in circulation. First, thrombin dissociates the FVIII-VWF complex, and activates cofactor FVIII to FVIIIa. Activated FVIIIa forms a complex with FIXa, which activates FX to FXa in phospholipid/calcium ion-dependent manner. The FXa formed is sufficient to generate high amount of thrombin, which in turn activates fibrin from fibrinogen cleavage. Fibrin monomers form polymers and aggregates at the site of injury forming a mesh of fibrin clot, which is stabilized by the fibrin stabilizing factor, FXIIIa (Lillicrap, 2008). 

1.3 Structure of FVIII 
The plasma glycoprotein FVIII has a gene size of 186kb with 26 exons (Gitschier et al., 1984). The FVIII molecule is synthesized as a 330kDa molecule (Rotblat et al., 2002) and encodes a precursor polypeptide chain of 2351 amino acid residues (Toole et al., 1984, Wood et al., 1984). Of these residues, 19 amino acids code for the signal peptide. Hence, the mature single chain FVIII molecule consists of 2332 amino acid residues (Vehar et al., 1984) with a molecular weight of 280kDa (Kaufman et al., 1988). The FVIII molecule is classified into six distinct structural domains which are grouped as A, B and C based on the homology of the amino acid sequence (Figure 1.2). The A domains, located at the N-terminal of the FVIII molecule are present in triplicates; and these are A1 (amino acid residues  20 - 355), A2 (amino acid residues 392-729) and A3 (amino acid residues 1709-2038) (Toole et al., 1984, Eaton and Vehar, 1986, Eaton et al., 1986a, Kane and Davie, 1988, Lenting et al., 1998). The B domain is located in between the A2 and A3 domains (amino acid residues 760-1667)(Eaton and Vehar, 1986, Lenting et al., 1998, Sandberg et al., 2001). This domain (~95kDa) makes up about 38% of FVIII molecule, and has been reported to be dispensable for FVIII coagulant activity (Toole et al., 1986, Eaton et al., 1986b). At the C-terminal of the FVIII molecule are the last two C domains, C1 (amino acid residues 2039-2191) and C2 (amino acid residues 2192-2351). Three acidic regions have been identified within the FVIII molecule. These are found at the borders of the A domain. The first acidic region (a1) is found between A1 and A2 domains, spanning amino acid residues 356-391. The second acidic region (a2) is located between the A2 and B domains (residues 730-759) and the third acidic region (a3) is between the B domain and the A3 domain covering amino acid residues 1668 – 1708 (Eaton and Vehar, 1986, Lenting et al., 1998). The acidic regions are rich in aspartic and glutamic acids residues with very few basic and non-polar amino acid residues present. These FVIII domains and acidic regions follow a distinct structural arrangement, A1|a1|A2|a2|B|a3|A3|C1|C2.1 |     | 20                        355 |     | 392            	         7 35 |     |760                          	           1667 |    | 1709              2038 | 2039               2191 | 2192               2351 |
R391 
R759 
R1708 

Figure 1.2: Structural Arrangement of Factor VIII. (a) A full length FVIII consists of six distinct domains preceeded by a signal peptide which is lost before the secretion of the mature FVIII protein. Proteolysis at residues p.Arg391, p.Arg759 and p.Arg1708 result in the activation of FVIII and loss of the B-domain.
Three putative copper ion binding sites have been reported within FVIII molecule (Tagliavacca et al., 1997) two of which have been localised to within the A1 and A3  domains (Figure 1.3) (Sudhakar and Fay, 1998, Shen et al., 2008, Ngo et al., 2008).  Similarly, calcium ion binding sites have been identified and located within the A1 and A2 domains of the FVIII heavy chain (Shen et al., 2008, Ngo et al., 2008). The FVIII molecule circulates in plasma as heterodimers consisting of N-terminal heavy chain and C-terminal light chain (Fay et al., 1986), and these metal ions are of structural and functional significance to the FVIII molecule. Both Ca2+ and Cu2+ ions are involved in bridging the two FVIII chains (light and heavy chains) and maintenance of the heterodimeric FVIII structure (Nordfang and Ezban, 1988, Tagliavacca et al., 1997, Wakabayashi et al., 2006), as exposing the FVIII molecule to chelating agent has been reported to result in dissociation of the two chains and inactivation of FVIII (Fass et al., 1982). 

Figure 1.3 Tertiary Structure of B-Domain Deleted FVIII. A B-domain deleted FVIII HC consists of A1 (dark blue) and A2 (light blue) while the LC consists of A3 (red), C1 (dark pink) and C2 (light pink). The modeled HC ends at residue p.Lys732 and the LC starts at p.Phe1710. Putative residues involved in membrane binding during the tenase complex formation are located within C1 (p.Lys2092 and p.Phe2093) and C2 (p.Met2218, p.Phe2219, p.Leu2270 and p.Leu2271) domains of the FVIII LC. The C1 domain is tightly linked to the A3 domain creating an extensive hydrophobic interface with the A3 domain. However, the C2 domain is loosely linked to the C1 domain within the FVIII LC and the A1 domain of the FVIII HC, forming a small hydrophilic interface with each domain. The structure features three bound metal ions; two copper(Cu2+) ions (green sphere), one each in A1 and A3 domains and, one calcium (Ca2+) ions (yellow sphere) in the A1 domain. Also, 3 out of the 4 potential sites of N-linked glycosylation in rFVIII molecule are also visible in the structure (residues p.Asn2137, p.Asn1829 and p.Asn258). The fourth N-linked glycosylation site not visible in the structure is p.Asn61, located in the A1 domain  (Ngo et al., 2008)
1.4 Biosynthesis, Secretion and Post-Translational Modification of Factor VIII
Expression of FVIII has been observed in various tissues such as the placental tissue, kidney, spleen, lymph nodes, lung and liver (Stel et al., 1986, Stel et al., 1983, Exner et al., 1983, Wion et al., 1985). Although several previous studies investigating the cellular origin of FVIII expression have shown the liver to be a predominant source of FVIII, contributing more than half of the total FVIII in circulation (Wion et al., 1985, Hollestelle et al., 2001), the sites of FVIII synthesis remained ambiguous. However, two recent independent studies clearly identified the liver endothelial cells as the primary biosynthetic source of FVIII in vivo (Fahs et al., 2014, Everett et al., 2014) with no apparent contribution to plasma  FVIII observed from the hepatocytes, contrary to previous studies (Hollestelle et al., 2001). Everett et al. also demonstrated the contributory roles of non-hepatic endothelial cells to FVIII gene expression level in murine kidney glomeruli. The secreted FVIII undergoes extensive post-translational modifications (PTMs) prominent among these is glycosylation.  During its biosynthesis, FVIII protein is translocated across the membrane of the endoplasmic reticulum(ER) into the lumen (Palade, 1975, Blobel and Dobberstein, 1975) where it loses its signal peptide and undergoes an N-linked glycosylation (Dorner et al., 1987). There are potentially 25 potential sites for N-glycosylation in FVIII, 19 of which are located in the B domain. In the ER, FVIII interacts with binding protein (BiP) which limits the secretion of FVIII. The N-linked glycosylated FVIII when secreted is transported to the Golgi apparatus for further modification and processing (Palade, 1975). In the Golgi apparatus, O-linked glycosylation, and sulfation of unique tyrosine residues occur. Glycosylation of FVIII results in an increase in its molecular weight, from about 265kDa pre-glycosylation (Vehar et al., 1984) to 360kDa post-glycosylation (Rotblat et al., 2002). 
1.5 FVIII Intracellular Proteolysis 
Following its secretion, FVIII undergoes intracellular proteolytic processing at variable regions within the B domain. The sites of proteolysis have been mapped to p.Glu1322 and p.Arg1667 (Shen et al., 2008). This phenomenon results in FVIII heterodimer consisting of N-terminal heavy chain (A1-a1-A2-a2-B) and C-terminal light chain (a3-A3-C1-C2) which are non-covalently linked by divalent metal ions (Wakabayashi et al., 2002). While the length of the light chain (LC) is known to be constant (80kDa), that of the heavy chain (HC) is variable (92-210kDa) (Eaton et al., 1986a). This variation has been attributed to partial cleavage of the B domain by thrombin and FXa (Andersson et al., 1986, Eaton et al., 1986a). The FVIII molecule binds to the phospholipid membrane through its LC. Although, the C2 domain within the FVIII LC was demonstrated to be the main membrane-binding site in FVIII (Stoilova-McPhie et al., 2002), various studies however have equally shown the involvement of all LC domains (a3-A3-C1-C2) in the FVIII-LC interaction with the membrane (Ngo et al., 2008) and Von Willebrand factor (VWF). On the other hand, the HC (A1-a1-A2-a2-) holds sites of interaction with FIX.
1.6 Coagulation FVIII Binding Partners, FIX and VWF
FVIII interacts with two major proteins at different stages within the intrinsic coagulation pathway, each contributing to FVIII stability. These are VWF and coagulation factor IX. Prior to the initiation of coagulation, FVIII circulates in the plasma in association with VWF. Thus VWF serves as a carrier and stabilizer of circulating FVIII, protecting it from proteolytic cleavage (Weiss et al., 1977). However, following its activation, FVIII stability is dependent on its association with FIXa.
1.6.1 Structure of VWF and Interaction with FVIII
Von Willebrand factor is a multimeric glycoprotein with a gene size of 178kb (nearly as big as FVIII which is 186kb) and 52 exons. VWF is synthesized by both endothelial cells (Jaffe et al., 1973) and megakaryocytes (Nachman et al., 1977, Sporn et al., 1985)  as a 260kDa or 275kDa precursor polypeptide chain which is processed to a 220kDa mature protein (Wagner and Marder, 1983). In the endothelial cells, VWF is stored in the Weibel-Palade bodies (Wagner et al., 1982). Structurally, a precursor non-mature VWF is organized into multiple domains consisting of D1-D2 propeptide and D’-D3-A1-A2-A3-C1-C2-C3-C4-C5-C6-CK mature polypeptide domains (Springer, 2011, Zhou et al., 2012) (Figure 1.4). Monomers of VWF are linked, head-to-head and tail-to-tail, by disulphide bonds to form multimers. In determining the binding sites of VWF to FVIII, earlier studies identified major binding sites of FVIII within the D’ to D3 of VWF. This translates to the first 272 residues at the N-terminal region of mature VWF (Foster et al., 1987). More recent studies have highlighted the first 19 amino acids of the mature VWF as a critical region for VWF-FVIII interaction and complex formation (Castro-Nunez et al., 2013). Also, VWF high affinity binding region has been located on FVIII LC at the acidic region (residues 1668 –1708) and the C2 domain (Saenko and Scandella, 1997). 
Following a vascular injury, VWF adheres and tethers to the subendothelium of the damaged vessel mediating platelet binding, aggregation and eventual formation of the platelet plug or stable fibrin clot that stops the bleeding (Sakariassen et al., 1979, Loscalzo et al., 1986). In addition, as a natural binding partner of FVIII, binding of VWF to the site of injury also increases the concentration of FVIII at this site (Sakariassen et al., 1979). The binding of VWF to FVIII has been demonstrated to be essential to FVIII stability in circulation (Weiss et al., 1977) and prevents premature co-factor binding of FVIII to FIX during the tenase complex formation (Lenting et al., 1994), and maintenance of the hemostatic balance. Decline in the half-life of FVIII in VWF-deficient patients and restoration of the labile FVIII to stable forms by addition of purified VWF (void of FVIII activity), supports the view that VWF stabilizes and prevents premature clearance of FVIII (Weiss et al., 1977). However, dissociation of VWF from the FVIII-VWF complex [image: ]is crucial to FVIII activation and co-factor activity (Hill-Eubanks et al., 1989).
Figure 1.4 Structural Arrangement of VWF Protein. A precursor VWF polypeptide chain is organized into multiple domains consisting of a propeptide (D1-D2) and a mature (D’-D3-A1-A2-A3-C1-C2-C3-C4-C5-C6-CK) polypeptide domains. Regions of  VWF domians that interact with other proteins are also featured (Springer, 2011).

1.6.2 Structure and Activation of FIX
FIX is a vitamin K dependent protease, consisting of a single chain glycoprotein with a molecular weight of 57kDa. The molecular weight before glycosylation is approximately 47kDa. An isolation and characterisation of a 1466 bp long cDNA coding for human FIX revealed a 5’ - 3’ sequential arrangement of 138 bp that code for an amino terminal leader sequence, 1248 bp that code for the mature protein and a stop codon, and 48 base pairs of noncoding sequence at the distal 3' end (Kurachi and Davie, 1982). During biosynthesis, the 1386 base pairs that code for the full length human FIX is processed into a precursor polypeptide chain of 462 amino acids featuring a 46 amino acid leader sequence in which amino acid residues 1-28 code for the signal peptide and residues 29-46 code for the propeptide sequence, and the remaining 415 amino acid residues code for the mature single chain FIX protein (Kurachi and Davie, 1982, Yoshitake et al., 1985). The serine protease domain which accounts for half the mass of the mature FIX protein is located at the C-terminal. During biosynthesis, FIX gene undergoes extensive post-translational modification, ranging from removal of the signal and propeptide sequences, y-carboxylation of the 12 glutamic acid (Gla) residues at the N-terminal of the synthesised protein, glycosylation, sulfation and phosphorylation of essential residues (Fryklund et al., 1976, Di Scipio et al., 1978, Kuraya et al., 1993, Makino et al., 2000, Chevreux et al., 2013). 
The mature FIX is activated by FXIa cleavage at p.Arg191 and p.Arg226 (Discipio et al., 1978, Liebman et al., 1987, Lenting et al., 1995, Sinha et al., 2005). This activation results in the release of an activated peptide composed of 35 amino acids (residues 192-226) from the mature protein, giving rise to an N-terminal light chain (LC) composed of 145 amino acids (residues 47-191) and a C-terminal heavy chain (HC) composed of 236 amino acids (residues 227-461) (Kurachi and Davie, 1982, Di Scipio et al., 1978). The HC contains three residues p.His267, p.Asp315, and p.Ser411 that are essential to FIXa enzymatic activity (Yoshitake et al., 1985). The LC of FIXa  is composed of a N-terminal Gla domain (residues 47-84), a hydrophobic helix (residues 85-92), two epidermal growth factor(EGF) domains (EGF1 and EGF2; residues 93-130 and 131-173 respectively), followed by a linker peptide (residues 174-191) (Brandstetter et al., 1995). Thus, FIXa has an N-terminal Gla/EGF1/EGF2 light chain and a C-terminal protease domain heavy chain structural arrangement, and both chains are linked via a disulfide bond formed between residues p.Cys178 and p.Cys335 (Yoshitake et al., 1985). The LC region is responsible for Ca2+-dependent phospholipid binding in FIX. Thus, structural modification, conformational changes and functionality of FIXa molecule is dependent on Ca2+ binding (Liebman et al., 1987, Astermark et al., 1994, Freedman et al., 1995), as only Ca2+ is known to support phospholipid binding out of all divalent metal ions (Nelsestuen et al., 1976). 
1.6.3	FVIII Activation 
Once the intrinsic coagulation pathway is initiated, the FVIII heterodimer undergoes proteolytic cleavage by thrombin to form an activated FVIII heterotrimer. This is achieved by thrombin cleavage of FVIII peptide chain at p.Arg1708 near the N-terminal of the LC (B-A3 junction) and at p.Arg759 of the HC (A2-B junction) resulting in the loss of the entire B domain and a reduced N-terminal HC. Thrombin also cleaves the HC at p.Arg391, separating the A1 and A2 domains (Eaton et al., 1986a). The resulting non-covalent heterotrimeric FVIII (A1/A2/A3-C1-C2) interacts with FIX as a cofactor for activation of FX to FXa. The A1/A3-C1-C2 subunits of the heterotrimeric FVIII retain the divalent metal ion- linkage, while the A2 subunit association with the A1/A3-C1-C2 subunits is through a weak pH-dependent interaction (Fay and Smudzin, 1992, Lollar and Parker, 1990), and the loss of the A2 association in the FVIII heterotrimer results in FVIII instability (Lollar and Parker, 1991). Although thrombin is the principal activator of FVIII, FXa has been reported to cleave FVIII at the thrombin cleavage sites (p.Arg391, 759 and 1708) and at two additional sites, one within the A1 domain (p.Arg238) and the other within the A2 domain (p.Arg509) (Hill-Eubanks et al., 1989, Regan and Fay, 1995, Aly and Hoyer, 1992). However, further studies identified the FVIII A1 domain as the primary binding site for FX (Lapan and Fay, 1997). The cleavage at p.Arg1708 is not required for FVIII activation, but essential for dissociation of the VWF-FVIII complex, modulating the conformation of FIXa active site and full FVIIIa cofactor activity (Hill-Eubanks et al., 1989). In addition, conversion of FVIII heterodimer to FVIII heterotrimer is critical for FVIII activation and coagulant activity, as the heterodimeric FVIII has been shown to lack cofactor activity in the presence of factor IXa, factor X, and phospholipid membranes (Oh et al., 1997).
1.6.4	Mechanism of Interaction of FVIIIa: FIXa in the Tenase Complex
Following the activation of FIX and its FVIII cofactor, the two molecules assemble on a phospholipid membrane, in the presence calcium to form a factor X-activating complex. Both FVIII and FIX bind to the negatively charged phospholipid membrane through their respective light chain; FVIII binds through its C-terminal C2 domain (Foster et al., 1990, Arai et al., 1989) whereas FIX binds to the membrane through its N-terminal Gla domain (Freedman et al., 1996) (Figure 1.3).
1.6.4.1 Interactive Sites on FVIII
The interaction between factor IXa and VIII in the tenase complex formation has been shown to involve the LC of FVIII (Lenting et al., 1994) and the LC of FIXa. They demonstrated that a heterodimeric FVIII containing both the heavy and light chains linked together by divalent metal ion, and an isolated FVIII LC were able to interact with FIXa with the same effectiveness and high affinity. They equally showed that the antibody that was used to inhibit FVIII-VWF complex formation had no effect on FVIII-FIXa interaction. These results suggest that while both VWF and FIX binding sites are located on FVIII LC, the two proteins bind different residues on the FVIII LC. Using a site-directed inhibitory antibody, the FIX binding residues were proposed to be within p.Gln1797- p.Asp1859 region of the FVIII LC (Lenting et al., 1994). In further studies, the binding region was more precisely localised to the p.Glu1830-p.Lys1837 sequence within the A3 domain of FVIII LC (Lenting et al., 1996) highlighting the involvement of this domain in the assembly of membrane-bound FIX-FVIII complex (Tenase complex) for FX-activation. The FVIII HC has likewise been reported to contain FIXa interactive sites within FVIIIa A2 domain at p.Ser577-p.Gln584 residues (Figure 1.5). This site is reportedly crucial for FIXa-dependent stability of FVIIIa (Fay et al., 1994). This view is evidenced by the reconstitution of factor VIIIa from the isolated A2 subunit and A1/A3-C1-C2 dimer using FIXa (Lamphear and Fay, 1992a).  With the use of synthetic peptides to inhibit FIXa activity, another FIXa binding region was proposed within FVIII A2 domain, spanning residues p.Arg771 –p.Ser729 (Jorquera et al., 1992). (b)
Figure 1.5: (a) FVIII, FIX and FX Structures, and Model of Molecular Interaction.  FX zymogen (left), FVIIIa cofactor (center) and FIXa enzyme (right) models on an  hypothetical phospholipids membrane surface during tenase complex formation (Venkateswarlu, 2014).
 (b) FVIIIa:FIXa Complex Assembly on Phospholipid Membrane. Through their light chain (LC) region, both FVIIIa and FIXa interact with the phospholipid membrane in the presence of calcium ion. Three putative binding sites (C2, C1, and A3) are located on FVIIIa LC (light gray and gray) and one putative binding site (Gla domain) is present on FIX LC (light yellow), with all the membrane binding sites lying on the same plane (blue). The two molecules interact via their heavy chains (HC), FVIIIa HC (orange) and FIXa HC (dark gray), for their enzyme-cofactor dependent activity (Ngo et al., 2008).

(a)

Interactive Sites on FIX(b)

Several studies have been undertaken to establish the sites of interaction of FIXa with FVIIIa in the tenase complex. Many of these studies gave an indication of multiple FVIII-interactive sites on FIXa, in which FIXa LC (Gla-EGF1-EGF2) interacts with FVIII A1/A3-C1-C2 dimer while FIXa HC protease domain interacts with FVIIIa A2 subunit (Obrien et al., 1995). Three distinct FVIIIa contact sites have been located on FIXa LC during their assembly on phospholipid-membrane. The first identified site of interaction was between the EGF2 domain of FIXa and A3 domain of FVIIIa (Lenting et al., 1994). The second site of interaction was established between the FIXa serine protease domain and FVIIIa A2 subunit (Fay et al., 1994). Within the FIXa serine protease domain, two FVIII-interactive sites have been mapped to residues 347-349, 376-384 and residues 379-385 (Kolkman et al., 1999, Mathur et al., 1998, Mathus and Bajaj, 1999). The third FVIIIa interactive site has been localized to the C-terminal region of the Gla domain of FIXa (Blostein et al., 2003). The identified region of contact is within the residues p.Phe71 and p.Val92 in the Gla domain.
1.7 FVIII Inactivation and Mechanism of Clearance 
Despite its large molecular weight, FVIII has a relatively short half-life in circulation compared to other proteins within the intrinsic coagulation pathway. Several proteins (proteases and receptors) have been implicated in the inactivation and clearance of FVIII from circulation. 
1.7.1 FVIII Proteolytic Inactivation
The vitamin K-dependent serine proteases, FIXa and APC (activated protein C), are involved in the inactivation of FVIII. Both proteases slowly cleave FVIIIa within the A1 domain at p.Arg355 (Lamphear and Fay, 1992b). Lamphear and Fay also identified a secondary inactivation site within FVIII LC at p.Arg1738 resulting from FIXa proteolytic cleavage. Another APC catalyzed inactivation site is also present at p.Arg581 within the A2 domain of FVIII. However, the binding of FIX to FVIII has been shown to protect FVIII from proteolytic inactivation by APC at p.Arg581 but not at p.Arg355, and thus reduce the rate of FVIII inactivation by APC (Regan et al., 1994). This is significant because APC inactivates FVIII by cleavage more rapidly than FIXa (Fay et al., 1991b). Apparently, FIXa in the tenase complex plays a dual role of stabilizing activated FVIIIa coagulant activity in the presence of phospholipid (Lollar et al., 1985, Lollar et al., 1984) and in the inactivation of FVIII and FVIIIa (Lamphear and Fay, 1992b). 

1.7.2 FVIII Cellular Uptake Via Lysosomal Degradation Pathway
Members of the cell-surface endocytic receptors family, LDLR (Low-Density Lipoprotein Receptor), have been identified as significant contributors to FVIII clearance from circulation. In order of their impact on FVIII clearance, these include LRP (Low-density lipoprotein Receptor-related Protein), LDL (Low-Density Lipoprotein) and VLDL (Very Low-Density Lipoprotein) receptors (Bovenschen et al., 2005a, Lenting et al., 1999, Saenko et al., 1999, Bovenschen et al., 2004). These receptors either bind or contribute to the binding and transport of FVIII to the intracellular (lysosomal) degradation pathway. 
Four binding regions of LRP in FVIIIa have been identified and elucidated; one is located within the FVIII HC while three are located within the LC of FVIII. In the FVIII LC, each domain contains an LRP binding region. These LRP binding sites have been mapped to C1 domain residues p.Lys2111–p.Phe2112 (Meems et al., 2011), non-specified region within the C2 domain (Lenting et al., 1999), and within p.Glu1830-p.Lys1837 region of the N-terminal A3 domain (Bovenschen et al., 2003). Thus, LRP shares the same binding region within A3 domain of FVIII LC with FIXa (Bovenschen et al., 2003, Lenting et al., 1996). The LRP binding site in the FVIII HC is located within p.Arg503-p.Phe528 region of the A2 domain (Bovenschen et al., 2006). However, VWF complex formation with FVIII interferes with the LRP binding region in FVIII, and down-regulates the clearance effect of LRP (Lenting et al., 1999). Thus, dissociation of VWF from the complex exposes the LC of FVIIIa to FIXa and LRP binding. Lenting et al (1999) equally observed that despite the blockage of LRP binding to FVIIIa using VWF or RAP (receptor associated proteins) inhibitors, there is still a significant decline in FVIII clearance in circulation (Lenting et al., 1999). This suggests that there are other receptors that interact with FVIII and mediate its cellular uptake and degradation via lysosomal pathway.
Next to LRP in mediating FVIII clearance in vivo is LDLR receptor. This was demonstrated in vivo in the absence LRP, whereby LDLR became the prominent regulator of FVIIIa, mediating its clearance (Bovenschen et al., 2005a). Also, using knockout mice with deleted LDLR and LRP genes, Bovenschen et al. (2005) demonstrated a synergistic relationship between LDLR and LRP in FVIII clearance in vivo. They observed about 4.2-fold elevated levels of FVIII in plasma due to the combined deficiency of these receptors. In the LDLR, a domain that consists of 7 clusters of complement-type repeats (CRs) has been identified to hold the binding sites for FVIII molecule. Out of these CRs, CR2-CR5 which constitute the binding region of the LDLR receptor have been mapped to corresponding putative binding domains in FVIII molecule (Kurasawa et al., 2013) (Figure 1.6). 
Multiple VLDL receptor binding sites have been located in FVIIIa within A2 domain residues 503-518 of FVIII HC and the A3-C1 region of FVIII LC (Ananyeva et al., 2008a, Ananyeva et al., 2008b). The involvement of VLDL receptor in FVIII clearance and intracellular degradation was established in vitro but not in vivo (Bovenschen et al., 2004). Using knockout mouse models with deleted VLDL receptor gene alone, deleted LRP receptor gene alone and combined deletion of LRP and VLDL receptors genes, Bovenschen et al. (2004) observed an elevated plasma FVIII in LRP gene deficient mice, slightly elevated FVIII in LRP/VLDR gene deficient mice, with an improved half-life. However, VLDR gene deficient mice displayed normal plasma FVIII level and accelerated clearance time. Ananyeva et al. studies indicated that there is an overlapping between VLDL and LRP receptor binding regions in FVIII (Ananyeva et al., 2008a, Ananyeva et al., 2008b). Thus, the reduced clearance of FVIII observed in the LRP/VLDR gene deficient mice in Bovenschen et al.’s (2004) studies was due to LRP-gene deficiency and not VLDR deficiency.
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Figure 1.6: Structure of LDLR Interactive Sites with FVIII. Four complement type repeats (CRs) domains within the LDLR receptor, CR2-CR5, have been identified as the region of interaction and binding to the FVIII molecule. The structure features these CRs (magenta and grey) in the receptor and corresponding contact region in FVIII (A3, C1 and C2 domains; deep blue, purple and light blue ribbons respectively). Also, each CR domain contains a Ca2+ binding site (pink sphere) (Kurasawa et al., 2013)



While it has been well established that receptor-associated proteins (RAPs), mentioned above, are actively involved in the clearance and regulation of plasma FVIII, other studies have equally suggested RAP-independent mechanism of clearance and regulation of plasma FVIII as well. For instance, the endocytic lectin asialoglycoprotein receptor (ASGPR) has been shown to interact with the heavily N-glycosylated B domain of FVIII (Bovenschen et al., 2005b). Following its biosynthesis in the liver, ASGPR   binds to glycoproteins and facilitates their endocytic uptake from the circulation. Out of the 25 potential consensus N-linked glycosylation sites that are found in FVIII, 19 are present in the B-domain.  Bovenschen et al. (2005b) studies showed that deglycosylation of FVIII or use of the ASGPR-antagonist, asialo-orosomucoid, abrogated the interaction of ASGPR with FVIII and resulted in prolongation of FVIII half-life in circulation in mice. Thus, it is apparent that binding of ASGPR to FVIII contributes to the in vivo catabolism and clearance of FVIII in the absence of the RAPs.
Recently, a carbohydrate-receptor known as Siglec-5 (sialic-acid-binding-immunoglobulin-like-lectins 5) has been implicated in the regulation of plasma levels of FVIII/VWF complex (Pegon et al., 2012). Siglec-5 is a cell surface receptor that is expressed on macrophages (Jandus et al., 2011), and it has high binding affinity for sialylated glycan-structures. While FVIII and VWF are structurally different, they both possess sialylated glycan-structures which make them potential ligands for Siglec-5, either as individual proteins or in complex (Pegon et al., 2012). Therefore, binding of the macrophages to FVIII/VWF complex facilitates the rapid endocytosis and the degradation of the internalized FVIII/VWF protein complex (van Schooten et al., 2008). 
From the aforementioned in vitro and in vivo studies, it is becoming increasingly clear that several proteins and receptors contribute to inactivation and clearance of FVIIIa from circulation. However, the mechanism by which this takes place is poorly understood. Also, in recent decades increasing the half-life of FVIIIa in circulation has been a major research goal.
1.8 	Prolonging the Half-Life of Coagulation FVIII, Struggles and Limitations
Treatments of haemophilia have been through coagulation FVIII replacement therapy. This involves infusion of patients with haemophilia A with recombinant FVIII proteins (rFVIII) which is a viable choice over plasma-derived FVIII concentrates. However, most commercially available rFVIII have marginally improved half-life over the native plasma FVIIIa. Many of the available rFVIII require frequent or daily injection of rFVIII either on demand or as prophylaxis. Thus, the question of research importance has been: is there a possibility of enhancing the half-life of FVIII in circulation, and thus reduce the frequency of rFVIII infusion in haemophilia A patients. This is vital, considering the limitations of the current treatment regimen for patients with haemophilia A. Major approaches that have been used to increase the half-life of commercial rFVIII utilised PEGylation of purified rFVIII which functions by interfering with the binding of proteases and receptors or by fusion of FVIII to the Fc fragment of immunoglobulin G (IgG) thereby relying on the natural neonatal Fc receptor recycling of protein consistent with other Fc-fusion proteins. Currently licensed longer-acting FVIII products include Kovaltry (pegylated Kogenate), Adynovate (pegylated Advate), N8-GP (pegylated Novoeight) and Bay 94-9217 (pegylated B-domain deleted FVIII with double cysteine). However, only a modest increase in plasma half-life was achieved in these extended half-life FVIII products as they still interact with VWF and are thus cleared via a VWF-mediated pathway. Since more than 90% of FVIII in circulation is found in complex with VWF, limiting the interaction of FVIII with VWF is crucial to extending the plasma half-life of recombinant FVIII products. Attempts have been made to eliminate VWF interaction with FVIII by inhibiting the active regions for VWF on FVIII through site-directed mutagenesis. However, rather than prolong the half-life, the FVIII variant demonstrated rapid clearance and shorter half-life. This suggests that a different approach is required to prevent VWF interaction and prevent clearance of the rFVIII molecule in circulation via a VWF-mediated pathway and receptor-mediated endocytosis. 
1.9 	Proposed Novel Longer-Acting Recombinant FVIII (rFVIII)
Due to the aforementioned limitations of current commercially available rFVIII products, a novel rFVIII molecule is hereby proposed. The proposed rFVIII molecule employs a novel fusion recombinant technology to generate a longer-acting clotting factor. This is not unusual, as the half-lives of rFIXa (Metzner et al., 2009) and rFVIIa (Weimer et al., 2008) have been extended by fusion to albumin while rFVIII-Fc with a longer circulating half-life of 1.6 times of native FVIII was a product of fusion of covalently linked B-domain deleted FVIII and the Fc region of IgG (Eyre-Brook and Smith, 2014, Dumont et al., 2012, Dumont et al., 2009). Also, within our own lab, Wilkinson et al. generated a longer-acting growth hormone through the fusion of human growth hormone to its receptor. The resulting ligand-receptor growth hormone fusion molecule was observed to have approximately 300 times reduced clearance compared to the native growth hormone (Wilkinson et al., 2007). Hence, generating a longer-acting FVIII-fusion molecule with a reduced in vivo clearance by fusion to its binding partner is an attractive concept and a viable approach. There are two alternatives to generating the FVIII fusion which is either by linking FVIII to VWF or FIX. A fusion of FVIII to FIX will prevent the APC inactivation of FVIII at p.Arg581 and reduce the in vivo clearance whereas a fusion of FVIII to inactive VWF will interfere with the interaction of LDLR family and thus reduce the cellular uptake and degradation of FVIII. The design, rationale and development strategy of the novel longer acting FVIII fusion is discussed in detail in the next chapter.
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DEVELOPMENT OF A NOVEL LONG-ACTING FVIII: DESIGN, RATIONALE & PRODUCTION STRATEGY


















2.1 		Summary
The principal objective of this project is to develop a novel longer-acting recombinant FVIII for the treatment of haemophilia A. Due to the relatively short circulating half-life of the current therapeutic recombinant FVIII products in clinical use which require frequent prophylactic dose administration ranging from 3 – 5 days, it is imperative that the novel recombinant FVIII has a prolonged half-life, reduced in vivo clearance and increased infusion intervals. Also, development of inhibitory antibodies is a persistent challenge in the clinical use of rFVIII products of mammalian cell line origin. Therefore, the choice of a sustainable expression system to ensure the production of FVIII-fusion protein with essential post-translational modifications is critical to the development of a therapeutically viable longer-acting FVIII product with zero immunological response potential.  In this chapter, the design of proposed novel longer-acting FVIII and the rationale behind the design are explained. Also, the expression strategy that will be used for protein production for use in downstream in vitro and in vivo studies are reviewed.
2.2 	Introduction
A novel technology involving the fusion, at the DNA level, of a ligand with its naturally occurring binding protein was described by Wilkinson et al. (2007). This fusion technology, developed by Professor Richard Ross’ group at the University of Sheffield, was initially tested using growth hormone to generate a growth hormone-receptor fusion with exceptional pharmacokinetics. Under normal physiological conditions, a human growth hormone (GH) binds to the extracellular domain of its receptor-binding protein (GHBP) on a cell surface, initiates a dimerization with an adjacent receptor to form a GH/GHBP complex containing only one molecule of GH and two molecules of the GHBP (1:2 complex ratio) which induces a downstream intracellular signaling of the growth hormone receptor (GHR) (Cunningham et al., 1991, PostelVinay and Finidori, 1995), but the interaction of GH also triggers the GHR ubiquitination, endocytosis/internalisation, and degradation (Strous et al., 1996, Govers et al., 1999, van Kerkhof et al., 2000, Takagi et al., 2001) thus limiting the half-life of activated GHR. However, in circulation, a GH ligand binds to its GHBP which is a truncated extracellular domain of a GHR (MullerNewen et al., 1996) at a 1:1 molar ratio (Figure 2.1). The association of the GH to GHBP has been shown to protect the GH/GHBP complex from clearance and degradation whilst remaining biologically inactive (Baumann et al., 1987). Based on previous studies in Richard Ross’ lab where a short isoform of the human GHR extracellular domain was observed to generate large amounts of GHBP and acted as a dominant negative inhibitor of the full-length GHR (Ross et al., 1997, Ayling et al., 1997), Wilkinson et.al generated a growth hormone ligand-receptor fusion (GHRF) via a fusion of GH and the GHR extracellular domain. The resulting GHRF forms a reciprocal, head-to-tail dimer that provides a pool of inactive GH similar to the natural reservoir of a GH and its binding protein but with a 300-fold increase in plasma half-life (Wilkinson et al., 2007). Interestingly, the GH moiety of the GHRF was able to interacting with the cell surface GHR, initiate the dimerization of two GHR at a molar ratio of 1:2 and induce signal transduction in a manner that is consistent with a free GH ligand under normal physiological conditions. This suggested that two biological binding partners covalently linked via a flexible linker could retain biological functions with a potential of extending the circulating half-life. 
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Figure 2.1 Model of Growth Hormone (GH) and GH Ligand-Receptor Fusion (GHRF) Interaction with the GH Binding Protein (GHBP) and Receptor (GHR). Under normal physiological condition a growth hormone ligand (blue) binds to a GHBP (green) in a 1:1 complex in circulation (a). When released from the GH/GHBP complex, the GH (blue) binds to the extracellular domain of a GHR (green and blue-gray) on the cell surface (black horizontal line) and initiates its dimerization with an adjacent GHR and downstream intracellular signaling (yellow-brown region) (b). Similarly, a monomeric GHRF molecule consisting of a GH ligand (blue) fused to a GHBP (green) via flexible linker (gold) (c) interacts with another GHRF molecule to form a reciprocal head-to-tail dimer in which GHBP (green) in one molecule binds to the GH (blue) in the other molecule (d) but the monomeric GHRF is capable to bind and activate GHR on the cell surface (Wilkinson et al., 2007).
In view of this success with growth hormone, further fusion molecules were designed by Professor Peter Artymiuk (a structural biologist at the University of Sheffield) based upon the naturally occurring binding of FIX to FVIII in the FX-activating complex (Tenase complex), a complex that is essential to the generation of stable fibrin clot during the coagulation process. During this interaction, FIXa binding to FVIIIa stabilises the latter and shields it from proteolytic inactivation by APC and premature clearance by the LDLR receptors family. Also, while no research studies are known to have investigated the interaction between non-activated FVIII heterodimer and FIX, a FVIII heterodimer has been shown to interact with FIXa prior to the assembly of the Tenase complex (Lenting et al., 1994). In the studies, Lenting et al. demonstrated that a non-activated FVIII heterodimer and an isolated FVIII LC could bind FIXa with similar effectiveness (Lenting et al., 1994). They also demonstrated that the high affinity for FVIII LC was unique for FIXa as competitive binding of FXa and APC for FVIII LC was found to be inefficient at inhibiting FIXa-FVIII LC interaction (Ki > or = 1.2 µM). However, VWF was able to interact with the FVIII LC and inhibit the FIXa-FVIII LC interaction, but the interaction of VWF could be eliminated by cleavage of the isolated FVIII LC with thrombin in a manner that was consistent with the activation of FVIII heterodimer by thrombin proteolytic cleavage. Therefore, it was apparent from the studies that FVIII interaction with FIXa does not require the FVIII HC or a prior activation of FVIII. Consequently, two fusion molecules were proposed consisting of a B-domain deleted FVIII and an inactivated FIX (iFIX) molecules. The iFIX in the fusion was inactivated by a single amino acid substitution at position 411 within the protease domain from serine to asparagine. Fusion of the two molecules was achieved by means of a glycine-serine linker as described by Wilkinson et al. (2007). The first molecule, 13A1FVIII, featured an N-terminal FVIII linked to a C-terminal iFIX while the second molecule, 13B1FVIII, was an alternate arrangement consisting of an N-terminal iFIX linked to a C-terminal FVIII (Figure 2.2). 
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Figure 2.2: Recombinant FVIII Fusions. Novel recombinant FVIII for the treatment of haemophilia A was proposed by generating two fusion molecules consisting of rFVIII and Inactivated Factor IX coagulation factors. With the use of a glycine-serine linker, (G4S) n, the two coagulation factors could be arranged by alternating the positions in the fusion molecule to generate two constructs. The first fusion molecule, 13A1, features an N-terminal FVIII linked to a C-terminal inactivated FIX. Swapping the positions gives the second molecule, 13B1, with the inactivated FIX at its N-terminus and rFVIII at the C-terminus.



2.3 	Aims and Hypotheses 
The following were hypothesised regarding the novel FVIII-FIX fusion molecules.
1. FVIII will bind to the inactive form of FIX and will be protected from premature proteolytic inactivation and clearance in a manner that is consistent with naturally occurring plasma FVIII when in complex with FIX during the Tenase complex formation.
2. Inactivation of FIX will prevent an unwanted increase in active plasma FIX whilst stabilising FVIII in a temporary inactive state. 
3. Being a natural binding partner of FVIII, the inactivated FIX will maintain its affinity to interact with FVIII but will not interfere with the proteolytic activation of FVIII by circulating thrombin, following the activation of the coagulation process.
Therefore, the aims of this project are:
1. To express the proposed fusion proteins in mammalian cell lines.
2. To assess the biological activity of the expressed fusion proteins in an in vitro bioassay.
3. To assess the in vivo pharmacokinetic (PK) and pharmacodynamic properties of the biologically active fusion proteins in haemophilia mouse models.
2.4 	FVIII-FIX Fusion Constructs Design and Rationale
In the design of the proposed FVIII fusion constructs, a number of intricate factors that pertain to the functionality of the novel fusion molecules were considered.
2.4.1	 Rationale for the design of a long-acting FVIII
The approach adopted in this study to generate a longer-acting recombinant FVIII molecule, is to limit the interaction of proteins and receptors that have been implicated in the inactivation, cellular uptake, endocytosis and lysosomal degradation of plasma FVIII.  To achieve this, the coagulation proteins that interact with FVIII and stabilise it during the coagulation process were reviewed and assessed for their suitability in generating a fusion molecule with FVIII. The objective of creating a recombinant FVIII fused to a “stabilising” coagulation factor (i.e. a binding partner of FVIII) is to preserve this interaction and, by extension, the stability of FVIII in circulation. Since the recombinant FVIII is fused to its natural binding partner, it is expected that the recombinant FVIII-fusion molecule will remain in a temporary inactive form, in a way that is similar to the circulating plasma FVIII, and with an added advantage of being protected from proteins that mediate FVIII inactivation and clearance from circulation. This innovation will create a pool of circulating FVIII protein that is readily available once the coagulation process is activated. 
The FVIII molecule used in this project is void of a B-domain, as several studies have suggested that the B-domain plays no significant role in the active protein, and is expendable (Sandberg et al., 2001, Lind et al., 1995, Kolind et al., 2010). Also, the B-domain has been shown to harbor an interacting site for the endocytic lectin receptor, Asialoglycoprotein receptor (ASGPR)(Bovenschen et al., 2005b), which belongs to a family of receptors that bind to glycoproteins and mediate their lysosomal degradation.  This was the first measure taken to limit the interaction of the FVIII-fusion molecules with the FVIII-clearance mediating proteins or receptors. Also, two binding partners of FVIII have been identified to aid its stability and reduce FVIII premature clearance. These are VWF (which binds and stabilises pre-activated FVIII following its biosynthesis in circulation) and FIX (which binds and stabilises the activated FVIII in a phospholipid membrane-dependent manner). Both FIX and VWF molecules, in a non-covalently bound state, offer protection to FVIII from inactivation by APC (activated protein C) and endocytosis by the receptor associated proteins. However, FIX is a preferred candidate over VWF in the proposed novel FVIII-fusion molecule because fusing a high molecular weight VWF (~220kDa unglycosylated) to a B-domain deleted FVIII (~170kDa) will generate a very high molecular weight fusion molecule (~400kDa) which will be challenging to express and analyse in mammalian cells. Also, VWF is a heavily glycosylated molecule, and this characteristic makes it vulnerable to rapid clearance by ASGPR receptors. In addition, the circulating half-life of new generation longer-acting FVIII products has been limited due to the dominant influence of VWF interaction (van Schooten et al., 2008, Tang et al., 2013). Therefore, the VWF-FVIII fusion molecule will be prone to rapid clearance from circulation. In contrast, the FIX molecule has a relatively low molecular weight (~57kDa) and few glycosylation sites within the mature polypeptide chain. As a result, a FIX-FVIII fusion molecule will be less prone to clearance by ASGPR receptor. 
In addition, studies have shown that FIX and the LDLR family receptors share common binding regions in FVIII, thus the binding of FIX to FVIII in the recombinant FVIII-FIX fusion constructs is hypothesised to prevent or limit the clearance effect of the LDLR family of receptors on FVIII. Furthermore, FIX interacts with FVIII with a high binding affinity and it is therefore expected that the intramolecular interaction between FVIII and inactivated FIX in the FVIII-fusion molecule will be prevalent over FVIII interaction with the APC and receptors mediating its clearance. This view is supported by the increasing evidence that a dynamic equilibrium exists between several proteins and their corresponding binding partners. Therefore, it is expected that there would be a dynamic equilibrium between the FVIII intramolecularly bound to inactivated FIX and an activated FVIII during haemostasis (Figure 2.3). This essential parameter was factored in during the design of the two FVIII-FIX fusion molecules.
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Figure 2.3: Model of Proposed Recombinant FVIII-Fusion Molecule. Non-covalent interaction of FVIII (blue) and FIX (yellow) on a phospholipid membrane during the formation of Tenase (FX-activating) complex (A) is high affinity-based. In this state, FVIII is protected by its ligand and enzyme molecule, FIX. Exploiting this interaction, a novel rFVIII-fusion molecule involving the linking of rFVIII (blue) to an inactivated rFIX (iFIX, brown) via a glycine-serine linker (purple) was proposed (B), wherein FVIII is still offered a measure of protection by iFIX. The iFIX will be in a dynamic equilibrium with rFVIII (C) such that rFVIII binding and interaction with an active circulating FIX is not hindered or occluded (D). (Figure A is a model of FVIII/FIX interaction with a phospholipid bilayer based on the publication on the formation of factor IXa-factor VIIIa complex by Ngo et.al. 2018, while Figures B. C and D are hypothetical model of FVIII /FIX intermolecular interaction in the proposed fusions, designed by Prof Peter Atymiuk at the University of Sheffield).











2.4.2	Constructs Designs
Using a flexible Glycine-4-Serine linker repeats, (G4S)n, two FVIII-FIX fusion molecules were constructed. The first fusion construct, 13A1FVIII, features an N-terminal B-domain deleted FVIII linked to its enzyme molecule FIX at the C-terminus following the inactivation of the latter (FVIII-iFIX).  In the second construct, 13B1FVIII, the inactivated FIX is at the N-terminus and is linked to a C-terminal B-domain deleted FVIII (iFIX-FVIII). In both fusion constructs, the linker region is of optimum length to accommodate flexible interaction between the FVIII and its fusion partner, iFIX. The linker length was determined based on the previous studies that demonstrated the distance between the active sites of interactions of FVIII and FIX above the lipid membrane to be at least 70 Å for FIXa (Mutucumarana et al., 1992) and ~80-90 Å for FVIIIa (Dalm et al., 2015) in a model of the tenase complex. Consequently, with G4S previously predicted to be 20 Å long (Wilkinson et al., 2007),  a long flexible G4S linker with seven (140 Å predicted length)  or eleven (220 Å predicted length) repeats was used for the fusion of 13A1FVIII fusion or 13B1FVIII fusion, respectively. The inactivated FIX was generated by introducing a single point mutation within the active region of FIX molecule. Three amino acid residues (commonly called catalytic triad) comprising of histidine at position 267, aspartic acid at position 315 and serine at position 411 within a mature FIX protease domain are essential for the catalytic function of FIX (Perkins and Smith, 1993). This offers three potential possibilities of inactivating FIX by site-directed mutation of p.His267, p.Asp315 or p.Ser411. As FIX is a member of the family of serine proteases an inactivation of the essential p.Ser411 residue in the catalytic domain was considered. Interestingly, three mutations of the serine at position 411 within the serine protease domain have been identified, two of which (i.e. 411-Isoleucine and 411-Glycine) were associated with severe haemophilia B (Ludwig et al., 1992, Ludwig et al., 1988) and the third (411-Asparagine) was associated with moderate form of the disease (Nielsen et al., 1995). However, to retain the polarity of the inactivated FIX molecule in the FVIII-FIX fusion a substitution of serine in the protease domain with an amino acid that has a similar polar uncharged side chain was prefered. Consequently, selective mutagenesis of serine residue at position 411 from serine to asparagine (S411N) was introduced to the FVIII fusion sequence to attenuate FIX activity. This is consistent with previously identified and characterised single point mutations within the active site of FIX which has been associated with haemophilia B disease (Nielsen et al., 1995).
However, production of coagulation factor VIII (FVIII) is a challenging endeavor due to the difficulties associating with FVIII expression, mRNA instability and purification. Therefore, two commonly used mammalian expression systems for FVIII production are reviewed in the following section to establish their suitability for use in constructing the novel FVIII-FIX fusion expression plasmids and proteins production. 
2.5		FVIII-Fusion Protein Production Strategy
2.5.1	The Mammalian Cell Lines
Mammalian cells were the preferred expression system for expressing the recombinant 13A1FVIII and 13B1FVIII FVIII fusion proteins as they possess relevant post-translational modification machinery. This is significant because the post-translational modifications of recombinant proteins have been shown to be essential for their functions and biological activities. The FVIII-fusion molecules that are being investigated in this study are derivatives of two glycoproteins, FVIII and FIX, which are known to undergo extensive post-translational modifications following their biosynthesis. Both FVIII and FIX undergo glycosylation which involves the addition of carbohydrate chains to key amino acid residues in the molecules. In addition to glycosylation, FIX further undergoes carboxylation. Thus, to achieve the essential glycosylation post-translation modification in the expression of 13A1FVIII and 13B1FVIII fusion proteins, two mammalian cell line, human embryonic kidney (HEK) and Chinese hamster ovary (CHO) cells were preferentially chosen for use in this study. The key features of these cell lines are highlighted below.
2.5.1.1 	HEK293c18 Cells
FVIII is highly expressed in kidney and liver cells in human (Hollestelle et al., 2001). Therefore, expressing FVIII-fusion proteins in kidney-cells derived from mammalian cell lines will produce FVIII products with post-translational modifications that are closely similar to the naturally occurring FVIII found in circulation without inducing immunogenic response. This view is supported by the recent production of FVIII-Fc fusion protein in HEK293-derived cells with no significant immunological reaction reported for the protein in human (Mancuso and Mannucci, 2014, Groomes et al., 2016, Eyre-Brook and Smith, 2014). This is significant as one of the major challenges with treatment of haemophilia A using rFVIII products is development of inhibitory antibodies. In view of this, the human embryonic kidney HEK293 c18 cell line, which is ATCC (American Type Culture Collection- ATCC® CRL-10852) derivatives of HEK293 cell line that has been transformed with adenovirus 5 DNA, was used in this study for transient transfection of 13A1FVIII and 13B1FVIII. 
Like other known HEK293 derived cells such as HEK293E cell line, HEK293 c18 expresses Epstein-Barr virus (EBV) Nuclear Antigen 1 (EBNA1) which offers a high transfection efficiency and protein yields with most vectors that contain the viral EBV origins of replication, OriP (Yates et al., 1985). In an OriP-based expression vector, EBNA1 binds to the OriP and allows for episomal or extrachromosomal amplification of the vector such that more plasmid copies are continuously generated in transfected cells with each cell division throughout the growth phase of the HEK293 cells, leading to a high increase in the expression level of recombinant protein (Durocher et al., 2002, Van Craenenbroeck et al., 2000b, Van Craenenbroeck et al., 2000a). Also, high protein expression is further enhanced in HEK293E cells under a strong promoter such as CMV (Xia et al., 2006, Foecking and Hofstetter, 1986). Therefore, the use of an OriP-based expression vector with CMV promoter such as pCEP5 would amplify protein expression and enhance protein yield (Gorman et al., 1989). Also, HEK293 cells can easily be adapted to serum-free media and grown in suspension culture to increase cell copy number and overall protein yield (Sun et al., 2008). 
2.5.1.2 	CHO Flp-In Cells
The CHO Flp-In cell line (Invitrogen) contains a pFRT/lacZeo2 plasmid that stably expresses a lacZ-Zeocin fusion gene under the control of a mutated SV40 early promoter (Figure 2.4). The presence of zeocin gene allows the cell line to be maintained in a zeocin antibiotic containing medium. The plasmid also features a single Flp recombinase target (FRT) locus which allows for a direct integration of a target gene (i.e. gene of interest), thus enabling a rapid incorporation of the gene of interest into a specific site within the host genome for a high and sustainable protein expression. The FRT site is located at a transcriptionally active genomic locus within the pFRT/lacZeo2 plasmid. Therefore, co-transfection of a Flp-In expression plasmid possessing a FRT target site and a Flp recombinase vector pOG44 (a 5.8 kb plasmid that constitutively expresses Flp-recombinase from a CMV promoter) into the CHO Flp-In cell line results in targeted integration of the expression plasmid to the same locus in every cell, resulting in the generation of isogenic stable cell lines and thus ensures homogeneous levels of gene expression. As the untransfected cells carry a zeocin antibiotic resistance gene, an alternative antibiotic resistance gene (usually from the Flp-In expression plamid) is required for stable cell line is maintained in a zeocin antibiotic containing media.
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Figure 2.4 Linearised pFRT/lacZeo2 plasmid in CHO Flp-In Cell.  The CHO Flp-In cell line features a single integrated FRT site and stably expresses the lacZ-Zeocin fusion gene from the pFRT/lacZeo2 plasmid. Gene expression is driven by a mutated SV40 (SV40Δ) promoter with an attenuated activity to allow for successful integration of target gene into the most transcriptionally active genomic loci in the stable transfectants.

The pSecTag_link plasmid used in this study has an FRT site and carries the hygromycin B resistance gene. The expression of Flp recombinase enzyme results in the integration of the target gene into the CHO cells genome via the FRT site with concomitant loss of zeocin resistance but gain of hygromycin B resistance from the pSecTag plasmid.  Cells with complete integration of the target gene contain the hygromycin B resistance gene thus allowing for the selective growth using hygromycin B, resulting in an isogenic population.
2.5.2	Mammalian Expression Vectors
Two mammalian expression vectors - pCEP5 and pSecTag – were utilised as vehicles for transfection of the 13A1FVIII and 13B1FVIII fusion DNA fragments into mammalian cell lines for protein expression studies. Each of these vectors has distinguishing characteristics that influenced the proposed use in this study. For the transient expression of the FVIII-fusion proteins, pCEP5 plasmid was used whilst pSecTag plasmid was be used to generate the stable clones. 
2.5.2.1	The pCEP5 Episomal Expression Plasmid 
The pCEP5 expression vector is a modified form of the commercially available 10.2kb episomal vector, pCEP4 (purchased from Invitrogen).  The pCEP4, which is the parent vector of pCEP5, features a multiple cloning site region for insertion of a gene of interest, preceded by a highly active human cytomegalovirus (CMV) promoter which drives a high level transcription of the gene of interest inserted into the cloning site. The pCEP4 plasmid also contains an origin of replication and a nuclear antigen that are derived from Epstein-Barr Virus (EBV). When expressed, the nuclear antigen which is encoded by the EBNA-1 gene binds to the EBV origin of replication. This binding results in episomal replication of the plasmid such that more copies of the plasmid are generated increasingly in the transfected cells, leading to a high increase in the target protein expression.
In previous work in the laboratory Dr Ian Wilkinson modified the pCEP4 plasmid to accommodate additional cloning sites by insertion of a new polylinker. The linker was generated by overlapping primers design that contained the new cloning sites. These primers facilitated the insertion of new cloning sites into the pCEP4 plasmid to generate the pCEP5 plasmid. Consequently, the modification resulted in the loss of a few restriction sites in the pCEP4 plasmid and the gain of a unique AgeI restriction site in the pCEP5 plasmid. The resulting pCEP5 plasmid still possessed all the essential features of pCEP4 but now with two unique restriction sites NheI (from pCEP4) and AgeI (from the polylinker), that could be used for the insertion of recombinant FVIII-fusion genes into the pCEP5 vector backbone (Figure 2.5). The use of pCEP5 for protein expression in this study offers a unique advantage. For instance, in certain host cell lines that constitutively express adenovirus E1a protein (e.g. HEK293EBNA), the protein has been shown to strongly transactivate (i.e. increase the rate of gene expression) the CMV promoter of pCEP5, leading to high protein expression efficiency. This characteristic influences the use of the pCEP5 expression plasmid in this study for transient protein expression in HEK293E mammalian cells.
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Figure 2.5: Unmodified pCEP4 and pCEP5 (Modified pCEP4) Plasmids.  The unmodified pCEP4 lacks unique restriction sites that were present in the rFVIII-fusion genes that were to be investigated in this study. The addition of polylinker by Dr Ian Wilkinson introduced the unique restriction sites (in red) within the multiple cloning sites of pCEP4 to generate the pCEP5 plasmid.

2.5.2.2	The pSecTag-link Plasmid
The original pSecTag/FRT/V5 His TOPO plasmid (Invitrogen) is a 5185bp sized TA cloning vector with characteristic dual advantages to be used for either a transient or stable gene/protein expression studies. Like all TA vectors, the pSecTag vector utilises the terminal transferase activity of thermodurable DNA polymerases that lacks 5’-3’ proofreading activity such as Taq polymerase to generate 3'- adenosine (A) overhang in a PCR product which could interact with a vector that has a complementary 3'- thymidine (T) overhang. Interestingly, the pSecTag vector contains a TOPO cloning site and within this site are single 3´ thymidine (T) overhangs that facilitate rapid, efficient and direct cloning of the Taq-amplified PCR product into the plasmid (see Figure 2.4). The pSecTag vector also features a strong, highly active and immediate-early CMV promoter/enhancer that facilitates high level constitutive expression of recombinant gene mammalian cells. The plasmid has a V5 epitope and a polyhistidine tag at its C-terminal peptide, which aid detection and purification of recombinant protein. Also present within the plasmid is an FRT site which allows for integration of an expression plasmid into a Flp-In host cell line in the presence of a Flp recombinase enzyme (expressed by pOG44 plasmid), a BGH (bovine growth hormone) polyadenylation site to increase mRNA stability, and a hygromycin resistance gene for selection of stable cell lines. These features are particularly useful for the development of a stable clonal cell line. Thus, the vector could be used to either generate stable transfectants or transient transfectants in mammalian cell lines for targeted and secreted expression of the gene of interest. 
However, the pSecTag plasmid used in this study was a modified pSecTag in which the TOPO cloning sequence alongside the signal sequence had been previously removed.  Dr Ian Wilkinson made this modification by constructing a new polylinker cassette between the Nhe1/Age1 sites in the plasmid to facilitate cloning of recombinant DNA constructs in the laboratory. This insertion resulted in the loss of partial sequence within the pSecTag/FRT/V5 His TOPO plasmid such as IgK leader a, TOPO TA cloning site and V5 epitope (i.e. XS sequence) at the 3’ end just before the His Tag (i.e. regions between the red arrows in Figure 2.6). These features were not essential for the cloning of the FVIII-fusion molecules as these were gene-synthesised. Therefore, the removal of these features from the plasmid did not have any significant interference with the suitability and functionality of the expression plasmid. The resulting pSecTag plasmid (pSecTag_link) which has a reduced size of 5038bp but retained the essential FRT site, hygromycin B resistance gene and multiple cloning site with unique restriction was used in this study for the generation of stable clones in CHO Flp-In mammalian cells for efficient protein production. Consequently, the pSecTag_link plasmid was used in a CHO Flp-In expression system to generate 13A1FVIII and 13B1FVIII stable cell lines.


Figure 2.6: Original pSecTag /TOPO/FRT/V5 His Plasmid. Figure shows the various elements and essential features of the unmodified pSecTag plasmid including the IgK signal sequence, TOPO cloning sequence, V5 epitope sequences that were deleted in the pSecTag_link (deleted region between the indicated two red arrows).
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3.1 	Suppliers
Abcam												      	Cambridge, UK
ATCC      		       		                                                          	Middlesex, UK
BD Biosciences                  			              				San Jose, USA
BD Vacutainer 											Franklin Lakes NJ, USA
Beckman Coulter                           			                            	Fullerton, USA
Beckton Dickinson										Oxford, UK
Biolegend                                                                   			London, UK
Bio-Rad Laboratories									Hemel Hempstead, UK
BioTek													Bedfordshire, UK
Costar													Cambridge, UK
Eppendorf UK Ltd.										Cambridge, UK
Fisher-Scientific											Loughborough, UK
Fujifilm													Tokyo, Japan
GE Healthcare                                                           			Little Chalfont, UK
Geneflow Ltd. 											Staffordshire, UK
Gibco (Invitrogen Corp.)									Paisley, UK
Ilford													Mobberley, Cheshire, UK
Invitrogen												Paisley, UK
Labtech International Ltd.								East Sussex, UK
Life Technologies										New York, USA
Lonza													Walkersville, USA
Merck BDH						   						Lutterworth, UK
Mirus Bio LLC 		               	                                           	Wisconsin, USA
Nalgen Nunc International 								Roskilde, Denmark
New England Biolabs			   						Massachusetts, USA
Nuvec													Istanbul, Turkey
Olympus Optical Co. Ltd.						 			Tokyo, Japan
Oxoid Ltd.					 							Basingstoke, UK
Pharmacia & Upjohn                                   		              		Milton Keynes, UK
Promega	   											Southampton, UK
ProSci  			                                                                     	Poway, USA
Qiagen 													West Sussex, UK
R&D systems                                  		               	            	Minneapolis, USA
Roche Diagnostics			   							ManNheIm, Germany
Sanyo      		                                                           		       	Moriguchi, Japan
Sarstedt                             		                                        		Numbrecht, Germany
Sartorius                                                        			            	Göttingen, Germany
Sigma-Aldrich 											Poole, UK
Source BioScience           	       		       		                           	Nottingham, UK
Stuart    		                                                                     	Staffordshire, UK
Thermo Scientific										Waltham, USA
VWR 	            	                                                        		     	Lutterworth, UK

3.2 		Plasmid Vectors
pBSK II+													Eurofins MWG
pCEP5	Episomal										Invitrogen
pSecTag_Link											Invtrogen
	
3.3 		Sequencing Primers 

	Plasmid
	Direction
	Primer
	Sequence

	pCEP5_13A1FVIII/13B1FVIII
	Forward
	CMV
	5’ TATTACCATGGTGATGCGGTTTTGG 3’

	
	Reverse
	pCEP5_EBV
	5’ GTGGTTTGTCCAAACTCATC 3’

	pSecTag_13A1FVIII/13B1FVIII
	Forward
	CMV
	5’ TATTACCATGGTGATGCGGTTTTGG 3’

	
	Reverse
	BGH Rev
	5’ TAGAAGGCACAGTCGAGG 3’




3.4 		Antibiotics
Carbenicillin (Final Conc. 100μg/ml)						Melford Laboratories
Geneticin G-418											Gibco (Life Technology)
Hygromycin B								           		Gibco (Invitrogen Corp)
Penicillin‐Streptomycin									Gibco (Invitrogen Corp) 
Zeocin Antibiotic (100mg/ml)                             			       	Gibco (Invitrogen Corp) 
3.5 		Bacterial Cell Culture
100mm Petri Dishes										Iwaki SLS
DH5-alpha Escherich	ia coli								Invitrogen		
Granulated Agar											Sigma‐Aldrich
Sodium Chloride, NaCl									BD Biosciences
Tryptone												Melford Laboratories
XL1-Blue E. coli											Stratagene
Yeast Extract											Melford Laboratories

3.6 		Media Preparation/Formulation

	Media
	Component
	Source

	Luria-Bertani (LB) Medium
	1% NaCl
1% Tryptone
0.5% Yeast Extract
	In-house

	SOC Medium
	0.5% (w/v) Yeast Extract
2.5mM KCl
1mM MgSO4·7H2O
1mM MgCl2·6H2O
10mM NaCl
2mM glucose
2% (w/v) Tryptone
	Invitrogen




3.7 		Restriction Enzymes
Age1            	                                                           	         		New England Biolabs
Nhe1                                                			                             Promega

3.8 		DNA Manipulation
1 kb ladder												(Biolabs) New England
100 bp ladder											(Biolabs) New	England
13A1FVIII synthesized gene								Eurofins MWG
13B1FVIII Synthesized gene								Eurofins MWG
Agarose													Sigma‐Aldrich
Beckman Avanti J-20I Centrifuge							Beckman Coulter
Calcium Chloride, CaCl2									Sigma-Aldrich
Dithiothreitol (DTT)										Sigma‐Aldrich
DNA loading dye (6X)									Promega
dNTPs													Upjohn and Pharmacia
Ethidium Bromide (0.5μg/ml)	 	                                 	Sigma‐Aldrich
Expand High Fidelity PCR system							Roche Diagnostics 
Gen EluteTM Gel Extraction Kit                               		      	Sigma-Aldrich
Glycerol													BD Biosciences
GoTaq Polymerase								            	Promega
GoTaq polymerase										Promega
Granulated Agar											Sigma‐Aldrich
Magnesium Chloride, MgCl2								Sigma‐Aldrich
Minispin centrifuge										Eppendorf UK Ltd 
Nanodrop Spectrophotometer (ND-1	000)				Labtech International Ltd
pCEP5 Episomal Vector									Invitrogen
pOG44                                                            	               		Gibco (Invitrogen Corp) 
Potassium Chloride, KCl						           		BD Biosciences
Potassium Chloride, KCl									BD Biosciences
pSecTag_link Vector										 Invitrogen
QIAGEN Plasmid Maxi Kit								QIAGEN	
QIAGENprep Spin Miniprep Kit							QIAGEN
QIAGENquick Gel Extraction Kit							QIAGEN
QIAGENquick PCR Purification Kit						QIAGEN
Restriction enzymes										Promega
Shrimp Alkaline Phosphatase							New England (Biolabs)
Sodium Chloride, NaCl									BD Biosciences
Synthesised Primers										MWG Biotech
T4 DNA Ligase											Promega
T4 DNA Polymerase (Lot: 0000127202)					Promega
Tris (Trizma) Base										Sigma‐Aldrich
Trypsin-EDTA											BD Biosciences
3.9 		Mammalian Cell/Tissue Culture 
1 L / 2L Flasks (Unvented)								Thermoscientific
1L / 2L Flasks (Vented)									Thermoscientific
6-Well Cell Culture Plates      	               	                      		Costar
CHO Flp-In Cell Line										Invitrogen
Cryogenic vials											Nalgen Nunc Intl
Dextran-Sulphate (25mg/ml)								Sigma-Aldrich
Diagnostics Foetal Calf Serum (FCS)						Labtech
Dimethylsulfoxide (DMSO)								Sigma-Aldrich
Dulbecco’s Modified Eagles Medium (DM	EM) F12			Gibco
Easy filtered flasks (25cm2, 75 cm2 and T175 cm2	)		Nalgen Nunc Intl
Haemocytometer                 		                                         	Hawksley
HEK293c18 Cell Line										ATCC
HEPES Buffer 											Gibco (Invitrogen Corp) 
HyClone SFM4CHO Utility Media                        			Thermo Scientific
Hygromycin B Antibiotic (50mg/ml; Lot#: HY065-L8)  		Gibco (Invitrogen Corp) 
Iscove’s Modified Dubellco Media (IMDM) 		              	Gibco (Invitrogen Corp) Labtech Chambers Cover Glass									Nalgen Nunc Intl
Labtech 2 Wells Chamber Slides							Nalgen Nunc Intl
Lactate Buffer Saline (LBS)								Aldrich
L-Glutamine	 											Gibco (Invitrogen Corp) 
Mirus Trans-LT1											Mirus Bio
Olympus CK2 microscope						           	Olympus Optical Co. Ltd. Phosphate Buffer Saline (PBS) 10X									Gibco (Invitrogen Corp) 
Panasonic CO2 Shaker Incubator							Panasonic
RIPA Buffer												(In-House)
Sanyo CO2 Incubator						            		Sanyo North America Corp              
Thermostatic Water Bath (NB9)				           		Nuvec
Trypan Blue                                                                    		Sigma
Trypsin‐EDTA											Gibco (Invitrogen Corp) 
Valproic Acid											Sigma-Aldrich
3.10 Media Concentrator Devices
15mL Ultracentrifuge concentrator						Sartorius
Millipore 0.5mL Ultracentrifuge Filter					Merck
Viva flow 200 concentrator                            		               Sartorius
3.11 Protein Analyses
1ml/5ml/20ml Syringes and 25-G 16mm needles                	Beckton Dickinson 
2X Laemmli Sample Buffer								Bio‐Rad
3, 3’, 5, 5’-tetramethylbenzidine (TMB)		           		Sigma-Aldrich
30% Acrylamide/Bis Solution								Geneflow
6X Laemmli Sample Buffer								Aldrich
96-Well Plates	                                     	       		       			Costar
Acetic Acid Glacial										Fisher Scientific
Ammonium Persulfate (APS)								Merck BDH
Ammonium Sulphate                                                    		Sigma-Aldrich
ClarityTM Western ECL substrate                             	               Bio-Rad Laboratories
Coomassie Brilliant Blue									Sigma‐Aldrich
Cuvettes	                                     			                     		Sarstedt
ECL Western Blotting Substrate							Amersham‐Pharmacia
Ethanol													Fisher-Scientific
Glycine											            	Fisher-Scientific
H2SO4 										            		Merck BDH
Isopropanol										            	Fisher-Scientific
Methanol												Merck
Mini orbital shaker								           	Stuart
Mini Protean II                                 						Bio-Rad Laboratories 
Polyvinylidene Diflouride (PVDF) Membrane				Bio‐Rad
Pre-cast Ready Gel 10 Wells								Bio-Rad
Precision plus protein standards				          		Bio-Rad Laboratories
Protein Bradford Reagent								Bio‐Rad
Resolving Buffer											National Diagnostics
Sodium Lauryl Sulfate (SDS)								Sigma‐Aldrich
Stacking Buffer											National Diagnostics
Tetra Methylethylenediamine (TEMED)					Merck BDH
Tris‐HCl													Sigma‐Aldrich
Tween 20												Sigma‐Aldrich
Vortex mixer	                                                                 		Stuart
X-Ray developer & fixer solutions		                    		Ilford
X-ray films				         				                      	Fujifilm
3.12 Antibodies
Rat anti-human GH Monoclonal                                             	NIH
Goat Anti-mouse										Abcam
Goat Anti-mouse										GEHealthcare
Matched-Pair Antibody for human FVIII ELISA				Affinity Biologicals
Mouse Monoclonal Anti-FIX								Abcam	
Mouse Monoclonal Anti-FVIII, ab78852	GMA-012*		Abcam
Mouse Monoclonal F8C-27.4								Thermo Scientific Pierce
Sheep Anti-mouse HRP-conjugated						GEHealthcare
Streptavidin-HRP										GEHealthcare
[*mapped to a discontinuous region, residues 497-510 and 584-893, of the A2 domain]
3.13 Bioassay
Anaira Biophen Chromogenic Assay Kit					Hyphen, Biomed	
Coamatic Chromogenic Assay Kit 						Chromogenix, Italy
Factor VIII Deficient Plasma								Hemosil
Human Plasma Standard									Hemosil
Kogenate Lyophylised FVIII								Bayer Pharmaceuticals
Phosphate Buffer Saline (PBS) 1X							Sigma
ReFacto Lyophilised FVIII									Wyeth Pharmaceuticals
3.14 Protein Purification 
1ml IX Select HiTrap Column								GE Healthcare
25ml VIII Select Resin									GE Healthcare
Blue Sepharose 6 Fast Flow Resin						GE Healthcare
Citric Acid												Sigma-Aldrich		
Ethanol													Fisher-Scientific
Ethylene Glycol											Sigma-Aldrich
HEPES													Sigma-Aldrich
Histidine												Sigma-Aldrich
Imidazole 		                              	                                    	Sigma-Aldrich
L-Arginine												Sigma-Aldrich
Millipore filter unit (0.22µm)			                       		Fisher-Scientific
NaCl													Sigma-Aldrich
NaOH                             	                      		                      		BDH Laboratories
Nickel Chloride                                                               		Sigma-Aldrich
Q Sepharose Fast Flow	Resin							GE Healthcare
Sodium acetate (anhydrous)	                                 			Fisher -Scientific
Sodium phosphate dibasic                                             		BDH Laboratories
Sodium phosphate monobasic                                      		BDH Laboratories
SP Sepharose Fast Flow	Resin							GE Healthcare
3.15 In Vivo Study 
0.105 M Na Citrate Buffer								BD Vacutainer, USA
27G Needle												BD Vacutainer, USA
Factor VIII Human, Recombinant B-Domain Deleted		US Biological
FVIII knockout mice										Queen’s University Canada
FVIII/VWF knockout mice								Queen’s University Canada
Isoflurane                                                                       		GE Healthcare
Isoflurane Anaesthesia
Limulus Amebocyte Lysate PYROGENT Single Test Vials	Lonza, USA
Lyophilised Advate FVIII 									Baxter Pharmaceuticals
3.16 Equipment
1K15 Refrigerated Micro Centrifuge						Sigma
3510 pH Meter						       				    	Geneflow Limited
Microplate Reader 										Titrek
Microplate Reader								           	Labtech
Microwave				                         					Sanyo
Mini orbital shaker								           	Stuart
Minispin centrifuge                                	                      		Eppendorf
Mixing Platform			                                            		       Biotek instrument Inc
Shaker Humidified Incubator 							Panasonic
Spectrophotometer                                                           		Unicam
Vortex mixer	                                                                 		Stuart
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4.1 	Introduction
A number of biological techniques were employed at various stages in this study, ranging from DNA manipulation, DNA synthesis, molecular cloning, mammalian cell culturing, bacterial cell transformation and mammalian cell transfection of expression constructs, culture media separation and protein concentration, to protein expression analysis and functional assay techniques. A summary of all the techniques employed in the study are highlighted below.
4.2 	Bacterial Strain Growth and Propagation 
 XL1-blue and DH5-alpha strains of E. coli were routinely used in this study during the cloning of target genes into expression vectors for transformation and plasmid preparation of the resulting expression constructs. LB and nutrient agar media were used to grow the E. coli cells following transformation with expression plasmids and for selection of clones when supplemented with an antibiotic and for preparation of competent cells/ Maxi and mini plasmid preparation. The LB medium contained 1% (w/v) sodium chloride, 1% (w/v) tryptone and 0.5% (w/v) yeast dissolved in MilliQ water while the nutrient agar contained all the components in an LB medium plus 1.4% (w/v) agar which caused the medium to solidify. Both media were autoclaved at 120oC for 15-20 minutes to sterilise. To enable selection of successfully transformed E. coli cells, 100µg/ml carbenicillin antibiotic was routinely added to the agar medium when at a lukewarm temperature. Just before it solidifies, the agar medium was poured into sterile petri dishes and the plates allowed to set and dry. The agar plates were stored at 4oC when not used immediately while the LB medium was stored at room temperature. When used to grow transformed cells, carbenicillin antibiotic was added to the LB medium at 100μg/ml for selective growth of transformed E. coli cells. In this study, the bacterial cells were manipulated to facilitate incorporation of foreign plasmids as described below.
4.3 	Bacterial Cell Manipulation
4.3.1	Competent Cell Preparation
All plasmid DNA transformations were carried out using either a chemically competent XL1-Blue or DH5-alpha cells. The competent cells were prepared according to the following protocol. An LB agar plate containing tetracycline antibiotic was streaked with XL1-blue and antibiotic-free agar plate streaked with DH5-alpha cells from a glycerol stock using a sterile inoculation loop. The plate was grown overnight at 37oC. The next day, a starter culture was prepared from the plate by inoculating an isolated single colony in 5ml LB media using a sterile inoculation loop and growing the cells at 37oC for 6-8 hours in an orbital shaking incubator. At a 1/1000 dilution, 50µl of the starter culture was seeded in 50ml LB medium and grown overnight at 37oC in an orbital shaker. Thereafter, 25ml of the overnight culture was added into 250ml pre-warmed LB and grown at 37oC in the orbital shaker until an OD600 of approximately 0.9. Next, the culture was placed and chilled on ice for 10 minutes; following which the cells were centrifuged at 5000 x g for 30 minutes @ 4oC in a pre-chilled centrifuge rotor.  The culture medium (supernatant) was discarded while the pellet was resuspended in 100ml sterile ice cold 0.1M MgCl2, and centrifuged again as before. Again, the supernatant was discarded and the pellet resuspended in 100ml sterile ice cold 0.1M CaCl2 in two successions - first 10ml was added to emulsify the cells and finally 90ml to generate a cell suspension. The cells were incubated on ice for 60 minutes and thereafter centrifuged as previously. The supernatant was decanted and the cells resuspended in 12.5ml ice cold 85mM CaCl2 supplemented with 15% glycerol. The cells were aliquoted into pre-chilled 1.5ml Eppendorf tubes at 450µl per aliquot and the tubes flash frozen in liquid nitrogen. The competent cells were stored at -80oC until needed.
4.3.2	Bacterial Cell Transformation
Bacterial transformation was used here to transfer pure plasmid DNA into bacterial cells to generate multiple copies of the target plasmid in order to verify positive ligation clones by antibiotic selection or for the propagation of plasmid for further analysis. In this study, chemically competent E. coli cells were transformed with plasmid DNA using the heat-shock method. To transform the cells, vials containing E. coli competent cells were thawed on ice and 100µl cell suspension aliquoted into pre-chilled 1.5ml Eppendorf tubes used for each transformation reaction. Approximately 20-50 ng plasmid DNA (volume no more than 10% total cell volume) was added to the appropriate tube and gently tapped to mix. The tubes were incubated on ice for 20-30 minutes following which the cells were heat shocked by incubating at 42°C for 45 seconds to facilitate bacterial cell wall permeability and allow plasmid uptake by the cells, after which the tubes were immediately placed on ice for at least 2 minutes. Afterward, 800 µl of SOC medium was added to each tube and incubated for 1 hour at 37°C with shaking. Approximately 100 µl and 200 µl of the transformed cells were plated out directly on LB agar plates containing Carbenicillin. In addition, an agar plate was streaked with the transformed cells using an inoculation loop to ensure the growth of isolated colonies of the transformed cells. All plates were incubated overnight at 37°C and next day the plates were examined for the presence of transformed cells. Isolated colonies were tested for positive ligations either by PCR screening or picked directly for plasmid propagation followed by DNA sequencing.  For basic plasmid propagation, colonies were grown overnight for plasmid preparation directly. For the majority of colonies picked, glycerol stocks were prepared to allow for long term storage (see Section 4.3.3 below).
4.3.3	Preparation of Glycerol Stocks 
Glycerol stocks were routinely made from transformed bacterial cells for long-term storage in 10% glycerol. Both XL1-blue and DH5-alpha strains were used in this study. To prepare glycerol stocks, an isolated colony from transformed cells was inoculated in 6 ml fresh LB media supplemented with 100µg/ml carbenicillin and grown overnight at 37°C. Also, the colony was streaked onto a fresh agar plate containing 100µg/ml carbenicillin to facilitate the growth of the pure bacterial colony for future use if required and the plates incubated overnight at 37°C. The inoculated tubes were incubated for 12-16 hours at 37oC with vigorous shaking. The next day, 800µl of the overnight grown bacterial culture was mixed with 200 µl of 50% sterile glycerol in a 1.5 ml Eppendorf tube. All glycerol stocks made were frozen and stored at -80°C. The remaining cells were centrifuged at 17,900 x g in a conventional table-top micro-centrifuge for 1-3 minutes at room temperature (15-25oC), and processed for plasmid DNA preparation and sequencing.
4.3.4 	Plasmid DNA Preparation
In this study, all plasmid production and extractions from transformed cells were carried out using a QIA Qiagen plasmid prep kit following the manufacturer’s protocol. Two plasmid kits were utilised – miniprep kit (for an initial extraction of cloned plasmid from transformed bacterial cells) and maxiprep kit (for a scaled-up production and purification of successfully ligated clones). A summary of the two plasmid preparation methods is summarized below.
4.3.4.1	Mini Plasmid Preparation
Transformed bacterial cell pellets from an overnight grown culture were resuspended in 250 μl Buffer P1 supplemented with RNase A in a microcentrifuge tube with vortexing to ensure no cell clumps remained. Next, 250 μl Buffer P2 containing SDS was added and gently mixed by inverting the tube 4–6 times (vortexing will result in shearing of genomic DNA). The mixture was incubated for no more than 5 minutes after which 350 μl Buffer N3 (neutralizing buffer) was added and immediately mixed by inverting the tube 4–6 times or until the solution became cloudy. The solution was centrifuged for 10 minutes at ~17,900 x g in a table-top microcentrifuge. The supernatant (containing plasmid DNA) was applied to a QIAprep spin column and centrifuged for 60 seconds to allow binding to the column. The column was washed with 0.5 ml PB buffer and centrifuged as described for 60 seconds, followed by a final wash with 0.75 ml buffer PE buffer followed by centrifugation for 60 seconds. To remove residual wash buffer, the column was subjected to a final centrifugation for an additional 1 minute. To elute the bound DNA, the QIAprep column was transferred into a clean 1.5 ml microcentrifuge tube and 50 μl of elution buffer EB (10 mM Tris·Cl, pH 8.5) was added to the center of each QIAprep spin column and allowed to stand for 1 minute, before a final centrifugation   for 1 minute.  Each eluted DNA sample was quantified using a Nanodrop instrument at 260nm. Purified plasmids were screened by restriction digestion for successful ligation and then sent for DNA sequencing. Transformed cells containing successfully ligated plasmids were scaled up for plasmid propagation and extraction with QIA Qiagen maxiprep kit for subsequent use in protein expression analyses. A brief summary of the protocol is summarised below.
4.3.4.2	Maxi Preparation
A starter culture was prepared from transformed bacteria by inoculating a single colony into LB media in the presence of a selective antibiotic and grown during the day at 37°C for 6-8 hours in an orbital shaking incubator. Thereafter, the starter culture was seeded at a 1/1000 dilution into fresh 100 - 250 ml LB medium containing 100µg/ml carbenicillin and grown overnight at 37oC in the orbital shaking incubator for maximum of 12-16 hours. The bacterial cells were harvested by centrifugation at 6,000 x g for 15 minutes at 4oC and plasmids prepared as described previously for mini plasmid preparation (Section 4.3.4.1) but with scaled-up buffer volumes (10 ml Buffer P1 supplemented with RNase A, 10 ml Buffer P2, 10 ml Buffer N3).
4.4 		Growth and Maintenance of Mammalian Cells
Mammalian cells were used for protein expression of the FVIII fusion constructs, which are the subjects of this study. Two types of mammalian cell lines were used: Human Embryonic Kidney EBNA (HEK293c18) for transient protein expression (see Section 4.6.1 for methodology) and Chinese Hamster Ovary (CHO Flp-In) for development of stable cell lines (see Section 4.7.1 for methodology). Details of these cell lines were earlier discussed in section 2.5.1 of chapter 2.
4.4.1	Adherent Cell Growth
Complete growth medium consisting of Dulbecco Ham's/F12 medium, 2mM L-glutamine, 100 units/ml Penicillin/Streptomycin (Pen-Strep) and 10% foetal calf serum (FCS) was used to grow non-transfected adherent HEK293c18 cells when supplemented with 40 µg/ml gentamycin G-418 antibiotic and CHO Flp-In cells when supplemented with 100 μg/ml Zeocin antibiotic. Both cell types were grown in a 5% CO2 cell culture incubator at 37°C until the cells were about 90% confluent at which point the cells were passaged. To passage adherent cells, the culture medium was removed and cells gently rinsed with 12ml sterile PBS and incubated with 2-3ml (For a T75 Flask) Trypsin/EDTA for 1 minute at 37°C to dislodge the cells. The flask was gently knocked against a hard surface to ensure complete detachment of cells following which 10-12ml of the complete medium was added to neutralize the trypsin effect. The cells were centrifuged at 100 x g for 5 minutes at 25oC and the resulting cell pellet resuspended in the appropriate volume of culture medium. For routine growth, the cells were diluted in complete media at 1:10 ratio approximately every 2 days. For an experimental set-up, an aliquot of the resuspension was counted using a haemocytometer before seeding at the required cell density. 
4.4.2	Adaptation of Cells to Suspension Culture in Shaker Flasks
Non-transfected HEK293c18 and stably transfected CHO Flp-In adherent cells were adapted to a shaker culture under serum-free conditions so as to reduce contamination derived from serum-containing media components during protein expression, to increase downstream purification efficiency and increase the total cell density. For CHO Flp-In cells, the adaptation process was carried out post- stable transfection and selection with 600µg/mL hygromycin B whilst the HEK293c18 cells were adapted prior to transient transfection. To adapt cells, the complete growth media supplemented with G418 (for HEK293c18) and Hygromycin B (for stable CHO Flp-In) used to grow the cells were removed and replaced with serum-free 293 Freestyle and Hyclone SFM4CHO Utility media respectively.  The cells were grown for 1-2 weeks during which the adherence property was lost and the detached cells checked every 2 days for viability using the trypan blue exclusion method (see section 4.4.5) and if viable, cells were transferred to a F125ml shaker flask at 0.5 x 106 cells/mL and grown at 37oC/5%CO2 while agitating the cells at 100rpm on a shaker platform in the humidified incubator.  Thereafter, all detached cells were pooled and centrifuged at 100 x g for 5 minutes and resuspended in fresh serum-free Freestyle 293 growth media (for HEK293c18 cells) or Hyclone SFM4CHO Utility media (for stable CHO Flp-In cells) at approximately 0.5 × 106 cells/ml. Cell growth and viability was further monitored until the doubling time was between 2-3 days with a >95% viable cell density at which point they were considered adapted. Frozen cell stocks were immediately prepared upon adaption (see section 4.4.4). 

4.4.3 	Suspension Cell Growth and Maintenance for Protein Expression 
In this study, cells grown in shaker cultures achieved a higher viable cell density (up to 7.0 x 106 cells/ml and viability >95%) than those grown as adherent culture in T75/175 flasks. A T175 flask would usually contain ~35 x 106 total cells at confluency. This is equivalent to ~5ml of suspension culture. Consequently, HEK293c18 and stable CHO Flp-In cells that had been adapted to suspension culture were utilised for protein expression studies and were routinely grown in either serum-free 293 Freestyle and Hyclone SFM4CHO Utility media respectively. Both types of cells were maintained by growing the culture to viable cell density of > 3.0 x 106 cells/mL after which the cells were passaged down to 0.5 x 106 cells/ml. HEK293c18 cells were used for transient transfection experiments after at least 3 passages while stably transfected CHO Flp-In cells were grown up to 3 x 106 cells/ml in Hyclone SFM4CHO Utility media supplemented with 250µg/ml hygromycin B for a minimum of 2 weeks for protein expression analyses.
4.4.4	Storage and Resuscitation of Frozen Mammalian Cell lines
Growing mammalian cell lines continuously predisposes the cells to genetic changes especially while at high passage numbers.  Consequently, cells at low passage number were stored at -196°C (liquid nitrogen) in a freezing medium containing 10% dimethylsulfoxide (DMSO) as a cryoprotective agent.  The freezing media composition for adherent cells was 90% FCS and 10% DMSO while that for adapted suspension cells, 90% serum-free medium and 10% DMSO. To store cells, trypsinised adherent cells and adapted suspension cells were transferred to sterile centrifuge tubes, centrifuged at 200 x g for 5 minutes, and resuspended in pre-chilled freezing medium at a density of 2 - 4 million viable cells per ml at a viability of >95%.  The cells were aliquoted into pre-labelled cryogenic vials with 1-2 mL of the cell suspension added to each vial. The cells were first stored at -80°C in polystyrene storage boxes for at least 72hrs to freeze and thereafter transferred to liquid nitrogen for long term storage at -196°C. To resuscitate cells, one vial of cells was removed from liquid nitrogen and carefully thawed at 37°C in water bath without immersing the cap.  When only a few ice crystals remained the vial was transferred to the culture hood and sterilised with an Azowipe bactericidal wipe. Cells were diluted with an appropriate volume of pre-warmed culture medium and grown in T75 flasks (for adherent cells) or F125 flasks (for suspension cells). Cells usually underwent a period of passaging (at least 2) and expansion before being used for further experiments.


4.4.5	 Cell Counts and Viability
Monitoring the growth rates and viability of mammalian cells is essential to maintaining a thriving cell culture. In this study, the cells are counted periodically to determine the cell number and viability using a trypan blue exclusion method with the aid of a glass haemocytometer device (see Figure 4.1). The counting chamber of the device is located at the centre and has two sets of nine gridded 1 x 1mm squares (1mm2) on the central opposite ends. Each gridded square area contains a space of 0.1mm depth thus the number of cells counted per gridded area is equivalent to the cell number per 0.1mm3 (or 0.1µL). The counted cells value is multiplied 10,000 to give the number of cells per mL. 
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Figure 4.1: The Haemocytometer Grids Layout. A haemocytometer has two sets of nine gridded 1 x 1mm squares (1mm2) on the central opposite ends of the device separated by a groove. Each 1mm2 grid has a space of 0.1mm depth giving a total volume of 0.1mm3 or 0.1ul per grid.


To count cells, the counting chamber is covered with a coverslip and the cells suspension to be counted diluted in an equal volume of trypan blue. The mixture was introduced into the 0.1mm spaces within the squared grids beneath the coverslip and the gridded areas were viewed under an inverted microscope at 100x magnification. Two out of the four squared grids at the edges and the central grid were used for counting and the average cells count was calculated. Only the cells within the grid and cells that fell on the left and bottom borderlines of the grid were counted. The dead cells were stained by the trypan blue and this allowed easy differentiation from the live ones and were not included in the estimation of viable cells density. This is sometimes referred to as Trypan blue exclusion method of cells counting. The average cell count value was multiplied by 2 to account for the 1:1 dilution with trypan blue and the number of live cells relative to dead cells was used to determine the viability of the culture as follows:
Cells Number Concentration =   Average Number of Live Cells X Dilution Factor X 104  per ml

Percentage Viability               =

  Live + Dead Cells
Live Cells
X      100 %



4.5 	DNA Manipulation
4.5.1	Restriction Digestion
Restriction enzyme digests were routinely used in this study during cloning to transfer a gene of interest (the insert) into a host plasmid DNA (the vector) or to verify insert integrity/size from cloning experiments. Both vector and DNA insert were digested with the same restriction enzymes to generate similar and complimentary overhangs. Restriction digestions were done either as a single step digestion (use of two restriction enzymes) or two-step digestion (carrying out 2 single digestions at a time then combining) or combination of both steps. The insert DNA was thereafter ligated to an appropriate plasmid using T4 DNA ligase.
4.5.1.1	A Two-Step Digestion of Insert and Vector DNA
Insert and vector plasmid DNA were routinely digested with restriction enzymes in a two-step digestion. Initially, the digestion was carried out by setting up single restriction digestions of plasmid DNA with each individual restriction enzyme as stated below (Table 4.1) and incubated at 37oC for 1 hour. After the incubation period, 2.5 µl aliquot of each digest was transferred to a new Eppendorf tube for further analysis to assess the integrity of the restriction enzymes. The remaining volume was prepared for the second step of the double digestion as shown in Table 4.2. 
Table 4.1 	Step 1 of Two-step Double Digestion 
	[bookmark: _Toc314476786]Reaction Mixture
	Single Digest
Enzyme 1
	Single Digest
Enzyme 2
	Control
(Buffer Only)

	Plasmid (0.5-1μg)
	1μl
	1μl
	0μl

	10x Restriction Buffer
	1μl
	1μl
	1μl

	Restriction Enzyme 1 *
	1μl
	-
	1μl

	Restriction Enzyme 2 *
	-
	1μl
	1μl

	ac BSA (1μg/μl)
	1μl
	1μl
	2μl

	Sterile Water
	6μl
	6μl
	7μl

	Total Volume
	10μl
	10μl
	10μl

	*10units per 0.5-1μg of DNA


The two single digests (7.5μl) from above were pooled together to give 15μl and the following reagents were added to give a final total volume of 35μl: 14μl Sterile MilliQ water, 1µl restriction enzyme 1, 1μl restriction enzyme 2, 2μl acBSA and 2μl 10x restriction buffer. Thereafter, the reaction mixture was incubated for 2 hours at 37°C.

Table 4.2 	Step 2 of Two-Step Double Digestion
	Reaction Mixture
	Volume (µl)

	Single Digest Reaction -Enzyme 1
	7.5μl

	Single Digest Reaction -Enzyme 2
	7.5μl

	Restriction Enzyme 1  
	1µl

	Restriction Enzyme 2
	1µl

	10x Restriction Buffer
	2μl

	acBSA (1μg/μl)
	2μl

	Sterile Water
	14μl

	Total Volume
	35μl




High fidelity enzymes were 100% reactive in CutSmart buffer and were used for the digestion when available. After incubation, samples were briefly spun at 6,000 x g for 10 seconds in a table top centrifuge to remove condensation and thereafter analysed by agarose gel electrophoresis. The digested products were visualized under a UV light while Gene Snap software from SYGENE was used for the gel Imaging.
4.5.1.2	Single-Step Double Restriction Digestion
[bookmark: _Toc314476785]The single step double digestion was used in this study either to generate similar overhangs for both the insert and vector DNA for subsequent ligation or to confirm the insertion of the target DNA into plasmid DNA post-ligation. In both cases, the two restriction enzymes were added simultaneously to the reaction mixture as shown in Table 4.3 below, and the volume of DNA used varied depending on the sample concentration. The total reaction mixture was adjusted to 20μl with sterile filtered MilliQ water and incubated for 2 hours at 37°C or overnight at room temperature. The list of restriction enzymes and restriction enzyme buffers used in this study are provided in Appendix A.3. 



Table 4.3 	Single Step Double Digestion of Insert
	Reaction Mixture
	Volume (µl)

	Undigested DNA (or Target DNA Host Plasmid) 0.5 - 1µg
	Xµl

	10x restriction Buffer 
	2μl

	Restriction enzyme 1 *
	1μl

	Restriction enzyme 2 *
	1μl

	ac BSA (1mg/ml)
	2μl

	Sterile Water
	Xμl

	Total Volume
	20μl

	*10units per 0.5-1μg of DNA



After incubation, all samples were briefly spun at 6,000 x g for 10 seconds in a table top centrifuge to remove condensation and thereafter analysed by agarose gel electrophoresis. The digested products were visualized under a UV light while Gene Snap software from SYGENE was used for the gel imaging.
4.5.2 	Agarose Gel Electrophoresis
Agarose gel electrophoresis was used to separate and analyse DNA products following restriction digestion. The agarose gel was prepared by dissolving 0.8% (w/v) agarose powder in TAE buffer (40mM Tris base, 20mM acetic acid and 1mM EDTA, pH 8.5). The gel suspension was fully dissolved by heating for 1 minute and allowed to cool. When lukewarm, 0.5μg/ml Ethidium bromide was added to the agarose gel solution to facilitate visualisation of the DNA under a UV (ultra violet) light. The liquid gel was quickly poured into a complete gel tray (tray plus comb) with both ends sealed while avoiding formation of bubbles and allowed to set at room temperature. The agarose gel was stored for maximum of 24 hours at 4oC when not used immediately. Samples were prepared by mixing with DNA loading dye to a final dye concentration of x1 before loading into the agarose gel. Once loaded, the samples were separated at 100 V for approximately 45 minutes using Bio-Rad PowerPac™ HC and Gene Snap software from SYGENE was used for the gel visualization and Imaging.
4.5.3	DNA Isolation and Extraction 
Digested DNA products were separated by agarose gel electrophoresis while a GenElute extraction kit from Sigma Aldrich was used to extract and purify the DNA during cloning of expression constructs. To isolate, aliquots of the DNA samples were run on agarose gel against 1µl of a 1kb DNA ladder (0.5μg/μl). The gel was run at 100V using the Bio-Rad Power PC. To avoid damage to DNA samples (restriction digest or ligation reactions products) when exposed to ultraviolet (UV) light during visualisation, approximately 90% of each sample was loaded in a peripheral well, while the remnants were loaded in the inner lanes. Prior to visualisation under UV light, the peripheral lane was separated from the rest of the gel using a sterile surgical scalpel, thus protecting the integrity of the DNA sample from UV exposure. Afterward, the DNA fragment of interest was excised from the main gel that had been exposed to the UV light after which the gel was mapped against the unexposed peripheral gel in order to excise the corresponding DNA fragment. A GenElute extraction kit from Sigma Aldrich was used to extract and purify the DNA from the excised gel following the manufacturer’s specifications. In the final stage of the purification step, the DNA was eluted with a 50μl pre-warmed buffer EB (10mM Tris-HCl, pH 8.5) and the concentration was quantified at a wavelength of 260nm using the Nanodrop spectrometer ND100V, and thereafter stored at -20°C until needed.
[bookmark: _Toc440140152]4.5.4	General DNA Ligation 
Digested DNA inserts were ligated to appropriately digested plasmid DNA to generate the mammalian expression plasmids for subsequent use in protein expression studies. To ascertain the integrity of the DNA ligation, the ligation reaction was set up with two negative controls - one without insert and the other without insert and DNA ligase. The amount of insert used for each ligation was calculated using the formula below from (taken from Promega T4 DNA ligase data sheet) using a molar ratio of insert to plasmid of 3:1. The total reaction volume was adjusted to 10µl with 0.2µm sterile filtered MilliQ water. Ligation reactions were set up along with control reactions as shown in the Table 4.4 below and incubated at 37oC for 3 hours or overnight at room temperature.


ng vector x kb size of insert       X   molar ratio of insert / vector kb      	size of vector            


ng of insert   =  	 



                                       



Table 4.4: Ligation Reaction Set Up
	Reaction Mixture
	R1
	C1
	C2

	Digested fragment
	Xµl
	-
	-

	Plasmid (50-100ng)
	Xµl 
	Xµl
	Xµl

	10x ligase buffer
	1.5µl
	1.5µl
	1.5µl

	T4 DNA ligase (10U/µl)
	1µl
	1µl
	-

	Sterile water
	Xµl
	Xµl
	Xµl

	Total Volume
	10µl
	10µl
	10µl



Following ligation, 5µl of each reaction was transformed into chemically competent XL1 blue cells, for preliminary assessment of the ligation success and subsequent amplification and purification of the plasmid DNA.  The transformed cells were plated out on freshly prepared LB agar plates containing 100 µg/ml Carbenicillin at two dilutions; 10% (1/10th cells diluted in 90μl SOC media) and 90% (9/10th of cells) and incubated overnight at 37oC. The plates were observed for any growth of colonies which were then screened for successful ligation clones. Depending on the success of the ligation reaction as judged by the number of colony forming units (cfu) on the ligation plates compared to control plates, colonies were either selected for plasmid preparation directly and thereafter evaluated in a double restriction digestion (see Section 4.5.1.2) or screened in a PCR to confirm the success of the ligation (see Section 4.5.5 below) before sending for sequencing.
4.5.5	Polymerase Chain Reaction (PCR) 
PCR is a molecular technique that is normally used to amplify a target DNA or to introduce restriction enzymes sites into the expression constructs for ease of cloning. In this study, a PCR was used to screen for colonies that contain successfully ligated plasmids inserts. For PCR screening, 10 -15 randomly chosen colonies were subjected to PCR using Taq Polymerase and colonies that showed positive results were processed for plasmid preparation. The reaction mixtures were set up as a single step reaction but with two master mixes to avoid cross contamination as shown in the Table 4.5. A reaction mix that contained primers but no template was also included as a negative control. 

[bookmark: _Toc314476783]Table 4.5: PCR Reaction with Two-Master Mixes

	Master Mix 1
	Volume
	
	Master Mix 2
	Volume

	Template DNA*
	5μl
	
	10x polymerase buffer + 
1.5mM MgCl2 
	5μl

	Forward Primer (10pmol/μl = 10μM)
	1μl
	
	Taq Polymerase
	0.2µl

	Reverse Primer  (10pmol/μl = 10μM)
	1μl
	
	Sterile water
	19.8μl

	dNTPs (10mM)
	1.25μl
	
	
	

	Sterile Water
	
	
	
	

	Total Mix Vol
	25µl
	
	
	25µl

	*5µl cells suspension of each individual colony was used as a template.





[bookmark: _Toc440140155][bookmark: _Toc314476784]Both master mixes (one and two in the above table) were combined and the final reaction mixture (50µl volume) was cycled in a TC-312 PCR thermocycler as shown in Table 4.6. Thereafter, the PCR reactions were loaded onto a 0.8% (w/v) TAE agarose gel and analysed against a 1kb DNA ladder. Positive colonies with the correct insert size were selected for plasmid mini preparation and DNA sequencing.
Table 4.6: PCR Cycle Set-Up
	Cycles
	Time
	Temperature

	Initial Denaturation
	2 min
	94°C

	Annealing of Primers
25 cycles
	30s
	94°C

	
	30s
	54°C

	
	30s
	72°C

	Final Extension
	10min
	72°C










4.5.6	DNA Sequencing 
[bookmark: _Toc440140156]All the expression constructs used in this study were subjected to DNA sequence analysis to confirm the integrity of the DNA sequence. For the sequencing, samples of all purified expression constructs were sent to the Department of Core Genomics within the University of Sheffield Medical School along with appropriate forward and reverse primers. Using the SeqMan software (DNASTAR Lasergene), the sequence results were analysed by comparison to the gene synthesised sequence. 
4.6		Transient Protein Expression in Mammalian Cells
13A1FVIII and 13B1FVIII were gene-synthesized by Eurofins MWG and cloned into their own proprietary plasmid pBSIISK+ (both DNA sequences can be found in Appendix A.1.1 and A.1.2 respectively). In the laboratory, two expression vectors were utilised as vehicles for transfection of synthesised 13A1 and 13B1 FVIII-fusion genes into mammalian cell lines for protein expression studies, namely, pCEP5 and pSecTag expression plasmids (see Sections 2.4.1.1 and 2.4.1.2 of chapter 2 for full details of these plasmids and Appendices A.2.1 and A.2.2 for the DNA sequences, respectively). Both FVIII-fusion genes – 13A1FVIII and 13B1FVIII – were excised from their host plasmid pBSIISK+ and subcloned into pCEP5 and pSecTag_link expression vectors. However, prior to transfecting cells with a new vector construct, it was imperative to develop and optimise the transfection conditions with a known positive control gene construct with the same vector backbone. Consequently, an easily expressed in-house human growth hormone-receptor fusion construct (hGHRF) with the pCEP5 vector backbone was utilised in a series of transient transfection experiments to establish the optimum parameters for expressing the novel 13A1FVIII and 13B1FVIII proteins. The transfection efficiency was assessed by measuring the level of hGHRF protein expression by ELISA or Western blotting or both. The best transfection parameters were taken forward to transfect the novel 13A1FVIII and 13B1FVIII expression plasmids for protein expression. The pCEP5 plasmid was used for transient transfection of the FVIII-fusion genes while pSecTag plasmid was used to generate the stable clones. 
4.6.1 	Transient Transfection of Adherent Cells
Transfection is the process of introducing the expression plasmid containing the recombinant gene of interest into a host cell. The incorporated plasmid hijacks the expression machinery of the host cell and as a result the recombinant gene is expressed, either intracellularly or as a secreted protein, during the normal growth and cell division process of the host cells. Transient transfection allows for introduction of multiple plasmids copies into the cells, which when transcribed to mRNA result in high protein yield within a relatively short period of time. Thus, transient transfectants allow for quick protein analysis of the expression. Consequently, this method was used to establish the best transfection parameters using the hGHR-fusion expression plasmid (pCEP5_hGHRF). Various transfection reagents are commercially available to facilitate the incorporation of the expression plasmids into the cells. In this study, two different transfection reagents (TransIT®-LT1 produced by Mirus bio and polyethylenimine (PEI) produced by Polysciences) were tested to establish the most efficient transfection reagent for DNA incorporation into the host mammalian cell lines. TransIT®-LT1 is a broad spectrum, low toxicity, DNA transfection reagent and was initially used to test the efficiency of the transfection and expression system for protein expression using pCEP5_hGHRF plasmid and HEK293c18 cells. However, due to the scale of the experiments to be carried out in this study a more cost-effective alternative transfection reagent (PEI) efficiency was investigated (Boussif et al., 1995). 
4.6.1.1	Transient Transfection Using TransIT®-LT1 Reagent 
4.6.1.1.1	Trial Transfection of Adherent HEK 293c18 Cells
HEK293c18 cells were cultured in media containing G418 antibiotic at 250µg/ml for a total of two passages before continuing with the experiment (see section 4.4.1 for culturing conditions). The cells were prepared for transfection by seeding a 6-well plate at a cell density of 0.45 x106 cells/ml one day before the transfection experiment. For the transfections, cells at 50 – 80% confluence were used on the day of the experiment. The polyplex (TransIT®-LT1 transfection reagent: DNA complex) was prepared as follows: 6µl of TransIT®-LT1 reagent was added to a 1.5ml sterile Eppendorf tube containing serum-free medium in a total volume of 100 μl and tapped gently to mix. To the same tube, 2 μg pCEP5_hGHRF plasmid was added, tapped to mix and incubated for a minimum of 15 minutes at room temperature to facilitate the polyplex formation. Next, the polyplex mixture was added dropwise to the seeded cells around the well and the plate swirled gently to ensure even distribution of the polyplex. The cells were grown in the incubator at 37oC/5% CO2 for 48hrs after which the culture media were analysed for protein expression by Western blotting and ELISA.
4.6.1.1.2 	Determination of Optimal TransIT®-LT1 Concentration for Transfection
The most efficient TransIT®-LT1 reagent: DNA ratio (v/w) for optimum transfection of hGHRF expression plasmid (pCEP5_hGHRF) into HEK293c18 adherent cells was investigated in a transient transfection experiment. The HEK293c18 cells were prepared for transfection as described in section 4.6.1.1.1 above with slight modification. For this experiment, transfection was carried out with 2µg pCEP5_hGHRF plasmid DNA using varied concentration (2-16 µl) of TransIT®-LT1 reagent as shown in Table 4.7. The cells were grown for 48 - 72 hours following which the culture media samples were analyzed by Western blotting and ELISA to establish the most efficient reagent: DNA ratio for best protein expression.

Table 4.7: TransIT®-LT1 Reagent Transfection Parameters
	Reagent : DNA ratio
	Reagent Vol. (μl)
	DNA vol. (2μg)

	7 : 1
	14 µl
	2 µl

	6 : 1
	12 µl
	2 µl

	5 : 1
	10 µl
	2 µl

	4 : 1
	8 µl
	2 µl

	3 : 1
	6 µl
	2 µl

	2 : 1
	4 µl
	2 µl

	1 : 1
	2 µl
	2 µl




4.6.1.2	Transfection Using Polyethylenimine (PEI) Reagent
4.6.1.2.1 	Preparation of Acidified PEI
As PEI is a less expensive transfection reagent compared to TransIT®-LT1, the transfection efficiency of the two reagents was compared by repeating the experiments in section 4.6.1.1 using PEI reagent. This was to provide the most efficient PEI reagent: DNA ratio (w/w) for optimum transfection of hGHRF into HEK293c18 adherent cells.  An acidified PEI was prepared and used for the transfection due to instability of the PEI reagent at neutral pH for long term storage (Fukumoto et al., 2010). To prepare a linear PEI at 5mg/ml stock concentration, sterile filtered MilliQ water was acidified with 0.2N HCl (from 10.2M concentrated HCl diluted to 0.2N - equivalent to 0.2M HCl using MilliQ water). Then, PEI powder (Polyscience) was dissolved in the 0.2N HCl at 5mg/ml in a 50ml conical tube and the solution was heated in an 80oC water bath with vortexing until dissolved. The PEI solution was sterile filtered (0.22µm filter) and stored at -20 to -80oC in aliquots for subsequent use in transient transfection.
4.6.1.2.2 	Trial Transfection of Adherent HEK293c18 Cells with PEI Reagent
HEK 293E cells were cultured in media containing G418 antibiotic at 250µg/ml for a total of two passages before continuing with experiment. The cells were prepared for transfection by seeding a 6-well plate at cells densities of 0.45 x106 cells/ml one-day before the transfection experiment. For the transfections, cells at 50 – 80% confluence were used on the day of the experiment. The polyplex (PEI reagent: DNA complex) was prepared in a two-step reaction mix. Firstly, 6 µg of acidified linear PEI reagent was diluted in 50µl LBS (lactate buffered saline) serum-free medium in a sterile 1.5 ml Eppendorf tube and vortexed to mix. In a separate tube, 2 μg pCEP5_hGHRF plasmid was added to an Eppendorf containing 50µl serum-free medium, and vortexed to mix. Next, the pre-diluted PEI reagent was added to the DNA-containing tube and immediately vortexed to mix after which the reaction tube was incubated for a minimum of 20 minutes at room temperature to allow for polyplex formation. Thereafter, 500µl serum-free media (IMDM, Freestyle) was added to each polyplex mix to dilute the acidity of the PEI followed by vortexing.  The final complex mixture was then added to the seeded HEK 293c18 cells dropwise and the 6-well plate gently swirled to ensure even dispersal of the DNA complex around the well. The cells were incubated at 37oC/5% CO2 for 8-12hrs after which the culture media was replaced by serum-free media and the cells further grown for up to 3 days. The culture medium was analysed for expression by ELISA and Western blotting.
4.6.1.2.3 	Determination of Optimal PEI Concentration for Transfection
 For the transfection, HEK293c18 cells were prepared by seeding at 0.45 x 106 cells/ml as described in section 4.6.1.1.2 above and were transfected with 2µg pCEP5_hGHRF plasmid DNA using varied concentration (2-16 µg) of PEI reagent as shown in Table 4.8 following the previously described transient transfection protocol in section 4.6.1.1.2.  Culture media samples were analysed by Western blotting and ELISA to establish the most efficient reagent: DNA ratio for best protein expression. The results of the protein expression from PEI reagent transfection was also assessed to ascertain if the PEI reagent transfection efficiency was as good as that of TransIT®-LT1 reagent.

Table 4.8:	PEI Reagent Transfection Parameters
	Reagent : DNA 
	PEI Volume (Conc.)
	DNA

	10: 1
	4.0µl (20µg)
	2µg

	9: 1
	3.6µl (18µg)
	2µg

	8: 1
	3.2µl (16µg)
	2µg

	7: 1
	2.8µl (14µg)
	2µg

	6: 1
	2.4µl (12µg)
	2µg

	5: 1
	2.0µl (10µg)
	2µg

	4: 1
	1.6µl   (8µg)
	2µg

	3: 1
	1.2µl   (6µg)
	2µg

	2: 1
	0.8µl   (4µg)
	2µg

	1: 1
	0.4µl   (2µg)
	2µg

	0: 1
	None
	2µg





4.6.1.2.4 	Determination of Optimal Plasmid DNA Concentration for Transfection
Increasing plasmid DNA concentrations using hGHRF plasmid were assessed in a transient transfection to investigate the transfected DNA concentration that was required/sufficient for optimal protein production. Varied plasmid DNA concentrations were tested while maintaining a PEI reagent to DNA ratio of 6:1. For the experiment, a 6-well plate was seeded with HEK293c18 cells at a density of 0.45 x 106 cells/ml in a final culture volume of 2ml as described in section 4.6.1.1.2 above. The cells were transfected with either 0µg, 2µg, 4µg, 6µg, 8µg or 10µg hGHRF plasmid using 12µg PEI reagent per well. The transfected cells were grown for 48-72hours at 37oC/5% CO2. The result would reveal the optimal concentration of expression plasmid (tested with hGHR-fusion plasmid pCEP5_hGHRF) that is required to saturate HEK293c18 adherent cells for best protein expression. 
4.6.2	Transient Transfection of FVIII-Fusion Constructs in Adherent Culture
4.6.2.1	Small Scale Transfection (6-Well Plate)
The 13A1FVIII and 13B1FVIII fusion expression plasmids were transfected into HEK293c18 cells using the linear PEI transfection reagent: DNA ratio of 6:1 (w/w) while human growth hormone receptor-fusion (hGHRF) plasmid control. For the transfection, 2µg plasmid DNA of each individual FVIII-fusion construct was transfected using 12µg PEI reagent in a 2ml culture of HEK293c18 cells seeded at 0.45 x 105 cell/ml as described in section 4.6.1.1.2. The transfected cells were grown for 72 hours at 37oC/5% CO2 after which the culture media were analyzed by Western blotting. No protein expression was detected, therefore the parameters for protein expression were scaled up.
4.6.2.2	Scaled-Up Transfection
Large scale transfection of recombinant FVIII-fusion plasmid pCEP5_13A1 was carried out in a T175 flask using the PEI transfection reagent, with a view to increasing 13A1FVIII protein yield in the culture medium, for protein expression analyses. A gradual scaling was initially carried out from 6-well plates to T25, T75 and the T175 flasks with the human growth hormone fusion hGHRF plasmid using the 6:1 PEI to DNA concentration ratio. The transfection parameters were scaled up based on the surface area difference between a 6-well plate (9.5 cm2) and T25 (25 cm2) or T75 (75 cm2) or T175 flask (175 cm2) as shown in Table 4.9. For the scaled-up transfection of 13A1FVIII in a T175 flask, HEK 293E cells were cultured in complete media containing G418 antibiotic at 250µg/ml for a total of 2 passages before   continuing with experiment. Next, the T175 flask was seeded with 16.56 x 106 HEK293c18 cells in a total culture volume of 36.8 mL/flask (calculated the equivalent number of cells used in 6-well plate transfection that was required for seeding a T175 flask using a surface area multiplying factor of 18.4 (see Table 4.10)

Table 4.9 Scaled Up Seeding Cell Densities
	Culture Vessel
	Surface Area*
	Seeding Cells Density
	Culture Volume#
	Total Number of Cells$

	6-well plate
	9.5 cm2
	0.45 x 106 cells/ml
	2 mL
	0.90 x 106 cells/well

	T25
	25 cm2
	0.45 x 106 cells/ml
	5.3 mL
	2.39 x 106 cells/flask

	T75
	75 cm2
	0.45 x 106 cells/ml
	15.8 mL
	7.11 x 106 cells/flask

	T175
	175 cm2
	0.45 x 106 cells/ml
	36.8 mL
	16.56 x 106 cells/flask

	*Surface area multiplying factor = Surface area of culture vessel/ Surface area of 6-well plate
(e.g. T175 surface area multiplying factor= 175 cm2/9.5 cm2 = 18.4) 
# Culture volume = surface area multiplying factor x 2 mL
$ Seeding cell density x culture volume




Table 4.10 Scaled Up Transfection Parameters
	Culture Vessel
	Culture Volume
	PEI
	DNA
	LBS* (PEI) or F12# (DNA)
	IMDM

	6-well plate
	2 mL
	12 µg
	2 µg
	50 µL
	500 µL

	T175/
hGHRF Plasmid
	36.8 mL 
[30.6 mL medium + 
6.2 mL cell suspension]

	220.8 µg
[12 µg x 18.4]
	36.8 µg
[i.e.2 µg x 18.4; Stock Conc.
0.95 µg/µL]
	920 µl
[i.e. 50 x 18.4]
	9.2 mL
[i.e. 500 x 18.4]

	T175/ 13A1FVIII
Plasmid
	36.8 mL
[30.6 mL medium + 
6.2 mL cell suspension]

	220.8 µg
[44.16 µL of 5mg/mL stock]
	36.8 µg 
[Stock Conc. 0.57 µg/µL]
	920 µl
	9.2 mL

	T175/ Negative control
No Plasmid
	36.8 mL
 [30.6 mL medium +
6.2 mL cell suspension]

	-
	-
	920 µl
	9.2 mL

	* LBS - Lactate buffer saline for acidified PEI dilution
# F12 - DMEM F12 Serum-free media for DNA dilution





4.6.3 	Troubleshooting Transient Transfection of FVIII-Fusion Plasmids in Adherent Culture
The parameters for transfection required troubleshooting due to very low-expression of 13A1FVIII and 13B1FVIII proteins observed in the initial transient transfection carried out with PEI reagent: DNA ratio of 6:1. A different approach was used to optimise the DNA and PEI reagent concentrations for best protein expression. 
4.6.3.1	Determining Maximum Tolerable PEI Concentration
PEI transfection reagent has been reported to be cytotoxic to cells. As a result, the maximum PEI concentration tolerable to the cells without compromising the cell viability was determined. Once the maximum tolerable PEI concentration was established, the concentration of expression plasmid DNA required for efficient transfection and protein expression could be determined. To determine this optimal concentration, a PEI dose-dependent experiment was conducted on overnight cultured HEK293c18 cells seeded at ~0.6 x 106 cells/ml in 6-well plates. Next day, the culture media was replaced with antibiotic/serum-free media (DMEM/F12 media supplemented with L-Glutamine and HEPES buffer). Next, increasing concentrations of PEI (5µg-30µg) were diluted in 500µl DMEM/F12 media to neutralize the acidified PEI, and then added to the cells to a final culture volume of ~2ml per well. After 8 hours of incubation period, the viability of HEK293c18 cells for each individual PEI concentration added was assessed with the haemocytometer using the trypan blue exclusion method as described in Section 4.4.5 above.
4.6.3.2	Optimising 13A1FVIII Plasmid DNA Concentration 
The 13A1FVIII plasmid DNA concentration that was used for transfection was assessed to determine if sufficient for optimal protein production. Therefore, an increasing concentration of the 13A1FVIII plasmid DNA was assessed in a transient transfection experiment against a fixed concentration of PEI reagent from section 4.6.4.1. 
4.6.4 Transient Transfection of Suspension HEK293c18 Cells 
Suspension adapted cells were routinely passaged the day before transfection. On the day of transfection, cells were centrifuged, resuspended in 293 Freestyle media and seeded at ~0.3 – 1.0 x106/mL in a 1 x F125 flask (volume = 70ml) in a final culture volume of ~20-40mL.  Thereafter, PEI transfection reagent and PBS (DNA diluent) were warmed to room temperature before continuing with the transfection experiment. Two separate mixes were then prepared: Mix 1 was composed of X µg of plasmid DNA to be transfected diluted in 1mL PBS/transfection in universal tubes (see Table 4.11): Mix 2 was composed of Xµg PEI diluted in 1mL PBS/transfection in universal tubes. Following preparation both mixes were vortexed. Mix 2 was then added to Mix 1 (200µL at a time) followed by vortexing (3 times for 3 seconds after each addition). The reactions were incubated at room temperature for 15 minutes to allow for polyplex formation. At the end of the incubation period, each DNA/PEI polyplex mix was added to the seeded suspension cells in labelled F125 shaker flasks. All flasks were incubated at 37◦C/ 5% CO2 in a shaker incubator at 100rpm. Samples were taken between 2-3 days post transfection for protein analysis by Western blotting or/and ELISA.
Table 4.11:  Transfection Parameters Set-Up
	Mix
1
	DNA Concentration (µg/mL)
	DNA: PEI
Mass Ratio
	Total Concentration (µg ) Required per Transfection

	
	X conc.
	X: Y
	X (µg) * Culture volume 

	Mix
2
	PEI Concentration (µg/mL)
	
	

	
	Y conc.
	-
	Y (µg)  * Culture volume 




4.7 		Stable Protein Expression in Mammalian Cell
4.7.1 	Stable Cell Line Development
Stable transfection method was used to generate stable cell lines for both pSecTag_13A1 and pSecTag_13B1 in adherent CHO Flp-In cell using the Mirus transfection reagent at a Mirus:DNA ratio of 3:2. CHO Flp-In cells were cultured in complete growth media supplemented with 100μg/ml Zeocin and passaged at least twice before continuing with transfection.  On the day prior to transfection, the cells were seeded in a 6 well plate at 0.25 x 106 cells per well in a 2ml total culture volume and incubated over night at 37°C to achieve about 60-70% confluence. The next day, the Mirus transfection reagent was warmed up to room temperature and vortexed to mix. Two separate mixes were prepared: Mix 1 was composed of sterile 1.5ml Eppendorf tubes (1 per transfection) containing 92.5µl of serum free media and 7.5µl Mirus reagent mixed gently by flicking. Mix 2 was composed of sterile 1.5ml Eppendorf tubes (1 per transfection) containing 250ng of appropriate target DNA (pSecTag_13A1, pSecTag_13B1) or control plasmid (pSecTag_h1B8v3, previously used in-house to generate a stable cell line) together with 5µg pOG44 plasmid mixed by flicking. As a negative control, one tube was left without a plasmid addition. Mix 2 was then added dropwise to Mix 1 and the contents gently mixed by flicking. The transfection reaction tubes were incubated at room temperature for 15 minutes followed by dropwise addition to individuals well of the previously seeded 6 well plate and gently mixed by swirling to ensure even dispersal of the transfection complex mixture. The cells were incubated at 37o/ 5% CO2 for 24-48hrs. Thereafter, the culture media in each well was replaced with selective media containing 600µg/ml Hygromycin B every 2-3 days. The viability of the cells rapidly declined within 1-week post-transfection at which point cell clusters were observed to emerge when visualised under the microscope. When grown to >90% confluence, the cells were transferred in to T25 flasks to allow for a continuous selective growth in the Hygromycin B containing media and subsequently transferred to a T75 flask when at >90% confluence. The cells were continuously and selectively grown until the viability of the transfected cells was >98% and that of negative control was 0% for a minimum of 2 days, at which point the cells were considered stable and aliquots were frozen as described in Section 4.4.3. The remaining cells were expanded and grown for protein expression and culture media analysed by Western blotting and tested for biological activity in a chromogenic bioassay. Generating stable transfectants in CHO Flp-In cell lines took approximately 4-5 weeks to achieve, it was still considered a viable alternative over a clonal selection method as the integration of the target DNA was directed thus allowing for a development of an isogenic clone for stable and sustainable protein expression.
4.7.2 	Optimising Protein Expression from Stable Cell Lines
4.7.2.1	Effect of Valproic Acid and Lower Temperature
The effect of valproic acid (VPA) on expression of 13A1FVIII protein from a CHO Flp-In stable cell line was investigated at 31oC. Stable cells were seeded in 6 well plates at a density of 2.0 x 106 cells/well and the plates incubated overnight to allow cells to settle/recover, after which increasing VPA concentrations were added to appropriate wells and the temperature reduced to 31oC. A control well was included containing cells without the addition of VPA. The cells were grown for 10 days with media samples taken on day 4, 7 and 10 post-dosing to assess the productivity of the cells by ELISA and Western blotting.
4.7.2.2 High Cell Density Culture for Large Scale Protein Production
Stable, suspension adapted CHO Flp-In cells expressing 13A1FVIII protein were initially cultured for a period of 14-20 days in Hyclone SFM4CHO Utility culture media containing Hygromycin B (100µg/ml final concentration) in order to maintain a pure culture of stable clone. Integrity of protein expression was confirmed by Western blotting and cell viability evaluated using the trypan blue exclusion method as described in section 4.4.5. From the pure stable culture, cells were seeded in antibiotic-free Hyclone Utility SFM4CHO media at a low cell density (0.2 - 0.5 x 106 cells/ml) in 1-2L shaker flask in a total culture volume of 300-600mL. The culture was grown to a high cell density > 4 - 6 x 106 cells/ml and >98% viability with complete media replacement every 2-3 days. Harvested culture media were stored at -30oC until processed by concentration followed by purification. 
4.8 Culture Media Concentration
Due to low level of rFVIII-fusion proteins secreted into the cultured media, it was essential to concentrate the media in order to increase the concentration of rFVIII-fusion proteins in the media before loading onto a polyacrylamide gel to facilitate detection by Western blotting. The culture media sample volume was routinely reduced with concentrator devices in order to concentrate the FVIII-fusion proteins in the media before analysing the proteins by Western blotting. Different concentrator devices were used depending on the volume of the starting media to reduce the volume of the culture media and concentrate the amount of protein present. Two portable Amicon Ultracentrifuge Concentrators (Millipore, 30kDa molecular weight cut off) were used to concentrate up to 500µl and 25mL sample volumes down to 20µl and 0.5ml respectively, while a Vivaflow 200 concentrator (VivaScience) which is a ready to use and reusable laboratory tangential crossflow cassette was used for concentrating large culture media volume (up to 6L) to reduce the volume for protein purification. All the devices were used as per manufacturers’ instruction.
4.9 	Preparation and Analysis of Cellular Fractions 
Whole cell lysate, membrane and cytosol fractions were prepared from transiently transfected HEK293c18 cells for analysis of intracellular and extracellular expression of FVIII fusion proteins. 
4.9.1	Preparation of Whole Cell Lysates
Whole cell lysate samples were prepared from adherent HEK293c18 cells after a period of growth post transfection. To prepare the cell lysates, the culture medium was collected for analysis of secreted protein while the cells were gently rinsed with 2ml ice-cold 1X PBS to remove any remaining culture medium. The cells were resuspended in an equivalent culture volume (~2-3 ml) of ice cold 1X PBS (supplemented with Roche protease inhibitor cocktail) by gentle pipetting up and down, and transferred to universal tubes. Cells were lysed by passing through a 25G syringe at least >15 times. The cell lysate was collected and centrifuged in a table top centrifuge at ~100 x g for 30 minutes (Beckman) at 4oC to remove the cell debris while the clear supernatant was collected for analyses of the whole cell lysate by Western blotting.
4.9.2	Preparation of Membrane and Cytosol Samples
Membrane and cytosol samples were prepared from suspension HEK293c18 cells after a period of growth post transfection. To prepare samples, the transfected cells were centrifuged at 100 x g and the culture medium collected in a sterile tube while the cells were briefly washed with ice cold 1X PBS buffer to remove soluble protein and then re-centrifuged. Finally, the cells pellet was resuspended in an equivalent culture volume (~20 ml) of ice cold 1X PBS buffer in the absence of protease inhibitor to avoid possible interference with downstream biological activity analyses of samples. Also, no detergent was added to the lysis buffer to avoid potential extraction of membrane bound protein.  Resuspended cells were lysed by passing through a 25G syringe and then centrifuged at a low speed of ~ 100 x g for 10 minutes at 4oC to remove any unlysed cells and cell debris. The supernatant was transferred to a clean sterile tube and centrifuged at ~16,000 x g with a tabletop centrifuge for 45-60 minutes at 4oC. The resulting supernatant was transferred into a clean, sterile tube as the soluble protein fraction and kept for analysis of intracellular cytosol protein expression while the pellet was resuspended in an equal sample volume of RIPA extraction buffer containing 1-2% SDS detergent as the membrane protein fraction. Approximately 40 - 50µl aliquots of culture medium, cytosol, and membrane samples were analysed for protein expression by SDS-PAGE/ Western blotting and biological activity assessed in chromogenic assay.
4.10 	Analysis of Protein Expression 
4.10.1	Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-PAGE)
SDS- PAGE is a laboratory technique often used to separate proteins based on their molecular weight or size. Samples to be analysed are commonly prepared in SDS containing loading buffer (Laemmli buffer) which removes secondary and tertiary protein structures by linearising the proteins and confers an overall negative charge to the protein sample thus facilitating migration of proteins after the application of an electrical current.
In this study, both precast and manually made SDS-PAGE gels were used for protein analysis using the Bio-Rad mini protein II gel system according to the manufacturers’ protocol. Samples to be analysed were mixed with 6 x Laemmli sample loading buffer and heated at 70oC for 5 minutes following which the samples were separated using either 6-8% acrylamide gels prepared in the laboratory (see Table 4.12 for gel preparation) or 4-20% precast gradient gels for FVIII-fusions analysis and 10% gels used for human growth hormone receptor-fusion protein samples. The gels were set-up in the electrophoresis tank and the filled up with 1 x Tris-glycine SDS running buffer (10 x Tris-glycine SDS diluted in deionized H2O at a ratio of 9:1). A constant voltage (100V) was applied to the tank until the dye-front just ran to the base of the gel. The protein samples were run along with pre-stained molecular weight markers, either Broad Range All Blue (Biorad) or Multicolor (Lonza) to determine the protein size. Next, the gels were either analysed by Western blotting or silver staining.
Table 4.12 	Acrylamide Gels Preparation
	6 -10 % Resolving Gel

	Percentage of Resolving Gel
	6 %
	8%
	10%

	Components
	Volume
	Volume
	Volume

	Acrylamide 30% (w/v)
	2.0  ml
	2.7 ml
	3.3 ml

	0.5M Tris-HCL (pH 6.8) containing 10 % SDS 
	2.5 ml
	2.5 ml
	2.5 ml

	Deionized H2O
	5.4 ml
	4.7 ml
	4.1 ml

	APS (10%,w/v)
	100 µl
	100 µl
	100 µl

	TEMED 
	10 µl
	10 µl
	10 µl

	Total Volume
	10 ml
	10 ml
	10 ml



	4% stacking gel:

	Components
	Volume

	Acrylamide 30% (w/v)
	1.3  ml

	0.5M Tris-HCL (pH 6.8) containing 10 % SDS 
	2.5 ml


	Deionized H2O
	6.1 ml

	APS (10%,w/v)
	50 µl

	TEMED 
	10 µl

	Total Volume
	10 ml










































4.10.2	Western Blotting 
4.10.2.1 Western Blotting Procedure
After separating protein samples by SDS-PAGE (see Section 4.11.1), the gels were transferred onto PVDF (Polyvinylidene difluoride) membranes using the Biorad Protean II gel transfer kit according to the manufacturer’s instructions. The PVDF membranes were first incubated in blocking buffer (see Table 4.13) overnight at 4oC. Thereafter, the blots were probed with appropriate primary antibodies (5µg of anti-FVIII and 6µg of anti-FVIII in 5ml antibody buffer) at room temperature with mixing for 1 hour. This was followed by incubation for 1 hour with a corresponding secondary antibody conjugated to HRP (horseradish peroxide). All antibodies were diluted in blocking buffer. The membranes were washed with PBS-Tween wash buffer X 3 for 15 minutes each and transferred proteins on the membrane blots were visualised using freshly prepared Biorad chemiluminescent substrate reagents containing Luminol and hydrogen peroxide (Clarity Western reagent) following the manufacturer’s recommendation. The hydrogen peroxide component of the substrate reacts with HRP to produce a reactive oxygen species which reacts with Luminol that gives off light. The membrane blot is inserted into an X-ray cassette and the emitted light exposed to an X-ray film so as to detect any expressed proteins.   

Table 4.13	Buffers Used During Western Blotting
	Buffers
	Components

	1x PBS
	10x PBS Oxoid Tablets dissolved in 1L MilliQ water

	Wash (PBS-Tween)
	1x PBS + 0.05% Tween-20

	Blocking Buffer
	PBS-Tween + 5% Milk solution

	Antibody Buffer
	PBS-Tween + 2% Milk solution




4.10.2.2 Troubleshooting Transfer Buffer for Western Blotting
One of the major challenges with Western blotting analysis of large molecular weight proteins such as FVIII is the efficient transfer onto a membrane (nitrocellulose or PVDF).  Therefore, an experiment was carried out to establish an optimum condition for efficient transfer of FVIII-fusion proteins (estimated molecular weight of ~260kDa) from polyacrylamide gel onto PVDF membrane. For the experiment, 2 X 8% acrylamide gels were prepared as described in Section 4.11.1 and Kogenate FVIII protein samples (280kDa molecular weight) was diluted in Laemmli buffer to a working concentration of 1ng/µl, heated at 65oC for 15 minutes and 10-40ng loaded per lane. All samples were run at 100v until the 250kDa marker was in the middle of the gel. Four different transfer buffers (see Table 4.14) were tested for the optimal transfer of the resolved Kogenate protein onto PVDF membrane. Transfer of protein was carried out at room temperature (except buffer B which was carried out on ice) for 1 hour at 100v using the gel transfer kit by Biorad and Western blotting carried out as described in Section 4.11.2.1.
Table 4.14 	Composition of Buffers for Western Blotting
	Buffers
	Composition

	Buffer A1
	48mM Tris Base, 27mM Glycine, 0.05% SDS

	Buffer A2
	48mM Tris Base , 27mM	Glycine, No SDS as a control experiment

	Buffer B
	40mM Tris, 20mM Na-Acetate, 2mM	EDTA, 0.05% SDS, PH 7.4

	Buffer C
	25mM Tris, 192mM Glycine, 0.1 % SDS




4.10.3 	Silver Staining
In this study, the Sterling silver staining kit from National Diagnostics was used for visualising purified protein samples after separation by SDS-PAGE (see Section 4.11.1) according to the manufacturer’s specification. Briefly, the gel was fixed in 100ml of a standard mixture consisting of Methanol:Water:Acetic Acid, at a ratio of 5:5:1 respectively, for at least 25 minutes. Thereafter, the fixative mixture was decanted followed by a 5-minutes incubation with STERLING Fixative composed of 45ml water, 50ml methanol, 5ml STERLING Fixative Concentrate. Following this, the gel was washed twice for 15 minutes in deionized water supplemented with 0.1% non-ionic surfactant (Tween 80) to submerge the gel. Meanwhile, the staining solution was prepared by combining reagents A and B (supplied with the kit) as specified in the protocol. After the washing period, the wash solution was discarded and gel was immersed in the combined staining solution and incubated for 5-10 minutes after which the bands began to be visualised. Once the desired intensity was achieved, the gel was immersed in a 5% acetic acid solution to stop development.
4.10.4 	Enzyme-Linked Immunosorbent Assay	(ELISA)
A sandwich ELISA was routinely used to determine the concentration of FVIII protein in a test sample (culture media or purified sample) against a standard (or reference sample) of known concentration. The ELISA consisted of using a matched pair monoclonal antibody set for human Factor VIII (Affinity Biologicals) and used according to the manufacturer’s instructions. The sandwich ELISA has a high specificity as it measures the antigen amounts between the capture and detection antibodies. To analyse protein samples, each well of a 96-well plate was coated with 100µl capture antibody diluted in 50mM NaHCO3 coating buffer, pH 9.6 (1:100 dilution) to a final concentration of 1 μg/ml and incubated for 2 hours at room temperature or overnight at 4oC (see Table 4.15 for the composition of all buffers used in the ELISA assay). The reference sample concentrations were prepared from a reconstituted lyophilised commercial rFVIII (ReFacto) to obtain a 1 IU/µl stock concentration from which a serial dilution was made to generate a standard curve. All test and reference samples were diluted using the assay buffer as highlighted below in Tables 4.16 and 4.17, respectively.	 The plate was washed X 3 with 250µl of PBS-Tween wash buffer and 100 μl of reference/test samples were applied to each well of a 96-well plate in duplicate and the plate incubated at room temperature for 2 hours, washed X 3 with wash buffer, after which 100 μl of the pre-diluted detection antibody supplied with the ELISA kit was added and incubated for an additional 1 hour. Finally, the plate was washed to eliminate any unbound detection antibody. The captured protein samples were detected using TMB substrate - a chromogenic substrate that can be measured at a specific wavelength. The colour intensity when measured is directly proportional to the amount of sample captured. The concentration of FVIII antigen in the unknown samples could be estimated by correlating the absorbance values at 450nm wavelength to those of the diluted reference samples of known concentration in a standard curve. 

Table 4.15	Composition of Buffers for ELISA Assay 
	Buffers
	Preparation

	Coating buffer
	0.1M NaHCO3 (4.2g), pH adjusted to 9.6 with NaOH
Made up to 500ml with deionized H2O 

	Wash buffer (PBST)
	PBS (10 tablets per 1L) + 0.05% (v/v) Tween 20 (500 µl)
Made up to 1L with deionized H2O and stored at 4°C

	Stop buffer 
	5% (v/v) Sulphuric acid (25 ml) 
Make up to 500ml with deionized H2O





Table 4.16	Preparation of Test protein samples
	Dilution Factor
	Sample (µl)
	Assay Buffer (µl)

	X5
	50
	200

	X20
	20
	380

	X50
	10
	490

	X100
	10
	990



Table 4.17	Preparation of FVIII Standard Curve
	Sample volume (µl)
	Diluent volume Buffer (µl)
	ReFacto
(IU/ml)
	ReFacto
U/dL (%)

	Stock 1IU/µl 
	
	
	

	5µl of 1000 IU/ml
	995
	5.0
	500

	200µl of 5IU/ml
	800
	1.0
	100

	600µl of 1 IU/ml
	200
	0.75
	75

	600µl of 0.75 IU/ml
	300
	0.5
	50

	400µl of 0.5 IU/ml
	400
	0.25
	25

	400µl of 0.25 IU/ml
	400
	0.125
	12.5

	400µl of 0.125 IU/ml
	400
	0.0625
	6.25

	400µl of 0.0625 IU/ml
	400
	0.03125
	3.125

	400µl of 0.03125 IU/ml
	400
	0.0156
	1.563

	400µl of 0.0156 IU/ml
	400
	0.0078
	0.78




[bookmark: _Toc440140170]4.10.5. Bradford Protein Assay 
The Bradford assay is a colorimetric method used for the quantification of the total protein concentration in a sample.  The assay utilises the colour change induced in a Coomassie Brilliant Blue G-250 dye (Bradford 1976) when bound by proteins which causes a change in the dye colour from a red protonated cationic form (Amax = 470 nm) to a blue stable unprotonated form (Amax = 595 nm) (Fazekes de St. Groth et al. 1963, Reisner et al. 1975, Sedmack and Grossberg 1977).   This assay was used in this study to determine the concentration of total proteins in culture media against a bovine serum albumin (BSA) standard curve (see Table 4.18). BSA was used as a protein standard as the dye colour development is significantly greater than most proteins’ when used in the Bradford protein assay. To prepare the standard curve, a 10mg/ml concentration was made by dissolving weighed BSA powder in distilled water. This was further diluted in two 10-fold dilution steps to give a working concentration of 100µg/ml that was used for the preparation of the following standard concentrations:
Table 4.18	Bradford Protein Standard Dilutions
	Standard BSA (μg/ml)
	Final concentration
 in assay (μg/ml)
	Dilution
	

	25.0
	20
	x4
	2ml 100μg/ml + 6ml ddH2O

	12.5
	10
	x2
	2.5ml 25μg/ml + 2.5ml ddH2O

	6.25
	5
	x2
	2.5ml 12.5μg/ml + 2.5ml ddH2O

	2.50
	2
	x2.5
	2ml 6.25μg/ml + 3ml ddH2O

	1.25
	1
	x2
	2ml 2.5μg/ml + 2ml ddH2O




The standard concentration and unknown protein samples were prepared for the Bradford assay in duplicate by pipetting 0.2ml Bradford dye reagent into pre-labelled 1.5ml Eppendorf tubes (corresponding to the total number of samples to be analysed) with 0.8 ml solution of either the standard or test samples added to each tube afterward. The tubes contents were gently mixed by inverting tubes 4 – 5 times and the mixture were transferred into cuvettes for reading on a spectrophotometer at 595 nm the samples were left for 5 minutes to allow colour development then read within 15 minutes.  A blank reading was taken using a mixture of 0.2ml Bradford reagent and 0.8ml distilled water alone. The standard OD values at 595nm were plotted against the corresponding concentration to generate the regression line equation (standard curve) while the concentration of each test sample was determined by calculating for ‘x’ and substituting the obtained OD values in the linear regression equation: y=mx + c (where ‘y’ is the OD value, ‘m’ represents the slope and ‘c’ the intercept on the y axis).
4.11 	Protein Purification
Cell culture media recovered from large scale protein expression in suspension cells from Section 4.8 were used in the purification step. 13A1FVIII is a very low-expressing protein and required a prolonged cultivation of stably transfected cells to generate sufficient 13A1FVIII protein for use in the purification step and downstream protein analyses. Consequently, a large volume of culture media needed processing - starting with a centrifugation step to separate the culture media from the expressing cells, a media concentration step and finally purification of the concentrated 13A1FVIII protein from the media. 

4.11.1 	Concentration and Semi-Purification of 13A1FVIII Protein from Culture Media 
A number of methods were attempted to concentrate 13A1FVIII protein from the culture media before the final purification, beginning with an ammonium sulphate precipitation and thereafter initial chromatography capture steps using immobilized metal affinity chromatography (IMAC) and ion-exchange. The objective was to generate a semi-purified 13A1FVIII protein solution that can be further purified by affinity chromatography.
4.11.1.1 	Ammonium Sulphate Precipitation
To concentrate 13A1FVIII protein in the culture media, ammonium sulphate precipitation was first attempted on protein samples in a small scale experiment. Briefly, sufficient ammonium sulphate (AM-S04) was added to a 20ml aliquot of 13A1FVIII media sample to obtain a 35% saturated solution. The Encor biotech calculator was used to calculate the appropriate ammonium sulphate weight to add to achieve the specified saturation (refer to this link for calculator- http://www.encorbio.com/protocols/AM-SO4.htm). The mixture was incubated on ice for 1 hour, with mixing by inverting tube every 5-10 minutes, to precipitate the 13A1FVIII protein. Next, the tubes were centrifuged at ~10,000 x g in a JA-25.50 rotor for 15 minutes at 4oC. The supernatant was decanted into a fresh centrifuge tube and the volume measured while the pellet was kept for further analyses.  A sufficient amount of ammonium sulphate was then added to the decanted supernatant to obtain a 45% saturation, followed by incubation for 1 hour with periodic mixing followed by centrifugation, after which the supernatant was decanted into a fresh centrifuge tube while the pellet was kept for further analyses. The precipitation step was repeated with increasing concentrations of ammonium sulphate up to 80% as shown in Table 4.19. Each individual pellet obtained was drained and resuspended in 0.6 ml of PBS (~1/33 of starting volume or less), and the resulting solution was analysed by Western blotting to determine at what point 13A1FVIII protein was precipitated. A partial solubility was observed in the 35% AM-SO4 sample after resuspension in PBS, therefore the sample was re-centrifuged and the supernatant was kept for analysis while the resulting pellet was resuspended in PBS supplemented with 1% SDS to ensure a complete solubilisation. All precipitated samples were analysed by Western blotting against untreated sample (0% AMSO4) as a negative control.



Table 4.19	Ammonium Sulphate Precipitation Set Up for Purification of 13A1FVIII Protein
	Precipitation Repeats
	Repeat 0
	Repeat 1
	Repeat 2
	Repeat 3
	Repeat 4
	Remarks

	Starting Volume (ml)
	20 ml
	22.13 
	22.83
	23.57
	24.36
	Starting volume = supernatant  from previous precipitation

	AM-S04 Starting 
% Saturation 
	0%
	35%
	45%
	55%
	65%
	

	AM-S04 desired % saturation 
	35%
	45%
	55%
	65%
	80%
	

	Amount of Solid AM-S04 Required
	4.02g
	1.31g
	1.40
	1.49
	2.43
	Calculated values using the starting volume values

	Estimated Final Volume (ml)
	22.13 
	22.83
	23.57
	24.36
	25.65
	Estimated volume used as starting volume of next precipitation reaction




4.11.1.2		Immobilised Metal-Affinity Chromatography (IMAC) Columns
IMAC is a chromatography technique that involves the use of certain divalent metal ions immobilized onto a chelating surface to bind proteins with clustered histidine residues. Histidine amino acid features an imidazole ring which acts as electron donor groups that readily form strong interactions with immobilized divalent metal ion resins. Consequently, an IMAC provides high selectivity of proteins containing polyhistidine sequences which become strongly bound to the chromatographic support via the histidine-metal ion interaction (Bornhorst and Falke, 2000, Porath, 1988). After washing the column to remove unbound material, proteins retained on the IMAC column are released by either eluting with a buffer containing free imidazole at high concentration which competes for binding to the IMAC resin or adjusting the pH of the column buffer to a low pH (Porath, 1988) or by adding chelating agents such as EDTA (Smith et al., 1990).  In the order of affinity strength for histidine, the divalent metals commonly used are copper (Cu2+), nickel (Ni2+), cobalt (Co2+), or zinc (Zn2+). 13A1FVIII protein was designed with a 6-histidine tag at the C-terminus to facilitate its binding to IMAC columns. Therefore, 13A1FVIII purification was attempted using either Nickel IMAC or Copper IMAC. Free Probond resin charged with each divalent metal ion was used. To charge, the resin was prepared by first stripping slurry with 20mM EDTA by incubating for 30 minutes at room temperature. Thereafter, the resin was charged with either Ni2+ or Cu2+ metal ion at 4mg/ml under slightly acid (pH 6.5) or neutral conditions, respectively.
4.11.1.2.1	Nickel Charged IMAC
To purify 13A1FVIII, a nickel column was equilibrated with at least 10 column volume of equilibration buffer (50mM NaH2PO4 Sodium phosphate/ 0.5M NaCl, Sodium Chloride - pH 7.4) and clarified 13A1FVIII culture media (load sample) was applied to the column. The unbound fraction was collected and bound 13A1FVIII protein was eluted with an imidazole containing elution buffer in 0.5mL batches (50mM Sodium phosphate, 500mM NaCl, 500mM imidazole, pH 7.4). To avoid protein degradation, all buffers and culture media were pre-chilled on ice before application to the column. The unbound fraction (flow through) was collected and the column washed with 5 column volumes (CVs) equilibration buffer supplemented with 10mM imidazole to remove contaminants. A Nickel column was initially used to bind and separate 13A1FVIII from the culture media and the bound protein subsequently eluted in a small volume to generate a concentrated 13A1FVIII protein for use in subsequent purification steps. 
4.11.1.2.2	Copper Charged IMAC
In an effort to increase the percentage of binding of 13A1FVIII, a copper column with a stronger binding affinity for histidine was used. For the purification on a copper column, clarified 13A1FVIII culture media was loaded in succession onto an equilibrated copper column in a small scale experiment. For the experiment, 200µl resin was transferred into a 1.5ml Eppendorf tube was equilibrated (equilibration buffer - 50mM Sodium phosphate, 500mM NaCl, pH 7.4) and 5 x 1 ml 13A1FVIII culture media was added in succession with an interval of 5-10 minutes’ incubation period at 4oC while mixing. Then, the tube was centrifuged at 4,000 x g for 5 minutes to pellet the resins and the supernatant carefully removed for analysis of unbound protein fraction by Western blotting to determine if and at what point the column was saturated. All unbound fractions were collected separately for analyses to determine if the column was overloaded with protein samples. Finally, all the resins were pooled onto a 1cm wide chromatographic column (Biorad), washed and the bound fraction was eluted in batches with ~0.2ml Imidazole containing buffer as earlier described in this section.
4.11.1.3 	Sepharose Based Chromatography Resins
Three different Sepharose based resins were used in an initial protein-capture step with a view to concentrating 13A1FVIII protein prior to purification. These resins comprised of two ion exchange resins: SP-Sepharose fast flow and Q-Sepharose fastflow) and one affinity resin (Blue-Sepharose). 
4.11.1.3.1 	SP-Sepharose Fast Flow
An SP-Sepharose fast flow is a strong cation exchanger (GE Healthcare, catalogue 17072910) containing a negatively charged sulphopropyl (SP) group covalently bound to the resins.  At a pH below its isoelectric point (pI), the FVIII protein will bind to the negatively charged cation exchanger (13A1FVIII theoretical pI - 6.11, estimated using the ‘Prot Param tool’ online calculator on ExPASy Proteomics Server (http://ca.expasy.org/tools/protparam. html)). In an initial experiment to determine the optimal pH to bind 13A1FVIII protein from the culture medium, the SP-Sepharose resins were aliquoted into Eppendorf tubes and equilibrated at different pH’s from 6.8-7.4 (See Table 4.20 for buffer components). Further purification of 13A1FVIII protein on SP-Sepharose at pH 6.8 was carried out as this was found to be best for binding. To capture 13A1FVIII protein from the culture medium, ~2ml SP-Sepharose fast flow resins were packed into a ~1.0 mm wide gravity column and equilibrated with HEPES buffer (20mM HEPES, 150mM NaCl, pH 6.8) following which clarified 13A1FVIII culture medium was passed over the column.  The unbound fractions were collected for analysis and the column washed with HEPES equilibration buffer. Bound 13A1FVIII protein was eluted in ~0.2ml batches with high salt containing HEPES buffer supplemented with CaCl2. All samples (load, unbound and elutions) were analysed by Western blotting.
Table 4.20	SP-Sepharose Fast Flow Buffers and Components
	Buffer
	pH
	Buffer Components

	Equilibration
	6.8
	20mM HEPES, 5mM CaCl2

	Equilibration
	7.0
	20mM HEPES, 5mM CaCl2

	Equilibration
	7.4
	20mM HEPES, 5mM CaCl2

	Elution
	7.0
	20mM HEPES, 650 mM NaCl, 5mM CaCl2 




4.11.1.3.2	Q-Sepharose Fast Flow 
Q-Sepharose fast flow is a strong anion exchanger (GE Healthcare, 17-0510-01) containing a positively charged quaternary ammonium groups covalently bound to the resins. At a pH above its isoelectric point (pI) FVIII will bind to the positively charged anion exchanger. Therefore, the Q-Sepharose resins were used to extract and concentrate 13A1FVIII from cell culture medium. For the experiment, ~2ml Q-Sepharose fast flow resins were packed into a ~1.0 mm wide gravity column and equilibrated with HEPES buffer (20mM HEPES, 150mM NaCl, pH 7.4) 13A1FVIII protein from the culture medium, following which clarified 13A1FVIII culture medium was passed over the column.  The unbound fractions were collected for analyses and the column washed with HEPES equilibration buffer. Bound 13A1FVIII protein was eluted in batches, first with high salt containing elution buffer (20mM HEPES, 650mM NaCl, 5mM CaCl2 pH 7.0) and then the elution buffer supplemented with 50% ethylene glycol. All samples (load, unbound and elution) were analysed by Western blotting.
4.11.1.3.3	Blue-Sepharose 6 Fast Flow
Blue-Sepharose 6 fast flow features a Cibacron blue 3G dye that is covalently attached to 6% agarose resins matrix. Unlike the previous SP and Q-Sepharose fast flow that are pH and pI –dependent to bind proteins, the Blue-Sepharose has a high binding affinity for many proteins including blood coagulation factors. Consequently, the resins were tested for the capture of 13A1FVIII from culture media. For the experiment, ~2ml of Blue-Sepharose fast flow resins were packed into a ~1.0 mm wide gravity column and equilibrated with HEPES buffer (20mM HEPES, 150mM NaCl, pH 7.4), following which clarified 13A1FVIII culture medium was passed over the column.  The unbound fractions were collected for analysis and the column washed with HEPES equilibration buffer. Bound 13A1FVIII protein was eluted in ~0.2ml batches with high salt containing HEPES buffer supplemented with CaCl2 (20mM HEPES, 650mM NaCl, 5mM CaCl2 pH 7.0). All samples (load, unbound and elution) were stored at -20oC until ready for analysis.
4.11.2		Antibody Directed Purification of 13A1FVIII
Having FVIII linked to FIX in 13A1FVIII protein design afforded two choices of antibody columns for protein purification. Factor IX Select antibody (GE Healthcare) was first used for the purification. The VIII Select antibody resin is based on highly cross-linked agarose base matrix, which enables rapid processing of large sample volumes. The ligand, a 13 kDa recombinant protein, is attached to the porous base matrix via a hydrophilic spacer arm making it easily available for binding to recombinant B-domain depleted factor VIII. 13A1FVIII culture media used were concentrated using Vivaflow 200 concentrator, and spun at 21,000 x g to pellet cells debris before application to the VIII Select resins.
4.11.2.1		IX Select Purification 
Purification by IX Select antibody chromatography was carried out as per manufacturer’s instructions using recommended buffers. For the purification of 13A1FVIII from crude culture media, 1ml HiTrap IX select column (GE Healthcare) was equilibrated with HEPES buffer (20mM HEPES, 150mM NaCl, pH 7.4) and clarified 13A1FVIII culture medium was loaded at a flow rate of 1ml per minute using a P1 peristaltic pump. The column was washed with at least 10 column volumes of wash buffer (20 mM HEPES, 500 mM NaCl, 0.01% Tween™ 80, pH 7.4) and bound 13A1FVIII protein eluted in batches with HEPES elution buffer supplemented with MgCl2 and CaCl2 (20mM HEPES, 2M MgCl2, 5mM CaCl2, pH 7.4). 
4.11.2.2		VIII Select Purification: Establishing Optimal Binding pH and Residence Time
In a small scale experiment to establish the optimal pH condition and mean residence time required for 13A1FVIII to bind VIII Select affinity resins, 0.5mL resins slurry were aliquoted into sterile universal tubes and equilibrated at different pH ranging from 7.0 - 8.0 (see Table 4.21) with HEPES buffer (20mM HEPES, 20mM CaCl2 and 0.3M NaCl, pH adjusted at 4oC).  10 ml 5x concentrated 13A1FVIII media was added to each tube and incubated at 4oC with mixing. 1ml aliquots were taken after 1hr, 3hrs and >12hrs of incubation and analysed in anti-FVIII ELISA, and percentage of bound 13A1FVIII per incubation time.
Table 4.21	VIII Select Resins Equilibration Buffers, Components and Incubation Time
	Buffer
	pH
	Incubation Time
	Buffer Composition

	Equilibration 
	7.0
	1, 3 and >12 Hours
	20mM HEPES, 20mM CaCl2, 0.02% Tween 80,
300mM NaCl

	Equilibration
	7.5
	1, 3 and >12 Hours
	20mM HEPES, 20mM CaCl2, 0.02% Tween 80,
300mM NaCl

	Equilibration
	8.0
	1, 3 and >12 Hours
	20mM HEPES, 20mM CaCl2, 0.02% Tween 80,
300mM NaCl

	Wash
	7.0
	2mL/1min Flow Rate
	20mM HEPES, 20mM CaCl2, 0.02% Tween 80,
1 M NaCl

	Elution
	7.0
	2mL/1min Flow Rate
	20mM HEPES, 5mM CaCl2, 1M NaCl, 10mM Histidine, 0.9M L-Arginine, 50 % Ethylene Glycol




4.11.2.3		Optimising Purification of 13A1FVIII with VIII Select at pH 7.0 
To determine if VIII Select resins were saturated in the batch binding purification method, a small scale experiment was performed using 0.5ml VIII Select resins equilibrated at 7.0 pH and incubated with a 5 x concentrated 13A1FVIII media sample for 18hrs at 4oC.  The media was then replaced with a fresh 10ml of media and incubated for a further ~3-6 hours at 4oC. This was repeated 6 more times whilst keeping the replaced media for analyses of unbound 13A1FVIII fractions. The load (LS), and unbound samples (U1-U8) were analysed by Western blotting probing with anti-FIX monoclonal antibody so as to evaluate if the VIII Select resins were saturated/overloaded and to assess the integrity of 13A1FVIII protein during the purification.
4.11.2.4		Finalised Methodology for Large Scale 13A1FVIII Purification
The parameters for purification on VIII Select resins were scaled-up for the purification from 1L 13A1FVIII culture to assess the reproducibility of the purification method and the purity of purified protein. The culture media was concentrated from 1L to 265ml (~4x) with a total FVIII antigen concentration (FVIII:Ag) of 378 IU and the clarified 13A1FVIII media was incubated with equilibrated VIII Select resins (equilibration buffer - 20mM HEPES, 20mM CaCl2 , 0.3M NaCl, pH-7.0) in a sterile column for >12 hours. The unbound 13A1FVIII fractions were collected as a flow through and the resins washed with several column volumes of wash buffer (see Table 4.22 for all buffer compositions). The bound 13A1FVIII was eluted in 50% Ethylene Glycol buffer containing CaCl2, and L-arginine. The load, unbound, wash and elution samples were analysed in either an ELISA or/and Western blotting. Active elution fractions were routinely pooled and dialysed in dialysis buffer for an initial period of 2 hours, after which the buffer was replaced and samples further dialysed for 2 hours. A final dialysis was set up overnight (>12hours) after a complete buffer replacement.
Table 4.22	VIII Select Chromatography Buffers
	Buffer
	pH
	Incubation Time
	Buffer Composition

	Equilibration 
	7.0
	>12 Hours
	20mM HEPES, 20mM CaCl2, 0.02% Tween 80,
300mM NaCl

	Wash
	7.0
	2mL/1min Flow Rate
	20mM HEPES, 20mM CaCl2, 0.02% Tween 80,
1 M NaCl

	Elution
	7.0
	2mL/1min Flow Rate
	20mM HEPES, 5mM CaCl2, 1M NaCl, 10mM Histidine, 0.9M L-Arginine, 50 % Ethylene Glycol

	Dialysis Buffer
	7.0
	2 hours > 2 hours > 12 hours
	20mM HEPES, 5mM CaCl2, 150mM NaCl










4.12 In Vitro Biological Activity Assays
4.12.1	FVIII Activity Chromogenic Assay
Chromogenic assay is a photometric method routinely used in the laboratory to estimate the biological activity of FVIII in samples. The assay measures FVIII cofactor activity based on FX activation to FXa by FIXa, in the presence of factors reagents (Ca++ ions, phospholipids and thrombin). In a standard chromogenic assay, the activated FXa hydrolyses a chromogenic substrate S-2765, liberating the chromogenic group p-nitroaniline (pNA). The pNA produces a yellow colour that can be read photometrically at 405 nm wavelength. The colour produced is linearly related to the amount of FVIII in the test sample. In this study, for the assay, all FVIII samples were analyzed against a reference sample of known specific FVIII activity. In this study, the reference sample was prepared from a lyophilized commercial rFVIII reconstituted to 1 IU/µl stock concentration. For each biological activity analysis, a standard curve was generated by making a serial dilution from 1U/mL to 0.0048U/mL using the assay buffer supplied with the kit (see Table 4.23). Also, sets of dilutions were made for the test samples containing the protein of interest using the same assay buffer. 
Table 4.23	Standard Curve Dilutions for In Vitro FVIII:C Assay
	Serial Dilution
	Buffer (µl)
	IU/dL (%)
	IU/mL

	2µl of 1IU/µl Stock
	2000
	100.00
	1.00

	200µl of 100%
	200
	50.00
	0.50

	200µl of 50%
	200
	25.00
	0.25

	200µl of 25%
	200
	12.50
	0.125

	200µl of 12.5%
	200
	6.25
	0.0625

	200µl of 6.25%
	200
	3.125
	0.03125

	200µl of 3.125%
	200
	1.563
	0.01563

	200µl of 1.563%
	200
	0.78
	0.0078

	200µl of 0.78%
	200
	0.39
	0.0039




In this study, an automated and a plate methods of analysis were utilised for a preliminary and routine analysis of biological activies of samples during the protein expression studies, respectively. For the preliminary analysis of protein samples by chromogenic assay using the automated method, culture media and/or transfected cells samples were prepared, along with dilutions of Kogenate FVIII of known concentrations as standards. All samples for preliminary analysis were kept on ice and transported to Sheffield Haemophilia and Thrombosis Centre, Royal Hallamshire Hospital for analysis on a SYSMEX analyser with the assistance of Dr. Annette Bowyer. A plate method was subsequently developed in the laboratory for a routine in vitro determination of biological activites of media and purified protein samples, and for the in vivo plasma samples. Coamatic chromogenic assay kit from Chromogenix Italy, was used for in vitro FVIII bioactivity analyses with a detection limit of 0.005 IU/mL whereas the in vivo plasma FVIII concentration was quantified using Aniara Biophen FVIII:C chromogenic assay kit, from Hyphen Biomed USA with a detection limit of 0.002 IU/mL.
4.12.2	Activated Partial Thromboplastin Time (APTT) Assay
An APTT test is used as a screening coagulation test to determine how long it takes for clotting formation to occur in vitro. To form clotting, coagulation factors in the contact coagulation pathway are activated in vitro in the presence of a plasma, phospholipids and calcium ions. Hence, the test could be used to determine any abnormality in the clotting pathway due to deficiency of any of the coagulation factors. The FVIII product to be tested is added to a FVIII-deficient plasma and incubated at 37oC. Thereafter, pre-warmed phospholipids (to 37oC), contact activator and calcium are added. Calcium initiates the clotting, and the time taken from the calcium addition to clotting formation is recorded. The clotting time is inversely proportional to the activity of FVIII present in the assay. While the normal clotting time may vary depending on the instrument or reagents used, it is generally accepted that FVIII clotting time in a normal individual is approximately 30 seconds.
This test was adapted to evaluate the ability of 13A1FVIII to restore clot formation in the event of FVIII deficiency or abnormality in vitro by using a FVIII-deficient plasma in the assay which contained constant and excess amount of all other clotting factors except FVIII. For the APTT assay, purified 13A1FVIII protein with FVIII:C of 322 IU/dL was diluted in FVIII-deficient plasma (Hemosil) for an initial 1/60 dilution (5µL of 13A1FVIII in 300µL FVIII-deficient plasma) followed by serial dilutions until 1/480 dilution as shown in Table 4.24. Also, calibrated plasma FVII (Siemen) was reconstituted as per manufacturer’s instruction and this was used to generate standard plasma dilutions starting with an initial 1 in 10 dilution (1/10) and then serial dilutions until 1/100 i.e. Neat>1/10>1/20>1/40>1/80>1/100 (where neat is the reconstituted calibrated plasma). A serial dilution of ReFacto FVIII was generated from a starting concentration of 100 IU/dL down to 12.5 IU/dL as a positive control. All FVIII products were diluted in 100% FVIII-deficient plasma (Hemosil) and incubated at 37oC. Thereafter, all samples were loaded into the SYSMEX Analyser at Sheffield Haemophilia and Thrombosis Centre, Royal Hallamshire Hospital according to manufacturer’s protocol for automated addition of the reagents (phospholipid, contact activator (tissue factor) and calcium) and the APTT time analysed. The operation of the SYSMEX analyser was carried out with the assistance of Dr. Annette Bowyer. 
Table 4.24	Dilutions and Estimated Concentrations of Test Samples in the APTT Assay
	Standard Plasma FVIII
	
	ReFacto FVIII
	
	13A1FVIII

	Dilutions
	Concentrations
	
	Dilutions
	Concentrations
	
	Dilutions
	Concentrations

	1/1
	100 IU/dL
	
	1/1
	100 IU/dL
	
	1/60
	5.33 IU/dL

	1/10
	10 IU/dL
	
	1/2
	50 IU/dL
	
	1/120
	2.66 IU/dL

	1/20
	5 IU/dL
	
	1/4
	25 IU/dL
	
	1/240
	1.33 IU/dL

	1/40
	2.5 IU/dL
	
	1/8
	12.5 IU/dL
	
	1/480
	0.66 IU/dL

	1/80
	1.25 IU/dL
	
	
	
	
	
	

	1/100
	1.0 IU/dL
	
	
	
	
	
	




4.12.3	Thrombin Generation Assay
Thrombin generation assay (TGA) is an in vitro laboratory test used to measure the ability of a plasma sample to form thrombin after the initiation of coagulation with tissue factor (TF) or another trigger. During haemostasis, thrombin is generated during the initiation, propagation and termination phases of the coagulation process culminating in the formation of a stable fibrin clot that halts the bleeding. The TGA assay measures the overall thrombin generated during the coagulation process and thus reflects the total reactions that regulate thrombin formation and inhibition during the process. The thrombin concentration is estimated in an enzymatic reaction using a thrombin-specific chromogenic substrate that produces a yellow coloured product that can be measured photometrically. The colour intensity is directly proportional to the amount of thrombin generated. In this study a fluorogenic substrate was used to assess the amount of thrombin generated by 13A1FVIII in the assay, in the presence/absence of all other clotting factors, using the calibrated automated thrombogram (CAT) method of analysis. 
In the assay, different dilutions of 13A1FVIII with 322 IU/dL FVIII:C (100%) were made in FVIII-deficient plasma to achieve samples with 75%, 50% and 25% of the undiluted 13A1FVIII FVIII:C (see Table 4.25). Two negative control samples containing 100% of either FVIII-deficient plasma or undiluted 13A1FVIII protein were included in the analysis with normal plasma used as a positive control.

Table 4.25	Set-Up of Test Samples/Controls Used In Thrombin Generation Assay
	13A1FVIII Dilutions
	Corresponding FVIII:C (IU/dL)
	FVIII-Deficient Plasma

	100% 
	322.0
	0%

	75%
	241.5
	100 %

	50%
	161.0
	100 %

	25%
	80.5
	100 %

	0 %
	0.0
	100 %




4.13 	In Vivo Studies
4.13.1	Endotoxin Test
Endotoxins are compounds naturally found in the outer cell membrane of Gram-negative bacteria and are capable of initiating complement activation which results in cell death and impact the biological activities of protein samples. Consequently, the purified 13A1FVIII protein was tested for any presence of endotoxin before it was used in the haemophiliac mice for the in vivo PK and PD studies. For the endotoxin test, the Lonza’s PYROGENT Gel Clot Limulus Amebocyte Lysate (LAL; N189-25) Single Test Vials kit was used. The LAL originated from the amebocytes or blood cells of the horseshoe crab, Limulus Polyphemus, which was found to clot in the presence of endotoxin by Frederick Bang and Jack Levin (in the 1970’s). Consequently, the assay was a qualitative LAL test that provided a simple negative or positive result for Gram-negative bacterial endotoxin. The Lonza’s Gel Clot LAL kit was supplied with each pyrogen-free test vial already containing lyophilized LAL which was to be reconstituted in 250µl of sample. Therefore, to carry out the gel clot assay experiment, 10µl aliquot of each protein sample to be tested was diluted in sterile filtered distilled water to a final volume of 250µl. Thereafter, each lyophilized LAL vial was reconstituted in the pre-diluted sample and the reaction tube was incubated in a water bath or dry heat block at 37°C for 60 minutes along with a negative control tube containing the LAL reagent reconstituted with sterile protease free distilled water. After the 1-hour incubation period, the tubes were visually observed for any firm clot formation by flipping the tubes at 180°. The presence of a firm clot at the bottom of the tube would suggest a positive endotoxin reaction while the presence of a fluid content in the tube with no observable clot (similar to that observed in the negative reaction tube) would be an indication of a negative endotoxin test.
4.13.2	13A1FVIII Pharmacokinetics Study 
A pilot in vivo efficacy and pharmacokinetics of purified 13A1FVIII coagulation factor was assessed in two heamophilic mouse models comprising of FVIII knock out (KO) and FVIII/VWF double knockout (DKO) mice with severe hemophilia A phenotype. Both mice strains were bred at Queens University, Kingston, Canada which was one of the two centers with the facilities to conduct in vivo studies in both haemophilic mice and dogs. Due to haemolysis and clotting observed in some of the plasma samples causing variabilities in the analysis, the in vivo study was repeated.
4.13.2.1   FVIII KO and VWF/FVIII DKO Mice
Both FVIII-KO and VWF/FVIII-DKO mice models have been introduced onto an inbred C57BL/6 genetic background. These mice have no detectable plasma FVIII procoagulant activity. The FVIII KO mice have been maintained in the Queen`s University laboratory for the past decade for a variety of projects pertaining to immunology of FVIII. Despite having a total deficiency of FVIII these mice do not bleed spontaneously, only with trauma. The double knockout mice are generated by crossing FVIII knockout mice with VWF knockout mice to double homozygosity. All resulting FVIII/VWF DKO mice have no detectable mouse plasma FVIII or VWF. The mice were kept and maintained long term on a low-fat diet in the Queen`s University Animal Care Facility, Botterell Hall at the University Main Campus, Kingston Canada. All haemophilic mice studies were performed in the B2 basement area at the animal facility.
4.13.2.2		Pilot 13A1FVIII Pharmacokinetics Study Procedure
A total of 48 mice between the age of 8 – 16 weeks were utilized in this study – 24 mice for FVIII KO (knockout) study and 24 mice for the FVIII/VWF DKO (double knockout). All mice were allocated arbitrarily to groups based on the PK sampling time points with each group comprising of 4 mice. Within the group, each mouse had a unique identification number and was uniquely identified by a tail mark using indelible pen. The 13A1FVIII and control Advate FVIII proteins were administered via the right lateral tail veil at a single intravenous dose of 200 IU/kg (~6 IU/mouse) independently and all mice were observed at the time of dose administration for any adverse reaction and for 15 minutes following drug delivery. Evidence of acute systemic adverse events were monitored by visual observation. Following intravenous infusion of FVIII products via the left lateral tail vein, blood samples were taken from all treated mice at 5 minutes post-FVIII administration to determine peak levels of plasma FVIII concentration (FVIII:C). Thereafter, approximately 50-70µl plasma samples were collected by retro-orbital sampling into a citrated capillary tube at intervals (1h, 4h, 8h, 24h, 32h) up to 48 hours and the platelet-poor plasma collected at each time point were inspected for clot formation. If no clots were observed, the plasma were placed at -80oC until when ready for FVIII coagulant activity quantification. A brief synopsis of the experimental set up is shown in Table 4.26. At the completion of each of the PK sampling, the mice were euthanized by cervical dislocation while the abdominal and thoracic cavities of the animals were exposed and the organs visually examined for evidence of gross pathology.

Table 4.26	Pilot PK Study Design Synopsis
	 Test FVIII Product
	13A1FVIII at 32U/mL stock concentration

	Control FVIII Product
	Advate FVIII at 24U/mL stock concentration

	Route of Administration
	Intravenous injection via lateral tail vein

	Dosing
	 200 IU/kg (~ 6 IU/mouse) 
· Corresponding to 250ul Advate injection volume
· Corresponding to 190ul 13A1 injection volume

	Mice Strains 
	· FVIII KO (deficient of only FVIII gene) 
· FVIII/VWF DKO (deficient of both FVIII and VWF genes)

	Mice Grouping
	Mice were grouped based on the PK sampling time points with each group comprising of 4 mice. This was done for both strains of haemophiliac mice (i.e. FVIII single KO and FVIII/VWF DKO). All mice were sex matched.

	Groups
	1
	2
	3
	4

	Treatment:
	Control
	Test Item
	Control
	Test Item

	FVIII Product:
	Advate FVIII
	13A1 FVIII
	Advate FVIII
	13A1 FVIII

	Mice strain
	FVIII KO
	FVIII KO
	DKO
	DKO

	Number of mice per   sampling group
	12
	12
	12
	12

	Sampling time points:

	0.833h
1h
4h
8h
24h
32h
48h
	0.833h
1h
4h
8h
24h
32h
48h
	0.833h
1h
4h
8h
24h
32h
48h
	0.833h
1h
4h
8h
24h
32h
48h

	Time points grouping:   A                                                 
                                                B
                                                C                                            
	0.833h, 1h, 4h
0.833h, 8h, 32h
0.833h,24h, 48h
	0.833h, 1h, 4h
0.833h, 8h, 32h
0.833h,24h, 48h
	0.833h, 1h, 4h
0.833h, 8h, 32h
0.833h,24h, 48h
	0.833h, 1h, 4h
0.833h, 8h, 32h
0.833h,24h, 48h




4.13.2.3		Repeat 13A1FVIII Pharmacokinetics Study Procedure
Another independent set of experiments were carried out to ascertain the reproducibility of the above in vivo PK study for both mice strains, however, with an extended time points and more animals. Sampling methods were equally adjusted to minimize the haemolyses and clot formation observed in the previous PK blood samples. For the second PK experiments repeat, two groups of 20 FVIII KO and 20 VWF/FVIII DKO haemophilic mice were injected with 200IU/kg (6IU/mouse) of either 13A1FVIII or Advate FVIII control. 50-70µl blood samples were taken at 5minutes post-injection and at intervals (1h, 4h, 8h, 12h, 24h, 48h) up to 72hours. Each mouse was sampled for a maximum of 3 times via different sampling routes (right-retro-orbital, left retro-orbital and cardiac puncture). The plasma samples were processed and analyzed as earlier described. A brief synopsis of the repeat PK experimental plan is shown in Table 4.27.
Table 4.27	Repeat PK Study Design Synopsis
	Objective
	To evaluate the efficacy and pharmacokinetics of a novel coagulation factor VIII, 13A1FVIII in two Haemophiliac mice models

	Test item:
	Novel long-acting 13A1 Factor VIII at ~25 IU/mL

	Test control:
	Third generation recombinant FVIII, Advate at 24 IU/mL

	Duration:
	 0 - 72 hours

	 Dose administration route


Sampling route per mouse
	Left lateral tail vein ~6 IU/mouse at 200 IU/kg 
(Injection Volume = ~300 µL 13A1; ~250 µL = Advate)

	
	Right Retro-orbital
	Left Retro-orbital
	Cardiac puncture

	Mice strains:
	· FVIII single knockout mice (FVIIIKO) 
· FVIII/VWF double knockout mice  (FVIII/VWF DKO)

	Age of mice:
	8 -16 weeks old

	Treatment groups:
	1
	2
	3
	4

	Treatment:
	Control
	Test Item
	Control
	Test Item

	FVIII product:
	Advate FVIII
	13A1FVIII
	Advate FVIII
	13A1FVIII

	Mice strain
	FVIII KO
	FVIII KO
	FVIII/VWF DKO
	FVIII/VWF DKO

	Treatment frequency:
	Once IV
	Once IV
	Once IV
	Once IV

	Anesthesia 
	Isoflurane
	Isoflurane
	Isoflurane
	Isoflurane

	Bleeding time points:



	5mins
1h
4h
8h
12h
24h
48h
72h
	5mins
1h
4h
8h
12h
24h
48h
72h
	5mins
1h
4h
8h
12h
24h
48h
72h
	5mins
1h
4h
8h
12h
24h
48h
72h

	Time points per
sampling group                

  

  

  

  
	  A:

	5mins, 1h

	5mins, 1h

	5mins, 1h

	5mins, 1h


	
	B:
	5mins, 4h, 24h
	5mins, 4h, 24h
	5mins, 4h, 24h
	5mins, 4h, 24h

	
	C:
	5mins, 8h, 48h

	5mins, 8h, 48h

	5mins, 8h, 48h

	5mins, 8h, 48h


	
	D:
	5mins, 12h, 72h

	5mins, 12h, 72h







	5mins, 12h, 72h

	5mins, 12h, 72h


	No of mice (n) per sampling group
	n=5 Mice
	n=5 Mice
	n=5 Mice
	n=5 Mice




4.13.2.4		Plasma Sample Processing and Analysis
The plasma FVIII coagulant activity was measured by FVIII chromogenic assay in a microtiter plate method using the Anaira Biophen FVIII:C chromogenic kits as per manufacturer’s specification, with a B-Domain deleted FVIII concentrate (US Biologicals) used as a standard. For the FVIII coagulant measurement, the plasma aliquots were thawed at 37oC for 5 minutes and thoroughly mixed prior to testing. The citrated plasma samples of 13A1FVIII and Advate FVIII control from F8KO and DKO mice for the different sampling time points post-infusion were analyzed in the chromogenic assay. The plate was read at 405nm wavelength (490nm for background readings) in duplicate against serial dilutions of B-domain deleted FVIII concentrate as standard, expressed in U/dL. The plasma FVIII activity (FVIII:C) of each individual blood sample was determined by interpolation of the corresponding OD values against the FVIII standard. The resulting data for both treatment groups were plotted on linear and logarithmic graphs expressed in international units (IU/dL).
4.13.3		Tail Vein Transection Model
The in vivo efficacy and potency of 13A1FVIII to correct bleeding was assessed in a tail vein transection haemophiliac mouse model using the optimised tail vein transection (TVT) method recently described (Johansen et al., 2016). Consistent with the methodology described in the study, two groups of F8KO mice consisting of 23 mice per treatment group were treated with either 13A1FVIII or Advate FVIII at a single intravenous dose of 200IU/kg/mouse via the right lateral tail vein (see Table 4.28 for experimental set-up synopsis. Under isoflurane anaesthesia, the left lateral tail vein was cut at either 0.25 hour (13 mice) or 24 hours (10 mice) post injection and the blood samples collected in a saline buffer for analyses. The bleeding times were recorded and the blood haemoglobin and volume loss for all treated mice were calculated. The following parameters were determined: total haemoglobin loss (Hg), total volume of blood loss (ml) and Hg expressed in nano-molar (nmol Hg). 

Table 4.28	TVT Procedure Synopsis
	Objective
	To investigate the in vivo efficacy of 13A1 FVIII in heamophiliac mice in a tail vein transection (TVT) bleeding model

	Test Item:
	Novel long-acting 13A1 Factor VIII

	Test control:
	Third generation recombinant FVIII, Advate

	Duration:
	0 – 25 hours

	Route:        Dosing
                    Sampling
	Right lateral tail vein. 
Left lateral tail vein

	Anesthesia
	Isoflurane

	Animal model specie:
	Haemophiliac FVIII single knockout mice  

	Age at start of treatment:
	12-16 weeks old

	Groups:
	1 Early
	2 Early
	3 Late
	4 Late

	Treatment:
	Control
	Test Item
	Control
	Test Item

	
	Advate FVIII
	13A1FVIII
	Advate FVIII
	13A1FVIII

	Treatment frequency:
	Once IV
	Once IV
	Once IV
	Once IV

	Time of TVT
	15mins
	15mins
	24 hours
	24 hours

	Bleeding duration:
	1hr
	1hr
	1hr
	1hr

	No. of mice per treatment
	13
	13
	10
	10

	Dose per mouse
	6 IU
	6 IU
	6 IU
	6 IU

	Injection volume
	250 µL
	~240 µL
	250 µL
	~240 µL

	Study schedule
	5 mice/day; 1 group per week

	
	Occasions
	Details

	Body weights:
	Day of injection
	

	Mice gender
	Sex ratio
	Male: Female mice ratio evenly distributed
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SYNTHESIS, CLONING AND PRELIMINARY 
EXPRESSION OF FVIII FUSION CONSTRUCTS










5.1 		Summary
13A1FVIII and 13B1FVIII fusion DNA sequences were successfully gene synthesized and subcloned into two expression vectors (pCEP5 and pSecTag_link) for protein production and analyses. The integrity of the expression constructs was verified by DNA sequencing. No protein expression was observed in a preliminary transient transfection in HEK293c18 mammalian cell line using a conventional transfection reagent to DNA ratio of 3:1 when the culture media samples were analysed by Western blotting. However, there was an indication of protein expression in the whole cell lysate samples when analysed. This suggested that the trial expression parameters required optimisation. 
5.2 		Introduction
Human FVIII gene spans over 186 kilobases (kb) of the X chromosome and consists of 26 exons with size ranging between 69 - 3,106 bp and large introns up to 32.4 kb (Gitschier et al., 1984). Isolation of the 9kb FVIII mRNA and successful cloning of the entire full-length cDNA has made development of rFVIII possible (Toole et al., 1984, Truett et al., 1985).  Several recombinant FVIII products have been successfully cloned using nucleotides 562-7269 of human factor VIII cDNA to generate either a full length rFVIII (Wood et al., 1984) or B-domain truncated FVIII expression constructs (Toole et al., 1986, Bihoreau et al., 1991, Eaton et al., 1986b). Since the discovery of dispensability of the DNA encoding B domain in a full-length human FVIII cDNA without compromising the synthesis of a fully functional FVIII (Toole et al., 1986), many variants of B-domain deleted have been generated and used in rFVIII development due to its improved secretion by mammalian cells (Kaufman et al., 1988). Consequently, several rFVIII therapeutic products made use of the most efficiently processed BDD FVIII derivatives that contain the recognition motif for furin cleavage (membrane-bound subtilisin-like protease) expressed in many cell types (Lind et al., 1995). For example, construction of N8 featured the amino acids 1–740 of FVIII heavy chain and 1649–2332 FVIII light chain of full-length human connected by a 21 amino acid linker generated from amino acid 741–750 and 1638–1648 (Thim et al., 2010). Similarly, the two novel rFVIII fusions consisting of unique structural sequences of BDD-FVIII with furin cleavage site retained and an inactivated FIX covalently linked via a flexible Glycine-4-Serine linker as described in chapter 2 (See Appendices A1.1-A1.2 for DNA and protein sequences of constructs). Cloning both 13A1FVIII and 13B1FVIII required the use of different leader sequences due to the alternating arrangement of FVIII and FIX in both constructs. Therefore, FVIII leader (signal peptide) sequence was used for 13A1FVIII (i.e. B-domain deleted FVIII linked to an inactivated FIX through (G4S)7 linker) whereas FIX leader sequence was used for 13B1FVIII (i.e. inactivated FIX linked to a B-domain deleted FVIII through (G4S)11 linker). To ensure the integrity of the DNA sequence used in the construction of expression plasmids, both FVIII fusions were gene synthesised and plasmid constructs generated for protein expression analysis, as highlighted in the section below.
5.3 		Novel 13A1 and 13B1 FVIII Fusion Gene Synthesis
The amino acid and DNA sequences of both 13A1FVIII and 13B1FVIII fusion molecules were forwarded to Eurofins MWG for synthesis. However, for ease of DNA synthesis, Eurofins MWG optimised the DNA sequences of FVIII in the two constructs. The end products were FVIII-fusion constructs that had the same amino acid sequences as that of human B-domain deleted FVIII but with slight variation in the DNA sequence (i.e. codons). The FIX sequences in both constructs were not codon optimised either for expression or synthesis. The C-terminus of each FVIII-fusion construct had a poly-histidine tag (6 x His-tag) added to provide robust purification options. To facilitate subsequent sub-cloning into plasmids of choice, the 13A1FVIII and 13B1FVIII DNA sequences were flanked by two restriction sites at both ends, with NheI at the 5’ end and AgeI at the 3’ end. Both synthesised FVIII-fusion genes were individually cloned into an in-house pBSIISK (+) plasmid by Eurofins MWG. Thereafter, the novel 13A1FVIII and 13B1FVIII fusion genes were sub-cloned into pCEP5 and pSecTag_link expression vectors to facilitate transient and stable protein expression, respectively. Details of the distinguishing features of the expression plasmids were highlighted in sections 2.4.1.1 and 2.4.1.2 of chapter 2. Details of the gene synthesis and cloning of the 13A1FVIII and 13B1FVIII expression constructs are reviewed in this chapter.
5.4		Subcloning of 13A1 and 13B1 Genes
The recombinant 13A1 and 13B1 FVIII-fusion genes were sub-cloned into pCEP5 and pSecTag-link expression vectors for transient and stable expression development respectively. 
5.4.1 	Restriction Digestion of Host Plasmids 
To sub-clone the 13A1 and 13B1 FVIII genes the respective host plasmid pBSIISK+ (i.e. pBSIISK+_13A1and pBSIISK+_13B1) were digested with AgeI and NheI restriction enzymes to excise the recombinant 13A1 and 13B1 FVIII-fusion genes (Figures 5.1 and 5.2). The digested products were separated on a 0.6% TAE agarose gel containing 0.5µg/ml ethidium bromide for visualisation. As seen in Figures 5.1 and 5.2, 13A1 and 13B1 FVIII DNA fragments are observed running at ~6.0kb molecular weight marker which corresponds to the predicted molecular weight of 5.7kb.  The 13A1 and 13B1 FVIII DNA fragments were excised from the gels and cleaned up using the GenElute kit (Sigma Aldrich) as described in Chapter 3 (General Methods). The concentration of each purified DNA was quantified using the nano-drop at A260nm.   
Figure 5.2 Restriction Digestion of Host Plasmid pBSIISK+_13B1. The pBSIISK+_13B1 plasmid containing 13B1 FVIII gene of interest was digested with restriction enzymes AgeI and NheI and the DNA fragments separated on a 0.6% TAE agarose gel. The gel image features the undigested pBSIISK+_13B1 plasmid DNA and supercoiled DNA on lane 1, the two digested fragments from double digestion with Age1 and Nhe1 in lane 2 with 13B1 FVIII fragment running at ~5.7kb while the pBSIISK+ fragment runs at ~3kb when checked against the 1kb DNA ladder on lane 3. 13B1FVIII fragment is indicated with a red pointed arrow.
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Figure 5.1 Restriction Digestion of Host Plasmid pBSIISK+_13A1. The pBSIISK+_13A1 plasmid containing 13A1 FVIII gene of interest was digested with restriction enzymes AgeI and NheI featuring unique restriction sites and the DNA fragments were separated on a 0.6% TAE agarose gel. The gel image features the 1kb DNA ladder in Lane 1 (MWM), the undigested pBSIISK+_13A1 plasmid DNA and supercoiled DNA in Lane 2 (Uncut), while the last lane shows the 2 DNA fragments from double digestion with AgeI and NheI with 13A1FVIII fragment running at ~5.7kb and the pBSIISK+ fragment running at ~3kb. 13A1FVIII fragment is indicated with a red pointed arrow.


Similarly, the pSecTag-link (5038bp) and pCEP5_episomal (10182bp) expression vectors were digested with AgeI and NheI restriction enzymes to generate similar and overlapping overhangs ready for cloning (Figures 5.3 and 5.4 respectively). 
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pCEP5_Episomal Vector
Figure 5.3 Restriction Digestion of pCEP5 Episomal Expression Vector. The pCEP5 expression vector was digested with the restriction enzymes AgeI and NheI and the digested products separated on a 0.6% TAE agarose gel. Lane 1 shows the 1kb molecular weight marker, lane 2 shows undigested covalently closed circular and supercoiled pCEP5 plasmid. Lanes 3 and 4 show a single digested pCEP5 cut with AgeI and NheI respectively while Lane 5 presents the double digested pCEP5 plasmid.  
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pSecTag_Link Vector
Figure 5.4 Restriction Digestion of pSecTag_link Expression Vector. The pSecTag_link expression vector was digested with AgeI and NheI restriction enzymes and the digested products were separated on a 0.6% TAE agarose gel. Lane 1 shows the 1kb molecular weight marker, lane 2 shows undigested uncoiled and supercoiled pSecTag-link. Lanes 3 and 4 show a single digested plasmid cut with AgeI and NheI enzymes respectively while lane 5 presents the double digested pSecTag-link plasmid. 
 




5.4.2	Ligation of FVIII-Fusion Genes to Digested Plasmids
The 13A1FVIII and 13B1 FVIII gene inserts were ligated to individual pSecTag-link and pCEP5 expression plasmids at their corresponding NheI and AgeI digested sites as described in Chapter 3 (General methods). To confirm the success of the ligation, the ligation products were transformed into DH5-alpha E. coli cells and the transfectants selected on Carbenicillin agar plates as described in Chapter 3 (General methods). Plasmid preparations were generated for a few of the positive colonies using QIAgen mini-prep kit as described in section 4.3.4.1. The purified plasmid for each individual construct was double digested with AgeI and NheI restriction enzymes to ascertain the successful insertion of the 13A1FVIII and 13B1 FVIII genes into the pCEP5 (Figures 5.5 and 5.6 respectively) and pSecTag (Figures 5.7 and 5.8 respectively). 
Figure 5.5 Restriction Digestion of pCEP5_13A1FVIII Expression Plasmid.  The pCEP5_13A1 expression plasmid was digested with the restriction enzymes AgeI and NheI and the digested products separated on a 0.6% TAE agarose gel. Lane 1 shows the 1kb molecular weight marker, lane 2 shows undigested uncoiled and supercoiled pCEP5 plasmid. Lane 3 presents the double digested pCEP5 plasmid products with Age1 and Nhe1 restriction enzymes. The observed 2 bands correspond to the molecular weights of pCEP5 plasmid and 13A1 DNA fragments, with 13A1 DNA fragment indicated with a red arrow. 
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Figure 5.6 Restriction Digestion of pCEP5_13B1FVIII Expression Plasmid. The pCEP5_13B1FVIII expression plasmid was digested with the restriction enzymes AgeI and NheI and the digested products separated on a 0.6% TAE agarose gel. Lane 1 shows the 1kb molecular weight marker, lane 2 shows the products of double digested 13B1_PBSII SK (+) with AgeI/NheI as a positive control, lane 3 shows double digested pCEP5_13B1 with NheI/AgeI restriction enzymes. 13B1 DNA fragment indicated with red pointed arrow. Whereas, lane 4 presents the uncoiled and supercoiled undigested pCEP5_13B1 plasmid as a negative control.
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Figure 5.8:  Restriction Digestion of pSecTag_13B1 Expression Plasmid. The pSecTag_13B1 expression plasmid was digested with the restriction enzymes Age1 and Nhe1 and the digested products separated on a 0.6% TAE agarose gel. Lane 1 shows the 1kb molecular weight marker, lane 2 shows the products of double digested 13B1_PBSII SK (+) with AgeI/NheI as a positive control. Lane 3 presents the uncoiled and supercoiled pSecTag_13B1 plasmid as a negative control while lane 4 shows pSecTag_13B1 plasmid double digestion products with Nhe1/Age1 restriction enzymes. 13B1 DNA fragment is indicated with red pointed arrow.
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Figure 5.7: Restriction Digestion of pSecTag_13A1 Expression Plasmid. The pSecTag_13A1 expression plasmid was digested with AgeI and NheI restriction enzymes and the digested products were separated on a 0.6% TAE agarose gel. Lane 1 shows the 1kb molecular weight marker, lane 2 shows undigested nicked, uncoiled and supercoiled pSecTag_13A1 plasmid. Lane 3 shows the 2 products of double digested plasmid when cut with AgeI and NheI. The bands weights correspond to the molecular weight of 13A1 and pSecTag-link plasmid with 13A1 DNA fragment is indicated with a red pointed arrow.
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Subsequently, all the cloned expression plasmids (i.e. pCEP5_13A1, pCEP5_13B1, pSecTag_13A1 and pSecTag_13B1) that evidenced successful insertion of the genes of interest were subjected to DNA sequencing to verify the integrity of the DNA sequences before use in this study. The pCEP5 constructs were sequenced using an EBV primer and pSecTag constructs with a BGH reverse primer. All the FVIII-fusion genes in the expression constructs contained 6 x histidine tag at the C-terminus to provide a robust purification option. The DNA sequences for the expression constructs are available in Appendix A3.
5.5 		Trial Expression and Analysis of Novel Recombinant FVIII-Fusions
Following the successful construction of 13A1FVIII and 13B1FVIII expression constructs (pCEP5_13A1, pSecTag_13A1, pCEP5_13B1 and pSecTag_13A1), the expression plasmids were either transiently or stably transfected into mammalian cells for protein expression studies under serum-free conditions. Two mammalian cell lines were utilised for this study, one for transient transfection (HEK293c18 cell line) and the other for stable transfection (CHO Flp-In cell line). As FVIII is naturally expressed as a secreted protein the crude culture media were analysed for protein expression by Western blotting. 
5.5.1	Optimal Western Blotting Buffer for Protein Transfer
One of the major challenges associating with analysis of large molecular weight proteins by Western blotting is the efficient transfer onto a membrane (nitrocellulose or PVDF). Therefore, the most efficient buffer for FVIII protein transfer was investigated using a reconstituted full-length commercial rFVIII Kogenate. The Kogenate FVIII was diluted in Laemmli buffer and different concentrations (10 – 40ng) of the protein samples were loaded on acrylamide gels, analysed by SDS-PAGE/Western blotting and transferred using different buffers (see Section 4.10.2 for full methodology and Table 4.14 for all buffers composition). Transferred FVIII protein was detected with anti-FVIII monoclonal antibody (PIERCE).
Out of the four buffers, only buffers A2 (Tris/Glycine) and B (Tris/Na Acetate) successfully transferred Kogenate FVIII onto the PVDF membrane (Figure 5.9). However, buffer B became very hot and the transfer tank had to be placed on ice throughout the transfer period. No protein was detected on the membrane blots for buffers A and C in the Western blot images suggesting inefficient protein transfer efficiency. The results indicated that buffer A2 was an appropriate and most efficient buffer for use in the transfer of FVIII protein onto a PVDF membrane and was therefore used for all subsequent transfer of FVIII-fusion proteins for a Western blotting analysis.

Figure 5.9: Western Blotting Analysis of Kogenate FVIII Protein with Different Transfer Buffers. 10ng-40ng Kogenate FVIII samples were analysed on 8% acrylamide gels, transferred using different buffers onto a PVDF membrane. Transferred protein detection using anti-FVIII antibody revealed bands corresponding to full-length Kogenate FVIII for both buffers A2 (a) and B (b).10    20     30    40
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5.5.2	Transient Transfection of HEK293 c18 and Analysis of Expressed Protein
An initial transient transfection experiment was conducted on the rFVIII-fusion constructs with pCEP5 vector backbone (i.e. pCEP5_13A1 and pCEP5_13B1) to assess the suitability of the constructs for protein expression (as described in section 4.6.2.1). Briefly, HEK293 c18 cells were plated overnight in the 6-well plate to achieve 60-70% confluence. The cells were transfected with 2µg DNA of either pCEP5_13A1 or pCEP5_13B1 expression vectors using 6µg PEI reagent and grown at 37oC in antibiotic and serum free DMEM/F12 medium supplemented with HEPES and L-Glutamine. Crude culture media samples were analysed for protein expression by Western blotting approximately 72-hours post-transfection. Also, aliquots of these transfected HEK293 c18 cells (~ 1 million cells) were lysed in RIPA lysis buffer and the whole cell lysate analysed by SDS-PAGE/Western blotting as described in section 4.10.2. The membrane blot was probed with anti-FVIII monoclonal antibody to the heavy chain. The result revealed that no protein was detectable in the culture medium (Lane M) for both FVIII fusions while a smear of protein was detected in the whole cell lysate (Lane W) which could be degraded or aggregated products (Figure 5.10).
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Figure 5.10: Western Blotting Analysis of pCEP5_13A1 and pCEP5_13B1 Protein. 10 times concentrated culture media samples (lane M) and whole cell lysate (lane W) from HEK293 c18 cells transiently transfected with either 13A1FVIII or 13B1FVIII plasmid were separated by SDS-PAGE under non-reduced condition and analysed by Western blotting probing with anti-FVIII monoclonal antibody.
MW: Molecular weight; M: Concentrated media (500µl); W: Whole cell lysate (1million cells); and FVIII Ctrl: full length rFVIII (Kogenate) control.


The apparent lack of soluble 13A1FVIII and 13B1FVIII proteins in the concentrated culture media using the conventional transient transfection parameters of DNA to PEI reagent ratio of 1:3 (Sun et al., 2008) suggested that the expression system required troubleshooting. Therefore, a transient gene transfection system that is suitable for the expression of the FVIII-fusion proteins was developed. This is discussed in the next chapter.












5.6		Discussion
In this chapter, cloning of 13A1FVIII and 13B1FVIII expression constructs was facilitated by synthesising the genes with two unique restriction sites flanking the 5’ and 3’ ends. The DNA fragments were successfully subcloned into expression plasmids. Even though the primary objective of synthesising the DNA fragments was to ensure the integrity of the DNA sequence, it also offered reduced time in the development of viable constructs for both transient and stable protein expression. This view is supported by contrasting the earlier practices of cloning rFVIII from cDNA of human FVIII gene that often required the use of multiple restriction enzymes and ligations of DNA fragments. For instance, Toole et al. (Toole et al., 1986) used 5 different restriction enzymes (Bam HI, Sac I, Kpn I, Sal I, Xho I) in a series of digestion and ligation of both the insert and plasmid DNA fragments to generate a B-domain deleted rFVIII expression construct. Other general methods for producing large varied/mixed domain proteins include Gibson assembly which allows for combination of multiple DNA fragments (Gibson et al., 2009, Gibson et al., 2008) or general overlapping PCR utilising cDNA (Horton, 1995, Geu-Flores et al., 2007, Stemmer et al., 1995). A more practical and less demanding  approach for the construction of a B-domain deleted FVIII expression plasmid has been reported which involved a combination of restriction digestion, DNA polymerase (to fill in restriction sites) and gene synthesis (Eaton et al., 1986b). Consequently, gene synthesising both FVIII fusions allowed for introduction of unique restriction sites thus ensuring ease of digestion and ligation into desired expression plasmids. 
The use of HEK293 cell line expressing EBNA1 protein in transient gene expression of several recombinant proteins with pCEP4-derived expression plasmids under CMV promoter is well reported in many studies with significant success (Pham et al., 2003, Durocher et al., 2002, Sun et al., 2008, Geisse and Henke, 2005). For instance, human erythropoietin (EPO) was expressed in a pCEP4-derived plasmid (pTT) in HEK293EBNA cells (Sun et al., 2008). In the study Sun et.al carried out an initial transfection and protein expression study in 6-well plates to optimise cell density and DNA/PEI concentrations with 1:3 plasmid DNA to PEI mass ratio found optimal for efficient transfection and protein expression but with suspension-adapted HEK293EBNA cells. Also, extensive protein expression studies compared the efficiency and productivity of human placental secreted alkaline phosphatase (SEAP) expression in HEK293EBNA cells when transfected with 3 variants of pCEP4-derived vectors (pTT, pCEP5 and pCEP4) and  a pcDNA3.1 vector that lacked EBNA1 antigen (Durocher et al., 2002).  In the study, at least 2-fold higher protein expression was reported in cells transfected with all pCEP4-derived plasmid DNAs than cells transfected with pcDNA3.1 even though expression was driven under a strong CMV promoter in all plasmids. The increased protein expression was attributed to the presence of EBNA1 antigen expressed in pCEP4-derived plasmids. This was consistent with other studies that showed a synergistic relationship between the EBNA1 expression in HEK293EBNA cells and OriP present in the pCEP4 plasmid which facilitated the production of a pseudo stable cell line in which copies of the plasmid were maintained over many generations thus increasing the protein expression (Schlaeger and Christensen, 1999, Parham et al., 2001).
However, the trial transient expression of both 13A1FVIII and 13B1FVIII fusion protein using the pCEP5 expression vector backbone (a derivative of pCEP4) and adherent HEK293c18 cell line yielded no detectable protein in the culture media, even though pCEP5 contains the EBV origin of replication, OriP which amplifies the replication of plasmid DNA to generate multiple copies (up to 90) in cells that express EBNA1 protein (Yates et al., 1985). Also, the pCEP5 plasmid utilises the CMV promoter which is a strong promoter that works very efficiently in mammalian cell lines. Despite the use of this plasmid, the lack of expression suggests that some trouble-shooting is required when using transient transfection. 
Consequently, the optimal parameters for transient transfection of both 13A1FVIII and 13B1FVIII expression plasmids into HEK293c18 cells to achieve a reasonable amount of fusion proteins that could be detected in culture media were investigated, in a series of troubleshooting experiments. As most expression studies of recombinant proteins were carried out in suspension HEK293EBNA culture, the expression of the FVIII-fusions in suspension HEK293c18 cell was investigated in comparison to adherent HEK293c18 culture. Also, stable expression of the FVIII fusions in CHO Flp-In cells was investigated and the protein yield was compared to that from transient expression to determine the optimal system for production of FVIII fusion proteins. These are reviewed in the next chapter.





CHAPTER 6





DEVELOPMENT OF A PROTEIN EXPRESSION SYSTEM 










6.1		Summary
A transient transfection system was developed to introduce foreign plasmid DNA into HEK293c18 mammalian cells using an in-house easily expressed growth hormone-receptor fusion DNA construct (pCEP5_hGHR) as a template. This system was optimised to ensure a high transfection efficiency and protein yield by adjusting the transfection parameters (DNA to transfection reagent ratios) in a series of transient transfection experiments. However, due to low FVIII fusion protein yield and batch-to-batch variability associated with transient expression system, stable cell lines were developed with a view to increasing protein production. The protein yield from optimised transient transfection was compared to that from stable cell line and the best transfection system taken forward for large scale production and purification of the novel 13A1FVIII and 13B1FVIII proteins.
6.2		Introduction
Production of recombinant proteins in a biological expression system is an integral step to therapeutic protein development. A number of expression systems have been successfully used in the development of biologics ranging from bacterial cells, insect cells, yeast cells and mammalian cell lines. The choice of expression system is often influenced by the nature of the therapeutic agent to be produced and its post-translational modification pattern. As both FVIII and FIX in our longer-acting FVIII fusion constructs are naturally heavily glycosylated with FVIII more so than FIX, a mammalian expression system was employed for the protein production. However, recombinant FVIII (rFVIII) is a very low expressing protein in mammalian cell lines as several published research studies have alluded to, which makes it a challenging molecule to work with. Similarly, 13A1FVIII and 13B1FVIII fusion molecules, which were the subjects of this study, were very difficult to express and required a lot of troubleshooting. While the underlying reasons for low expression of rFVIII gene is not completely understood, some studies have attributed this low expression to mRNA instability and high molecular weight of rFVIII molecule which limits its intracellular processing and trafficking across the endoplasmic reticulum. The composite effect of these factors predisposes expressed rFVIII protein to intracellular proteosomal degradation and minimal secretion into an extracellular matrix (culture medium). The difficulties associated with FVIII expression were observed in the initial attempt to express 13A1FVIII and 13B1FVIII fusions using the conventional transfection techniques as shown in section 5.6.2 of the previous chapter. Consequently, a number of methodical approaches and troubleshooting were implemented to mitigate the difficulties associated with expressing the FVIII fusion constructs. These are highlighted in the sections below.
6.3		Development of an Efficient Transfection/Expression System
Prior to transfecting HEK293c18 cells with 13A1FVIII/13B1FVIII expression plasmids, an efficient transfection system was developed and optimised using an easily expressed in-house human growth hormone-receptor fusion (hGHRF) construct with pCEP5 vector backbone.  The pCEP5_hGHRF plasmid DNA was utilised in a series of transient transfection experiments to establish the optimum parameters for expressing the novel 13A1FVIII and 13B1FVIII fusion proteins. The transfection efficiency was assessed by measuring the level of hGHRF protein expression (product of pCEP5_hGHRF transcription/translation) by ELISA and/or Western blotting. The best transfection parameters were taken forward to transfect the novel 13A1FVIII and 13B1FVIII expression plasmids for protein expression study. A summary of the experimental results that were used to establish the transfection system are reviewed in this section.
6.3.1	Determination of Optimal Transfection Parameters
6.3.1.1	Optimal Transfection Reagent 
The transfection efficiency using two transfection reagents, TransIT-LT1 and PEI, were assessed using a fixed concentration of pCEP5_hGHR whilst varying the transfection reagent concentration. In the experiments, 2µg of pCEP5_hGHR fusion plasmid DNA was transfected into HEK293c18 cells in 6-well plates using increasing concentrations of the transfection reagent from 2µl - 14µl for TransIT-LT1 reagent and 2µg - 16µg for PEI reagent in a 2ml final culture volume. The reagent to DNA ratios were determined for each transfection and the culture media from the transfected cells were analysed for protein expression by Western blotting or/and ELISA in order to establish the most efficient reagent:DNA ratio for best protein yield.
The Western blotting results (Figure 6.1a and 6.1b) showed that both transfection reagents were efficient for the incorporation of plasmid DNA into HEK293c18 cells in a transient transfection. However, while a minimum of 4µl TransIT-LT1 reagent was required for efficient transfection of plasmid DNA (reagent to DNA ratio of 2:1), 2µg of PEI reagent (1µg/ml final) was sufficient to successfully transfect plasmid DNA into the mammalian cell line. This was significant as PEI reagent is known to be cytotoxic to cells but cost effective whereas TransIT-LT1 reagent is well tolerated by mammalian cell lines but capital intensive. Further analyses of the protein samples from transfections with increasing concentrations of PEI reagent by ELISA suggested that transfections with a PEI to DNA ratio of 6:1 provided the highest protein yield (Figure 6.2).
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Figure 6.1: Western Blotting Analysis of Culture Media from HEK293c18 Cells Transfected with Varied DNA: Reagent Mass Ratios. HEK293c18 cells were transiently transfected with 2µg/ml hGHR plasmid with increasing concentrations of TransIT-LT1 (a) and PEI (b) reagents. The cells were grown for 48 hours at 37oC and culture media analysed for hGHRF protein by SDS-PAGE/ Western blotting probing with hGH monoclonal antibody. Bands corresponding to the predicted molecular weight of hGHRF protein were detected at ~75kDa (MW).




Figure 6.2: ELISA Analyses of hGHRF Expression from Transient Transfections with Varied PEI Concentrations. HEK293c18 cells were transiently transfected with 2µg/ml hGHRF plasmid with increasing concentrations of PEI reagent. The cells were grown for 48 hours at 37oC and culture media analysed for hGHRF protein by ELISA to establish the optimal DNA to PEI ratio to achieve the best protein yield.


6.3.1.2	Determination of Optimal DNA Concentration for Transient Transfections
The possibility of increasing the protein yield further was investigated in a transient transfection by increasing the pCEP5_hGHRF plasmid DNA concentrations (0µg – 10µg) while maintaining the transfection reagent to DNA ratio of 6:1 as described in section 4.5.2.3. The cells were grown for 2-3 days after transfection in a 6-well plate and the culture media samples were analysed for protein expression by Western blotting probing with anti-GH monoclonal antibody (Figure 6.3a) and ELISA (Figure 6.3b). Culture medium samples from non-transfected cells (0µg DNA) were included as a negative control. The Western blotting result showed an intense band running at ~75kDa consistent with predicted molecular weight of hGHRF in each lane, and a secondary less intense band at ~150 kDa which corresponds to a hGHRF dimer molecular weight. Judging by the band intensity, there was no proportional increase in protein yield with an increasing DNA concentration, rather there was a gradual decline in protein expression with transfection of 2µg DNA yielding the maximum protein expression while transfection of 10µg DNA produced the least amount of protein. Further analyses of the protein samples by ELISA revealed a similar trend of reduced protein production with increasing DNA concentrations.
Figure 6.3: Analyses of hGHRF Expression from Transient Transfection with Varied DNA Concentration. Increasing DNA concentrations of pCEP5-hGHRF were transfected into HEK293 c18 adherent cells with 12µg PEI. Two-days post-transfection, the culture media samples from the cells were analysed for protein expression on a 6% SDS-PAGE under non-reducing condition by Western blotting (a) and ELISA (b).2µg   4µg    6µg   8µg  10µg  0µg
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The above preliminary transfections suggested that the transient transfection of 2µg (1µg/ml) plasmid with 12µg (6µg/ml) PEI transfection reagent would give the best protein yield in adherent HEK293c18 cells. These concentrations were taken forward for the transfection and protein expression analyses of 13A1FVIII and 13B1FVIII fusion constructs.
6.3.2 	Transient Transfection of FVIII-Fusion Constructs
The FVIII-fusion expression plasmids, 13A1FVIII and 13B1FVIII, were transfected in duplicate in a 6-well plate using the established optimal DNA and PEI transfection reagent concentrations of 1µg/ml and 6µg/ml final respectively, and transfected cells were grown for 72 hours as described in section 4.6.2.2 of chapter 4. Approximately 1000µl culture media sample was concentrated and analysed along with 50µl non-concentrated samples by Western blotting, probing with anti-FVIII monoclonal antibody specific for the detection of FVIII heavy chain (Figure 6.4). Also, concentrated culture media samples from cells transfected with hGHRF plasmid and non-transfected HEK293c18 cells were included in the Western blotting analyses as negative controls while recombinant full length FVIII Kogenate (lane K) and B-domain deleted FVIII ReFacto (lane R) were used as positive controls. The result showed two bands running at ~280kDa and ~200kDa in lane K of the ‘FVIII CTRL’ lane corresponding to the full length and heavy chain of the FVIII control. However, no discernible bands were observed in the ‘13A1FVIII’ and ‘13B1FVIII’ lanes which suggests that the secreted FVIII-fusion proteins were either below the detection limit of the antibody or not expressed. 
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Figure 6.4 Western Blotting Analyses of Trial 13A1FVIII/13B1FVIII Protein Expression. HEK293c18 cells transiently transfected with the FVIII fusions plasmids were grown for 72hours at 37oC. Approximately 50µl non-concentrated (-C) and 1000µl concentrated (+C) 13A1FVIII and 13B1FVIII protein samples were analysed on a 6% SDS-PAGE non-reduced gel along with a negative control hGHRF and two FVIII control – ReFacto (R) and Kogenate (K) as positive controls. 


Crude culture media were analysed in a more sensitive Coamatic chromogenic assay which measures the biologically activity of FVIII with a detection limit of 0.4 IU/dL or % (see section 4.12.1 of chapter 4 for details of methodology). The FVIII-fusion media samples were analysed in the assay using dilutions of Kogenate FVIII of known concentrations as standards (Figure 6.5). Culture media from non-transfected HEK293c18 cells as well as cells transfected with pCEP5-hGHRF were also analysed as negative controls. As seen in the bioassay results (Table 6.1), both negative controls exhibited background activities that were below the sensitivity of the assay (0.4 U/dL) with mean activities of 0.25 IU/dL and 0.17 IU/dL, respectively. However, the observed activity in the media samples from cells transfected with pCEP5-hGHR was lower than that of non-transfected HEK293c18 cells. This observation is consistent with the physiological function of hGHRF which is known to have no coagulation properties. Therefore, the HEK293c18 values were taken as the baseline during the biological activity analysis of the FVIII fusion proteins in order to account for any background reaction (noise) in the assay. The result showed both 13A1FVIII and 13B1FVIII to be biologically active, demonstrating mean activity of 5.3 IU/dL and 1.33 IU/dL bioactivity respectively. This was an early indication that the 13A1FVIII was more biologically active than the 13B1FVIII.

Table 6.1 Biological Activity of Media Samples from Transfected/ Control HEK293c18 Cells
	Test Samples

	Experiment 1
(IU/dL)
	Experiment 2
(IU/dL)
	Mean
(IU/dL)
	SEM

	P Value *

	HEK293c18
	0.14
	0.36
	0.25
	0.15
	

	GHRF
	0.03
	0.31
	0.17
	0.20
	0.6972

	13A1
	5.03
	5.58
	5.30
	0.39
	0.0034

	13B1
	1.44
	1.22
	1.33
	0.15
	0.0201

	*P value caulculated for each test sample against HEK293c18 control using two-tailed unpaired t-test (parametric, assuming Gaussian distribution)



Figure 6.5:  Analysis of 13A1FVIII and 13B1FVIII Proteins Biological Activities. Culture media samples from HEK293c18 cells transfected with adherent 13A1FVIII, 13B1FVIII and hGHRF plasmids were analysed in a coamatic chromogenic assay to assess the biological activity (IU/dL) of expressed protein in two independent experiments. Non-transfected HEK293c18 samples were included in the analysis as a negative control.




From the preliminary Western blotting and bioactivity assay results, it was apparent that the initial transient transfection of the fusion constructs in HEK293c18 cells had only generated a very low protein yield that was undetectable in the culture media when analysed by Western blotting even though the samples were concentrated 10 times before analysis. Consequently, the transfection conditions were further optimised.


6.4		Troubleshooting Transient Transfection in Adherent HEK293c18 Cells
To investigate the significantly low protein secretion observed, the transfection parameters were re-assessed to confirm their suitability for the transfection of the FVIII-fusion constructs. This was considered appropriate as hGHRF has an approximately 5 times lower molecular weight (~52 kDa, non-glycosylated) compared to the FVIII-FIX fusions (~250kDa) although of the same plasmid backbone. Therefore, transfection on a weight for weight basis of FVIII-fusion and hGHRF plasmids will result in the transfection of less copies of FVIII plasmid in to the cells due to its much larger plasmid size (in base pairs).  
6.4.1	Determination of Maximum Tolerable PEI Concentration
As PEI transfection reagent is known to be cytotoxic to cells, the maximum PEI concentration tolerable to HEK293c18 cells without compromising the cells viability and productivity was assessed. The most well tolerated PEI concentration was then compared to the 12µg (6µg/ml) PEI concentration that was used in the transient transfection of the FVIII fusions. In the experiment, HEK293c18 cells were seeded in 6-well plates at a density of ~ 0.6 x 106 cells/ml and increasing concentrations of PEI solution from 5µg to 30µg (2.5µg-15 µg/ml final) were added to each well to a final culture volume of ~2ml/well as described in section 4.6.4.1 of chapter 4. The total cell density (TCD), viable cell density (VCD) and dead cell density (DCD) were determined for each individual PEI concentration/well after 8 hours of PEI addition. The percentage of VCD and DCD for each well per PEI concentration was calculated relative to a control well that contained only seeded HEK293c18 cells without PEI added, and the resulting values were tabulated (Table 6.2) and plotted against the PEI concentration on a bar graph (Figure 6.6). 
The result revealed a low percentage of dead HEK293c18 cells for PEI dose concentrations below 15µg (7.5µg/ml). However, a steady increase in the percentage of dead cells was observed with an increasing concentration of PEI dose beyond 15µg (7.5 µg /ml) possibly due to increase in cytotoxicity. Also observed was a decline in both viable and total cells densities with increasing PEI dose thus suggesting a hindrance effect of PEI on cell division and proliferation at dose concentration beyond 5µg (2.5µg/ml). To ensure a more viable culture post transfection and to reduce proteolytic degradation due to PEI cytotoxicity, 95% viability was used as a minimum acceptable percentage of viability. The result revealed that HEK293c18 cells have an optimum tolerance to a PEI concentration below 15µg (7.5µg/ml). This showed that the 12µg (6µg/ml) PEI that was used for the initial transient transfection of the 13A1FVIII and 13B1FVIII fusions was within the tolerable concentration for optimal viability and productivity in adherent HEK293c18 cells, and required no further optimisation. From the PEI dose effect result, 12.5µg and 15µg were the top concentrations with less than 5% lethal effect on cell viability. As 15µg was at the borderline of acceptable tolerable and lethal PEI dose, all subsequent transfections in adherent cells were carried out with 12 µg PEI concentration.
Table 6.2	 HEK293c18 Cells Viability in the Presence of Increasing PEI Dose 
	PEI Dose Concentration
	Average Viable Cell Density (VCD)
	Average 
Dead Cells Density (DCD)
	Total Cell Density
(TCD)
	Cell Percentage %

	µg
	x 104 cells/mL
	x 104 cells/mL
	x 104 cells/mL
	% Viable Cells
	% Dead Cells

	0.0
	93.00
	0.00
	93.00
	100.00
	0.00

	5.0
	92.30
	2.67
	94.97
	97.19
	2.81

	7.5
	81.80
	1.75
	83.55
	97.91
	2.09

	10.0
	76.00
	2.00
	78.00
	97.44
	2.56

	12.5
	76.50
	1.00
	77.50
	98.71
	1.29

	15.0
	67.80
	1.50
	69.30
	97.84
	2.16

	17.5
	66.80
	4.50
	71.30
	93.69
	6.31

	20.0
	69.80
	5.50
	75.30
	92.70
	7.30

	22.5
	71.00
	9.00
	80.00
	88.75
	11.25

	25.0
	50.25
	11.25
	61.50
	81.71
	18.29

	27.5
	57.50
	9.75
	67.25
	85.50
	14.50

	30.0
	56.00
	11.25
	67.25
	83.27
	16.73




Figure 6.6: Tolerable PEI Dose Concentration. HEK293c18 cell viability was investigated in the presence of increasing PEI concentrations to determine the optimum PEI concentration threshold for use in transient transfections without compromising cell productivity and viability. Increasing PEI dose concentrations of 5µg to 30µg were added to HEK293c18 cells seeded at 0.6 x 106 cells/ml and the viability was assessed 8 hours post-dosing. Primary axis (left) features the percentage viability of viable cells while the secondary axis shows that of the dead cells.


Following the successful determination of the best PEI concentration threshold for use in transient transfection of adherent HEK293c18 cells without compromising cells productivity and viability, the optimum FVIII fusions DNA concentration for best protein yield was established as highlighted in the next section.
6.4.2	Optimum 13A1FVIII and 13B1FVIII Plasmid DNA Concentration
The effect of increasing concentrations of plasmid DNA on protein yield was investigated with a view to improving on the significantly low protein secretion previously observed in the initial transfection. In a transient transfection experiment, the protein yield from 2 - 6µg plasmid DNA per ml of 13A1FVIII and 13B1FVIII was tested. Culture media and whole cell lysate samples for both FVIII-fusions were processed for Western blotting analysis (as described in sections 4.10.1 and 4.10.2).  Culture media and cell lysate from 2µg (1 µg/ml) hGHRF DNA transfected cells were included as a negative control while Kogenate FVIII was used as a positive control. When probed with anti-FVIII monoclonal antibody, the Western blot results showed that while there were no discernible bands in the media sample lanes for the three transfected plasmid DNA concentrations multiple bands were observed in the whole cell lysate lanes prominent among these were the bands above 315kDa (Figure 6.7). These bands were presumed to be aggregated FVIII-fusion proteins that were not efficiently processed for secretion into the extracellular matrix as corresponding bands were not present in the whole cell lysate of hGHRF negative control (lane W). Also, there was a decline in the detectable protein with increasing DNA concentration as judged by the band intensity of the prominent band in lane W of 13A1FVIII. Other less prominent bands could be seen running at ~260kDa in lane W fo ther 13A1FVIII blot which corresponds to the predicted molecular weight of full length 13A1FVIII protein. 
A few other additional but less prominent bands could be seen around ~200kDa and ~160kDa in 13A1FVIII gel (Figure 6.6a) which appeared to be products of partial intracellular degradation of the non-secreted protein, as no corresponding bands were observed in the hGHRF control. Some bands seen running between ~130kDa and 55kDa were products of non-specific binding of the anti-FVIII mAb as they were equally observed in the hGHRF blot lane W.  13B1FVIII expression appeared to be lower than 13A1FVIII as judged by the band intensities of the presumed aggregated protein of the Western blotting results which suggested low protein production or more intracellular proteolytic degradation of non-secreted 13B1FVIII protein.  Therefore, the intracellular and extracellular distribution of expressed FVIII fusions protein in transfected HEK293c18 cells was investigated using 13A1FVIII. However, the transfected cells and transfection parameters were scaled up to increase protein production and thus facilitate analyses.
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Figure 6.7: Western blotting Analysis of Culture Media Samples from Transfection with Varied FVIII-Fusion Plasmid Concentrations. Increasing dose (2-6 µg/ml) of 13A1FVIII (a) and 13B1FVIII (b) were transfected into HEK293c18 cells using 6µg/ml PEI dose concentration. The media (M) and whole cell lysate (W) samples were analysed 3 days post transfection on a 8% SDS-PAGE/Western blotting with FVIII Kogenate (K) used as a positive control. 13A1FVIII and control FVIII were detected using FVIII monoclonal antibody.


6.4.3	Scaled Up Transient Transfection
The transfection parameters in adherent HEK293c18 cells were scaled up using DNA to PEI ratio of 1:6 and the transient transfection experiment was repeated for 13A1FVIII in a T175 flask with a view to increasing the protein yield as described in section 4.6.3.2. At 3 days post-transfection, the crude culture medium was collected and concentrated while the transfected HEK293c18 cells were harvested and processed for membrane and cytosol proteins sample as described in section 4.10.2. However, no apparent 13A1FVIII protein was detected in the culture media.Media
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Figure 6.8 Western Blotting Analyses of Protein Expression from Scaled Up Transient Transfection. Culture media, membrane and intracellular (cytosol) proteins sample from HEK293c18 cells transfected with either 13A1FVIII or hGHRF were analysed on 8% SDS-PAGE/Western blotting, along with commercial FVIII as a positive control. FVIII protein was detected using FVIII monoclonal antibody.

Protein expression of the FVIII fusions in adherent HEK293c18 was significantly low despite various attempts made to enhance the production by adjusting the transfection parameters (i.e. PEI and DNA concentrations). However, the optimised parameters resulted in a significantly high hGHRF protein yield in adherent HEK293c18 cells thus suggesting that a different expression system is required for the fusion proteins. Consequently, transient transfection in suspension HEK293c18 cells was attempted. 

6.4.4 	Transient Transfection of Suspension HEK293 c18 Cells 
Transient transection of suspension adapted HEK293c18 cells was carried out to increase the cell density and culture volume of the transfected cells with the aim of increasing the protein yield. In a series of small scale transfection experiments, optimum transfection parameters were established in F125ml flasks as described in section 4.6.5. All transfection experiments in suspension cells were conducted in a humidified shaker incubator at 37oC/ 5%CO2.
6.4.4.1	Determination of Optimal Seeding Cell Density
To determine the best seeding cell density for suspension adapted HEK293c18 cells, varying cell densities per fixed volume were transfected with 13A1FVIII plasmid DNA. In the experiments, F125 shaker flasks were seeded with either 0.3, 0.6 or 0.9 million viable cells (MVC)/ml in a total volume of 20mL in duplicate.  The cells were transfected with 0.8µg/mL DNA using 1.6µg/mL PEI per flask and culture media samples analysed 3-days post transfection by ELISA against a B-domain deleted FVIII ReFacto standard as described in section 4.11.4 (Figure 6.9). It was apparent from the result that seeding HEK293c18 at 0.3 MVC/mL provided a significantly higher protein yield with a mean concentration of ~9 IU/dL compared to 0.6 MVC/mL and 0.9 MVC/mL which only yielded a mean concentration of ~1.2 IU/dL and ~1.0 IU/dL respectively (Table 6.3). Consequently, all subsequent transient transfections were carried out at a seeding density of 0.3 MVC/ml (or 0.3 x 106 cells/mL).
Following a successful establishment of an optimum cell density for transfection, optimal FVIII fusion DNA concentrations were subsequently investigated
	Table 6.3 Quantification of 13A1FVIII Protein in HEK293c18 Cells at Different Seeding Densities.


	
	 0.3 MVC
	0.6 MVC
	0.9 MVC

	
	IU/dL
	IU/dL
	IU/dL

	Experiment 1
	8.36
	1.01
	0.65

	Experiment 2
	9.28
	1.31
	1.38

	Mean
	8.82
	1.16
	1.01

	MVC = million viable cells










Figure 6.9:  ELISA Analysis of Protein Expression from Suspension HEK293c18 Cells Transfected at Varied Seeding Cell Densities. Protein expression from transfected HEK293c18 suspension cells seeded at 0.3, 0.6 and 0.9 million viable cells (MVC) per ml were quantified in an ELISA to establish the optimal seeding cells density for 13A1FVIII protein production. The experiment was carried out in duplicate. MVC=million viable cells.

6.4.4.2	Determination of Optimal DNA Concentrations for Transfection 
To determine the optimal concentration of FVIII fusion DNA for improved protein production, HEK293c18 suspension adapted cells were seeded at a density of 0.3 x 106 cells/mL and transfected with different concentrations of 13A1FVIII plasmid DNA using the method described in section 4.6.4. The experiments were carried out in duplicate in F125ml shaker flask, with each flask transfected with either 0.25, 0.50, 0.75 or 0.90 µg/mL 13A1FVIII DNA using 1.6µg/mL PEI concentration. The culture media samples were analysed 3-days post transfection by ELISA against a B-domain deleted FVIII ReFacto standard as described in section 4.11.4 (Figure 6.10). The results show a steady decline in average protein production with increasing DNA concentration from 0.25µg/mL to 0.9µg/mL. With the exception of 0.9 µg/mL DNA data that showed some variability, there was a high degree of consistency in the protein expression for each DNA concentration across the two experiments. It was conclusive from the expression profile that transfection of 13A1FVIII plasmid DNA at a concentration of 0.25µg/mL provided the highest protein yield, thus this DNA concentration was taken forward for the transfection of 13A1FVIII and 13B1FVIII fusions in suspension HEK293c18 cells for protein production.

Table 6.4 	Quantification of FVIII:Ag of 13A1FVIII Protein from Suspension HEK293c18 		   			Cells Transfected with Varying DNA Concentration

	
	FVIII:Ag Concentration (IU/dL)

	DNA Concentrations (µg/mL)
	0.25 
	0.5 
	0.75 
	0.90 

	Experiment1
	21.1928
	18.9611
	16.2800
	5.6337

	Experiment2
	19.6930
	15.3757
	15.8278
	15.1323

	Mean
	20.4429
	17.1684
	16.0539
	10.3830

	Standard Deviation
	1.0605
	2.5352
	0.3198
	6.7165



Figure 6.10:	ELISA Analysis of 13A1FVIII Protein Expression from Transfected Suspension HEK293c18 with Varied DNA Concentrations. Protein expression from HEK293c18 cells transfected with increasing concentrations of 13A1FVIII plasmids (0.25-0.90µg/ml) were quantified in an ELISA after 3 days of growth to establish the optimal plasmid DNA concentration for 13A1FVIII protein production. The experiment was carried out in duplicate.

6.4.4.3	13A1FVIII Expression Using Optimal Transfection Parameters
In previous transfection experiments in suspension adapted HEK293c18 cells, the following parameters were found to be best for transfection of expression plasmids; 0.3 x 106 cells/mL seeding cell density, 0.25µg/mL plasmid DNA concentration and 1.6µg/mL PEI concentration. These were used for the transfection of pCEP5_13A1FVIII using the method described in section 4.6.4 with a view to improving the protein yield. The culture media samples were analysed for protein expression by Western blotting and coamatic chromogenic assay (Figure 6.11).  While no discernible bands were observed for 13B1FVIII media samples, both Western blotting and biological activity analyses of 13A1FVIII media samples showed a significant improvement in protein expression compared to that observed in adherent HEK293c18 cells with a mean concentration of ~210 IU/L against ~53 IU/L as highlighted in section 6.3.2 (Figure 6.10). Despite the four-fold increase in productivity achieved through suspension HEK293c18 expression system, the overall protein expression was considered low for a large scale expression of the FVIII fusion proteins for downstream purification. Consequently, an attempt was made to further enhance the FVIII fusion protein production by extending the incubation period for transfected suspension HEK293c18 cells without compromising the cells viability below 95%. Also the distribution of expressed proteins, both intracellular and extracellular were investigated.
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Figure 6.11: Analyses of 13A1FVIII Protein Expression from Optimised Transfection of Suspension HEK283c18 Cells. Culture media samples from suspension HEK293c18 cells transiently expressing 13A1FVIII protein were analysed by Western blotting (a) and expressed protein concentration quantified in an ELISA (b). The experiments were carried out in duplicate.

6.4.4.4	Cellular Distribution of Expressed FVIII Fusion Proteins 
Analysis of protein expression of hGHRF from suspension HEK293c18 cells compared to expression from adherent cells showed an appreciable increase in protein yield. However, a corresponding increase in protein yield was not observed for the FVIII fusions. Consequently, this apparent low expression was investigated by analysing both the intracellular and extracellular expression of FVIII fusion proteins in suspension adapted HEK293c18 cells. In two independent experiments, 13A1FVIII and 13B1FVIII plasmids DNA were transfected into 40 ml suspension HEK293c18 cultures using the established optimum transfection parameters (i.e. 0.3 x 106 cells/mL seeding cells density, 0.25µg/mL plasmid DNA concentration and 1.6µg/mL PEI concentration). The experiments were carried out in a humidified shaker incubator at 37oC/5%C02. After 4 days of transfection, the culture media were collected for extracellular protein analysis while the cells from the second experiment were harvested and processed for cytosol and membrane protein samples as described in section 4.10.2. In a chromogenic assay, the media, cytosol and membrane protein samples were analysed for both FVIII fusions along with corresponding samples from non-transfected HEK293c18 cells as negative controls (Figure 6.12; Table 6.5). Consistent with earlier observations in adherent cells (section 6.3.2 above) the media sample analysis showed that both proteins were biologically active with 13A1FVIII demonstrating ~13x more activity than 13B1FVIII (i.e. 42.34 vs 3.35 IU/dL or 36.42 vs 2.84 IU/dL, respectively). Analysis of the membrane and cytosol samples of 13A1FVIII-expressing cells in a chromogenic assay showed that approximately 50% and 37% of total biologically active proteins (i.e.18.31 IU/dL and 13.60 IU/dL) were not secreted into the culture media, respectively. This apparently contributed to the low protein yield observed in transient transfection of suspension HEK293c18 cells as non-secreted proteins would result in intracellular protein aggregation which could resultantly trigger the proteasomal degradation pathway. However, unlike 13A1FVIII the expression of 13B1FVIII protein was consistently low in all the analysed samples. This suggested inability of the host cells’ transcription machinery to process the 13B1FVIII fusion.

Table 6.5: Biological Activity Analyses of FVIII Fusions Intracellular and Extracellular 		   			    Expression in Suspension HEK293c18 Cells.
	Samples
	Experiment 1
	Experiment 2

	
	Media1
	Membrane-1
	Cytosol-1
	Media2

	
	IU/dL
	IU/dL
	IU/dL
	IU/dL

	13A1FVIII
	36.42
	18.31
	13.6
	42.34

	SEM
	0.057
	0.007
	0.046
	0.002

	13B1FVIII
	2.84
	0.57
	1.11
	3.35

	SEM
	0.061
	0.007
	0.01
	0.015

	HEK293c18
	0
	0
	0
	0





	
Figure 6.12: Biological Activity Analysis of FVIII Fusion Proteins Cellular Distribution in Suspension HEK293c18 Cells. The biological activities of culture media (media-1), membrane (membrane-1) and cytosol (cytosol-1) samples from HEK293c18 cells transfected with 13A1FVIII or 13B1FVIII were analysed against non-transfected cells samples in a chromogenic assay. The transfection experiment was repeated and culture media (media 2) included in the analyses.



6.5 		Development of a Stable Cell Line Expression System
Following low protein yields observed from transient transfection of the FVIII-fusion constructs in adherent and suspension adapted HEK293c18 cells, stable transfection was attempted. Expression plasmids were stably transfected into adherent CHO Flp-In cells to generate the stable cell lines for 13A1FVIII and 13B1FVIII respectively as described in section 4.6 of chapter 4. 
The crude culture media were tested in a chromogenic assay to assess the in vitro biological activities of both FVIII-fusion proteins. A preliminary assay was carried out using an automated SYSMEX analyser as described in section 4.12.1 using dilutions of ReFacto VIII of known concentrations as standards and the biological activities of both FVIII fusion proteins were estimated (Figure 6.13). While the bioassay result suggested that both expressed proteins were biologically active, 13B1FVIII exhibited reduced biological activity compared to 13A1FVIII (2.8 IU/dL compared to 36.8 IU/dL). The apparent ~13 fold increased activity observed in 13A1FVIII is consistent with earlier observations in protein analyses of transient transfection of suspension HEK293c18 as shown in section 6.4.5.4 above.

	Media 
Samples
	Biological Activity (IU/dL)

	13A1FVIII
	36.80

	13B1FVIII
	2.80


Figure 6.13:	Biological Activity Analyses of FVIII-Fusions from Adherent CHO Flp-In Cells. Culture media samples from adherent CHO Flp-In cells stably expressing 13A1FVIII and 13B1FVIII protein were tested in a chromogenic assay for biological activity.


The culture media samples were further analysed for protein expression by Western blotting using a B-domain deleted FVIII (ReFacto) as a positive control. Interestingly, both 13A1FVIII and 13B1FVIII proteins were detectable by Western blotting when probed with anti-FVIII and anti-FIX monoclonal antibodies from approximately 200µl concentrated media samples (Figure 6.14). The Western blotting result revealed three bands in 13A1FVIII lane running at approximately 90kDa, 140kDa and 250kDa which corresponds to the estimated molecular weights of the 13A1FVIII protein heavy, light and full length chains (see Table 6.6). The heavy chain of 13A1FVIII and the light chain of 13B1FVIII are free and not fused to FIX, and are therefore seen running at molecular weights similar to the heavy and light chains of B-domain deleted FVIII control (ReFacto). Similarly, three bands were observed in the 13B1FVIII lane at approximately 80kDa, 140kDa and 250kDa, corresponding to the light, heavy and full length chains of intracellularly processed 13B1FVIII protein. However, compared to the distinctive LC and HC bands observed in 13A1FVIII lane suggesting efficient intracellular proteolysis and secretion as a heterodimer, the majority of the expressed protein observed in 13B1FVIII lane were running at a molecular weight corresponding to the 13B1FVIII protein FL (full-length) whereas significantly less prominent bands were observed for the 13B1FVIII LC and HC. The observed low fragmented chains in 13B1FVIII in the analysed culture media suggested a misfolding and an inefficient intracellular proteolysis of the synthesised 13B1FVIII protein. This view was supported by the significantly reduced biological activity earlier observed for the 13B1FVIII protein compared to 13A1FVIII.



Figure 6.14: Western Blot Analysis of FVIII-Fusions Media Samples from Adherent CHO Flp-In Cells. Culture media samples from adherent CHO Flp-In cells stably expressing 13A1FVIII and 13B1FVIII protein were analysed on a 6% SDS-PAGE/western blotting with B-domain deleted FVIII (ReFacto) used as a positive control. FVIII heavy (HC), light (LC) and full-length (FL) polypeptide chains were detected by means of FVIII and FIX monoclonal antibodies. 
MW = Molecular weight.
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Table 6.6 Predicted molecular weight and structural sequence of FVIII-Fusions and Control FVIII
	FVIII-Fusion
	Structural Sequence and Predicted Molecular Weight (kDa)

	
	Heavy Chain
	Light Chain
	Full Length

	13A1FVIII:      Sequence
                  Molecular weight
	A1-A2
90kDa
	A3-C1-C2-(G4S)7-FIX
~135kDa 
	A1-A2-A3-C1-C2-(G4S)7-FIX
~225kDa

	13B1FVIII:      Sequence
                  Molecular weight
	FIX-(G4S)11-A1-A2
~145kDa
	A3-C1-C2
80kDa
	FIX-(G4S)11-A1-A2-A3-C1-C2
~225kDa

	FVIII Control: Sequence
 (ReFacto)        Molecular weight
	A1-A2
90kDa
	A3-C1-C2
80kDa
	A1-A2-A3-C1-C2
170kDa




The observed protein expression in stable CHO Flp-In cell lines (368 IU/L yield for 13A1FVIII) was an improvement over the transient transfection in both adherent and suspension HEK293c18 cell lines (~53 IU/L and ~210 IU/L, respectively), especially since the stable FVIII-fusion-expressing CHO Flp-In cells were still in the early stage of selection and adaption processes.
6.6 		Optimising FVIII-Fusion Expression in Stable CHO Flp-In Cell Lines
CHO Flp-In cells stably transfected with 13A1FVIII were fully adapted to suspension culture as described in sections 4.4.2 and 4.7.1 of chapter 4. Thereafter, the conditions for growing the 13A1FVIII-expressing cells were optimised by adding Valproic acid and lowering the temperature with a view to increasing the productivity and protein yield of the culture (see Section 4.7.2.1). 
6.6.1 	Protein Expression at High Cell Density 
Suspension adapted stable CHO Flp-In cells expressing 13A1FVIII protein were grown in a F125ml shaker flask at 37oC/5% CO2 to a high cell density of >3.0 x 106 cells/mL in a 30mL culture volume with a view to increasing the cell number and thus protein yield. After achieving the high cell density, culture media samples were taken at intervals for 5 days. Cell productivity was assessed by analysing samples taken on Day 1, 3 and 5 by ELISA using ReFacto FVIII as a standard, and the result revealed a peak protein concentration of ~45 IU/dL in samples taken on day 1 after which the protein concentration began to decline to ~38 IU/dL and 33 IU/dL for samples taken on days 3 and 5 respectively. This reduction in protein yield can be attributed to a decline in cell viability which would induce the release of proteases into the culture media leading to potential degradation of secreted 13A1FVIII.
Table 6.7. Cellular Productivity of 13A1FVIII-expressing CHO Flp-In Culture
	Sampling Day
	Cells Density (x 106/mL)
	Percentage of Viability
	FVIII:Ag Conc. (IU/dL)
	SEM

	Day 1
	3.81
	95.4
	45.54
	0.445

	Day 3
	3.14
	90.6
	38.27
	0.042

	Day 5
	3.25
	82
	33.31
	0.537






.
 (a)
 (b)

Figure 6.15: ELISA Analysis of 13A1FVIII Protein Expression in Suspension Culture. 13A1FVIII-expressing CHO Flp-In cells culture was grown to a high cell density (3.81 x 106 cells/mL) at 37oC, and cellular productivity assessed by analysing 13A1FVIII protein concentration (a) and viable cell density and percentage of viability (b) of the culture for 5 days at intervals
6.6.2	Effect of Valproic Acid and Low Temperature on Productivity
Valproic acid (VPA) is a histone deacetylase inhibitor that relieves histone deacetylases (HDACs)-dependent transcriptional repression and induces hyperacetylation of histones in cultured cells (Gottlicher et al., 2001). Histone acetylation is an essential posttranslational modification that regulates gene expression in eukaryotic cells by increasing the access of transcription factors to their binding sites on nucleosomal DNA (Lee et al., 1993, VetteseDadey et al., 1996). Therefore, histones acetylation by histone acetyltransferases and deacetylation by histone deacetylases usually correlated with transcriptionally active and inactive genes, respectively (Struhl, 1998). Because of its ability to inhibit the action of histone deacetylases and thus increase recombinant mRNA and protein levels in mammalian cells (Wulhfard et al., 2010), VPA has been widely used to enhance the production and expression of recombinant proteins in both transiently or stably transfected HEK293EBNA and CHO cells (Backliwal et al., 2008b, Allen et al., 2008, Wulhfard et al., 2010). Consequently, the effect of VPA on 13A1FVIII protein expression in suspension adapted CHO Flp-In stable cell line was investigated as described in section 4.7.2.1. In the experiments, suspension CHO Flp-In cells stably expressing 13A1FVIII protein were seeded in 6 well plates at a density of 2.0 x 106 cells/well and the plates were incubated overnight to allow cells to settle/recover, after which increasing VPA concentrations were added to the cells, with different VPA dose concetration per well. A control well was included containing cells but without addition of VPA. The cells were grown for 10 days at low temperatures (31oC) with culture media samples taken on day 4, 7 and 10 post-dosing to assess the productivity of the cells and 13A1FVIII protein yield by ELISA (Figure 6.16) and Western blotting probing with anti-FIX monoclonal antibody (Figure 6.17). Also, the percentage viability of the cells was monitored for the duration of the experiment. 
ELISA analyses of protein yields from cells with VPA showed that the addition of 1.0 mM VPA achieved a modest increase in the amount of protein produced on Day 4 and Day 7 (i.e. 59.36 IU/dL and 63.13 IU/dL, respectively) compared to the control cells without VPA which had a corresponding protein yield of 51.62 IU/dL and 48.61 IU/dL. However, further increase in the VPA dose beyond 2.0 mM resulted in a steady and significant decline in 13A1FVIII protein yield even though all the treated cells were at a similar high viability of ~80% on Day 4. A similar trend in protein yield was observed on Day 7 for cells treated with 2.0 to 8.0 mM VPA dose, however with a progressive decline in cell viability which was more pronounced for the 3.5 mM VPA dose and above. Both protein yield and cell viability profiles were low for all cells on Day 10 ranging from ~21 - 2 IU/dL and > 49 – 0% respectively, with increasing VPA dose. The reduction in protein yield was attributed to low cell viability which was probably due to depletion of nutrients in the culture media and the effect of VPA on treated cells which stopped cell proliferation. There was no apparent added benefit on protein yield observed for growing the cells beyond Day 4 or by adding VPA.

(a)
(b)


Figure 6.16: Productivity and Growth Curves of 13A1FVIII Expression with/without VPA at 31oC. Suspension adapted CHO Flp-In cells stably expressing 13A1FVIII were seeded and grown in 6-well plates at a lower temperature (31oC) and treated with increasing VPA concentrations (1.0 - 6.0 mM). The cellular productivity (a) and viability (b) of the culture were monitored for 10 days and the expressed protein in the culture media quantified by ELISA to estimate the protein yield (a).

Western blotting analyses of Day 4 and Day 7 culture media samples showed an obvious decline in protein expression for cells treated with VPA above 3.5mM and 1.0mM respectively, judging by the band intensity. Two bands could be seen on the Western blot image running at ~160kDa and ~250kDa which correspond to the predicted molecular weight of light and heavy chains respectively. It was apparent from the result that media samples from untreated cells (i.e. control “0”) and cells treated with 1.0 mM VPA showed consistent higher band intensity on both sampling days compared to samples for other VPA treated cells. This observation is consistent with the protein yield pattern early observed in the media samples when analysed by ELISA. Therefore, cumulative analyses of the media samples by both Western blotting and ELISA suggested that addition of VPA to 13A1FVIII-expressing CHO Flp-In cells beyond 1.0 mM would be detrimental to cell viability and protein production, while no significant increase in protein yield would result from treating cells with 1.0 mM VPA concentration. 0       1.0    2.0   3.0   3.5    4.0   4.5   5.0   6.0
DAY 4_VPA 
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Figure 6.17: Western Blotting Analysis of 13A1FVIII Protein Expression with/without VPA at 31oC. Suspension adapted CHO Flp-In cells stably expressing 13A1FVIII were treated with increasing VPA concentrations (1.0 - 6.0 mM) and cellular productivity was assessed by analysing culture media samples from treated cells after 4 day (a) and 7 days (b) on a 6% SDS-PAGE/Western blotting, probing with FIX monoclonal antibody. Bands corresponding to full-length and light chains polypeptides of 13A1FVIII were seen at ~250kDa and ~160kDa molecular weights (MW), respectively.
6.7		Discussion
The objective of this chapter was to develop an expression system for production of FVIII fusion proteins. To be considered efficient, the expression system must achieve a reasonably high and consistent protein yield within a relatively short period of time. Transient transfection is commonly used for a relatively quick production of high amount of recombinant protein as it allows for incorporation of several copies of a plasmid DNA into a mammalian cell. However, to achieve a high expression level of recombinant protein, the transfection reagent should demonstrate a high efficiency for incorporating plasmids into the cells whilst exerting minimal cytotoxicity. Consistent with these essential characteristics, PEI has been reported to achieve a high gene transfer efficiency in HEK293 cells both in small application and large scale transient transfection (Durocher et al., 2002, Backliwal et al., 2008a), with a significant increase in protein production found when used in conjunction with pCEP4 expression plasmid (Durocher et al., 2002). Consequently, PEI was employed for the transient transfection of 13A1FVIII and 13B1FVIII in adherent/suspension HEK293c18 cells. 
In the transient transfection of adherent cells with 13A1FVIII and 13B1FVIII expression plasmids under serum-free conditions, an insignificant protein yield was observed which was undetectable in the culture media when assessed by Western blotting and exhibited 5.30 IU/dL and 1.33 IU/dL biological activity in a chromogenic assay, respectively. Optimising the transient transfection conditions in adherent HEK293c18 cells by varying the transfection parameters resulted in no apparent improvement on protein yield. Similarly, scaling up the transient expression in T175 flask in adherent HEK293c18 cells produced insignificant amount of protein that was undetectable in culture media but detectable in membrane and cytosol protein samples when analysed by Western blotting. However, comparing the protein expression in hGHRF expressing cells when scaled up from a 6-well plate to T25, T75 and T175 flasks showed a comparable productivity in all vessels, therefore confirming the integrity of the transfection parameters scalability (see Appendix B.1 for results of scalability experiments).  This suggested that the low protein expression in the culture media of adherent HEK293c18 cells was as a result of poor secretion or release of the fusion protein into the culture media. This observation was consistent with other studies that found 90% of secreted FVIII attached to the membrane of transfected cells especially in B-domain deleted expression constructs with short B-domain length. However, when the deleted B-domain length was increased beyond 21 amino acids, more than 50% reduction in the membrane-bound FVIII was reported. A similar reduction in membrane-bound protein was also achieved by introducing compounds into the culture that compete with FVIII for the cell membrane interactions such as Anexin V (Kolind et al., 2010, Kolind et al., 2011). 
In contrast to earlier observation in adherent cells, transfection in suspension adapted HEK 293c18 using the orbital shaker technology significantly improved the protein yield to 42 IU/dL and 36.42 IU/dL for 13A1FVIII and, 3.35 IU/dL and 2.84 IU/dL for 13B1FVIII in two independent experiments when analysed in a chromogenic assay. This suggested a better transient transfection efficiency and protein expression in suspension cells compared to adherent HEK293c18 cells. This achievement was consistent with other studies reporting a high level of recombinant protein production in transiently transfected suspension HEK293EBNA cells (Sun et al., 2008, Durocher et al., 2002). However, achieving a consistent protein production in transient transfection is often a challenge due to batch-to-batch variation in transfection efficiency, therefore a stable expression of the fusion proteins was considered and investigated.
Interestingly, a similar increase in protein yield was observed from stable expression of 13A1FVIII and 13B1FVIII in adherent CHO Flp-In cells with the protein detectable when analysed by Western blotting, exhibiting biological activities of 36.80 IU/dL and 2.80 IU/dL respectively. The observed high 13A1FVIII protein yield was considered significant as the stably transfected cells were of mixed population, being at an early stage of antibiotic selection and the cells were not yet adapted into a suspension culture. Following the antibiotic selection of stable CHO Flp-In cells and adaption process into a suspension culture at 37oC, 13A1FVIII protein yield increased from ~36.80 IU/dL (see section 6.5) to ~45 IU/dL as shown in section 6.6.1. However, 13B1FVIII protein expression was consistently low, thus suggesting a significantly reduced biological activity compared to 13A1FVIII. However, further attempts to increase protein production in the stable cells by lowering the incubation temperature to 31oC or by adding VPA added no significant increase to overall protein yield. 
Lowering the incubation temperature of CHO cells below 37 °C has been shown to improve overall production of recombinant protein by suppressing cell growth, reducing nutrient depletion in the culture, enhancing culture viability, and remarkably increasing cellular productivity of the recombinant protein (Furukawa and Ohsuye, 1998, Furukawa and Ohsuye, 1999). Although the mechanisms regulating the enhanced productivity are poorly understood, there is an indication that lowering the temperature increases transcription efficiency and improves mRNA stability in recombinant CHO cells (Yoon et al., 2003). As one of the underlying factors impacting FVIII expression in mammalian cells is mRNA instability, effect of a lowered temperature on the 13A1FVIII protein production was investigated. Consistent with others performing similar studies in CHO cells, 31°C was selected being the reported average optimal temperature for cell productivity (Furukawa and Ohsuye, 1998, Gammell et al., 2007, Yoon et al., 2003). However, no significant increase in protein production was observed at 31oC. While the underlying reason for the lack of apparent improvement in cell productivity was not investigated, this could be as a result of variations in the CHO cell clones as culture contained mixed population of 13A1FVIII producing CHO cells. This view was supported by the study that demonstrated 4 - 25 fold differences in specific productivity of antibody in CHO cells when cultured at 31oC, thus suggesting the importance of clonal selection to achieve a sustainable increase in cell productivity and to ensure the successful application of low culture temperature for recombinant protein production (Yoon et al., 2004). 
An alternative approach to induce growth arrest, regulate gene expression, improve transcription efficiency and thereby enhance cellular productivity in mammalian cells is by using histone deacetylase inhibitors such as VPA, as several studies have reported increased recombinant protein production in cells treated with VPA (Backliwal et al., 2008b, Gottlicher et al., 2001, Wulhfard et al., 2010).  However, attempts to enhance protein production by adding varied concentrations of VPA only achieved a marginal increase in 13A1FVIII protein yield from a mean value of ~50 IU/dL in the absence of VPA to ~61 IU/dL upon addition of VPA to the culture at a final concentration of 1mM, when assessed in a chromogenic assay. Increasing the VPA dose beyond 1mM was detrimental to cell productivity and protein yield, leading to a significant reduction in productivity to > 20 IU/dL and >10 IU/dL on Day 4 and Day 7 of culture, respectively. This suggested 1mM VPA was the optimal concentration for enhancing 13A1FVIII protein production in CHO Flp-In cells. However, the observed 1.2x increase was insignificant when compared to similar studies that employed VPA to enhance cell productivity in mammalian cells with more than 4 - 5 x increase in recombinant protein yield compared to untreated cells (Wulhfard et al., 2010, Backliwal et al., 2008b). Thus, it appeared that use of VPA did not increase 13A1FVIII mRNA and protein yield in treated cells or perhaps any enhancement in the mRNA expression was masked by inefficient secretion of 13A1FVIII extracellularly, thereby affecting the overall protein yield in the culture media. Also, VPA halted cell growth in all treated cells thus preventing the continuous culturing of cells. Consequently, the use of VPA in the production of 13A1FVIII was considered unfavorable to overall protein production, and was therefore avoided. Interestingly, the initial 52 IU/dL  (i.e. 0.52 IU/mL) yield of 13A1FVIII in this study compared favourably with other studies on production of B-domain deleted FVIII stably expressed in CHO cells (Orlova et al., 2012). This suggested the developed stable CHO Flp-In expression system for 13A1FVIII protein production was efficient for the production. 
In view of the results obtained in this chapter it was apparent that transient expression system was not viable for the production of 13A1FVIII protein, a suspension adapted stable CHO Flp-In cell line has the potential of achieving a high protein production. Consequently, the suspension adapted stable 13A1FVIII-expressing CHO Flp-In cells were taken forward for an expansion and large scale expression of 13A1FVIII protein for downstream purification step. This is discussed in the next chapter.
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7.1 	Summary
13A1FVIII was expressed, processed and purified in a large scale using stable CHO Flp-In cell lines from approximately 20 litres of culture media.  Attempts to purify 13A1FVIII from culture media using IMAC, ion exchange and affinity chromatography had only limited success. Purification of the 13A1FVIII protein was eventually achieved using VIII Select affinity column with a protein purity > 95%. The FVIII:C and FVIII:Ag of purified protein were assessed using chromogenic and ELISA assays respectively. The in vitro characteristics to induce clot formation were determined in thrombin generation and activated partial thromboplastin time assays. The result suggested that there was no apparent loss in biological activity. Before use in the in vivo studies, all purified protein samples were tested for endotoxin with negative results.
7.2 	Introduction
Stable CHO Flp-In cells expressing 13A1FVIII protein were used for large scale protein production. As 13A1FVIII was a low-expressing protein, the culture was continuously cultured for an extended period of time (approximately 6-8 weeks) so as to generate sufficient amount of 13A1FVIII protein for use in the downstream purification step and in vivo studies. Earlier, the harvested 13A1FVIII protein-containing culture media were stored at -30oC until ready for purification. Consequently, a large volume of culture media required processing - starting with a protein concentration using vivaflow 200 concentrator or/and a capture step by immobilised metal-ion affinity/ion-exchange chromatography and finally purifying the concentrated 13A1FVIII protein from the media. A high level of purity is required for therapeutic proteins before being used for pharmacokinetic and pharmacodynamic studies in animal models. For 13A1FVIII this was particularly important as recombinant FVIII proteins are known to induce immunological responses in animal models and facilitate the clearance from circulation which could potentially result in misrepresentation of the terminal half-life of the protein. A number of methods have been reportedly used to purify recombinant FVIII from cultured media ranging from combinations of two to three different ion-exchange columns, to affinity chromatography using monoclonal antibodies. However, when these methods were attempted to purify 13A1FVIII protein from crude culture media using the published conditions, a substantial amount of 13A1FVIII protein in the culture did not bind efficiently to the column. Consequently, a methodical approach was employed to establish a robust and efficient protocol for the purification of 13A1FVIII protein from culture media. This was highlighted and discussed in this chapter.
7.3 	Large Scale Protein Production
Large scale expression of 13A1FVIII protein for downstream purification and in vivo analysis was carried out using the high cell density culturing technique described in section 6.6.1 of chapter 6 with a slight modification. The stable suspension adapted CHO Flp-In cells expressing 13A1FVII were cultured in Hyclone SFM4CHO Utility for an initial period to obtain a culture of high density (~4.0 x 106 cells/mL) after which the cells were continuously cultured with complete media replacement every 2-3 days as described in section 4.7.2.2 of chapter 4. Figure 7.1 is a representative Western blot analysis of media samples from an initial cultivation of 13A1FVIII-expressing CHO cells for 14 days, featuring 13A1FVIII proteins in samples taken from a starter culture (day 0) before seeding the cells at a low density, and at intervals before media replacement (days 10, 14) until a high cell density was achieved, after which the culture media was replaced and the cells continuously cultured while completely replacing media every 2-3 days (e.g. day 17). The expressed 13A1FVIII protein was detected on the membrane blot with anti-FIX monoclonal antibody and two bands were seen at approximately 250kDa and 160kDa which correspond to the predicted molecular weights of full length and light chains of 13A1FVII respectively. Comparative analyses of 13A1FVIII protein expression in the starting culture (day 0/ C0, i.e. before cell expansion) and days 10, 14 and 17 revealed that continuous culturing of the cells did not affect the integrity of the protein as no degradation was observed before (day 14) and after media replacement (day 17). Also, a significant increase in protein productivity was observed as the culture medium was replaced, even though the cellular productivity (i.e. rate of cell replication) had significantly reduced. The apparent increase in protein expression could be attributed to availability of more nutrients in the culture for cell growth with each medium replacement.
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Figure 7.1: Western Blot Analysis of 13A1FVIII Protein Expression in Suspension CHO Flp-In Cells. 13A1FVIII-expressing CHO cells were cultured for 14 days to a high density of ~4.0 x 106 cells/ml, after which the cells were further cultured with complete media replacement every 2-3 days.  Protein samples taken from a starter culture (day 0), at intervals (days 10, 14) until a high cell density was achieved, and after media replacement were analysed on a 4-20% SDS-PAGE/Western blotting probing with FIX antibody. C1 and C2 were seeded with 13A1FVIII cultures in duplicate (Culture 1 and Culture 2).



Further analyses of the media samples in a coamatic chromogenic assay (Figure 7.2a) suggested a proportionate increase in biological activity of 13A1FVIII protein with increasing viable cell density. It was also apparent that replacing the culture media after cells had achieved a high density enhanced the overall viability and protein productivity of the cultured in contrast to decline in viability and productivity in high density culture without media replacement earlier observed in Section 6.6.1. The viable cells density (VCD) of 13A1FVIII protein-expressing cells was analysed against the percentage of viable of cells and biological activities of 13A1FVIII in the culture and the results were plotted on a line graph (Figure 7.2). As observed in the productivity curves for the two 13A1FVIII cultures (Culture 1 and Culture 2), the culture maintained a very high viability above 90% throughout the period of growth with both culture demonstrating a steady increase in the viable cell density up to Day 14, and further increase in cell density observed after complete media change up to day 17, after which the cells were passaged (cell passaging not shown on curves). 


(b)
(a)


Figure 7.2: 13A1FVIII Protein-Expressing Cells Productivity Curves. Media samples from 13A1FVIII-expressing CHO cell cultured for an initial 14 days, during which the cells attained a high density of ~4.0 x 106 cells/ml, and were analysed after complete culture media replacement in a chromogenic assay to determine the biological activity (a) and the viability (b) of the culture.  Samples analysed were taken from a starter culture (day 0), at intervals before media replacement (days 10, 14), and after media replacement (day 17). 

Harvested culture media were routinely stored at -30oC and once a sufficient amount of 13A1FVIII protein was produced as assessed by an ELISA, the stored culture media samples were thawed and processed by concentrating the 13A1FVIII protein in the culture media before purification. 

7.4 		13A1FVIII Protein Concentration/Purification Step	
Attempts were made to concentrate the amount of 13A1FVIII protein in the culture media while reducing most of the host cell proteins and other protein contaminants before the final purification. The following methods were attempted based on their unique characteristics to remove the contaminating proteins from 13A1FVIII culture: ammonium sulphate precipitation, immobilized metal affinity (IMAC) and ion-exchange (IEX) chromatography.
7.4.1	Ammonium Sulphate Precipitation
Ammonium sulphate precipitation was first attempted to semi-purify 13A1FVIII protein from the culture media as described in section 4.11.1.1 of chapter 4. The objective was to evaluate if the total 13A1FVIII protein in the crude culture media could be precipitated in a single step and to establish the optimal AM-S04 concentration for the 13A1FVIII protein precipitation. Briefly, clarified 13A1FVIII culture medium was serially saturated (35%, 45, 55, 60 and 80 % AMSO4 saturation) with ammonium sulphate (AM-S04) at different concentrations. Pellet samples from AM-S04 precipitation were analysed along with an untreated media sample (0% AM-SO4) by Western blotting and 13A1FVIII protein was detected with anti-FIX monoclonal antibody (Figure 7.3).
The Western blotting result showed two bands at ~160 kDa and 250 kDa in all percentages (35 to 80) of AM-SO4 lanes corresponding to the light and full length chains respectively, with “35” lane being the most prominent. The presence of 13A1FVIII bands in other lanes (45, 55, 65 and 80), suggested an incomplete precipitation of 13A1FVIII protein with increasing AM-SO4 saturation. To be considered as a suitable method for semi-purifying 13A1FVIII from the culture media components, the majority of the 13A1FVIII protein must be precipitated at once. Even though a reasonable amount of 13A1FVIII protein was precipitated at 35% AM-SO4 saturation, a larger percentage of the precipitated protein was found to be insoluble (see lane 35-P in Figure 7.3) when resuspended in PBS buffer, unless the resuspension buffer was supplemented with 1% SDS (see lane 35-S in Figure 7.3). The incomplete precipitation of 13A1FVIII from the culture media and partial solubility of precipitated protein at 35% AM-SO4 concentration made this method unsuitable for use in the purification of 13A1FVIII protein. Consequently, a chromatography method for protein purification was attempted. This was reviewed in the next section.
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Figure 7.3: Western Blot Analysis of AM-SO4 Precipitation of 13AFVIII Pellet Samples. Clarified 13A1FVIII culture medium was serially saturated with varying concentrations of ammonium sulphate (AM-S04) to achieve different percentage of saturation (35%, 45, 55, 60 and 80 % AM-SO4) so as to establish the AM-S04 concentration required for 13A1FVIII complete precipitation. Precipitated protein samples (pellet) from each AM-SO4 saturation were resuspended in PBS buffer, analysed on a 4-20% SDS-PAGE, Western blotted and probed with FIX monoclonal antibody. The precipitated protein (pellet) from 35% AM-SO4 saturation was partially soluble when resuspended. Therefore, the suspension was centrifuged and the supernatant was collected for the analysis of soluble protein (35-S lane) while the pellet was resuspended in 1%SDS/PBS buffer for the analysis of insoluble protein (35-P lane). A non-treated media sample (0% AM-SO4) was included to assess the integrity of precipitated 13A1FVIII protein. Both Western blot images are of the same gel at different exposure duration to an x-ray film. FL= Full length 13A1FVIII, LC= Light chain 13A1FVIII.


7.4.2	Immobilized Metal-Affinity Chromatography (IMAC)
7.4.2.1	Nickel IMAC Column
13A1FVIII protein was designed with a 6-histidine tag at the C-terminus to facilitate its binding to IMAC columns for ease of isolation from the culture media. Consequently, a nickel column was initially attempted to bind and purify 13A1FVIII from the culture media with the aim of eluting the bound protein in a small volume so as to generate a concentrated 13A1FVIII protein for use in the purification step. In a small scale experiment, a Probond resin packed column and was charged with the nickel ion (4mg/mL nickel chloride), equilibrated to a pH of 7.4 and clarified 13A1FVIII culture media (load sample) applied to the column as described in section 4.11.1.2.1 of chapter 4. The unbound fraction was collected and bound 13A1FVIII protein was eluted with imidazole containing elution buffer in 0.5mL batches. Approximately 40µl aliquot of the load (LS), unbound (U), wash (W) and eluted samples (E1-E5) were analysed by Western blotting and 13A1FVIII protein was detected using anti-FVIII monoclonal antibody (Figure 7.4).  Results show two bands running at ~250kDa and 90kDa which correspond to the predicted molecular weight of full-length and heavy chain fragment of 13A1FVIII protein, respectively. It is apparent from the results that there is inefficient binding of 13A1FVIII protein to nickel column as a significant amount of protein was found in the unbound and wash samples. The observed low binding could be attributed to a possible interference of 13A1FVIII protein binding to the column by host cells proteins and other contaminants in the culture media, or inaccessibility to the histidine tag due to conformation of 13A1FVIII protein. Therefore, a copper IMAC resin with stronger affinity for histidine was attempted.
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Figure 7.4: Western Blot Analysis of 13A1FVIII Purification on a Nickel Column.  A clarified 13A1FVIII culture medium was loaded on to an equilibrated Nickel charged column by gravity flow. The column was washed and bound protein eluted. Load (LS), unbound (U), wash (W) and eluted (E1-5) protein samples were analysed on a 4-20% SDS-PAGE/ western blotting probing with FVIII monoclonal antibody. MW = Molecular weight.


7.4.2.2	Copper IMAC Column
An initial attempt to concentrate and purify 13A1FVIII protein from culture media using a nickel column was not efficient for optimum protein recovery. Consequently, to minimize loss of protein and semi-purify 13A1FVIII protein from the culture medium, binding of 13A1FVIII to copper resins was attempted as copper is known to bind more strongly to histidine than all other metals ions. However, due to partial binding of 13A1FVIII observed when the nickel column was attempted as ~50% of 13A1FVIII in the load was found in the unbound fraction, estimated from the Western blotting result (Figure 7.4), a different approach was employed to bind 13A1FVIII in the culture media to a copper IMAC column. Probond resin charged with copper ions (4mg/ml) was equilibrated and loaded with clarified 13A1FVIII culture media in batches and the unbound fractions (U1-U4) collected separately for analyses. This was to determine if the column was overloaded with protein samples. Finally, the column was washed while the bound protein was eluted with an imidazole containing buffer. The eluted fractions were collected in batches (i.e. 200 µl/ fraction) as described in section 4.11.1.2.2. Approximately 40µl aliquot of the load (LS), unbound fraction (U1-U4), wash (W) and eluted samples (E1-E3) were analysed by Western blotting and 13A1FVIII protein was detected with anti-FIX monoclonal antibody (Figure 7.5).  
The Western blotting result revealed two bands running at ~250kDa and ~160kDa which correspond to the predicted molecular weight of the full-length and light chain fragment of 13A1FVIII protein. Comparing the load (LS lane) and the unbound (U1 lane) protein sample, only a slight but not significant increase in 13A1FVIII binding to the Copper IMAC column was observed, even though copper has a reported stronger affinity for histidine-rich proteins compared to nickel. Further analyses of the unbound samples (U2-U4) showed that more 13A1FVIII protein bound to the column with each 13A1FVIII culture medium addition thus suggesting that the column was not saturated. Also, in a separate experiment where all unbound fractions were pooled and passed over a freshly equilibrated column and the unbound fraction analysed by Western blotting (gel not shown), the 13A1FVIII protein in the “unbound” pool was still not binding to the column thus eliminating saturation of column as a potential reason for incomplete binding of protein to the IMAC column. Therefore, the observed low binding efficiency of the His-tagged 13A1FVIII protein to both nickel and copper IMAC columns was most probably due to a partial occlusion of the histidine-tag at the C-terminus of 13A1FVIII in the protein conformation. 
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Figure 7.5: Western Blotting Analyses of 13A1FVIII Binding to a Copper Column. 5ml concentrated 13A1FVIII culture media was loaded on to an equilibrated Copper IMAC column (1ml) in batches and unbound media (U1-U4) collected for analyses. The column was washed (W) and bound protein eluted (E1-3). The load (LS) unbound (U1-U4), wash (W) and eluted (E1-E3) samples were analysed on a 4-20% SDS-PAGE/Western blotting probing with FIX monoclonal antibody. MW= Molecular weight.


7.4.3	Purification of 13A1FVIII by Ion Exchange Chromatography
Many research studies have demonstrated the use of 2 or 3 ion exchange (IEX) columns to purify recombinant FVIII from cell culture media. Use of IEX chromatography involves an initial protein capture step on a positively/ negatively charged column and eluted protein from this step is further purified on a second column with either an opposite polarity or different pore size. Therefore, two most commonly used ion-exchange columns were attempted to purify 13A1FVIII from the culture media. Unlike an IMAC column that relies on the availability of a histidine tag on a protein to bind, the ion exchange column interacts with a protein based on the charge of the protein at a particular pH. Each of the ion exchange columns that was evaluated in this study had different binding properties and required different pH’s to bind 13A1FVIII protein as highlighted in the sections below.
7.4.3.1 	SP-Sepharose Fast Flow
SP-Sepharose fast flow (SPSFF) bead is a strong cation exchanger containing a negatively charged sulphopropyl group covalently bound to the beads.  In a preliminary experiment, the optimal pH for 13A1FVIII binding was established as described in section 4.11.1.3.1. In the experiment, SP-Sepharose beads were aliquoted into Eppendorf tubes and equilibrated at different pH range (6.8 - 7.4) (See Figure 7.5 and Table 7.1) to determine the best pH (6.8) for optimal binding of 13A1FVIII protein which was then taken forward for the purification of 13A1FVIII. All samples (load, unbound and elution) were analysed by Western blot probing with anti-FIX monoclonal antibody as described in section 4.10.2.1 (Figure 7.7).
The result showed that binding efficiency of 13A1FVIII to the SP-Sepharose column was low as only 55% of the protein was bound with a substantial amount present in the unbound (U) sample (Table 7.1). Also, more protein was lost during the column washes (W1, W2) thus suggesting a weak interaction of 13A1FVIII protein to the SP column at pH 6.8 (see Figure 7.7). Degraded products were equally observed in the elution fractions which indicated an instability of 13A1FVIII under a slightly acidic condition (pH 6.8). To be considered an efficient capture step for 13A1FVIII protein purification, the IEX column must exhibit a high binding efficiency and interaction to minimize protein loss, and without compromising the protein integrity. Consequently, SP-Sepharose column was not considered suitable for use in the initial capture step due to poor binding efficiency and high degradation of bound 13A1FVIII proteins when eluted. 
Table 7.1 ELISA data for 13A1FVIII Purification on SP-Sepharose Fast Flow at Different pHs

	SP-SFF
	 
	Unbound

	
	Load
	6.8
	7.0
	7.4

	FVIII:Ag (IU/dL)
	202.2
	87.8
	129.7
	127.2

	SEM
	12.71
	1.17
	2.42
	2.04

	% Bound
	 N/A
	56.5
	35.8
	37.1



Figure 7.6 ELISA analyses of 13A1FVIII Binding to SP-Sepharose Column at Different pH. 13A1FVIII culture media from a concentrated 1L culture was loaded onto a SP-Sepharose fast flow column pre-equilibrated at either pH 6.8, 7.0 or 7.4 and 13A1FVIII recovery from unbound fractions was analysed in an ELISA with 87.8, 129.7 and 127.2 IU recovered, respectively. Thus, indicating 56.5, 35.8 and 37.1 % binding efficiency at pH 6.8, 7.0 and 7.4 respectively.

Figure 7.7: Western Blot Analysis of Purified 13A1FVIII Samples on a SP-Sepharose Fast Flow Column. Clarified 13A1FVIII culture medium was purified on a SPSFF column equilibrated at pH 6.8. The load (LS), unbound (U), wash (W) and elution (E1-E6) samples were analysed on a 4-20% SDS-PAGE/ Western blotting and 13A1FVIII protein detected with FIX monoclonal antibody.  LS     U    W1    W2    E1    E2     E3   E4    E5    E6
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7.4.3.2	Q-Sepharose Fast Flow 
Q-Sepharose is a strong anion exchanger (GE Healthcare, 17-0510-01) with positively charged quaternary ammonium groups covalently bound to the beads. Binding to a Q-Sepharose fast flow (QSFF) column was attempted in order to capture 13A1FVIII from the cell culture medium and thus eliminate other contaminating proteins and media components. Purification of FVIII using Q-Sepharose as a capture step has been well established by published studies. Consequently, no initial optimisation of binding conditions to 13A1FVIII was carried out. In the binding experiment of 13A1FVIII to the column, ~2ml Q-Sepharose fast flow beads were packed into a ~1.0 mm wide gravity column and equilibrated with HEPES buffer (20mM HEPES, 150mM NaCl, pH 7.4) following which clarified 13A1FVIII culture medium was passed over the column. The unbound fraction was collected for analysis and the column washed with HEPES buffer. Bound 13A1FVIII was eluted in ~0.2ml batches with high salt containing HEPES buffer supplemented with CaCl2 (20mM HEPES, 650mM NaCl, 5mM CaCl2 pH 7.0). All samples (load, unbound and elution fractions) were analysed by Western blotting probing with both anti-FIX and anti-FVIII monoclonal antibodies as described in section 4.10.2.1 (see Figure 7.8).
The result showed that the majority of 13A1FVIII protein in the load media (LS) bound the column with a stronger interaction as no protein was detected in the wash sample (W) (Table 7.2; Figures 7.8-7.9). Further analyses of load and unbound fractions in an ELISA revealed ~90 % binding of 13A1FVIII in the load was bound with high binding efficiency and interaction as no protein was detectable in the wash. Emerging but minimal degraded products were observed in the elution fractions which became more prominent in elution E5 between 42 and 55kDa. These bands correspond, approximately, to the molecular weights of A2 (43kDa) and A1 (51kDa) domains (Fay et al., 1991a) and were thus suspected to be dissociation or degradation of A1 and A2 domains especially as the anti-FVIII monoclonal antibody binds some residues in the discontinuous region of the A2 domain and other residues within the A2 domain (See Section 3.13). Also, there was a strong colouration (brownish) in the elution which suggested contamination of components from the culture media.  However, the high binding efficiency of 13A1FVIII to the Q-Sepharose column made it suitable for potential use as an initial protein capture step, as any leftover contaminants could be eliminated in a final purification step using affinity chromatography
	
	Load
	Unbound
	Wash

	FVIII:Ag (IU/L)
	247.51
	27.07
	0.00

	SEM
	2.48
	0.4
	0.00

	%
	100
	10.94
	0


Table 7.2 ELISA data for 13A1FVIII Purification on Q-Sepharose Fast Flow

Figure 7.8:  ELISA Analyses of 13A1FVIII Binding to Q-Sepharose Column. 13A1FVIII culture media from concentrated 1L culture was applied to a Q-Sepharose fast flow column pre-equilibrated to pH 7.4 and 13A1FVIII recovery from unbound and wash fractions was analysed in an ELISA with 27.07/L and 0.0 IU/L protein recovered, respectively. Thus, indicating 89% binding efficiency.
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Figure 7.9: Western Blot Analysis of Purified 13A1FVIII Samples on a Q-Sepharose Fast Flow Column. Clarified 13A1FVIII culture medium was purified on a QSFF column equilibrated at pH 7.0. The load (LS), unbound (U), wash (W) and elution (E1-E6) samples were analysed on a 4-20% SDS-PAGE/ western blotting and 13A1FVIII protein detected with FIX monoclonal antibody.


Although the objective of assessing the binding efficiency of the different columns was to capture and partially purify 13A1FVIII from the culture media with a view to improving potential binding to the antibody column, none of the columns attempted provided a satisfactory binding efficiency or purified 13A1FVIII products.  Subsequently, affinity chromatography was attempted.
7.5 		Purification of 13A1FVIII Protein by Affinity Chromatography
General affinity chromatography principles exploit an immobilized ligand that adsorbs or desorbs a specific molecule under suitable binding or eluting conditions respectively. Having FVIII linked to FIX in 13A1FVIII afforded two choices of antibody columns for protein purification. However, due to the cost implication associated with development of an antibody column, a less capital intensive agarose gel-based affinity column, Blue Sepharose-6 fast flow, was first attempted.
7.5.1	Purification of 13A1FVIII Protein on Blue Sepharose-6 Fast Flow Column
Blue Sepharose-6 fast flow (BS6FF) features a Cibacron blue 3G dye that is covalently attached to 6% agarose beads. Unlike SP and Q-Sepharose fast flow that are pH and pI –dependent to bind proteins, the Blue Sepharose-6 is an affinity ligand with a high binding affinity for many proteins and reportedly has been used to purify different proteins in a one-step chromatography purification method (Barsukov et al., 2003, Ma and Thauer, 1990, Sugiura, 1980). Consequently, the beads were tested for the initial purification of 13A1FVIII from culture media samples. In the experiment, ~1.0 cm wide gravity column was packed with ~2ml BS6FF beads and equilibrated with HEPES buffer (20mM HEPES, 150mM NaCl, pH 7.4) following which clarified 13A1FVIII culture medium was passed over the column.  The unbound fractions were collected for analysis and the column washed with HEPES buffer. Bound 13A1FVIII protein was eluted in ~0.2ml batches with high salt (1M NaCl) containing HEPES buffer with/without 50% ethylene glycol. All samples (load, unbound and elution) were analysed by Western blotting probing with FIX monoclonal antibody as described in section 4.10.2.1 (Figure 7.10).
The Western blotting result revealed two prominent bands at ~250kDa and ~160kDa molecular weights which correspond to the predicted molecular weight of full-length and light chain fragment of 13A1FVIII protein. It was apparent from the result that majority of 13A1FVIII protein in the loaded culture bound the column, judging by the bands intensity of analysed samples in the LS (load) and FT (unbound/flow though) lanes. Also, ethylene glycol was required in the elution buffer to achieve an acceptable recovery of bound 13A1FVIII protein as very little protein was detected in the elution fractions with only high salt (1M NaCl) containing buffer. However, degraded products were observed in the 13A1FVIII protein samples eluted with ethylene glycol. To eliminate or reduce the concentration of ethylene glycol in the elution samples for further clean-up in a downstream purification, the pooled elution was dialysed in a HEPES dialysis buffer and analysed in a chromogenic assay. The percentage of protein loss during dialysis was calculated to establish the efficiency of the method for 13A1FVIII purification. However, the chromogenic assay result showed that ~50% of biological activity of the protein was lost during dialysis possibly due to instability of FVIII in solution. 
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Figure 7.10: Western Blot Analysis of Purified 13A1FVIII Samples on a Blue Sepharose 6 Fast Flow (BS6FF) column. Clarified 13A1FVIII culture medium was purified on BS6FF column and load (LS), unbound (U),) and elution (E1-E4) samples with/without ethylene glycol were analysed on a non-reduced SDS-PAGE and Western blotting probing with FIX monoclonal antibody.

To assess the extent of purity achieved with Blue-Sepharose 6 and Q-Sepharose fast flow purification columns, eluted 13A1FVIII fractions from each column were pooled, concentrated using 0.5mL centrifuge filter and analysed without dialysing (-D) by silver staining with B-domain deleted FVIII (ReFacto) included as a positive control. Also, dialysed (+D) 13A1FVIII protein elution from BS6FF was included in the analyses (See Figure 7.11). The result showed some bands that were consistent with predicted molecular weights of 13A1FVIII heavy, light and full-length polypeptide chains (see “red pointed arrows”). However, none of the columns were selective for 13A1FVIII binding as many other bands were observed in the gel even though the columns were washed with NaCl-containing buffer to reduce the presence of bound contaminants before elution. Also, dialysing eluted 13A1FVIII protein from BS6FF column reduced the concentration of contaminants in the sample but also resulted in a reasonable loss of protein.
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Figure 7.11: Silver Staining Analysis of Purified 13A1FVIII Samples. Dialysed (+D) and undialysed (-D) 13A1FVIII protein samples purified from Blue-Sepharose 6 (BS6FF) and Q-Sepharose (QSFF) Fast Flow chromatography were analysed on a silver stained gel, with Refacto FVIII control. FVIII protein bands are indicated with red arrows.




The non-selectivity of BS6FF for 13A1FVIII protein and loss of high amount of protein during dialysis made the Blue Sepharose-e6 fast flow column less desirable for use in the purification of 13A1FVIII protein. Therefore, antibody-based affinity chromatography was attempted. FVIII and FIX antibody columns from GE Healthcare (VIII Select and IX Select antibody columns) that have high binding affinity for B-domain factor VIII and factor IX proteins respectively were tested in small scale experiments to establish the most efficient column for 13A1FVIII protein purification. 


7.5.2	Purification on IX Select Antibody Column
IX Select is a highly selective matrix containing an affinity ligand that is based on a single-chain antibody fragment directed against FIX, thus facilitating selective binding of FIX. The ligand has a density of approximately 8 mg/mL with a binding capacity of approximately 6 mg/mL. Since 13A1FVIII fusion contains the FIX fragment at the C-terminus it was presumed that the IX Select affinity column will provide a high yield single step purification of the 13A1FVIII protein from the culture media. A preliminary purification experiment using 1ml HiTrap IX Select column was set up as described in Section 4.11.2.1, and approximately 50µl aliquots of all samples – load (LS), unbound (U), wash (W) and the elution (E) fractions, were analysed by Western blotting probing with either anti-FIX and/or anti-FVIII monoclonal antibody as described in section 4.10.2.1 of chapter 4 (Figure 7.12). 
Initial Western blotting result with anti-FIX detection antibody showed two bands running at approximately 250kDa and 160kDa which correspond to the predicted molecular weight of a full-length and light chain fragment of 13A1FVIII protein (Figure 7.12(a)). Visual comparison of the band intensity between the load (LS) and unbound (lane U) suggested that >90% of 13A1FVIII protein from the culture media was bound by the column. Also, no protein was detected in the wash fractions, indicating a very strong interaction between 13A1FVIII and the IX Select antibody beads. However, further probing with anti-FVIII antibody revealed an additional band running at ~90kDa which corresponds to the predicted molecular weight of 13A1FVIII heavy chain (Figure 7.12 (b)). Also, there was no obvious difference in the heavy chain (HC) band observed in both the load (LS lane) and unbound (U lane) samples thus suggesting that IX Select only bound the full length (FL) and light chain (LC) peptides of 13A1FVIII as only these regions contained FIX protein fragment. 
The percentage of 13A1FVIII protein bound to the column was investigated by ELISA analysis using paired antibodies (Affinity Biologicals) (Figure 7.13). The result revealed a recovery of a significant amount (~77%) of 13A1FVIII protein in the unbound fraction (Table 7.3). This correlates well with the initial observation from Western blotting analyses where the HC subunit of the 13A1FVIII was found in the unbound fraction. As the A2 subunit of the HC has been shown to be critical for biological activity of FVIII protein (Fay and Smudzin, 1992, Fay et al., 1991a), the loss of the HC protein fragment during the 13A1FVIII purification on IX Select column would result in a significant loss of biological activity as the proportion of the unbound HC fragment constituted approximately a third of the total 13A1FVIII in the media.  Also, the LC protein fraction could not function in isolation of the HC protein fragment as only FVIII protein with intact HC and LC subunits has been shown to possess full biological activity (Fay et al., 1991a). Therefore, while the biological activity of the 13A1FVIII protein samples from IX Select column were not tested, it was conceivable that loss of HC from the 13A1FVIII samples would result in a significant loss of biological activity. Consequently, due to the cumulative loss of 13A1FVIII protein heavy chain observed in both Western blotting and ELISA analysis during the purification process, and the potential loss of biological activity that would result, IX Select column was not considered suitable for a large scale purification of 13A1FVIII from crude culture media. 

Figure 7.12 Western blotting analyses of 13A1FVIII samples purified on a Hi-Trap IX Select Column. Clarified 13A1FVIII culture medium was purified on IX Select column and load (LS), unbound (U), wash (W) and elution (E) samples were analysed on a non-reduced SDS-PAGE and Western blotted. 13A1FVIII protein was detected using either anti-FIX monoclonal antibody (a) or anti-FIX/FVIII monoclonal antibody (b).315
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	Samples
	Load
	Unbound
	W1
	W2

	FVIII:Ag (IU/L)
	337.02
	260.88
	9.2
	1.96

	SEM
	1.06
	3.05
	0.35
	0.44

	W1 = Wash 1  and W2 =Wash 2


Figure 7.13 ELISA analyses of 13A1FVIII Protein Samples from IX Select Column. Concentrated 13A1FVIII culture media from 1L culture with a total FVIII antigen concentration (FVIII:Ag) of 337 IU was purified with HiTrap IX Select column (pH 7.4). 13A1FVIII recovery from unbound and wash fractions was analysed in an ELISA with ~260 IU and ~11 IU recovered, respectively. Thus, suggesting ~22% binding efficiency was achieved with IX Select column.Table 7.3: ELISA data of FVIII:Ag in 13A1FVIII Protein Samples from IX Select Column


7.5.3	Purification on VIII Select Antibody Column 
VIII Select antibody beads feature a 13 kD recombinant protein ligand that is attached to a porous base matrix via a hydrophilic spacer arm making it easily available for binding to recombinant B domain-depleted factor VIII. The presence of highly cross-linked agarose base matrix enables rapid processing of large sample volumes. Free VIII Select beads were purchased from GE Healthcare and used for purification of 13A1FVIII from crude culture media. 
Two different purification methods involving the use of VIII Select were earlier described (McCue et al., 2009), whereby FVIII was either purified by passing the culture media over an equilibrated column packed with VIII Select beads (static/column binding method) or by incubating clarified culture media with equilibrated free VIII Select resin in an attempt to increase the mean residence time and binding efficiency (dynamic/batch binding method). McCue et al. showed greater FVIII binding efficiency to VIII Select column in dynamic binding conditions compared to static/column binding. Consequently, the dynamic binding purification method was optimised in a series of preliminary experiments to determine the most efficient conditions to purify 13A1FVIII. In addition, different pH binding conditions were investigated to establish the best working pH for optimal protein binding. Preliminary experiments were carried out to optimise the binding of 13A1FVIII from crude culture media to VIII Select resins, using 5-10 ml of concentrated 13A1FVIII media and ~500µl VIII select affinity beads in sterile universal tubes using the batch binding method described by McCue et al. whereby clarified culture medium containing a protein of interest is incubated with an equilibrated purification bead for a specific period of time with gentle mixing to facilitate an efficient binding  of the protein to the bead. Then, the bead is washed with an equilibrated buffer and the bound protein is eluted with a L-arginine/ethylene glycol buffer.
7.5.3.1 Optimising Conditions for VIII Select Binding
In a small scale experiment to establish the optimal pH condition and mean residence time required for 13A1FVIII to bind VIII Select affinity beads, 0.5mL bead slurry was aliquoted into sterile universal tubes and equilibrated at different pH (7.0 - 9.0) with HEPES buffer (20mM HEPES, 20mM CaCl2 and 0.3M NaCl, pH adjusted at 4oC).  10 ml 5x concentrated 13A1FVIII media was added to each tube and incubated at 4oC with mixing. 1ml aliquots were taken after 1hr, 3hrs and 18hrs of incubation and analysed in anti-FVIII ELISA (Figure 7.14 and Table 7.4). The result revealed VIII Select as having better binding efficiency at neutral pH compared to slightly basic pH. Also, increasing the mean residence time improved the percentage of 13A1FVIII protein recovery from the culture media with ~62% of total protein in the load bound to the VIII Select antibody. Consequently, subsequent purification on VIII Select column was performed at pH 7.0 using the batch binding method, with ~18 hours’ incubation.

Table 7.4 ELISA Data of FVIII:Ag and Estimated Percentages of 13A1FVIII Protein in the 		   Unbound Fractions from VIII Select Purification at Different pH. 
	 
	FVIII:Ag Concentration (IU/mL)
	% of Bound Protein

	Buffer /pH
	Load
	1 Hour
	3 Hours
	18 Hours
	1 Hour
	3 Hours
	18 Hours

	HEPES 7.0
	3.3938
	1.9140
	1.6675
	1.2997
	43.6
	50.9
	61.7

	HEPES 7.5
	3.2437
	1.8841
	1.5448
	1.3241
	41.9
	52.4
	59.2

	HEPES 8.0
	3.0404
	2.0257
	1.7812
	1.5235
	33.4
	41.4
	49.9





Figure 7.14: Percentage of 13A1FVIII Bound to VIII Select at Different Equilibration pH. Binding efficiency of VIII Select resins equilibrated at different pH’s to 13A1FVIII from crude culture media was assessed over 18 hours. The percentage of 13A1FVIII in the bound fractions were estimated relative to the load by ELISA.


7.5.3.2 Trial Purification of 13A1FVIII with VIII Select at pH 7.0
To determine if VIII Select beads were saturated in the batch binding purification method, a small scale experiment was performed using 0.5ml VIII Select beads equilibrated at 7.0 pH and incubated with a 5 x concentrated 13A1FVIII media sample for 18hrs at 4oC.  The media was then replaced with a fresh 10ml of media and incubated for a further ~3-6 hours at 4oC. This was repeated 6 more times whilst keeping the replaced media for analyses of unbound 13A1FVIII fractions. The load (LS), and unbound samples (U1-U8) were analysed by Western blotting probing with anti-FIX monoclonal antibody so as to evaluate if the VIII Select beads were saturated/overloaded and to assess the integrity of 13A1FVIII protein during the purification.
The results showed two bands running at predicted molecular weights of light chain and full-length of 13A1FVIII protein. It was apparent from the analyses of the unbound protein samples that the majority of the protein was bound to the column (U1) and the column was not saturated as more protein was observed to bind when the media was replaced (U2). The VIII Select column was gradually saturated with increasing culture media (U3 – U8). This observation was used to determine the suitable volume of culture media and VIII Select beads to use in the scaled-up batch binding purification of 13A1FVIII without saturating the column. Interestingly, no degradation of 13A1FVIII protein was observed in all the unbound samples (Figure 7.15) for the duration of experiment (~4 days). 
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Figure 7.15 Western blotting Analyses of Concentrated 13A1FVIII Purification on VIII Select Column. Fresh 10ml clarified 5 x concentrated 13A1FVIII media sample was incubated with 0.5ml VIII Select beads equilibrated to a neutral pH for an initial 18hrs period at 4oC, followed by complete media replacement every 3-6 hours and further incubation while keeping the replaced media for analyses of unbound 13A1FVIII fractions. All samples - load (LS), unbound (U1-U8) were analysed on a 4-20% SDS-PAGE/ Western blotting probing with anti-FIX monoclonal antibody.




7.6 		Finalised Methodology for 13A1FVIII Purification
Pooled media from Section 7.3 was used to finalise 13A1FVIII purification by VIII select affinity chromatography. The parameters for purification on VIII Select beads were scaled-up for the purification from 1L 13A1FVIII culture to assess the reproducibility of the purification method and the purity of purified protein. The 13A1FVIII culture media was concentrated from 1L to 265ml (~4x) with a total FVIII antigen concentration (FVIII:Ag) of 378 IU and incubated with equilibrated VIII Select beads (pH 7.0) for ~18hrs. The unbound fraction was collected and analysed in an ELISA, the beads were washed with ~10 column volume of wash buffer and the load, unbound and wash samples analysed in an ELISA (Figure 7.16; Table 7.5). Approximately 97.9 IU FVIII:Ag was recovered from the unbound sample and 1.5 IU recovered in the wash. Thus, 74% binding efficiency was achieved with VIII Select beads. Finally, bound 13A1FVIII protein was eluted in an ethylene glycol buffer supplemented with CaCl2, histidine and L-arginine. The load (LS), and elution (E1-E7) samples were analysed by Western blotting probing with anti-FIX monoclonal antibody (Figure 7.17). Eluted samples were analysed by silver staining to evaluate the extent of purity achieved with VIII Select as described in section 4.11.2.4 (Figure 7.18). Three bands were seen on the gel at 250kDa, 140kDa and 95kDa which correspond to the molecular weight of the full length protein (FL), light chain (LC) and heavy chain (HC) fragments of 13A1FVIII protein respectively. Also, high protein purity (>95%) was achieved as no discernible contaminating bands were observed on the gel. 
All fractions evidencing purified 13A1FVIII protein were pooled, dialysed and concentrated and tested for biological activity in a chromogenic assay using Chromogenix Coamatic kit while B-domain deleted FVIII ReFacto was used to generate a standard curve as described in Section 4.12.1. The result (Table 7.6) revealed a recovery of ~36 IU/L FVIII:C of purified product post dialysis, which is ~10% of the total FVIII:C of the starting culture (see Section 7.6). The dialysed sample was concentrated for analyses on a silver stained gel and purity achieved was compared to that of SP-Sepharose fast flow chromatography along with ReFacto VIII as a control (Figure 7.18). The level of purity achieved was significantly better than that of SPSFF and comparable to that of commercial ReFacto FVIII.
Table 7.5 ELISA Data of FVIII:Ag in 13A1FVIII  Protein Samples from VIII Select Chromatography

	Samples
	Load
	Unbound
	Wash

	FVIII:Ag 
(IU/L)
	378
	97.87
	1.46


Figure 7.16 ELISA Analyses of 13A1FVIII Protein Samples from VIII Select Chromatography. Concentrated 13A1FVIII culture media from 1L culture with a total FVIII antigen concentration (FVIII:Ag) of 378 IU was purified with VIII Select beads (pH 7.0) using a batch binding method for ~18hrs, and the beads washed in HEPES buffer. 13A1FVIII recovery from unbound and wash fractions was analysed in an ELISA with ~98 IU and 1.5 IU recovered respectively. Thus, suggesting 74% binding efficiency was achieved with VIII Select beads.
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Figure 7.17 Western Blotting Analyses of 13A1FVIII Purification on VIII Select Column from 1L Culture. Clarified concentrated 13A1FVIII media from 1L culture sample was incubated with 5 ml VIII Select beads equilibrated to a neutral pH for ~18hrs at 4oC, and eluted in 50% ethylene glycol buffer. All samples - load (LS), unbound (U) and elutions (E1-E7) were analysed on a 4-20% SDS-PAGE and Western blotted with anti-FIX monoclonal antibody. MW=Molecular weight marker.
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Figure 7.18 Silver Staining Analysis of 13A1FVIII Purification on VIII Select Column from 1L Culture. Clarified concentrated 13A1FVIII media from 1L culture sample incubated with 5 ml VIII Select beads equilibrated to a neutral pH for ~18hrs at 4oC, and eluted in 50% ethylene glycol buffer. Eluted fractions dialysed, concentrated and analysed on a 4-20% SDS-PAGE/silver staining alongside SPSFF column purified 13A1FVIII and Refacto FVIII controls. MW=Molecular weight marker. 



Table 7.6 FVIII:C of Purified 13A1FVIII Post-Dialysis and Concentration of 1L Culture
	FVIII Product
	Total FVIII:C Recovery (IU/L)
	SEM

	13A1FVIII
	36.31
	1.158




Subsequently, the remaining pooled batch was purified using this protocol and purified samples dialysed, concentrated and purity assessed by silver staining (Figure 7.19a) with >95% level of purity achieved. This purified batch was further characterised to assess its suitability for use in a pilot in vivo study. Also, as the in vivo studies were repeated, another pooled batch of expression media was produced and purified using the same purification methodology with similar >95% purity achieved (Figure 7.19b).  
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Figure 7.19: Silver Staining Analyses of 13A1FVIII Protein Samples from VIII Select Purification. Two batches of pooled media from 13A1FVIII large scale production were purified on VIII Select column for pilot (a) and repeat (b) in vivo studies. The extent of purity was assessed on silver stained gels with distinct bands observed at approximately 95kDa, 140kDa and 250kDa molecular weights (MW) corresponding to the heavy (HC), light (LC) and full length (FL) chains of >95% pure 13A1FVIII protein.













7.7	Characterisation of Purified 13A1FVIII Protein from VIII Select Antibody Column
Initial characterisation of purified 13A1FVIII protein was performed using the purified protein from the pooled culture described in Section 7.6 above, for subsequent use in the pilot in vivo studies. All active elution fractions were pooled, dialysed against HEPES dialysis buffer (20mM HEPES, 150 mM NaCl, 5 mM CaCl2, pH 7.0) and concentrated using a Millipore concentrator filter device with 30kDa molecular weight cut-off (MWCO) according to the manufacturer’s specification. The biological activity of the final concentrated protein was estimated in a chromogenic assay and the total FVIII antigen concentration evaluated in an ELISA.
7.7.1    Purified 13A1FVIII Biological Activity and Antigen Concentration
Biological activity (FVIII:C) and antigen concentration (FVIII:Ag) of the purified 13A1FVIII (post-dialysis and concentrated) was determined in a Coamatic chromogenic and ELISA assays, respectively, with B-domain deleted FVIII ReFacto used to generate a standard curve as described in Section 4.12.1. The results revealed a biological activity of 32.24 IU/mL and antigen concentration of 30.9 IU/mL for the purified 13A1FVIII product (Table 7.7). The apparent ratio of biological activity to antigen concentration of 1:1 suggested the of inactivated FIX fusion did not significantly impact the functionality or its tertiary structure of of the 13A1FVIII protein. This observation is consistent with previous studies of FVIII-Fc fusion where the Fc fusion was reported to have no effect on the structural and functional properties of the protein (Peters et al., 2013, John et al., 2013). The purified samples were aliquoted into 1.5 ml sterile cryogenic vials and stored at -80oC. An aliquot was diluted to a working concentration of 322 IU/dL (i.e. 3.22 IU/mL) and further tested in an activated partial thromboplastin time (APTT) (see Section 7.7.2 and Table 7.9 below) and thrombin generation assays (see Section 7.7.3 and Figure 7.20 below) to assess the in vitro efficacy of the purified product before use in vivo. These are discussed in the following sub-sections. The biological activity of purified 13A1FVIII for the repeat in vivo study was also analysed in a chromogenic assay (Table 7.8) with a total of >1000 IU FVIII:C recovered from ~20L culture media.

Table 7.7   Biological Activity and Antigen Concentration of Purified 13A1FVIII for Pilot 
                   In Vivo Studies

	Purified 13A1FVIII
	FVIII:C  
	FVIII:Ag

	IU/mL
	32.24
	30.90

	Total IU (13.3 mL)
	428.79
	410.97


Table 7.8     Biological activity of Purified 13A1FVIII for Repeat In Vivo Studies
	Purified 13A1FVIII
	FVIII:C (IU/mL)

	Batch 1 
	26.26

	Batch 2 
	16.12 

	Total Purified Protein
	1050.4




7.7.2      Activated Partial Thromboplastin Time (aPTT) Test
The aPTT test is an in vitro screening coagulation test often used to assess the efficacy of a plasma FVIII to induce clot formation by measuring how long it takes for clot formation to occur. In this study, the efficacy of 13A1FVIII to form a clot was assessed relative to plasma FVIII standard with ReFacto FVIII used as a positive control, as described in Section 4.12.2. Briefly, in the APTT assay, purified 13A1FVIII protein was serially diluted in FVIII-deficient plasma for an initial 1/60 dilution followed by double dilutions i.e. 1/60>1/120>1/240>1/480 in order of decreasing protein concentrations. The dilutions were evaluated in comparison to serial dilutions of 100 IU/dL ReFacto FVIII and standard plasma concentrations. All samples were analysed using the SYSMEX according to the manufacturer’s protocol. The results revealed shortest and longest clotting times of 26.8 and 90.7 seconds for standard plasma FVIII dilutions, 41.8 and 59.6 seconds for ReFacto VIII and 56.7 and 82.4 seconds for 13A1FVIII (Table 7.9). Although APTT is not a quantitative coagulation test as it measures the activity of FVIII in the intrinsic (contact activation) pathway, the result suggested that 13A1FVIII coagulation efficacy was dose-responsive and the protein could restore coagulation in vitro in the presence of all plasma factors and phospholipids in the event the contact coagulation pathway is activated. 
Table 7.9 	13A1FVIII Protein Analysis by Activated Partial Thromboplastin Time (APTT) Assay 			(Test Material: Purified 13A1FVIII Sample for Pilot In Vivo Study)   
	Standard Plasma FVIII
	
	ReFacto FVIII Control

	Dilution
	Concentration
	APTT 
(Seconds)
	
	Dilutions
	Concentrations
	APTT 
(Seconds)

	1/1
	100 IU/dL
	26.8
	
	1/1
	100 IU/dL
	41.8

	1/10
	10 IU/dL
	56.0
	
	1/2
	50 IU/dL
	48.0

	1/20
	5 IU/dL
	64.4
	
	1/4
	25 IU/dL
	54.1

	1/40
	2.5 IU/dL
	70.7
	
	1/8
	12.5 IU/dL
	59.6

	1/80
	1.25 IU/dL
	76.5
	
	
	
	

	1/100
	1.0 IU/dL
	90.7
	
	
	
	





	13A1FVIII

	Dilutions*
	Concentrations
	APTT (Seconds)

	1/60
	5.33 IU/dL
	56.7

	1/120
	2.66 IU/dL
	65.4

	1/240
	1.33 IU/dL
	71.9

	1/480
	0.66 IU/dL 
	82.4

	*Dilutions made from pre-diluted 13A1FVIII biological activity of ~320 IU/dL



7.7.3	Thrombin Generation Assay 
The purified 13A1FVIII was further tested in a thrombin generation assay to determine its biological potency and ability to generate thrombin in vitro as described in Section 4.12.3. In the assay, different dilutions of 13A1FVIII protein concentrations were made in FVIII-deficient plasma to achieve samples with 25%, 50% and 75% of 13A1FVIII corresponding to FVIII:C of 80.5 IU/dL, 161 IU/dL and 241.5 IU/dL, respectively. Two negative control samples containing 100% of either FVIII-deficient plasma or undiluted 13A1FVIII protein (322 IU/dL FVIII:C) were included in the analysis with normal plasma (81 IU/dL) used as a positive control.
The thrombin generation assay (TGA) result (Figure 7.20; Table 7.10) showed that 13A1FVIII protein curves had a longer lag time and time to peak (ttPeak) for all dilutions in FVIII deficient plasma compared to normal plasma FVIII control (orange curve) but a greater endogenous thrombin potential (ETP) over an extended period than normal plasma, with 13A1FVIII dilutions of 25 and 50% showing greatest ETP generation. The ETP is the total amount of thrombin generation over a period of time, estimated from the AUC (area under curve). Analysis of the 100% 13A1FVIII product control curve revealed that no thrombin was generated. This could be attributed to the lack of FVIII-deficient plasma in the analysed sampled, thus indicating the importance of other clotting factors/co-factors in the plasma to the coagulation process. Also, 100% FVIII-deficient plasma (0% FVIII product) showed a small thrombin peak with a significantly low ETP which suggested poor/inadequate thrombin generation in the absence of FVIII. Therefore, the TGA result showed that 13A1FVIII is biologically active and has prolonged action on thrombin generation compared to native FVIII in human plasma.



Table 7.10 	Thrombogram Parameters from Thrombin Generation Assay of 13A1FVIII Protein 			(Test Material: Purified 13A1FVIII Sample for Pilot In Vivo Study) 
	Parameters
	Normal Plasma
	0% product
	25% 
product
	50% product
	75% product
	100% product

	FVIII:C (IU/dL)
	-
	0.0
	80.5
	161.0
	241.5
	322.0

	Lagtime
	6.27
	4.44
	4.44
	4.44
	4.44
	0

	ETP
	1937.5
	1165
	2731
	3436
	2467
	0

	Peak
	188.04
	56.7
	223.12
	245.64
	162.29
	0

	ttPeak
	12.62
	15.79
	10.45
	8.78
	8.11
	0




Figure 7.20: Thrombin Generation Curves of Purified 13AFVIII Protein at Different Concentrations. Different concentrations (80.5 IU/dL, 161 IU/dL and 241.5 IU/dL) of purified 13A1FVIII were added to fixed concentrations of congenital FVIII deficient plasma to achieve a final 25, 50 and 75% product, respectively. Samples were analysed in a thrombin generation assay. Two negative controls comprising 100% of 13A1FVIII void of FVIII-deficient plasma (322.0 IU/dL, red line) and 100% FVIII-deficient plasma (blue curve) were included in the assay, while normal plasma (estimated - 81.0 IU/dL, orange curve) was used as a positive control. Curves generated by analysis of samples with SYSMEX analyser.





Overall, a single-step purification of 13A1FVIII from concentrated culture media by VIII Select affinity chromatography provided a biologically active 13A1FVIII protein of high purity that is suitable for use in animal studies. All purified samples were stored at -80oC in aliquots in sterile vials and transported in dry ice to the in vivo facility (Queen’s University, Canada) to ensure preservation of samples integrity.
7.8		Discussion
The objective of this chapter was to express and purify sufficient amounts of 13A1FVIII protein and characterise the protein to ensure its suitability for use in in vivo studies. Although large scale production of 13A1FVIII protein was a success, establishing a suitable method for initial concentration of the protein before final purification was rather challenging. Purification of FVIII commonly requires the use of multiple chromatography steps which often involve a combination of 2 to 4 ion exchange and/or immunoaffinity chromatography, including a concentration step (Thim et al., 2010, Lawrence, 1994, Cheng et al., 2010, Rodrigues et al., 2015, Andersson et al., 1986, Josic et al., 1994). However, the use of multiple chromatography steps during the purification of FVIII protein often resulted in significantly less final product yields at the end of the purification process compared to the starting material. Therefore, developing a purification methodology for 13A1FVIII protein from the culture media with fewer downstream processing steps was deemed essential to achieving a high product recovery rate. 
Several chromatographic methods that have been used during FVIII protein concentration and purification were attempted to concentrate/purify 13A1FVIII from the culture media but none produced a satisfactory binding efficiency and protein recovery with the exception of Q-Sepharose, or achieved acceptable levels of product purity. For instance, a combination of Q-Sepharose anion exchange and IMAC–Cu2+ column was employed in the purification of plasma-derived coagulation FVIII by direct application to the chromatographic column (Rodrigues et al., 2015). However, when IMAC-Ni2+/Cu2+ was attempted for the initial concentration step of 13A1FVIII from the culture, a significant amount of protein in the load sample did not bind to the column. Similar low binding efficiency and protein degradation was observed with SP-Sepharose ion exchange chromatography at slightly below neutral pH 6.8. However, instability of 13A1FVIII, like many other FVIII products, limited its recovery due to degradation when purified at acidic pH. This observation was further supported when theoretical pI of 13A1FVIII 6.11 vs native FVIII pI 6.36 were estimated using the ‘Prot Param tool’ online calculator on the ExPASy Proteomics Server (http://ca.expasy.org/tools/protparam. html).  The low isoelectric point of 6.11 (albeit theoretical) might account for the observed little 13A1FVII bound to SP-Sepharose column as pH needs to be below the pI of 13A1FVIII for efficient binding. However, as observed in this study 13A1FVIII was unstable at low pH making this unsuitable.
Similarly, ammonium sulphate has been used for the precipitation of IgG protein and reduced the concentration of contaminants in the protein sample before final purification with the precipitated protein known to be very stable, and suitable for long-term storage (Page and Thorpe, 2009, Mariam et al., 2015). Although Mariam et al. reported a protein yield and purity of 99% and 94%, respectively, from the use of 40% AM-SO4 (Mariam et al., 2015), the percentages of 13A1FVIII protein yield for all tested  percentage of AM-SO4 showed  a partial precipitation of 13A1FVIII protein precipitation with most of the protein in the sample at 35% AM-SO4 saturation. The partial precipitation at 35% AM-SO4 concentration and incomplete solubility of the 13A1FVIII pellet, unless the resuspension buffer (PBS) was supplemented with SDS (see Figure 7.3 and Section 7.4.1), made the method unsuitable for use in the purification process. Although the underlying reasons for the observed characteristics were not investigated, it was conceivable that 13A1FVIII protein was denatured after AM-SO4 resulting in a loss of its native conformation and a potential loss of biological activity as AM-SO4 has been reported to cause denaturation of precipitated protein (Shahrokh et al., 1994).  This view was further supported by others studies on the purification of bovine FVIII (bFVIII) where the use of AM-SO4 precipitation step during the purification process has been reported, only 25% of the original factor VIII coagulant activity in plasma was recovered after AM-SO4 treatment and overall protein yield of 1% activity from bovine plasma (Vehar and Davie, 2002). Despite the lack of reports regarding the use of AM-SO4 during the purification of therapeutic human FVIII, the reported loss of biological activity in bFVIII is consistent with other reports of loss of biological activity of other proteins purified by AM-SO4 precipitation (Purwanto, 2016). Consequently, the use of AM-SO4 in the 13A1FVIII protein concentration step would significantly affect the overall protein yield. 
However, a single-step purification of 13A1FVIII was achieved by VIII Select affinity chromatography (McCue et al., 2009) with a product recovery exceeding 60% was achieved (undialysed) using the same buffers and recipes that were used in the current study. For the purification of 13A1FVIII in this study, clarified culture media containing 13A1FVIII was concentrated using an ultrafiltration device thus allowing a reduction in 13A1FVIII volume for direct application to a FVIII affinity column (VIII Select) consistent with other studies on FVIII expression that used similar techniques for FVIII concentration. For instance, in the production of a PEGylated FVIII protein with an introduced cysteine in the light chain, a concentration of clarified culture medium from cells expressing the PEGylated FVIII protein by ultrafiltration before subsequent purification by affinity chromatography was reported (Mei et al., 2010, Tang et al., 2013). While an additional purification step was required for some FVIII products that were purified on VIII Select column, optimising the conditions for 13A1FVIII purification produced a final product with an acceptable level of purity and potency with an activity recovery of ~10% of the total FVIII:C of the starting culture (see Section 7.6). Also, a good inter-batch consistency was observed for the purified products with no significant difference in total FVIII:C activity recovered from the pilot purification (~400 IU from ~10L culture) and the repeat (~1000 IU from ~20L culture).  
The in vitro potency of 13A1FVIII when tested in both the modified activated partial thromboplastin time (APTT) and thrombin generation (TGA) assays was comparable to native FVIII. While the conventional one-stage APTT assay has often been used to estimate the biological activity of FVIII products, the modified APTT described in this study allowed for a direct comparison of in vitro efficacy of 13A1FVIII of known FVIII:C activity to plasma FVIII of corresponding activity, with 13A1FVIII protein exhibiting a comparable rate of APTT in response to increasing dose as highlighted in Section 7.7.2. For instance, ~5IU/mL plasma concentration of 13A1FVIII and plasma FVIII resulted in clot formation within ~57 vs ~64 seconds, respectively (Table 7.9). In the TGA, 13A1FVIII generated higher amounts of thrombin than normal plasma FVIII as shown in Section 7.7.3. This was significant as TGA is a functional assay used to assess the ability of coagulation factors (including FVIII and FIX) to generate sufficient and physiological amount of thrombin to form a stable fibrin clot during the coagulation process. Also, the rates of thrombin generation by 13A1FVIII was comparable to other FVIII products (Sandberg et al., 2012). For instance, Sandberg et.al. observed a lag time of 6.7, 6.8 and 7.1 minutes during TGA using a plate method at a dose concentration of 1 IU/mL for Advate, Kogenate and Human-cl rFVIII, respectively, with a corresponding time to peak of 12.9, 13.1 and13.2. However, a lag time (LT) of 4.4 minutes and a time to peak (TTP) of 10.5 minutes was recorded for 13A1FVIII at a dose concentration 0.81 IU/mL when analysed in a CAT analyser. While the differences observed in lag time/time to peak (e.g Advate: 6.9 /12.9 minutes vs 13A1FVIII: 4.4 /10.5 minutes, albeit non-significant, could be due to the differences in the method used for the TGA, all FVIII products exhibited similar values when calculating the time to peak from the terminal phase of the lag time (i.e. time to peak – lag time) with 13A1FVIII demonstrating 6.1 minutes vs 6.0, 6.3 and 6.1 for Advate, Kogenate and Human-cl rFVIII, respectively. This suggests that both methods could be effectively used for the in vitro assessment of FVIII products in a TGA whilst achieving a reliable result. However, compared to Advate, Kogenate and Human-cl rFVIII that respectively generated ETP values of 1368, 1139, 1368 nM at 1.00 IU/mL dose, 13A1FVIII generated a higher ETP value of 2731nM at a dose of 0.81 IU/mL. Interestingly, the TGA result was the first indication of 13A1FVIII potency to restore haemostasis in a FVIII-deficient system. 
Following the successful demonstration of satisfactory in vitro efficacy in several biological assays, the in vivo efficacy of 13A1FVIII protein in haemophiliac mice models was assessed. This is discussed in the next chapter. 
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8.1 Summary
In vivo biological activity of 13A1FVIII was undertaken in two separate studies. In each study, the pharmacokinetics of the 13A1FVIII fusion was assessed in two strains of haemophiliac mice with one strain deficient of FVIII gene alone (F8KO) and the other strain deficient of both FVIII and VWF genes (DKO). The results obtained in the pilot study were inconclusive, therefore a second study was undertaken to repeat and confirm previous results. The haemostatic efficacy was also assessed in a haemophiliac mouse tail vein transfection bleeding model at two bleed times.  In all in vivo experiements, the clearance profiles and efficacy of 13A1FVIII were assessed in comparison to Advate FVIII’s.
8.2 Introduction
In vivo efficacy and clearance parameters of therapeutic products are commonly estimated in pharmacokinetics (PK) and pharmacodynamics (PD) studies, respectively. The PK evaluates the change in concentration of the products in a biological system over a period of time while the PD is a functional assessment of the efficacy of therapeutic products on delivery targets following administration. Also, the concentration-time clearance profiles are influenced by the route of administration (intravascular or extravascular) as the rate of absorption, distribution, metabolism and elimination of a therapeutic drug and its metabolites from systemic circulation. For FVIII products, preclinical PK and PD studies are commonly carried out in haemophiliac mice and dogs after an intravascular administration and the products experience only distribution, metabolism and elimination phases as opposed to an extravascularly administrated drug (e.g. orally or subcutaneously) that go through an initial absorption phase. Consistent with PK analyses of other FVIII products, the clearance profiles of 13A1FVIII protein were evaluated in two separate studies. An initial preliminary study was conducted using both F8KO (mice that are deficient in FVIII gene only) and DKO (mice that are deficient in both FVIII and VWF genes) haemophiliac mice. The DKO result suggested 13A1FVIII to have a prolonged half-life over Advate FVIII. However, the F8KO result was inconclusive because the majority of the plasma samples were compromised by haemolysis and clot formation. In view of the results obtained for this preliminary study a second study was undertaken to repeat and confirm previous results and to extend the study to include a haemophiliac mouse tail vein transection (TVT) bleeding model.  The results obtained from both studies are reviewed in this chapter. See Section 4.14 for full methodology.
8.3 	Pharmacokinetics of 13A1FVIII in Haemophiliac Mice
8.3.1 Pilot PK Study of 13A1FVIII Plasma Clearance
13A1FVIII was purified according to the method described in Section 7.6 and confirmed as being biologically active and of suitable purity for in vivo analysis (see Sections 7.6 and 7.7.1 for gel image and FVIII:C, respectively). PK profiles of both 13A1FVIII and Advate FVIII were evaluated in both F8KO and DKO mice as described in Section 4.14.2.1 of chapter 4. Briefly, citrated blood samples were collected from DKO mice under isoflurane anaesthesia by retro-orbital puncture at different time points (5mins, 1, 4, 8, 24, 32 and 48 hrs) following a single intravenous dose of 6 IU/mouse (~200IU/kg) with either 13A1FVIII or Advate FVIII control. Four mice were allocated for each sampling at each time point with ~60µl blood samples collected at a maximum of 3 times per mouse for analyses. The plasma FVIII concentrations in the samples was analysed using the Biophen FVIII:C chromogenic assay as described in Section 4.14.2.3 of Chapter 4 (see Appendices C1.1 and C.1.2 for raw plasma FVIII:C for each individual mouse). 
The raw FVIII:C (IU/dl) data from the analysis of DKO mice plasma were plotted on a scatter graph for both FVIII products using GraphPad Prism version 7.0 (Fig. 8.1 A). For a fair comparable assessment of the two products, the percentage of plasma FVIII:C was calculated for each plasma sample with the 5-minutes plasma FVIII:C values taken as peak concentration or 100% (i.e. % plasma FVIII:C = FVIII:C value for each of the 1 – 48 whr samples divided by FVIII:C value of corresponding 5-minute time point multiplied by 100). The percentage plasma FVIII:C values were plotted on a normal linear graph (Figure 8.1 B) while the mean of the percentage plasma FVIII:C values for each sampling time point were plotted on a logarithmic graph (Figure 8.1 C; see Table 8.1 for mean plasma FVIII:C values). 






Table 8.1 Plasma FVIII:C Data of 13A1FVIII and Advate FVIII from Pilot PK study in DKO mice
	
	Mean Plasma Activity Data from FVIII/VWF Double Knockout (DKO) Mice

	Sampling Time Points
	Raw Plasma FVIII:C Data
 (IU/dL or percent) 
	
	% Plasma FVIII:C Data 
(Relative to 0.083hour Sample)

	[13A1FVIII]
	13A1FVIII_DKO 
	
	13A1FVIII_DKO

	
	IU/dL (%)
	SEM
	n
	
	IU/dL
	SEM
	n

	0.083 hour
	146.32
	12.094
	12
	
	100.00
	0.000
	12

	1 hour
	11.79
	0.786
	4
	
	10.31
	0.724
	4

	4 hour
	13.59
	6.171
	3
	
	6.48
	5.673
	3

	8 hour
	4.38
	1.196
	3
	
	2.52
	0.513
	3

	24 hour
	8.99
	5.260
	3
	
	5.94
	1.355
	3

	32 hour 
	5.45
	2.702
	3
	
	4.73
	1.998
	3

	48 hour
	12.86
	2.578
	4
	
	5.54
	2.821
	4

	
	
	 

	[Advate FVIII]
	Advate FVIII_DKO
	
	Advate FVIII_DKO

	
	IU/dL (%)
	SEM
	n
	
	IU/dL
	SEM
	n

	0.083 hour
	282.12
	12.918
	12
	
	100.00
	0.00
	12

	1 hour
	21.16
	1.692
	4
	
	7.94
	0.41
	4

	4 hour
	3.36
	0.847
	4
	
	1.36
	0.48
	4

	8 hour
	1.05
	0.064
	4
	
	0.42
	0.06
	4

	24 hour
	2.39
	0.539
	4
	
	0.72
	0.16
	4

	32 hour 
	1.10
	0.575
	4
	
	0.47
	0.27
	4

	48 hour
	2.19
	0.135
	4
	
	0.66
	0.04
	4


(A)
(B)
(C)

Figure 8.1 Plasma clearance profile of 13A1FVIII and Advate FVIII in DKO mice. Double knockout haemophiliac mice were treated with a single intravenous dose of 13A1FVIII or Advate FVIII at 6 IU/mouse and blood samples were taken at intervals up to 48 hours post-injection. The FVIII activity (FVIII:C) remaining in plasma samples per time point was determined by chromogenic activity assay with 3 – 4 analysed samples per time point. The plasma coagulant activities (A), percentage of plasma activities (B) of 13A1FVIII and Advate FVIII control versus time profile were plotted on a linear scale while the mean values of thw percentage plasma activity log scale (C) were determined and presented graphically.
Some variability in the measurements was observed in the result of percentage plasma FVIII:C for some of the sampling time points which is common in this animal model due to small sample volume, clotting and haemolysis. However, it was apparent from the clearance profile that both products experienced a sharp decline in the plasma FVIII:C from 100% at 5-minutes to ~10% after 1-hour post-infusion. This was especially significant since the average peak plasma concentration of Advate FVIII (282.2 IU/dL) was nearly twice that of 13A1FVIII (146.2 IU/dL). Thereafter, Advate FVIII plasma concentration fell to significantly low levels very quickly, down to less than 1% from 8 to 48 hours, whereas 13A1FVIII continued to show a mean activity of more than 5% or 5 IU/dL up to 48 hours. 
Non-compartmental analysis was performed in Phoenix WinNonlin 7.0 on the plasma FVIII:C data from both 13A1FVIII and Advate FVIII treatment groups in order to determine the clearance, volume of distribution and terminal half-life. In both cases all data were used to define the terminal phase and half-life based on the best fit (optimal R2 using ≥3 points) (see Table 8.2). Different volumes of distribution of both FVIII products in all mice per treatment group was observed when the maximum plasma FVIII:C (Cmax) were compared, even though both treatment groups were injected with an equivalent but fixed dose concentration of 6 IU/mouse (see Appendix C1.2 for raw plasma FVIII:C data for each individual mouse). While the underlying factors responsible for the observed difference in Cmax both within and between the treatment groups was unclear, mice treated with 13A1FVIII showed lower peak plasma FVIII:C compared to Advate FVIII treated mice. However, the observed variation in plasma FVIII:C could be due to injection of more Advate FVIII:C, as reconstituted lyophilised Advate FVIII was used in the PK study without standardising the FVIII:C to ensure its equivalence to the 13A1FVIII product. Therefore, there was a potential variability between the calculated dose concentration and the real values of FVIII:C of the administered Advate FVIII product. Consequently, it was conceivable that the fixed dose concentration of 6IU/mouse would distribute differently in all the mice due to their disproportional body weights, which could probably account for the observed variability in the peak plasma FVIII:C. However, this would require further investigation by standardising the dose concentration prior to administration.
Overall, the result suggested 13A1FVIII to have a similar volume of distribution Vss (1.2 vs 0.94 dL/kg), Cmax (182 vs 178 IU/dL) but a lower clearance for (0.3 vs 1.1 dL/h) (see Table 8.2). Also, the observed apparent half-life is somewhat longer for 13A1FVIII at 32hrs compared to 12 hrs for Advate. However, it was noted from the analysis that the R2 value (goodness-of-fit) was very low (0.26 for Advate and 0.11 for 13A1FVIII) reflecting the variability in the data beyond 1h. While this was an early indication suggesting the fusion has delayed clearance and prolonged in vivo biological activity over Advate FVIII, the variability in both FVIII products and haemolyses of plasma samples made it necessary to repeat the experiments with larger sample sizes and longer sampling time points as well as ensuring the plasma samples were free of clot and haemolysis.


Table 8.2	Pilot PK Parameters Derived from Non-Compartmental Analysis of DKO data

	Agent Dosed
	Advate FVIII
	13A1FVIII
	Ratio*

	Dose concentration (IU/mouse)
	6
	6
	

	Cmax, maximum concentration (IU/dL)
	178.24%
	182.66%
	

	Tmax, time at maximum concentration (h)
	0.083
	0.083
	

	CL, Clearance (dL/h)
	1.1
	0.3
	0.27

	Vss, volume of distribution at steady state (dL/kg)
	0.94
	1.2
	1.27

	T1/2 , terminal half-life  (h)
	12
	32
	2.67

	R2
	0.26
	0.11
	

	*Ratio values were calculated thus: 13A1FVIII value/Advate FVIII value






The results of a similar PK study carried out in F8KO were inconclusive as the majority of the plasma samples were compromised by haemolysis and clotting especially in the Advate FVIII treatment group (see Figure 8.2). This made the plasma FVIII:C data from F8KO mice difficult to interpret (see Appendix C1.1 for raw plasma FVIII:C data). In view of the results obtained for this preliminary study a second study was undertaken to repeat and confirm these results.
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Figure 8.2: Plasma Clearance Profile of 13A1FVIII and Advate FVIII in F8KO Mice. FVIII knockout haemophiliac mice were treated with a single intravenous dose of 13A1FVIII or Advate FVIII at 6 IU/mouse and blood samples were taken at intervals up to 48hours post-injection. The plasma FVIII activity (FVIII:C) in the samples per time point was determined by chromogenic activity assay with 3 – 4 samples analysed per time point. The raw plasma activity data of 13A1FVIII and Advate FVIII control versus time profile were determined and presented graphically on a linear (A) and log (B) scales.






8.3.2 Repeat PK Study
A repeat purification of 13A1FVIII was conducted according to the method described in Section 7.6 of Chapter 7, and the purified 13A1FVIII batch confirmed as being biologically active and of suitable purity for in vivo analysis. The repeat PK study was carried out in both FVIII single knock out (F8KO) and FVIII/VWF double knockout (DKO) mice with blood sampled at intervals over a 72-hour period. In the experiment the mice received a bolus intravenous injection of either Advate FVIII or 13A1FVIII at a dose concentration of 6 IU/mouse after which citrated blood samples were collected from both treatment groups under isoflurane anaesthesia by either retro-orbital or cardiac puncture at different time points – 0.083 (5mins), 1, 4, 8, 12, 24, 48 and 72 hours as described in Section 4.14.2.2. Varying the blood sampling routes per mouse significantly minimised haemolyses and clotting of blood samples which could compromise the integrity of the plasma FVIII:C analyses as seen in previous in vivo study. Five mice were allocated for each sampling time point with ~60µl blood samples collected at a maximum of 3 times per mouse for analyses. The plasma FVIII concentration in the samples were analysed using the Biophen FVIII:C chromogenic assay as described in Section 4.14.2.3 of Chapter 4 and the plasma FVIII:C recovered as well as the percentage plasma FVIII:C relative to 0.083hr samples presented below in Sections 8.2.2.1 and 8.2.2.2 for DKO and F8KO mice studies, respectively. For all plasma FVIII:C data for individual mouse and plasma sample from both 13A1FVIII and Advate FVIII treatment groups, see Appendices C2.1 and C2.2. 
8.3.2.1 Pharmacokinetics Analyses of Plasma FVIII:C in DKO Mice

All plasma FVIII:C (IU/dL) data for 13A1FVIII and Advate FVIII treatment groups were analysed using GraphPad Prism version 7.0 to evaluate the clearance profile and the results presented on a linear graph (Figure 8.3A). The percentage of plasma FVIII:C per sampling time point was calculated as described in section 4.14.2.3 and the results presented on a linear graph (Figure 8.3B) with the mean values presented on a logarithmic graph (Figure 8.3C). Taking 0.083 hour (i.e. 5 minutes) samples as the peak plasma FVIII:C, the results revealed similar volumes of distribution for all mice for both 13A1FVIII and Advate FVIII treatment (range: 81.6 -248.9 IU/dL and 128.9- 275.0 IU/dL, respectively) with the exception of a mouse within Advate FVIII treatment group with plasma FVIII:C of 563.0 IU/dL (see Group 3 in Appendix C2.2). The result revealed that both plasma FVIII:C declined rapidly to an approximately similar low level within 1-hour post-administration consistent with the PK profile in the preliminary study. Similar trends in plasma FVIII:C for Advate FVIII treatment was observed as it continued to decline below 1% after 8-hours post-injection. However, despite obvious variabilities in the plasma FVIII:C of the 13A1FVIII treatment group compared to the preliminary PK study there was a modest FVIII:C activity detected just above 1% after 72 hours of injection.  In the preliminary PK study in DKO mice, the majority of the samples were haemolysed which may have accounted for the higher Plasma FVIII:C values at later sampling time points (8 -48hrs) especially since all samples were collected via the same sampling route (left retro-orbital). However, the hypothetical intermolecular interaction of FVIII and FIX of 13A1FVIII protein may have contributed to the observed difference in 13A1FVIII mean plasma FVIII:C between the two PK studies in DKO mice as the conformation of FIX and FVIII molecular structures in 13A1FVIII protein was hypothesised to be in a dynamic equilibrium between a “bound” and “free” state as described in Section 2.3.1 of Chapter 2. Further investigation is required to evidence any presence of intermolecular interaction.
The pharmacokinetic parameters Vss (volume of distribution at steady state), mean residence time (MRT), clearance (Cl) and terminal half-life (T½), as well as area under curve up to last quantifiable sampling time (AUC0-t) or to infinity time (AUCinf) were evaluated by non-compartmental analyses using Phoenix WinNonin 7.0 (see Table 8.4). Both maximum plasma FVIII:C (Cmax) and Tmax were similar between both treatment groups. Although the AUC0-t and AUCinf results obtained after 13A1FVIII treatment were higher compared with Advate FVIII, with an AUC0-t ratio of 1.38 and AUCinf ratio of 1.39, Advate FVIII appeared to have a higher Vss. Similarly, despite both treatments exhibiting very similar MRT, the calculated clearance (CL) and terminal half-life (T1/2) of 13A1FVIII were quite similar to Advate FVIII, demonstrating 0.0177 mL/min vs 0.0245 mL/min clearance, and 50.9 h vs 58.9 h half-life respectively (see Figure 8.4).










Table 8.3   Mean Plasma FVIII:C Activity Data from FVIII/VWF Double Knockout (DKO) Mice

	
	Mean Plasma Activity Data from FVIII/VWF Double Knockout (DKO) Mice

	Sampling Time Points
	Raw Plasma FVIII:C Data
 (IU/dL or percent) 
	
	% Plasma FVIII:C (Data Relative to 0.083hour Sample)

	[13A1FVIII]
	13A1FVIII_DKO 
	
	13A1FVIII_DKO

	
	IU/dL
	n
	
	IU/dL
	SEM
	n

	0.083 hour
	182.66%
	20
	
	100.00%
	0.00
	20

	1 hour
	37.42%
	5
	
	20.39%
	1.33
	5

	4 hour
	4.72%
	5
	
	2.32%
	0.18
	5

	8 hour
	3.78%
	4
	
	2.38%
	0.51
	4

	12 hour
	0.94%
	4
	
	0.70%
	0.65
	4

	24 hour 
	4.66%
	3
	
	2.62%
	0.59
	3

	48 hour
	0.44%
	5
	
	0.28%
	0.28
	5

	72 hour
	1.94%
	5
	
	1.26%
	0.38
	5

	
	
	 

	[Advate FVIII]
	Advate FVIII_DKO
	
	Advate FVIII_DKO

	
	IU/dL
	n
	
	IU/dL
	SEM
	n

	0.083 hour
	178.24%
	20
	
	100.00%
	0.00
	20

	1 hour
	18.20%
	5
	
	13.08%
	1.98
	5

	4 hour
	2.08%
	5
	
	1.54%
	0.69
	5

	8 hour
	3.88%
	5
	
	2.14%
	0.39
	5

	12 hour
	1.24%
	5
	
	0.54%
	0.25
	5

	24 hour 
	2.64%
	5
	
	1.54%
	0.40
	5

	48 hour
	1.00%
	5
	
	0.30%
	0.13
	5

	72 hour
	0.30%
	5
	
	0.20%
	0.20
	5



Table 8.4	PK Parameters of 13A1FVIII vs Advate from DKO haemophiliac mice
	Agent Dosed
	Advate FVIII
	13A1FVIII
	Ratio*

	Dose concentration (IU/mouse)
	6
	6
	

	Tmax, time at maximum concentration (h)
	0.083
	0.083
	

	Cmax, maximum concentration (IU/dL)
	178
	183
	1.02

	C0, concentration at time t=0 (IU/dL)
	219
	211
	0.96

	AUC 0-t, area under curve for all time points
	281
	388
	1.38

	AUC inf, area under curve for t=0 to infinity
	408
	566
	1.39

	CL, Clearance (mL/min)
	0.0245
	0.0177
	0.72

	Vss, volume of distribution at steady state (L)
	0.0892
	0.0619
	0.69

	MRT, mean residence time (h)
	60.7
	58.4
	0.96

	T1/2 , terminal half-life  (h)
	58.9
	50.9
	0.86

	*Ratio values were calculated thus: 13A1FVIII value/Advate FVIII value
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Figure 8.3:  The PK Profile of 13A1FVIII and Advate FVIII in DKO Mice. Double knockout haemophiliac mice were treated with a single intravenous dose of 13A1FVIII or Advate FVIII at 6 IU/mouse and blood samples were taken at intervals up to 72hours post-injection. The FVIII activity (FVIII:C) remaining in plasma samples per time point was determined by chromogenic activity assay with 4–5 samples analysed per time point. Plasma activity values versus time were plotted on a linear graph (A) and the percentage of plasma activity values of 13A1FVIII and Advate FVIII control versus time profile were also determined and presented graphically on both a linear (B) and a log scale (C) 

 Figure 8.4: Comparison of  Mean % Plasma FVIII:C Clearance Profiles of 13A1FVIII and Advate FVIII in DKO Mice. Both 13A1FVIII and Advate FVIII mean plasma FVIII:C clearance curves from Figure 8.3 C were overlaid for direct visual comparison of the clearance profiles. Advate FVIII curve is shown in red and 13A1FVIII curve in blue.



8.3.2.2 Pharmacokinetics Analyses of Plasma FVIII:C in F8KO Mice

Analyses of plasma FVIII:C of 13A1FVIII and Advate FVIII in F8KO mice revealed a different volume of distribution for both products with mean peak activity of 306 IU/dL and 445 IU/dL, respectively (see Appendix C2.1). Also, the plasma concentration declined at a much slower rate compared to that observed in the DKO mice up to 24 hours post injection after which no plasma FVIII:C was detectable. Interestingly, plasma FVIII:C was higher in 13A1FVIII treated mice compared to Advate FVIII treatment group up to 8 hours post injection, exhibiting mean plasma activities of 70.1 IU/dL vs 57.5 IU/dL at 1-hour, 34.5 IU/dL vs 20.8 IU/dL at 4-hours and 21.7 IU/dL vs 17.4 IU/dL at 8-hours of injection, respectively, after which the plasma concentrations of both products fell to a similar low level. This was of considerable interest since the maximum mean plasma activity of Advate FVIII was approximately 1.5 x higher than that of 13A1FVIII (445 IU/dL vs 306 IU/dL respectively). This observation was consistent with earlier observations of maximum plasma activities of both treatments in the pilot PK study in DKO mice as highlighted in Section 9.3.1. The observed lower peak plasma FVIII:C activity (Cmax) for 13A1FVIII may represent a different volume of distribution as FIX binds to collagen IV reversibly (Wolberg et al., 1997, Cheung et al., 1996) which may provide an intravascular depot. This observation was conceivable even though the ability of inactivated FIX to bind collagen IV or endothelium was not directly investigated in this study, as FIX has been shown to bind endothelium independent of the activation state of the FIX (Heimark and Schwartz, 1983). Therefore, the inactivation of FIX in the 13A1FVIII appeared to have no impact on the interaction with the endothelial cell surface.
The pharmacokinetic parameters were estimated by non-compartmental analysis using Phoenix WinNonlin 7.0 and the result revealed no significant differences between 13A1FVIII and Advate FVIII treatments with the exception of maximum plasma FVIII concentration values (see Table 8.6). Compared to Advate FVIII, 13A1FVIII demonstrated an equal volume of distribution at steady state (Vss) of 0.00306 L vs 0.00307 L, a reduced mean residence time (MRT) of 8.7 h vs 10.6 h, increased clearance (Cl) of 0.00583 mL/min vs 0.00480 mL/min and terminal half-life (T½) of 7.2 h vs 8.8 h (see Table 8.6). Although the estimated area under the curve up to the last quantifiable sampling time (AUC0-t) for Advate FVIII was higher than 13A1FVIII’s, the visual comparison of both clearance curves suggested otherwise (see Figure 8.6).

Table 8.5   Mean Plasma FVIII:C Activity Data from Factor VIII Knockout (F8KO) Mice
	
	Mean Plasma Activity Data from Factor VIII Knockout (F8KO) Mice

	Sampling Time Points
	Raw Plasma FVIII:C Data
(IU/dL or percent)
	
	% Plasma FVIII:C Data
(Relative to 0.083hour Sample)

	[13A1FVIII]
	13A1FVIII_F8KO
	
	13A1FVIII_F8KO

	
	IU/dL
	n
	
	IU/dL
	SEM
	n

	0.083 hour
	305.63%
	20
	
	100.00
	0.00
	20

	1 hour
	191.66%
	5
	
	70.10
	8.14
	5

	4 hour
	95.48%
	5
	
	34.50
	2.50
	5

	8 hour
	74.35%
	4
	
	21.70
	2.70
	4

	12 hour
	38.13%
	4
	
	10.90
	1.10
	4

	24 hour
	14.57%
	3
	
	5.80
	0.64
	3

	48 hour
	0.00%
	5
	
	0.00
	0.00
	5

	72 hour
	0.00%
	5
	
	0.00
	0.00
	5

	
	
	

	[Advate FVIII]
	Advate FVIII_F8KO
	
	Advate FVIII_F8KO

	
	IU/dL
	n
	
	IU/dL
	SEM
	n

	0.083 hour
	444.72%
	20
	
	100.0%
	0.00
	20

	1 hour
	226.10%
	5
	
	57.5%
	2.41
	5

	4 hour
	79.76%
	5
	
	20.8%
	3.58
	5

	8 hour
	80.30%
	5
	
	17.4%
	2.10
	5

	12 hour
	48.96%
	5
	
	10.3%
	1.57
	5

	24 hour
	21.70%
	5
	
	5.3%
	0.94
	5

	48 hour
	0.00%
	5
	
	0.0%
	0.00
	5

	72 hour
	0.00%
	5
	
	0.0%
	0.00
	5


Table 8.6   Estimated PK Parameters of 13A1FVIII vs Advate from F8KO Haemophiliac Mice
	Agent Dosed
	Advate FVIII
	13A1FVIII
	Ratio*

	Dose concentration (IU/mouse)
	6
	6
	

	Tmax, time at maximum concentration (hour)
	0.083
	0.083
	

	Cmax, maximum concentration (IU/dL)
	445
	306
	0.69

	C0, concentration at time t=0 (IU/dL)
	473
	319
	0.67

	AUC 0-t, area under curve (IU/dL)*h
	1810
	1570
	0.87

	AUC 0-inf, area under curve to t=infinity (IU/dL)*h
	2080
	1720
	0.83

	CL, Clearance (mL /min)
	0.00480
	0.00583
	1.21

	Vss, volume of distribution at steady state (L)
	0.00306
	0.00307
	1.00

	MRT, mean residence time (h)
	10.6
	8.78
	0.83

	T1/2 , terminal half-life  (h)
	8.82
	7.20
	0.82

	*Ratio values were calculated thus: 13A1FVIII value/ Advate FVIII  value





Figure 8.5: The PK Profile of 13A1FVIII and Advate FVIII in F8KO Mice. FVIII knockout haemophiliac mice were treated with a single intravenous dose of 13A1FVIII or Advate FVIII at 6 IU/mouse and blood samples were taken at intervals up to 72 hours post-injection. The FVIII activity (FVIII:C) remaining in plasma samples per time point was determined by chromogenic activity assay with 4–5 samples analysed per time point. Plasma activity values versus time profile were presented on a linear graph (A) and the mean values of percentage plasma activity of 13A1FVIII and Advate FVIII control were also determined and presented graphically on a linear (B) and log (C) scales.(A)
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Figure 8.6: Comparison of Mean % Plasma FVIII:C Clearance Profiles of 13A1FVIII and Advate FVIII in F8KO Mice. Both 13A1FVIII and Advate FVIII mean plasma FVIII:C clearance curves from Figure 8.5 C above were overlaid for direct visual comparison of the clearance profiles. Advate FVIII curve is shown in red and 13A1FVIII curve in blue.







8.4 	Assessment of 13A1FVIII Efficacy in a TVT Bleeding Model
The in vivo efficacy and potency of 13A1FVIII to correct bleeding was assessed in comparison to a Advate FVIII control using an optimised TVT bleeding model in haemophiliac mice recently described by Johansen et al. (Johansen et al., 2016). The optimised TVT combines the simplicity of assessing rFVIII efficacy in a tail clip bleeding model with the good sensitivity towards a pharmacological intervention in haemophiliac mice usually observed in the conventional tail vein transection survival model under full anaesthetic coverage. For full methodology see section 4.14.3. In the present TVT study, two groups of F8KO mice consisting of 23 mice per treatment group were treated with either 13A1FVIII or Advate FVIII at a single intravenous dose of 200 IU/kg/mouse via the right lateral tail vein. Under isoflurane anaesthesia, the left lateral tail vein was cut at either 0.25 hour (13 mice) or 24 hours (10 mice) post treatment and blood loss collected in a saline buffer for analysis as described by Johansen et al. (Johansen et al., 2016). The bleeding times were recorded and the blood haemoglobin and volume loss for all treated mice were calculated for both bleeding time points (see Tables 8.7 and 8.8) and the values plotted on a linear scattered plot using GraphPad Prism version 7.0 (Figures 8.7 A). The effectiveness of both products to restore haemostasis at both bleeding time points was determined by comparative analyses of the total bleeding time and total blood haemoglobin loss (Figure 8.7 B). 
The TVT data analysis suggested that there was no significant difference in the in vivo efficacy of both 13A1FVIII and Advate FVIII treatments at bleeding time point of 0.25 hour as both showed average blood haemoglobin loss of 2.06mg (31.99nmol) and 2.58mg (39.98nmol) respectively (see Table 8.9). Although average blood loss and bleeding time for the Advate FVIII treatment group was slightly lower at the 0.25-hour bleeding time point (Table 8.10), more than 60% of 13A1FVIII treated mice (8 out of 13) exhibited reduced blood loss compared to Advate FVIII treated mice (Figure 8.7), indicating a better haemostatic efficacy for a larger percentage of the acutely injured mice population per treatment group. Also, only 46% of Advate FVIII treated mice (6 out of 13) showed reduced blood loss less than the mean (Figure 8.7). However, overall data at 0.25-hour bleeding time point suggested Advate FVIII to demonstrate reduced blood loss and bleeding time (see Figure 8.8). 
Conversely, analyses of TVT data at 24-hour bleeding time point showed the average blood loss in mice treated with 13A1FVIII was less than those treated with Advate FVIII, both demonstrating an average blood haemoglobin loss of 6.43 mg (99.76 nmol) and 10.15 mg (157.6 nmol) respectively (see Table 8.9). The observed 1.7x reduced blood loss suggested 13A1FVIII treatment induced a better haemostatic response compared to Advate FVIII at a later bleeding time point (see Figure 8.9 and Table 8.11), albeit non-significantly. The TVT parameters were compared by unpaired t-test and two-tailed P values were generated using the non-parametric Mann-Whitney test (see Table 8.9). Only TVT parameters within the same bleeding time point were compared and no significant differences were found between Advate FVIII and 13A1FVIII treatments at both bleeding time points. Also, the blood haemoglobin loss correlated with blood volume loss for both treatments and bleeding time points. 









Table 8.7    Treatment Groups TVT Data at 0.25-Hour Bleeding Time Point
	Advate FVIII
	
	13A1FVIII

	Mouse 
Number
	Total
Blood
Loss
 Hg (mg)
	Total Blood Loss (mL)
	Total Bleeding Time (mins)
	Total Blood 
Loss         (nmol Hg)
	
	0.25h Mouse
 #
	Total Blood
Loss
Hg (mg)
	Total Blood Loss (mL)
	Total Bleeding Time (mins)
	Total Blood Loss         (nmol Hg)

	1
	0.5350
	0.0010
	1.47
	8.3010
	
	1
	0.421
	0.0008
	0.98
	6.5322

	2
	0.8155
	0.0016
	1.22
	12.6531
	
	2
	0.662
	0.0013
	5.32
	10.2653

	3
	0.8188
	0.0016
	2.68
	12.7036
	
	3
	0.780
	0.0015
	2.88
	12.1074

	4
	1.2149
	0.0024
	2.98
	18.8497
	
	4
	0.788
	0.0015
	1.48
	12.2312

	5
	1.2707
	0.0025
	2.20
	19.7153
	
	5
	0.807
	0.0016
	1.57
	12.5159

	6
	1.6406
	0.0032
	1.28
	25.4546
	
	6
	0.960
	0.0019
	3.25
	14.8929

	7
	2.0796
	0.0040
	2.72
	32.2669
	
	7
	0.987
	0.0019
	3.38
	15.3142

	8
	2.1920
	0.0043
	1.92
	34.0109
	
	8
	1.127
	0.0022
	1.85
	17.4787

	9
	2.2892
	0.0044
	0.98
	35.5182
	
	9
	1.933
	0.0037
	1.75
	29.9862

	10
	2.7574
	0.0053
	2.70
	42.7832
	
	10
	5.045
	0.0098
	2.63
	78.2851

	11
	3.3686
	0.0065
	4.45
	52.2673
	
	11
	5.610
	0.0109
	4.00
	87.0431

	12
	3.8193
	0.0074
	3.52
	59.2599
	
	12
	6.622
	0.0128
	5.42
	102.7452

	13
	4.0040
	0.0078
	4.80
	62.1257
	
	13
	7.756
	0.0150
	7.58
	120.3483

	Mean
	2.0620
	0.0040
	2.53
	31.9930
	
	Mean
	2.5767
	0.0050
	3.2385
	39.9804

	SEM
	0.32
	0.00
	0.33
	4.98
	
	SEM
	0.73
	0.00
	0.53
	11.39

	n
	13
	13
	13
	13
	
	13
	13
	13
	13
	13




Table 8.8   Treatment Groups TVT Data at 24-Hour Bleeding Time Point
	Advate FVIII
	
	13A1FVIII

	Mouse Number
	Total Blood
Loss
Hg (mg)
	Total Blood Loss (mL)
	Total Bleeding Time (mins)
	Total Blood Loss         (nmol Hg)
	
	24hr Mouse #
	Total Blood
Loss
Hg (mg)
	Total Blood Loss (mL)
	Total Bleeding Time (mins)
	Total Blood Loss         (nmol Hg)

	1
	0.930
	0.0018
	2.48
	14.4360
	
	1
	0.525
	0.0010
	1.92
	8.1431

	2
	2.587
	0.0050
	2.92
	40.1396
	
	2
	2.093
	0.0041
	6.83
	32.4794

	3
	2.607
	0.0051
	2.00
	40.4500
	
	3
	2.290
	0.0044
	5.45
	35.5388

	4
	4.596
	0.0089
	3.67
	71.3103
	
	4
	3.224
	0.0063
	3.47
	50.0216

	5
	5.088
	0.0099
	3.55
	78.9480
	
	5
	3.249
	0.0063
	3.28
	50.4087

	6
	7.260
	0.0141
	4.52
	112.6462
	
	6
	5.869
	0.0114
	5.52
	91.0659

	7
	12.073
	0.0234
	30.30
	187.3196
	
	7
	6.033
	0.0117
	6.83
	93.6015

	8
	17.686
	0.0343
	10.72
	274.4137
	
	8
	7.029
	0.0136
	7.50
	109.0551

	9
	38.564
	0.0748
	38.02
	598.3495
	
	9
	22.658
	0.0439
	10.23
	351.5573

	Mean
	10.155
	0.0197
	10.91
	157.5569
	
	Mean
	5.886
	0.0114
	5.67
	91.3190

	SEM
	3.96
	0.01
	4.52
	61.52
	
	SEM
	2.21
	0.00
	0.85
	34.34

	n
	9
	9
	9
	9
	
	n
	9
	9
	9
	9
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Figure 8.7: Analyses of 13A1FVIII and Advate FVIII In Vivo Efficacy in a TVT Bleeding Model. Average total blood loss and bleeding time for mice treated with either Advate or 13A1FVIII at 0.25 and 24 hours bleeding time points post-treatment were calculated. The values obtained for all mice per bleeding time point were plotted as scatter plots using GrahPad Prism 7.0 (A). Also, the values obtained for all mice for total blood haemoglobin loss and bleeding time were presented graphically as scatter plots (B). Black bar represents the mean in each treatment group and standard error of mean bars are shown in red. 


Table 8.9 	Summary of In Vivo Data Parameters from TVT Study in F8KO Haemophiliac Mice
	Treatment Group
	0.25-Hour
	24-Hour

	Treatment
	Advate FVIII
	13A1FVIII
	Advate FVIII
	13A1FVIII

	Dose concentration(200IU/kg)
	6
	6
	6
	6

	Average Blood Hg loss (mg)
	2.06
	2.58
	10.15
	6.43

	P-value *
	0.5114
	0.4363

	Average Blood Hg Loss  (nmol)
	31.9930
	39.9804
	157.56
	91.31

	P-value *
	0.5114
	0.4363

	Average Blood Volume Loss (mL)
	3.9991
	4.9976
	19.6946
	10.8267

	P-value *
	0.5359
	0.4227

	Average Bleeding Time (minutes)
	2.5
	3.2
	7.5
	5.5

	P-value *
	0.3972
	0.9130

	* = P-value was calculated using two-tailed unpaired T-test, Mann Whitney



Table 8.10	Summary of TVT Parameters at 0.25-Hour Bleeding Time Point
	0.25  Hour Bleeding Time Point
	Total Blood Loss
	Total Bleeding Time (mins)
	Total Blood Loss nmol Hg

	
	Hg (mg)
	x10-3 (mL)
	
	

	13A1FVIII
	2.58
	4.9976
	3.2
	39.9804

	SEM
	0.734
	1.423
	0.532
	11.387

	Advate FVIII
	2.06
	3.9991
	2.5
	31.9930

	SEM
	0.321
	0.623
	0.334
	4.980



Figure 8.8: Average Total Blood Loss and Bleeding Time of 13A1FVIII and Advate FVIII Treated Haemophiliac Mice at 0.25 Hour TVT. Two groups of F8KO mice consisting of 13 mice/group were treated with either 13A1FVIII or Advate FVIII. The lateral tail vein was transected under full anaesthesia at 0.25-hour post-injection. The total blood loss and bleeding time were determined, analysed and presented graphically. Error bars are standard error of the mean (SEM).


 Table 8.11	Summary of TVT Parameters at 24-Hours Bleeding Time Point
	24 Hours Bleeding Time Point
	Total Blood Loss
	Total Bleeding Time (mins)
	nmol
Hg

	
	Hg (mg)
	x10-3 (mL)
	
	

	13A1FVIII
	6.43
	10.8267
	5.5
	99.76

	SEM
	2.83
	5.49
	1.09
	43.90

	Advate FVIII
	10.15
	19.6946
	7.5
	157.56

	SEM
	3.96
	7.69
	4.52
	61.52




Figure 8.9: Average Total Blood Loss and Bleeding Time of 13A1FVIII and Advate FVIII Treated Haemophiliac Mice at 24 hour TVT. Two groups of F8KO mice consisting of 10 mice/group were treated with either 13A1FVIII or Advate FVIII. The lateral tail vein was transected under full anaesthesia at 24-hours post-injection. The total blood loss and bleeding time were determined, analysed and presented graphically. Error bars are standard error of the mean (SEM).






			

























8.5 	Discussion
Non-clinical pharmacokinetics and pharmacodynamics of novel recombinant FVIII products are commonly evaluated in haemophiliac mice with either Advate (a full length rFVIII) or ReFacto/Xyntha (a B-domain deleted rFVIII) as comparator agents. For instance, the PK/PD properties of 3rd generation rFVIII products with standard half-life such as N8 (Novo eight, Turoctocog alfa (Elm et al., 2012)) and rFVIII-SC (rFVIII-Single Chain, CSL627 (Zollner et al., 2014)), and those with extended half-lives such as BAX 855 (a PEGylated form of rFVIII ADVATE, Baxter’s Adynovate (Turecek et al., 2012)), and N8-GP (GlycoPEGylated Novoeight (Agerso et al., 2012)) were evaluated in comparison to Advate FVIII whereas ReFacto/Xyntha was used for the evaluation of SCT800, a new third-generation recombinant FVIII with a standard half-life (Gu et al., 2016)) and extended half-life FVIII products such as Bay 94-9027, a 60 kDa PEGylated B-domain-deleted rFVIII (Mei et al., 2010, Coyle et al., 2014, Reding et al., 2017) and rFVIII-Fc, a FVIII fusion to Fc region of IgG, Eloctate (Dumont et al., 2012)). Both products have been shown to have a similar bioequivalence and comparable PK profiles in haemophilia A human subjects with ReFacto demonstrating a half-life of 13.0 ± 3.1 hours vs Advate 13.6 ± 3.8 hours (Di Paola et al., 2007). This suggested a similar bioequivalence of Advate and ReFacto FVIII in haemophiliac mice. Therefore, either of the FVIII products could be used in the evaluation of 13A1FVIII PK parameters. As the most recently licensed and widely used of the two, Advate FVIII was chosen as a comparator agent in the current study, and the pharmacokinetics of Advate FVIII and 13A1FVIII were remarkably similar when assessed in both the DKO and F8KO mice. 
The PK parameters of 13A1FVIII were comparable with several research studies on non-clinical pharmacokinetics of other rFVIII products as most were evaluated against Advate FVIII. While there were some inter-study variations in the administered dose and strains of haemophilia A mice used, all pharmacokinetic parameters within a study were derived under standard conditions following an intravenous administration of equivalent doses and plasma FVIII:C concentrations measured as a function of time. For instance, Novoeight (N8) pharmacokinetics showed no significant differences compared to Advate FVIII in F8KO as both treatments exhibited clearances of 11 ± 1 vs. 10 ± 2 mL/h/ kg (P = 0.14), half-lives of 7.2 ± 0.9 vs. 7.7 ± 1.4 h (P = 0.31) and mean residence time of 10 ± 1.3 vs. 11 ± 2.1 (0.17) respectively, when the PK parameters were estimated using a one-compartment approach after an IV administration of 280 IU/kg of both products. Similar results were obtained in a non-compartmental analysis with N8 demonstrating clearance of 11 vs 10 mL/h/ kg, half-life of 7.8 vs 7.3 h and mean residence time of 11 vs 11 h compared to Advate (Elm et al., 2012). Interestingly, non-compartmental analyses of 13A1FVIII pharmacokinetics compared to Advate FVIII using Phoenix WinNonlin 7.0 revealed a clearance (CL) of 0.0058 vs 0.0048 mL/min, MRT of 8.78 vs 10.6 h and terminal half-life of 7.2 vs 8.8 h in F8KO mice following an IV administration of a fixed dose of 6 IU/mouse, respectively. Also, there was a correlation between the MRT, CL and the terminal half-life of 13A1FVIII consistent with other FVIII products. Products with lower clearance rate exhibited higher MRT and longer terminal half-life. This observation is supported by comparison of these parameters in which rVIII-Single Chain composed of covalently bonded heavy and light chains that was reported to demonstrate an improved MRT of 18.3 vs 10.3 hours, terminal half-life of 15.9 vs 9.7 hours and reduced clearance of 2.7 vs 5.5 U/L/kg, when evaluated against Advate FVIII in F8KO mice,  when PK parameters were estimated from IV administration of 100 IU/kg using a non-compartmental model (Zollner et al., 2014). Apparently, for the 13A1FVIII PK study in F8KO mice, the experimentation was representative of typical Advate behaviour and comparable to other research data, with 13A1FVIII behaving similar to standard half-life FVIII products. 
However, the ratios of PK parameters of 13A1FVIII compared to Advate FVIII (see Tables 8.5 and 8.6 in sections 8.2.2.1 and 8.2.2.2 respectively) were lower than those of extended half-life (EHL) FVIII products that were evaluated against Advate in F8KO mice. For instance, a comparative analysis of BAX 855 and ADVATE plasma FVIII activities in F8KO mice showed an improved MRT of 7.9 vs 4.9 hours, terminal half-life of 5.9 vs 4.3 hours and reduced clearance of 12.2 vs 22.1 mL/h/kg, respectively (Turecek et al., 2012). Other EHL FVIII products evaluated against BDD FVIII (Xyntha/ReFacto) also showed improved pharmacokinetics in F8KO mice. For instance, Bay 94-9027 demonstrated an increased terminal half-life of 11.1 vs 5.9 hours and reduced clearance of 3.8 vs 5.9 mL/h/kg estimated from an IV dose of 100 to 250 IU/kg; rFVIIIFc exhibited reduced clearance of 3.9 vs 4.5 mL/h/kg, improved terminal half-life of 13.7 vs 7.6 hours and MRT of 17.6 vs 11.0 hours estimated from a single IV administration of 125 IU/kg. While the administered doses in these EHL  FVIII PK studies were different, the variability in the dose concentrations has been shown to have no significant effect on the clearance profiles and estimated PK parameters (Zollner et al., 2014). Zollner et al. evaluated the effect of varied dose concentration of N8 FVIII on clearance in F8KO mice and observed clearances of 12.9 ± 2.4, 10.9 ± 3.7 and 10.4 ± 1.7 mL/h/kg correlating with administration of 80, 180 and 280 IU/kg respectively. The apparent lack of significant differences in the clearances (P = 0.08) suggested dose independency of FVIII concentrations on clearance profiles. Therefore, the ~200 IU/kg dose concentration used for the estimation of 13A1FVIII PK parameters was representative of typical experimental studies in this haemophiliac mice model.
In DKO mice, estimated PK parameters varied significantly when compared to those from F8KO mice. The AUC of both 13A1FVIII and Advate FVIII declined considerably from 1570 to 388 (IU/dL)*h and 1810 to 281 (IU/dL)*h, compared to F8KO mice, respectively. These observations are comparable to other studies evaluating rFVIII profiles in DKO mice. For instance, an approximately 30-fold decrease in the AUC0-last of rVIII-SC in DKO mice compared to F8KO  mice was reported with an estimated AUC0-last ratio of 2.04 rFVIII-SC:Advate FVIII (1.47 – 2.99; p = 0.001) (Zollner et al., 2014). In the current study, the apparent 4.0 and 6.4-fold difference in the AUC correlated well with different peak plasma FVIII:C observed in F8KO compared to DKO mice model with Cmax values of 306 vs 183 IU/dL and 445 vs 178 IU/dL for 13A1FVIII and Advate FVIII, respectively. The observed differences in AUC (4.0 - 6.4 fold) and Cmax (1.67 – 2.50 fold) in both haemophiliac mice strains could be attributed to the absence of the stabilising influence of VWF to both FVIII products in DKO mice, thus affecting the plasma distribution and bioavailability. Also, the ratios of the PK parameters for 13A1FVIII relative to Advate FVIII were variable in DKO mice compared to those observed in F8KO mice. In the F8KO mice PK study, it was observed that FVIII products with lower clearance rate exhibited higher MRT and longer terminal half-life consitent with other studies. However, the DKO mice PK data estimated a reduced MRT of 58.4 vs 60.7 h (ratio 0.96) and terminal half-life of 50.9 vs 58.9 h (ratio 0.86) for 13A1FVIII despite demonstating a reduced clearance rate of 0.0177 vs 0.0245 mL/min  compared to Advate FVIII in this mice model, respectively. The observed variability may relate to the difference in Vss (volume of distribution at steady state) in the DKO mice with 13A1FVIII exhbiting a lower Vss of 0.0619 vs 0.0893 L (i.e. 61.9 vs 89.3 mL) compared to Advate FVIII (ratio 0.69). 
The Cmax for 13A1FVIII following administration in DKO mice  was slightly higher than Advate FVIII’s compared with similar in vivo recovery for both treatments in F8KO mice  where 13A1FVIII was approximately 1.5x lower than Advate FVIII. This suggested that 13A1FVIII still interacted with VWF and was possibly cleared via a VWF-mediated pathway. A similar 13A1FVIII Cmax and terminal half-life in both F8KO and DKO mice strains would give evidence of 13A1FVIII plasma bioavailability and stability independence of VWF.  This view was supported by improved PK parameters in PEGylated EHL FVIII products in DKO mice where PEGylation significantly stabilized FVIII in the absence of VWF whereas in non-PEGylated FVIII such as Advate FVIII,  absence of VWF stabilising effect resulted in significantly high clearance and low circulating half-life. For instance Bay94-9027 demonstrated a significantly increased half-life of 8.2 hours in contrast to 18 minutes for Advate FVIII in DKO mice. This reported circulating half-life of BAY 94-9027 FVIII in DKO was comparable with BDD FVIII half-life in F8KO mice (Mei et al., 2010). Overall, the PK parameters for both the Advate FVIII and 13A1FVIII were similar within the same mouse strain. However, clearance was approximately 3-5 times lower in the F8KO mice compared to the DKO. Vss is significantly higher (20-29 fold) in the DKO mice resulting in a longer half-life (50-60h in DKO mice compared to cumulative average of 8h in the F8KO group).
The in vivo pharmacodynamics of therapeutic FVIII products are generally assessed in a haemophilia mouse bleeding model. However, the two conventional models, tail clip and tail vein transections, commonly used to evaluate haemostatic efficacy of rFVIII products are rather invasive. In the tail clip method, the mouse tail or tip is cut  after 5 minutes of IV injection of FVIII product (Mei et al., 2010) whereas the tail vein transection (TVT) survival bleeding model cuts the lateral tail vein while noting the percentage of mice that survived the injury within a period of time up to 24hours after the tail injury (Pan et al., 2009, Broze et al., 2001). The haemostatic efficacy of many new generation rFVIII have been well characterised in comparison with Advate FVIII, using either of these two models. For instance, the survival bleeding model method was used to assess the efficacy of rFVIII-PEG-Lip (rFVIII formulated in PEG-ylated liposomes) and Bay 94-9027 (long-acting PEGylated FVIII) relative to rFVIII with tail vein transection inflicted 24 or 48 hours after IV dose of F8KO mice with varying concentrations  of products while calculating the percentage of mice that survived (Pan et al., 2009) whereas the tail clip bleeding model was used for the Bay 94-9027 while assessing the IV concentrations with blood loss less than 155µL (Mei et al., 2010). Recently, a novel TVT bleeding model was described with improved sensitivity while avoiding the near death method of assessing FVIII efficacy in haemophiliac mice that was common to the previously used tail vein transection (survival or tail clip) bleeding model. Consequently, the optimised TVT bleeding model was used to assess 13A1FVIII in vivo efficacy against Advate FVIII control to provide evidence of its ability to restore haemostasis in acutely injured mice at two bleeding time points (0.25 and 24 hours) after injection. 
In this study, Advate FVIII showed reduced average total blood Hg (32 vs 40 nmol, p-value 0.51) and bleeding time (2.5 vs 3.2 mins, p-value 0.40) compared to 13A1FVIII at 0.25 bleeding time point. Conversely, 13A1FVIII demonstrated reduced average total blood loss (100 vs 158 nmol Hg, p-value 0.43) and bleeding time (5.5 vs 7.5, p-value 0.91) compared to Advate FVIII at 24-hours bleeding time point.  However, no significant difference was observed in the blood loss and bleeding time for both treatments and time points that were investigated following a single IV dose of 200 IU/kg/mouse. This observation was comparable to the study evaluating the efficacy of N8 with a standard half-life in comparision to N8-GP (PEGylated N8) at high IV dose concentration (200 IU/kg) in a similar TVT bleeding model with (Johansen et al., 2016). Even though the variation between the optimised TVT bleeding model used in this study and the survival and tail clip TVT bleeding models previously used for majority of FVIII products made direct comparison of the TVT parameters rather challenging, most bleeding models often assessed the in vivo efficacy of FVIII products at varying IV dose concentrations (12-200 IU/kg) in addition to a high IV dose (Mei et al., 2010, Pan et al., 2009, Johansen et al., 2016). While examining the haemostatic efficacy of 13A1FVIII at 24-hours following IV administration of 200 IU/kg was representative of several TVT bleeding studies, evaluating the TVT parameters of 13A1FVIII at low doses in comparison to Advate may reveal subtle differences in therapeutic efficacy of both treatments.
Evidently, the PK/PD properties of 13A1FVIII in haemophilia mouse models compared favourably with rFVIII products, however, it fell short of the overall objective of generating an extended half-life rFVIII product. The 13A1FVIII appeared to be either inactivated or interacts with VWF similar to native FVIII as evidenced by varied terminal half-lives in the presence/absence of VWF in haemophilia A mice, and is thereby cleared via VWF-mediated or receptor-mediated pathways. Investigating the kinetics of 13A1FVIII binding to VWF or clearance receptors (e.g. LRP) and inactivation by coagulation proteases (e.g. activated protein C) will provide clear evidence on its mechanism of clearance and inactivation. Also, gamma-carboxylation of FIX light chain has been shown as essential to its function including interaction with FVIII during haemostasis. Therefore, investigating the carboxylation characteristic of inactivated FIX fragment of 13A1FVIII would elucidate on the intra-molecular interaction of FIX and FVIII in 13A1FVIII.





CHAPTER 9





GENERAL DISCUSSION










Factor VIII (FVIII) is an essential coagulation protein that both interacts with and enhances the enzymatic activity of factor IX (FIX) to activate factor X (FX) in the presence of calcium ions and phospholipid membranes during haemostasis. This action facilitates an amplification of thrombin amount in circulation which furthers essential downstream proteolytic activity that culminates in the formation of a stable fibrin clot at the site of a vascular injury. Consequently, a deficiency or mutational inactivation of FVIII commonly predisposes to haemophilia A disease. The advent of recombinant FVIII development has allowed for the delivery of relatively safe replacement therapy to haemophilia A patients without the risk of transmitting blood borne diseases associating with platelet derived FVIII products.  However, as FVIII is naturally cleared rapidly from the circulation, the burden of treatment associated with multiple weekly injections of therapeutic FVIII creates a demand for developing longer-acting FVIII. Current clinical or commercial rFVIII products are categorized based on their longevity of action in circulation as either standard half-life (Advate, ReFacto/Xyntha and Novoeight) or extended half-life (Eloctate, Adynovate, Novoeight-GP, Kovaltry and Bay 94-9027) FVIII products. 
In the last decade, various novel approaches are now being explored to restore haemostasis in haemophilia A patients either by developing agents that by-pass the role of FVIII to increase therapeutic concentration of thrombin such as anti-thrombin inhibitors and FVIII-mimetic (bio-specific antibody) or gene therapy for sustained intracellular production and release of functional FVIII into circulation. However, there is still a growing demand for the development of a biological agent with reduced frequency of administration. Limited by the dominant influence of VWF, no current rFVIII product has been able to increase the half-life beyond 1.6x that of native FVIII. In view of the limitations of current rFVIII products with SHL/EHL, it is imperative that new generation recombinant FVIII products abrogate any interaction with VWF while maintaining a bioavailability, plasma stability and therapeutic concentration required for haemostasis. Prominent EHL rFVIII products relied on either PEGylation of purified FVIII or fusion-to Fc region of IgG to prolong the half-life of FVIII, however, none satisfied these conditions which limited the half-life prolongation achieved by these methods. Using a novel fusion-technology (Asterion’s Profuse) in this study, a different strategy was employed to limit the interaction of FVIII to VWF and previously characterised clearance receptors and inactivating proteases by generating a fusion of B-domain deleted FVIII to an inactivated FIX protein via a flexible glycine-serine linker (designated 13A1FVIII), and thereby prolong the circulating half-life of FVIII. The FIX enzymatic activity was inhibited by introducing a single amino acid substitution at position 411 from serine to arginine (counting includes the signal peptide and propeptide) to prevent increasing the activity of FIX above the normal physiological level whilst retaining binding to FVIII in circulation. 
In this study, the possibility of developing a novel FVIII through fusion to inactive FIX whilst retaining biological activity was demonstrated. The 13A1FVIII fusion protein was expressed in CHO Flp-In expression system due to its quick and efficient clonal ability as it allows direct integration of recombinant genes into a specific locus within the host genome thus facilitating stable protein expression without the burden of high protein-producing clonal selection. Also, many rFVIII products were produced in CHO cells as its post-translational modifications (PTMs) mechanism closely resembles those found in human cells, thus making the rFVIII proteins well tolerated. While the PTMs of 13A1FVIII was not directly investigated in this study, there was evidence of glycosylation and sulfation of essential residues as these have been shown as crucial to the biological function of FVIII protein. This view was also supported by the observed increase in molecular weight (MW) beyond the predicted/calculated MW of 13A1FVIII (~235kDa vs 250kDa) when analysed by Western blotting. Also, the Western blotting and silver staining analysis showed the protein as intact with the heavy (HC), light (LC) and full length (FL) chains well separated at approximately the calculated molecular weight (i.e. 90kDa, ~135kDa and ~235kDa respectively). The observed molecular weight of the LC, when analysed by Western blotting and silver staining, was slightly higher due to combined MWs of glycine-serine linker (G4S)7 and glycosylation of FIX. Also, the predicted molecular weight of the LC was significantly higher than that of native FVIII (~135kDa vs 80kDa) due to added weight contribution of FIX. Apparently, the presence of the furin cleavage site in 13A1FVIII facilitated intracellular processing of the mature protein (translation product) during cell culturing into the observed different HC, LC and FL polypeptide chains.
Large scale protein production was achieved using suspension adapted 13A1FVIII-expressing CHO Flp-In cells by continuous cultivation at high density while maintaining cell viability at >90% and preserving the integrity of the expressed protein. Protein purification was achieved by immunoaffinity chromatography at 4oC using VIII Select antibody as FVIII protein is generally unstable at room temperature. Due to repeating the in vivo analyses, two batches of 13A1FVIII protein were produced with both demonstrating similar protein purity >95% when analysed by silver staining which indicated good inter-batch consistency of the purification methodology. The biologically activity of each purified batch was determined post-dialysis and concentration by Coamatic chromogenic assay with both batches demonstrating FVIII:C of 32.2 IU/dL (first batch) and 26.3 IU/dL (second batch). Analysis of a representative purified protein batch (first batch) by ELISA showed FVIII:Ag concentration of 30.9 IU/dL. Therefore, the FVIII:C : FVIII:Ag ratio  of x1 (1.00 vs 0.96) suggested that the fusion to FIX did not interfere with the biological activity of FVIII protein as assessed with the chromogenic assay.  Further in vitro analysis of 13A1FVIII biological efficacy by APTT and TGA indicated that ability of the protein to restore coagulation to FVIII-deficient plasma was dose-responsive with 13A1FVIII demonstrating higher amount of thrombin generation and for an extended period compared to native plasma FVIII in TGA. 
In vivo analysis of 13A1FVIII in a haemophiliac mouse TVT bleeding model showed the protein has the ability to restore haemostasis in acutely injured haemophilia animals at a therapeutic dose concentration of 200 IU/kg at 0.25 and 24 hours post prophylaxis.  However, there was no significant difference in the haemostatic efficacy of the 13A1FVIII protein relative to Advate FVIII in mice treated at this high dose concentration. Similar comparative analysis of the PK profiles of 13A1FVIII and Advate FVIII in F8KO and DKO mice revealed remarkable similarities between the plasma clearance and terminal half-lives of both FVIII products. This was of considerable interest especially as both FVIII products are molecularly different. However, the observed similarities between the FVIII products suggests similar routes of inactivation and clearance while the difference in the clearance profiles of 13A1FVIII between the two mouse strains in the presence/absence of VWF is an indication that the protein still interacts with VWF and is possibly cleared through a VWF-mediated clearance pathway or perhaps through FIX and would require further investigation. 
Despite no apparent longevity of action observed for 13A1FVIII over native FVIII in this study, there was a striking difference in the bioavailability of both products which provides a possibility of enhancing 13A1FVIII PK profile as a potential long-acting product. For instance, the difference in the Cmax of both products with 13A1FVIII peak plasma concentration being two-third of Advate FVIII (319 vs 473 IU/dL) revealed different plasma distribution of these products. This is particularly interesting because FIX has been shown to bind to collagen type IV which may account for the observed variation in Cmax for both treatments despite an administration of equal dose concentration. The collagen IV-binding characteristic offers a great potential for further optimisation and development of 13A1FVIII potential as a long-acting therapeutic FVIII, especially as there is an emerging and increasing awareness of clinical significance of extravascular storage of FIX in haemostasis (Feng et al., 2013). 
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10.1 	Future Perspective
This study demonstrated that it is possible to develop a novel coagulation FVIII fusion to inactivated FIX without compromising the biological activity. Also, the pharmacokinetics and haemostatic profiles of the novel 13A1FVIII fusion was remarkably similar to that of a third generation recombinant full length FVIII. However, enhancing the plasma half-life of 13A1FVIII beyond the currently marketed SHL or EHL FVIII products would result in a novel longer-acting FVIII product for haemophilia A treatment.  This could be achieved by incorporating one or more of these three modifications into the 13A1FVIII molecule: prevent the dissociation of the A2-domain, enhance collagen IV-binding and/or increase FIX binding affinity to FVIII.
10.1.1	Prevent Dissociation of A2-Domain
Dissociation of the A2-domain of FVIII has been associated with inactivation of the protein and loss of biological activity (Fay and Smudzin, 1992, Fay et al., 1991a, Lollar et al., 1992). Following its proteolytic activation, FVIII is processed into a heterotrimer consisting of A1 and A2 subunits of the heavy chain non-covalently linked to the A3-C1-C2 domains of the light chain (Fay, 1988). The A1 subunit interacts with A3-C1-C2 non-covalently via divalent metal ions to form a stable dimer  (Wakabayashi et al., 2001) while A2 subunit association with the A1 subunit of the A1/A3-C1-C2 dimer is primarily via electrostatic interactions (Fay et al., 1991a) which causes dissociation of the A2 domain especially at physiological pH 7.4 (Fay and Smudzin, 1992, Lollar et al., 1992). In the current study, the active sites of 13A1FVIII within the acidic regions flanking its A2 domain facilitated its proteolytic activation and biological activity consistent with native FVIII (Figure 10.1). However, these cleavage sites also predispose the dissociation of the A2-domain of the protein. Therefore, enhancing the association of the A2 in the heterotrimer would stabilise the protein and delay/prevent its decay or loss of activity. This could be achieved by site-directed mutagenesis of the A2 subunit at positions p.Asp538 and p.Glu684 from aspartic acid (D) and glutamate (E), respectively, to valine (V) as this has been shown to significantly reduce the dissociation ∼47-fold compared to the native subunit (Monaghan et al., 2014). Alternatively, generating a single chain 13A1FVIII comprising of the A2 subunit linked to the A1/A3-C1-C2 dimer via intervening glycine-serine linkers at the cleavage sites (Figure 10.2) will ensure the retention of the A2-domain interaction with the dimer, prevent the dissociation of the A2 domain of 13A1FVIII from the heterotrimeric conformation and ensure the generation of a fully functional and biologically active FVIII (Fay et al., 1991a). This is particularly interesting as the dissociation of the A2 subunit from the A1 subunit of the A1/A3- C1-C2 dimer has been shown to be reversible (Fay and Smudzin, 1992).

Figure 10.1: Structural Arrangements of 13AFVIII Fusion Protein and Proteolytic Activation. B-domain depleted FVIII fused to an inactivated FIX via a flexible glycine-serine linker to generate the novel FVIII fusion protein


Figure 10.2: Structural Arrangements of Proposed Single Chain 13AFVIII Fusion Protein. Insertion of flexible glycine-serine intervening linkers at regions in lieu of proteolytic sites to generate a single chain 13A1FVIII and prevent cleavage/dissociation of the A2 domain of 13AFVIII.






10.1.2 	Enhance Binding to Collagen IV
There is an increasing awareness of the role of extravascularly stored FIX in haemostasis (Feng et al., 2013, Cooley et al., 2016) as significant amounts of plasma injected FIX has been observed to disappear shortly after treatment (Stern et al., 1987, Gui et al., 2002). The low recovery of plasma FIX in circulation has been associated to FIX binding to collagen type IV of endothelial cells (Wolberg et al., 1997, Gui et al., 2002) with the interaction shown to be reversible (Cheung et al., 1996). Interestingly, site directed mutagenesis of residue p.Lys51 in FIX from lysine (K) to p.Arg51 (R) was reported to increase the binding affinity to collagen IV by approximately 3-fold compared to wild type FIX (Gui et al., 2002). Also, better haemostatic efficacy of the FIX mutant of up to 7 days after treatment has been demonstrated compared to wild type (Cooley et al., 2016) even though the plasma concentration was at immeasurable levels after 3 days post-treatment (Feng et al., 2013), thus confirming the significant contribution of extravascularly bound FIX to haemostasis. Therefore, modification of 13A1FVIII to include the mutation of p.Lys51 in its FIX chain to p.Arg51 (i.e. K51R) would enhance 13A1FVIII binding to collagen IV, and create an extravascular storage of FVIII that could potentially be reversibly released and contribute to haemostasis.
10.1.3 	Increase FIX Binding Affinity to FVIII
In this study, there was an indication that 13A1FVIII interaction with VWF may have facilitated its plasma clearance as judged by the similarities between its plasma half-life and full length FVIII. While the binding affinity of 13A1FVIII to VWF was not investigated, studies have shown that VWF dominates binding/interaction with FVIII in circulation. Breaking the dominant influence of VWF would significantly decrease VWF-mediated clearance of 13AFVIII. One way this could be achieved is by enhancing the interaction of FVIII to its natural binding partner, FIX. Triple site-directed mutagenesis of FIX by replacing amino acid residues at positions p.Val132, p.Glu323 and p.Arg384 to alanine (A) from valine (V), glutamate (E) and arginine (R), respectively, has been shown to enhance its binding affinity to activated FVIII 10-fold (dissociation constant Kd of  2.4 vs 0.19nm) with 13-fold increase in specific clotting activity (188.8 ± 32.4 vs 2641.6 ± 113.6 U/mg) in vitro compared with wild-type FIX (Lin et al., 2010). Also 7-fold increased clotting activity was observed for FIX variant over wild-type FIX in vivo when assessed in the FIX-variant (V132A/E323A/R384A) knock-in mice under normal physiological conditions. Further enhancement to the binding affinity of the FIX-variant to FVIIIa was achieved by replacing the arginine at position 338 with leucine to incorporate the gain-of-function mutation found in FIX Padua (R384L) (Kao et al., 2013). The resulting gain-of-function FIX-variant (designated FIX-Triple) demonstrated a 15-fold higher binding affinity to human FVIIIa and a 22-fold increased specific clotting activity over the FIX-variant. Interestingly, no evidence of thrombosis was observed in the knock-in mice for these mutations, and development of the therapeutic gain-of-function FIX with the Padua mutation has advanced to phase 1/2 clinical trials (Monahan et al., 2015) (https://clinicaltrials.gov/ct2/show/NCT01687608), thus suggesting their potential for use in 13A1FVIII to enhance the intermolecular interaction of the inactivated FIX and FVIII. The binding affinity of FVIII to inactivated FIX with these mutations (V86A/E277A/R338L) could be compared to that of uninhibited FIX with these mutations and 13A1FVIII without the mutations in order to assess any increase in binding affinity. 
10.2	Conclusion
This study has demonstrated a development of a novel, biologically active FVIII molecule comprising of a B-domain deleted FVIII fusion to an inactivated FIX, with the FVIII-FIX fusion (13A1FVIII) demonstrating striking similarities in clearance profile, plasma activity and haemostatic efficacy with native FVIII. While the novel 13A1FVIII protein falls short of the objective of this study to develop a longer-acting FVIII, it has provided an enhanced understanding of the uniqueness of this molecule to function as a potential extended half-life FVIII upon further optimisation.
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A1 	FVIII Fusions Sequences
A1.1 	13A1FVIII Sequences
Protein Sequence
MQIELSTCFFLCLLRFCFSATRRYYLGAVELSWDYMQSDLGELPVDARFPPRVPKSFPFNTSVVYKKTLFVEFTDHLFNIAKPRPPWMGLLGPTIQAEVYDTVVITLKNMASHPVSLHAVGVSYWKASEGAEYDDQTSQREKEDDKVFPGGSHTYVWQVLKENGPMASDPLCLTYSYLSHVDLVKDLNSGLIGALLVCREGSLAKEKTQTLHKFILLFAVFDEGKSWHSETKNSLMQDRDAASARAWPKMHTVNGYVNRSLPGLIGCHRKSVYWHVIGMGTTPEVHSIFLEGHTFLVRNHRQASLEISPITFLTAQTLLMDLGQFLLFCHISSHQHDGMEAYVKVDSCPEEPQLRMKNNEEAEDYDDDLTDSEMDVVRFDDDNSPSFIQIRSVAKKHPKTWVHYIAAEEEDWDYAPLVLAPDDRSYKSQYLNNGPQRIGRKYKKVRFMAYTDETFKTREAIQHESGILGPLLYGEVGDTLLIIFKNQASRPYNIYPHGITDVRPLYSRRLPKGVKHLKDFPILPGEIFKYKWTVTVEDGPTKSDPRCLTRYYSSFVNMERDLASGLIGPLLICYKESVDQRGNQIMSDKRNVILFSVFDENRSWYLTENIQRFLPNPAGVQLEDPEFQASNIMHSINGYVFDSLQLSVCLHEVAYWYILSIGAQTDFLSVFFSGYTFKHKMVYEDTLTLFPFSGETVFMSMENPGLWILGCHNSDFRNRGMTALLKVSSCDKNTGDYYEDSYEDISAYLLSKNNAIEPRSFSQNPPVLKRHQREITRTTLQSDQEEIDYDDTISVEMKKEDFDIYDEDENQSPRSFQKKTRHYFIAAVERLWDYGMSSSPHVLRNRAQSGSVPQFKKVVFQEFTDGSFTQPLYRGELNEHLGLLGPYIRAEVEDNIMVTFRNQASRPYSFYSSLISYEEDQRQGAEPRKNFVKPNETKTYFWKVQHHMAPTKDEFDCKAWAYFSDVDLEKDVHSGLIGPLLVCHTNTLNPAHGRQVTVQEFALFFTIFDETKSWYFTENMERNCRAPCNIQMEDPTFKENYRFHAINGYIMDTLPGLVMAQDQRIRWYLLSMGSNENIHSIHFSGHVFTVRKKEEYKMALYNLYPGVFETVEMLPSKAGIWRVECLIGEHLHAGMSTLFLVYSNKCQTPLGMASGHIRDFQITASGQYGQWAPKLARLHYSGSINAWSTKEPFSWIKVDLLAPMIIHGIKTQGARQKFSSLYISQFIIMYSLDGKKWQTYRGNSTGTLMVFFGNVDSSGIKHNIFNPPIIARYIRLHPTHYSIRSTLRMELMGCDLNSCSMPLGMESKAISDAQITASSYFTNMFATWSPSKARLHLQGRSNAWRPQVNNPKEWLQVDFQKTMKVTGVTTQGVKSLLTSMYVKEFLISSSQDGHQWTLFFQNGKVKVFQGNQDSFTPVVNSLDPPLLTRYLRIHPQSWVHQIALRMEVLGCEAQDLYGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSYNSGKLEEFVQGNLERECMEEKCSFEEAREVFENTERTTEFWKQYVDGDQCESNPCLNGGSCKDDINSYECWCPFGFEGKNCELDVTCNIKNGRCEQFCKNSADNKVVCSCTEGYRLAENQKSCEPAVPFPCGRVSVSQTSKLTRAETVFPDVDYVNSTEAETILDNITQSTQSFNDFTRVVGGEDAKPGQFPWQVVLNGKVDAFCGGSIVNEKWIVTAAHCVETGVKITVVAGEHNIEETEHTEQKRNVIRIIPHHNYNAAINKYNHDIALLELDEPLVLNSYVTPICIADKEYTNIFLKFGSGYVSGWGRVFHKGRSALVLQYLRVPLVDRATCLRSTKFTIYNNMFCAGFHEGGRDSCQGDNGGPHVTEVEGTSFLTGIISWGEECAMKGKYGIYTKVSRYVNWIKEKTKLT
Nucleotide Sequence
ATGCAAATAGAGCTCTCCACCTGCTTCTTTCTGTGCCTTTTGCGATTCTGCTTTAGTGCCACCAGAAGATACTACCTGGGTGCAGTGGAACTGTCATGGGACTATATGCAAAGTGATCTCGGTGAGCTGCCTGTGGACGCAAGATTTCCTCCTAGAGTGCCAAAATCTTTTCCATTCAACACCTCAGTCGTGTACAAAAAGACTCTGTTTGTAGAATTCACGGATCACCTTTTCAACATCGCTAAGCCAAGGCCACCCTGGATGGGTCTGCTAGGTCCTACCATCCAGGCTGAGGTTTATGATACAGTGGTCATTACACTTAAGAACATGGCTTCCCATCCTGTCAGTCTTCATGCTGTTGGTGTATCCTACTGGAAAGCTTCTGAGGGAGCTGAATATGATGATCAGACCAGTCAAAGGGAGAAAGAAGATGATAAAGTCTTCCCTGGTGGAAGCCATACATATGTCTGGCAGGTCCTGAAAGAGAATGGTCCAATGGCCTCTGACCCACTGTGCCTTACCTACTCATATCTTTCTCATGTGGACCTGGTAAAAGACTTGAATTCAGGCCTCATTGGAGCCCTACTAGTATGTAGAGAAGGGAGTCTGGCCAAGGAAAAGACACAGACCTTGCACAAATTTATACTACTTTTTGCTGTATTTGATGAAGGGAAAAGTTGGCACTCAGAAACAAAGAACTCCTTGATGCAGGATAGGGATGCTGCATCTGCTCGGGCCTGGCCTAAAATGCACACAGTCAATGGTTATGTAAACAGGTCTCTGCCAGGTCTGATTGGATGCCACAGGAAATCAGTCTATTGGCATGTGATTGGAATGGGCACCACTCCTGAAGTGCACTCAATATTCCTCGAAGGTCACACATTTCTTGTGAGGAACCATCGCCAGGCGTCCTTGGAAATCTCGCCAATAACTTTCCTTACTGCTCAAACACTCTTGATGGACCTTGGACAGTTTCTACTGTTTTGTCATATCTCTTCCCACCAACATGATGGCATGGAAGCTTATGTCAAAGTAGACAGCTGTCCAGAGGAACCCCAACTACGAATGAAAAATAATGAAGAAGCGGAAGACTATGATGATGATCTTACTGATTCTGAAATGGATGTGGTCAGGTTTGATGATGACAACTCTCCTTCCTTTATCCAAATTCGCTCAGTTGCCAAGAAGCATCCTAAAACTTGGGTACATTACATTGCTGCTGAAGAGGAGGACTGGGACTATGCTCCCTTAGTCCTCGCCCCCGATGACAGAAGTTATAAAAGTCAATATTTGAACAATGGCCCTCAGCGGATTGGTAGGAAGTACAAAAAAGTCCGATTTATGGCATACACAGATGAAACCTTTAAGACTCGTGAAGCTATTCAGCATGAATCAGGAATCTTGGGACCTTTACTTTATGGGGAAGTTGGAGACACACTGTTGATTATATTTAAGAATCAAGCAAGCAGACCATATAACATCTACCCTCACGGAATCACTGATGTCCGTCCTTTGTATTCAAGGAGATTACCAAAAGGTGTAAAACATTTGAAGGATTTTCCAATTCTGCCAGGAGAAATATTCAAATATAAATGGACAGTGACTGTAGAAGATGGGCCAACTAAATCAGATCCTCGGTGCCTGACCCGCTATTACTCTAGTTTCGTTAATATGGAGAGAGATCTAGCTTCAGGACTCATTGGCCCTCTCCTCATCTGCTACAAAGAATCTGTAGATCAAAGAGGAAACCAGATAATGTCAGACAAGAGGAATGTCATCCTGTTTTCTGTATTTGATGAGAACCGAAGCTGGTACCTCACAGAGAATATACAACGCTTTCTCCCCAATCCAGCTGGAGTGCAGCTTGAGGATCCAGAGTTCCAAGCCTCCAACATCATGCACAGCATCAATGGCTATGTTTTTGATAGTTTGCAGTTGTCAGTTTGTTTGCATGAGGTGGCATACTGGTACATTCTAAGCATTGGAGCACAGACTGACTTCCTTTCTGTCTTCTTCTCTGGATATACCTTCAAACACAAAATGGTCTATGAAGACACACTCACCCTATTCCCATTCTCAGGAGAAACTGTCTTCATGTCGATGGAAAACCCAGGTCTATGGATTCTGGGGTGCCACAACTCAGACTTTCGGAACAGAGGCATGACCGCCTTACTGAAGGTTTCTAGTTGTGACAAGAACACTGGTGATTATTACGAGGACAGTTATGAAGATATTTCAGCATACTTGCTGAGTAAAAACAATGCCATTGAACCAAGAAGCTTCTCCCAAAACCCACCAGTCTTGAAACGCCATCAACGGGAAATAACTCGTACTACTCTTCAGTCAGATCAAGAGGAAATTGACTATGATGATACCATATCAGTTGAAATGAAGAAGGAAGATTTTGACATTTATGATGAGGATGAAAATCAGAGCCCCCGCAGCTTTCAAAAGAAAACACGACACTATTTTATTGCTGCAGTGGAGAGGCTCTGGGATTATGGGATGAGTAGCTCCCCACATGTTCTAAGAAACAGGGCTCAGAGTGGCAGTGTCCCTCAGTTCAAGAAAGTTGTTTTCCAGGAATTTACTGATGGCTCCTTTACTCAGCCCTTATACCGTGGAGAACTAAATGAACATTTGGGACTCCTGGGGCCATATATAAGAGCAGAAGTTGAAGATAATATCATGGTAACTTTCAGAAATCAGGCCTCTCGTCCCTATTCCTTCTATTCTAGCCTTATTTCTTATGAGGAAGATCAGAGGCAAGGAGCAGAACCTAGAAAAAACTTTGTCAAGCCTAATGAAACCAAAACTTACTTTTGGAAAGTGCAACATCATATGGCACCCACTAAAGATGAGTTTGACTGCAAAGCCTGGGCTTATTTCTCTGATGTTGACCTGGAAAAAGATGTGCACTCAGGCCTGATTGGACCCCTTCTGGTCTGCCACACTAACACACTGAACCCTGCTCATGGGAGACAAGTGACAGTACAGGAATTTGCTCTGTTTTTCACCATCTTTGATGAGACCAAAAGCTGGTACTTCACTGAAAATATGGAAAGAAACTGCAGGGCTCCCTGCAATATCCAGATGGAAGATCCCACTTTTAAAGAGAATTATCGCTTCCATGCAATCAATGGCTACATAATGGATACACTACCTGGCTTAGTAATGGCTCAGGATCAAAGGATTCGATGGTATCTGCTCAGCATGGGCAGCAATGAAAACATCCATTCTATTCATTTCAGTGGACATGTGTTCACTGTACGAAAAAAAGAGGAGTATAAAATGGCACTGTACAATCTCTATCCAGGTGTTTTTGAGACAGTGGAAATGTTACCATCCAAAGCTGGAATTTGGCGGGTGGAATGCCTTATTGGCGAGCATCTACATGCTGGGATGAGCACACTTTTTCTGGTGTACAGCAATAAGTGTCAGACTCCCCTGGGAATGGCTTCTGGACACATTAGAGATTTTCAGATTACAGCTTCAGGACAATATGGACAGTGGGCCCCAAAGCTGGCCAGACTTCATTATTCCGGATCAATCAATGCCTGGAGCACCAAGGAGCCCTTTTCTTGGATCAAGGTGGATCTGTTGGCACCAATGATTATTCACGGCATCAAGACCCAGGGTGCCCGTCAGAAGTTCTCCAGCCTCTACATCTCTCAGTTTATCATCATGTATAGTCTTGATGGGAAGAAGTGGCAGACTTATCGAGGAAATTCCACTGGAACCTTAATGGTCTTCTTTGGCAATGTGGATTCATCTGGGATAAAACACAATATTTTTAACCCTCCAATTATTGCTCGATACATCCGTTTGCACCCAACTCATTATAGCATTCGCAGCACTCTTCGCATGGAGTTGATGGGCTGTGATTTAAATAGTTGCAGCATGCCATTGGGAATGGAGAGTAAAGCAATATCAGATGCACAGATTACTGCTTCATCCTACTTTACCAATATGTTTGCCACCTGGTCTCCTTCAAAAGCTCGACTTCACCTCCAAGGGAGGAGTAATGCCTGGAGACCTCAGGTGAATAATCCAAAAGAGTGGCTGCAAGTGGACTTCCAGAAGACAATGAAAGTCACAGGAGTAACTACTCAGGGAGTAAAATCTCTGCTTACCAGCATGTATGTGAAGGAGTTCCTCATCTCCAGCAGTCAAGATGGCCATCAGTGGACTCTCTTTTTTCAGAATGGCAAAGTAAAGGTTTTTCAGGGAAATCAAGACTCCTTCACACCTGTGGTGAACTCTCTAGACCCACCGTTACTGACTCGCTACCTTCGAATTCACCCCCAGAGTTGGGTGCACCAGATTGCCCTGAGGATGGAGGTTCTGGGCTGCGAGGCACAGGACCTCTACGGTGGCGGAGGTAGTGGTGGCGGAGGTAGCGGTGGCGGAGGTTCTGGTGGCGGAGGTTCCGGTGGCGGAGGTAGTGGTGGCGGAGGTAGCGGTGGCGGAGGTTCTTATAATTCAGGTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTAGTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAACTGAATTTTGGAAGCAGTATGTTGATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTAATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAGATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATAACAAGGTGGTTTGCTCCTGTACTGAGGGATATCGACTTGCAGAAAACCAGAAGTCCTGTGAACCAGCAGTGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGACTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACATCACTCAAAGCACCCAATCATTTAATGACTTCACTCGGGTTGTTGGTGGAGAAGATGCCAAACCAGGTCAATTCCCTTGGCAGGTTGTTTTGAATGGTAAAGTTGATGCATTCTGTGGAGGCTCTATCGTTAATGAAAAATGGATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAGGTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTATTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGGAACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGGAATACACGAACATCTTCCTCAAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAGTCTTCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAGCCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCCATGAAGGAGGTAGAGATTCATGTCAAGGAGATAATGGGGGACCCCATGTTACTGAAGTGGAAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCAAATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGCTCACTGGTGGAGGTGGACATCATCACCATCACCATTGA






A1.2 	13B1FVIII Sequences
Protein Sequence
MQRVNMIMAESPGLITICLLGYLLSAECTVFLDHENANKILNRPKRYNSGKLEEFVQGNLERECMEEKCSFEEAREVFENTERTTEFWKQYVDGDQCESNPCLNGGSCKDDINSYECWCPFGFEGKNCELDVTCNIKNGRCEQFCKNSADNKVVCSCTEGYRLAENQKSCEPAVPFPCGRVSVSQTSKLTRAETVFPDVDYVNSTEAETILDNITQSTQSFNDFTRVVGGEDAKPGQFPWQVVLNGKVDAFCGGSIVNEKWIVTAAHCVETGVKITVVAGEHNIEETEHTEQKRNVIRIIPHHNYNAAINKYNHDIALLELDEPLVLNSYVTPICIADKEYTNIFLKFGSGYVSGWGRVFHKGRSALVLQYLRVPLVDRATCLRSTKFTIYNNMFCAGFHEGGRDSCQGDNGGPHVTEVEGTSFLTGIISWGEECAMKGKYGIYTKVSRYVNWIKEKTKLTGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSGGGGSATRRYYLGAVELSWDYMQSDLGELPVDARFPPRVPKSFPFNTSVVYKKTLFVEFTDHLFNIAKPRPPWMGLLGPTIQAEVYDTVVITLKNMASHPVSLHAVGVSYWKASEGAEYDDQTSQREKEDDKVFPGGSHTYVWQVLKENGPMASDPLCLTYSYLSHVDLVKDLNSGLIGALLVCREGSLAKEKTQTLHKFILLFAVFDEGKSWHSETKNSLMQDRDAASARAWPKMHTVNGYVNRSLPGLIGCHRKSVYWHVIGMGTTPEVHSIFLEGHTFLVRNHRQASLEISPITFLTAQTLLMDLGQFLLFCHISSHQHDGMEAYVKVDSCPEEPQLRMKNNEEAEDYDDDLTDSEMDVVRFDDDNSPSFIQIRSVAKKHPKTWVHYIAAEEEDWDYAPLVLAPDDRSYKSQYLNNGPQRIGRKYKKVRFMAYTDETFKTREAIQHESGILGPLLYGEVGDTLLIIFKNQASRPYNIYPHGITDVRPLYSRRLPKGVKHLKDFPILPGEIFKYKWTVTVEDGPTKSDPRCLTRYYSSFVNMERDLASGLIGPLLICYKESVDQRGNQIMSDKRNVILFSVFDENRSWYLTENIQRFLPNPAGVQLEDPEFQASNIMHSINGYVFDSLQLSVCLHEVAYWYILSIGAQTDFLSVFFSGYTFKHKMVYEDTLTLFPFSGETVFMSMENPGLWILGCHNSDFRNRGMTALLKVSSCDKNTGDYYEDSYEDISAYLLSKNNAIEPRSFSQNPPVLKRHQREITRTTLQSDQEEIDYDDTISVEMKKEDFDIYDEDENQSPRSFQKKTRHYFIAAVERLWDYGMSSSPHVLRNRAQSGSVPQFKKVVFQEFTDGSFTQPLYRGELNEHLGLLGPYIRAEVEDNIMVTFRNQASRPYSFYSSLISYEEDQRQGAEPRKNFVKPNETKTYFWKVQHHMAPTKDEFDCKAWAYFSDVDLEKDVHSGLIGPLLVCHTNTLNPAHGRQVTVQEFALFFTIFDETKSWYFTENMERNCRAPCNIQMEDPTFKENYRFHAINGYIMDTLPGLVMAQDQRIRWYLLSMGSNENIHSIHFSGHVFTVRKKEEYKMALYNLYPGVFETVEMLPSKAGIWRVECLIGEHLHAGMSTLFLVYSNKCQTPLGMASGHIRDFQITASGQYGQWAPKLARLHYSGSINAWSTKEPFSWIKVDLLAPMIIHGIKTQGARQKFSSLYISQFIIMYSLDGKKWQTYRGNSTGTLMVFFGNVDSSGIKHNIFNPPIIARYIRLHPTHYSIRSTLRMELMGCDLNSCSMPLGMESKAISDAQITASSYFTNMFATWSPSKARLHLQGRSNAWRPQVNNPKEWLQVDFQKTMKVTGVTTQGVKSLLTSMYVKEFLISSSQDGHQWTLFFQNGKVKVFQGNQDSFTPVVNSLDPPLLTRYLRIHPQSWVHQIALRMEVLGCEAQDLY
Nucleotide Sequence
ATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCTCATCACCATCTGCCTTTTAGGATATCTACTCAGTGCTGAATGTACAGTTTTTCTTGATCATGAAAACGCCAACAAAATTCTGAATCGGCCAAAGAGGTATAATTCAGGTAAATTGGAAGAGTTTGTTCAAGGGAACCTTGAGAGAGAATGTATGGAAGAAAAGTGTAGTTTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGAAAGAACAACTGAATTTTGGAAGCAGTATGTTGATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGTTGCAAGGATGACATTAATTCCTATGAATGTTGGTGTCCCTTTGGATTTGAAGGAAAGAACTGTGAATTAGATGTAACATGTAACATTAAGAATGGCAGATGCGAGCAGTTTTGTAAAAATAGTGCTGATAACAAGGTGGTTTGCTCCTGTACTGAGGGATATCGACTTGCAGAAAACCAGAAGTCCTGTGAACCAGCAGTGCCATTTCCATGTGGAAGAGTTTCTGTTTCACAAACTTCTAAGCTCACCCGTGCTGAGACTGTTTTTCCTGATGTGGACTATGTAAATTCTACTGAAGCTGAAACCATTTTGGATAACATCACTCAAAGCACCCAATCATTTAATGACTTCACTCGGGTTGTTGGTGGAGAAGATGCCAAACCAGGTCAATTCCCTTGGCAGGTTGTTTTGAATGGTAAAGTTGATGCATTCTGTGGAGGCTCTATCGTTAATGAAAAATGGATTGTAACTGCTGCCCACTGTGTTGAAACTGGTGTTAAAATTACAGTTGTCGCAGGTGAACATAATATTGAGGAGACAGAACATACAGAGCAAAAGCGAAATGTGATTCGAATTATTCCTCACCACAACTACAATGCAGCTATTAATAAGTACAACCATGACATTGCCCTTCTGGAACTGGACGAACCCTTAGTGCTAAACAGCTACGTTACACCTATTTGCATTGCTGACAAGGAATACACGAACATCTTCCTCAAATTTGGATCTGGCTATGTAAGTGGCTGGGGAAGAGTCTTCCACAAAGGGAGATCAGCTTTAGTTCTTCAGTACCTTAGAGTTCCACTTGTTGACCGAGCCACATGTCTTCGATCTACAAAGTTCACCATCTATAACAACATGTTCTGTGCTGGCTTCCATGAAGGAGGTAGAGATTCATGTCAAGGAGATAATGGGGGACCCCATGTTACTGAAGTGGAAGGGACCAGTTTCTTAACTGGAATTATTAGCTGGGGTGAAGAGTGTGCAATGAAAGGCAAATATGGAATATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGAAAAAACAAAGCTCACTGGTGGCGGAGGTAGTGGTGGCGGAGGTAGCGGTGGCGGAGGTTCTGGTGGCGGAGGTTCCGGTGGCGGAGGTAGTGGTGGCGGAGGTAGCGGTGGCGGAGGTTCTGGTGGCGGAGGTTCCGGTGGCGGAGGTAGTGGTGGCGGAGGTAGCGCCACCAGAAGATACTACCTGGGTGCAGTGGAACTGTCATGGGACTATATGCAAAGTGATCTCGGTGAGCTGCCTGTGGACGCAAGATTTCCTCCTAGAGTGCCAAAATCTTTTCCATTCAACACCTCAGTCGTGTACAAAAAGACTCTGTTTGTAGAATTCACGGATCACCTTTTCAACATCGCTAAGCCAAGGCCACCCTGGATGGGTCTGCTAGGTCCTACCATCCAGGCTGAGGTTTATGATACAGTGGTCATTACACTTAAGAACATGGCTTCCCATCCTGTCAGTCTTCATGCTGTTGGTGTATCCTACTGGAAAGCTTCTGAGGGAGCTGAATATGATGATCAGACCAGTCAAAGGGAGAAAGAAGATGATAAAGTCTTCCCTGGTGGAAGCCATACATATGTCTGGCAGGTCCTGAAAGAGAATGGTCCAATGGCCTCTGACCCACTGTGCCTTACCTACTCATATCTTTCTCATGTGGACCTGGTAAAAGACTTGAATTCAGGCCTCATTGGAGCCCTACTAGTATGTAGAGAAGGGAGTCTGGCCAAGGAAAAGACACAGACCTTGCACAAATTTATACTACTTTTTGCTGTATTTGATGAAGGGAAAAGTTGGCACTCAGAAACAAAGAACTCCTTGATGCAGGATAGGGATGCTGCATCTGCTCGGGCCTGGCCTAAAATGCACACAGTCAATGGTTATGTAAACAGGTCTCTGCCAGGTCTGATTGGATGCCACAGGAAATCAGTCTATTGGCATGTGATTGGAATGGGCACCACTCCTGAAGTGCACTCAATATTCCTCGAAGGTCACACATTTCTTGTGAGGAACCATCGCCAGGCGTCCTTGGAAATCTCGCCAATAACTTTCCTTACTGCTCAAACACTCTTGATGGACCTTGGACAGTTTCTACTGTTTTGTCATATCTCTTCCCACCAACATGATGGCATGGAAGCTTATGTCAAAGTAGACAGCTGTCCAGAGGAACCCCAACTACGAATGAAAAATAATGAAGAAGCGGAAGACTATGATGATGATCTTACTGATTCTGAAATGGATGTGGTCAGGTTTGATGATGACAACTCTCCTTCCTTTATCCAAATTCGCTCAGTTGCCAAGAAGCATCCTAAAACTTGGGTACATTACATTGCTGCTGAAGAGGAGGACTGGGACTATGCTCCCTTAGTCCTCGCCCCCGATGACAGAAGTTATAAAAGTCAATATTTGAACAATGGCCCTCAGCGGATTGGTAGGAAGTACAAAAAAGTCCGATTTATGGCATACACAGATGAAACCTTTAAGACTCGTGAAGCTATTCAGCATGAATCAGGAATCTTGGGACCTTTACTTTATGGGGAAGTTGGAGACACACTGTTGATTATATTTAAGAATCAAGCAAGCAGACCATATAACATCTACCCTCACGGAATCACTGATGTCCGTCCTTTGTATTCAAGGAGATTACCAAAAGGTGTAAAACATTTGAAGGATTTTCCAATTCTGCCAGGAGAAATATTCAAATATAAATGGACAGTGACTGTAGAAGATGGGCCAACTAAATCAGATCCTCGGTGCCTGACCCGCTATTACTCTAGTTTCGTTAATATGGAGAGAGATCTAGCTTCAGGACTCATTGGCCCTCTCCTCATCTGCTACAAAGAATCTGTAGATCAAAGAGGAAACCAGATAATGTCAGACAAGAGGAATGTCATCCTGTTTTCTGTATTTGATGAGAACCGAAGCTGGTACCTCACAGAGAATATACAACGCTTTCTCCCCAATCCAGCTGGAGTGCAGCTTGAGGATCCAGAGTTCCAAGCCTCCAACATCATGCACAGCATCAATGGCTATGTTTTTGATAGTTTGCAGTTGTCAGTTTGTTTGCATGAGGTGGCATACTGGTACATTCTAAGCATTGGAGCACAGACTGACTTCCTTTCTGTCTTCTTCTCTGGATATACCTTCAAACACAAAATGGTCTATGAAGACACACTCACCCTATTCCCATTCTCAGGAGAAACTGTCTTCATGTCGATGGAAAACCCAGGTCTATGGATTCTGGGGTGCCACAACTCAGACTTTCGGAACAGAGGCATGACCGCCTTACTGAAGGTTTCTAGTTGTGACAAGAACACTGGTGATTATTACGAGGACAGTTATGAAGATATTTCAGCATACTTGCTGAGTAAAAACAATGCCATTGAACCAAGAAGCTTCTCCCAAAACCCACCAGTCTTGAAACGCCATCAACGGGAAATAACTCGTACTACTCTTCAGTCAGATCAAGAGGAAATTGACTATGATGATACCATATCAGTTGAAATGAAGAAGGAAGATTTTGACATTTATGATGAGGATGAAAATCAGAGCCCCCGCAGCTTTCAAAAGAAAACACGACACTATTTTATTGCTGCAGTGGAGAGGCTCTGGGATTATGGGATGAGTAGCTCCCCACATGTTCTAAGAAACAGGGCTCAGAGTGGCAGTGTCCCTCAGTTCAAGAAAGTTGTTTTCCAGGAATTTACTGATGGCTCCTTTACTCAGCCCTTATACCGTGGAGAACTAAATGAACATTTGGGACTCCTGGGGCCATATATAAGAGCAGAAGTTGAAGATAATATCATGGTAACTTTCAGAAATCAGGCCTCTCGTCCCTATTCCTTCTATTCTAGCCTTATTTCTTATGAGGAAGATCAGAGGCAAGGAGCAGAACCTAGAAAAAACTTTGTCAAGCCTAATGAAACCAAAACTTACTTTTGGAAAGTGCAACATCATATGGCACCCACTAAAGATGAGTTTGACTGCAAAGCCTGGGCTTATTTCTCTGATGTTGACCTGGAAAAAGATGTGCACTCAGGCCTGATTGGACCCCTTCTGGTCTGCCACACTAACACACTGAACCCTGCTCATGGGAGACAAGTGACAGTACAGGAATTTGCTCTGTTTTTCACCATCTTTGATGAGACCAAAAGCTGGTACTTCACTGAAAATATGGAAAGAAACTGCAGGGCTCCCTGCAATATCCAGATGGAAGATCCCACTTTTAAAGAGAATTATCGCTTCCATGCAATCAATGGCTACATAATGGATACACTACCTGGCTTAGTAATGGCTCAGGATCAAAGGATTCGATGGTATCTGCTCAGCATGGGCAGCAATGAAAACATCCATTCTATTCATTTCAGTGGACATGTGTTCACTGTACGAAAAAAAGAGGAGTATAAAATGGCACTGTACAATCTCTATCCAGGTGTTTTTGAGACAGTGGAAATGTTACCATCCAAAGCTGGAATTTGGCGGGTGGAATGCCTTATTGGCGAGCATCTACATGCTGGGATGAGCACACTTTTTCTGGTGTACAGCAATAAGTGTCAGACTCCCCTGGGAATGGCTTCTGGACACATTAGAGATTTTCAGATTACAGCTTCAGGACAATATGGACAGTGGGCCCCAAAGCTGGCCAGACTTCATTATTCCGGATCAATCAATGCCTGGAGCACCAAGGAGCCCTTTTCTTGGATCAAGGTGGATCTGTTGGCACCAATGATTATTCACGGCATCAAGACCCAGGGTGCCCGTCAGAAGTTCTCCAGCCTCTACATCTCTCAGTTTATCATCATGTATAGTCTTGATGGGAAGAAGTGGCAGACTTATCGAGGAAATTCCACTGGAACCTTAATGGTCTTCTTTGGCAATGTGGATTCATCTGGGATAAAACACAATATTTTTAACCCTCCAATTATTGCTCGATACATCCGTTTGCACCCAACTCATTATAGCATTCGCAGCACTCTTCGCATGGAGTTGATGGGCTGTGATTTAAATAGTTGCAGCATGCCATTGGGAATGGAGAGTAAAGCAATATCAGATGCACAGATTACTGCTTCATCCTACTTTACCAATATGTTTGCCACCTGGTCTCCTTCAAAAGCTCGACTTCACCTCCAAGGGAGGAGTAATGCCTGGAGACCTCAGGTGAATAATCCAAAAGAGTGGCTGCAAGTGGACTTCCAGAAGACAATGAAAGTCACAGGAGTAACTACTCAGGGAGTAAAATCTCTGCTTACCAGCATGTATGTGAAGGAGTTCCTCATCTCCAGCAGTCAAGATGGCCATCAGTGGACTCTCTTTTTTCAGAATGGCAAAGTAAAGGTTTTTCAGGGAAATCAAGACTCCTTCACACCTGTGGTGAACTCTCTAGACCCACCGTTACTGACTCGCTACCTTCGAATTCACCCCCAGAGTTGGGTGCACCAGATTGCCCTGAGGATGGAGGTTCTGGGCTGCGAGGCACAGGACCTCTACGGTGGAGGTGGACATCATCACCATCACCATTGA
	








A2	Expression Vectors DNA Sequences
A2.1	pCEP5 DNA Sequence
GTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTCCGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACACCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAATAACCCCGCCCCGTTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCTCTAGAAGCTGGGTACCAGCTGCTAGCcgaCTCGAGcgCGGGCCCGAAGCTTACCGGTGGATCCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTACAAATGTGGTATGGCTGATTATGATCCGGCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCGCAGCCATGAGGTCGACTCTAGAGGATCGATGCCCCGCCCCGGACGAACTAAACCTGACTACGACATCTCTGCCCCTTCTTCGCGGGGCAGTGCATGTAATCCCTTCAGTTGGTTGGTACAACTTGCCAACTGGGCCCTGTTCCACATGTGACACGGGGGGGGACCAAACACAAAGGGGTTCTCTGACTGTAGTTGACATCCTTATAAATGGATGTGCACATTTGCCAACACTGAGTGGCTTTCATCCTGGAGCAGACTTTGCAGTCTGTGGACTGCAACACAACATTGCCTTTATGTGTAACTCTTGGCTGAAGCTCTTACACCAATGCTGGGGGACATGTACCTCCCAGGGGCCCAGGAAGACTACGGGAGGCTACACCAACGTCAATCAGAGGGGCCTGTGTAGCTACCGATAAGCGGACCCTCAAGAGGGCATTAGCAATAGTGTTTATAAGGCCCCCTTGTTAACCCTAAACGGGTAGCATATGCTTCCCGGGTAGTAGTATATACTATCCAGACTAACCCTAATTCAATAGCATATGTTACCCAACGGGAAGCATATGCTATCGAATTAGGGTTAGTAAAAGGGTCCTAAGGAACAGCGATATCTCCCACCCCATGAGCTGTCACGGTTTTATTTACATGGGGTCAGGATTCCACGAGGGTAGTGAACCATTTTAGTCACAAGGGCAGTGGCTGAAGATCAAGGAGCGGGCAGTGAACTCTCCTGAATCTTCGCCTGCTTCTTCATTCTCCTTCGTTTAGCTAATAGAATAACTGCTGAGTTGTGAACAGTAAGGTGTATGTGAGGTGCTCGAAAACAAGGTTTCAGGTGACGCCCCCAGAATAAAATTTGGACGGGGGGTTCAGTGGTGGCATTGTGCTATGACACCAATATAACCCTCACAAACCCCTTGGGCAATAAATACTAGTGTAGGAATGAAACATTCTGAATATCTTTAACAATAGAAATCCATGGGGTGGGGACAAGCCGTAAAGACTGGATGTCCATCTCACACGAATTTATGGCTATGGGCAACACATAATCCTAGTGCAATATGATACTGGGGTTATTAAGATGTGTCCCAGGCAGGGACCAAGACAGGTGAACCATGTTGTTACACTCTATTTGTAACAAGGGGAAAGAGAGTGGACGCCGACAGCAGCGGACTCCACTGGTTGTCTCTAACACCCCCGAAAATTAAACGGGGCTCCACGCCAATGGGGCCCATAAACAAAGACAAGTGGCCACTCTTTTTTTTGAAATTGTGGAGTGGGGGCACGCGTCAGCCCCCACACGCCGCCCTGCGGTTTTGGACTGTAAAATAAGGGTGTAATAACTTGGCTGATTGTAACCCCGCTAACCACTGCGGTCAAACCACTTGCCCACAAAACCACTAATGGCACCCCGGGGAATACCTGCATAAGTAGGTGGGCGGGCCAAGATAGGGGCGCGATTGCTGCGATCTGGAGGACAAATTACACACACTTGCGCCTGAGCGCCAAGCACAGGGTTGTTGGTCCTCATATTCACGAGGTCGCTGAGAGCACGGTGGGCTAATGTTGCCATGGGTAGCATATACTACCCAAATATCTGGATAGCATATGCTATCCTAATCTATATCTGGGTAGCATAGGCTATCCTAATCTATATCTGGGTAGCATATGCTATCCTAATCTATATCTGGGTAGTATATGCTATCCTAATTTATATCTGGGTAGCATAGGCTATCCTAATCTATATCTGGGTAGCATATGCTATCCTAATCTATATCTGGGTAGTATATGCTATCCTAATCTGTATCCGGGTAGCATATGCTATCCTAATAGAGATTAGGGTAGTATATGCTATCCTAATTTATATCTGGGTAGCATATACTACCCAAATATCTGGATAGCATATGCTATCCTAATCTATATCTGGGTAGCATATGCTATCCTAATCTATATCTGGGTAGCATAGGCTATCCTAATCTATATCTGGGTAGCATATGCTATCCTAATCTATATCTGGGTAGTATATGCTATCCTAATTTATATCTGGGTAGCATAGGCTATCCTAATCTATATCTGGGTAGCATATGCTATCCTAATCTATATCTGGGTAGTATATGCTATCCTAATCTGTATCCGGGTAGCATATGCTATCCTCATGCATATACAGTCAGCATATGATACCCAGTAGTAGAGTGGGAGTGCTATCCTTTGCATATGCCGCCACCTCCCAAGGGGGCGTGAATTTTCGCTGCTTGTCCTTTTCCTGCTGGTTGCTCCCATTCTTAGGTGAATTTAAGGAGGCCAGGCTAAAGCCGTCGCATGTCTGATTGCTCACCAGGTAAATGTCGCTAATGTTTTCCAACGCGAGAAGGTGTTGAGCGCGGAGCTGAGTGACGTGACAACATGGGTATGCCCAATTGCCCCATGTTGGGAGGACGAAAATGGTGACAAGACAGATGGCCAGAAATACACCAACAGCACGCATGATGTCTACTGGGGATTTATTCTTTAGTGCGGGGGAATACACGGCTTTTAATACGATTGAGGGCGTCTCCTAACAAGTTACATCACTCCTGCCCTTCCTCACCCTCATCTCCATCACCTCCTTCATCTCCGTCATCTCCGTCATCACCCTCCGCGGCAGCCCCTTCCACCATAGGTGGAAACCAGGGAGGCAAATCTACTCCATCGTCAAAGCTGCACACAGTCACCCTGATATTGCAGGTAGGAGCGGGCTTTGTCATAACAAGGTCCTTAATCGCATCCTTCAAAACCTCAGCAAATATATGAGTTTGTAAAAAGACCATGAAATAACAGACAATGGACTCCCTTAGCGGGCCAGGTTGTGGGCCGGGTCCAGGGGCCATTCCAAAGGGGAGACGACTCAATGGTGTAAGACGACATTGTGGAATAGCAAGGGCAGTTCCTCGCCTTAGGTTGTAAAGGGAGGTCTTACTACCTCCATATACGAACACACCGGCGACCCAAGTTCCTTCGTCGGTAGTCCTTTCTACGTGACTCCTAGCCAGGAGAGCTCTTAAACCTTCTGCAATGTTCTCAAATTTCGGGTTGGAACCTCCTTGACCACGATGCTTTCCAAACCACCCTCCTTTTTTGCGCCTGCCTCCATCACCCTGACCCCGGGGTCCAGTGCTTGGGCCTTCTCCTGGGTCATCTGCGGGGCCCTGCTCTATCGCTCCCGGGGGCACGTCAGGCTCACCATCTGGGCCACCTTCTTGGTGGTATTCAAAATAATCGGCTTCCCCTACAGGGTGGAAAAATGGCCTTCTACCTGGAGGGGGCCTGCGCGGTGGAGACCCGGATGATGATGACTGACTACTGGGACTCCTGGGCCTCTTTTCTCCACGTCCACGACCTCTCCCCCTGGCTCTTTCACGACTTCCCCCCCTGGCTCTTTCACGTCCTCTACCCCGGCGGCCTCCACTACCTCCTCGACCCCGGCCTCCACTACCTCCTCGACCCCGGCCTCCACTGCCTCCTCGACCCCGGCCTCCACCTCCTGCTCCTGCCCCTCCTGCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCTCCTGCCCCTCCCGCTCCTGCTCCTGCTCCTGTTCCACCGTGGGTCCCTTTGCAGCCAATGCAACTTGGACGTTTTTGGGGTCTCCGGACACCATCTCTATGTCTTGGCCCTGATCCTGAGCCGCCCGGGGCTCCTGGTCTTCCGCCTCCTCGTCCTCGTCCTCTTCCCCGTCCTCGTCCATGGTTATCACCCCCTCTTCTTTGAGGTCCACTGCCGCCGGAGCCTTCTGGTCCAGATGTGTCTCCCTTCTCTCCTAGGCCATTTCCAGGTCCTGTACCTGGCCCCTCGTCAGACATGATTCACACTAAAAGAGATCAATAGACATCTTTATTAGACGACGCTCAGTGAATACAGGGAGTGCAGACTCCTGCCCCCTCCAACAGCCCCCCCACCCTCATCCCCTTCATGGTCGCTGTCAGACAGATCCAGGTCTGAAAATTCCCCATCCTCCGAACCATCCTCGTCCTCATCACCAATTACTCGCAGCCCGGAAAACTCCCGCTGAACATCCTCAAGATTTGCGTCCTGAGCCTCAAGCCAGGCCTCAAATTCCTCGTCCCCCTTTTTGCTGGACGGTAGGGATGGGGATTCTCGGGACCCCTCCTCTTCCTCTTCAAGGTCACCAGACAGAGATGCTACTGGGGCAACGGAAGAAAAGCTGGGTGCGGCCTGTGAGGATCAGCTTATCGATGATAAGCTGTCAAACATGAGAATTCTTGAAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTGTTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGCAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTGAAGCTGTCCCTGATGGTCGTCATCTACCTGCCTGGACAGCATGGCCTGCAACGCGGGCATCCCGATGCCGCCGGAAGCGAGAAGAATCATAATGGGGAAGGCCATCCAGCCTCGCGTCGCGAACGCCAGCAAGACGTAGCCCAGCGCGTCGGCCCCGAGATGCGCCGCGTGCGGCTGCTGGAGATGGCGGACGCGATGGATATGTTCTGCCAAGGGTTGGTTTGCGCATTCACAGTTCTCCGCAAGAATTGATTGGCTCCAATTCTTGGAGTGGTGAATCCGTTAGCGAGGTGCCGCCCTGCTTCATCCCCGTGGCCCGTTGCTCGCGTTTGCTGGCGGTGTCCCCGGAAGAAATATATTTGCATGTCTTTAGTTCTATGATGACACAAACCCCGCCCAGCGTCTTGTCATTGGCGAATTCGAACACGCAGATGCAGTCGGGGCGGCGCGGTCCGAGGTCCACTTCGCATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCGACCCTGCAGCGACCCGCTTAACAGCGTCAACAGCGTGCCGCAGATCCCGGGGGGCAATGAGATATGAAAAAGCCTGAACTCACCGCGACGTCTGTCGAGAAGTTTCTGATCGAAAAGTTCGACAGCGTCTCCGACCTGATGCAGCTCTCGGAGGGCGAAGAATCTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATATGTCCTGCGGGTAAATAGCTGCGCCGATGGTTTCTACAAAGATCGTTATGTTTATCGGCACTTTGCATCGGCCGCGCTCCCGATTCCGGAAGTGCTTGACATTGGGGAATTCAGCGAGAGCCTGACCTATTGCATCTCCCGCCGTGCACAGGGTGTCACGTTGCAAGACCTGCCTGAAACCGAACTGCCCGCTGTTCTGCAGCCGGTCGCGGAGGCCATGGATGCGATCGCTGCGGCCGATCTTAGCCAGACGAGCGGGTTCGGCCCATTCGGACCGCAAGGAATCGGTCAATACACTACATGGCGTGATTTCATATGCGCGATTGCTGATCCCCATGTGTATCACTGGCAAACTGTGATGGACGACACCGTCAGTGCGTCCGTCGCGCAGGCTCTCGATGAGCTGATGCTTTGGGCCGAGGACTGCCCCGAAGTCCGGCACCTCGTGCACGCGGATTTCGGCTCCAACAATGTCCTGACGGACAATGGCCGCATAACAGCGGTCATTGACTGGAGCGAGGCGATGTTCGGGGATTCCCAATACGAGGTCGCCAACATCTTCTTCTGGAGGCCGTGGTTGGCTTGTATGGAGCAGCAGACGCGCTACTTCGAGCGGAGGCATCCGGAGCTTGCAGGATCGCCGCGGCTCCGGGCGTATATGCTCCGCATTGGTCTTGACCAACTCTATCAGAGCTTGGTTGACGGCAATTTCGATGATGCAGCTTGGGCGCAGGGTCGATGCGACGCAATCGTCCGATCCGGAGCCGGGACTGTCGGGCGTACACAAATCGCCCGCAGAAGCGCGGCCGTCTGGACCGATGGCTGTGTAGAAGTACTCGCCGATAGTGGAAACCGACGCCCCAGCACTCGTCCGGATCGGGAGATGGGGGAGGCTAACTGAAACACGGAAGGAGACAATACCGGAAGGAACCCGCGCTATGACGGCAATAAAAAGACAGAATAAAACGCACGGGTGTTGGGTCGTTTGTTCATAAACGCGGGGTTCGGTCCCAGGGCTGGCACTCTGTCGATACCCCACCGAGACCCCATTGGGGCCAATACGCCCGCGTTTCTTCCTTTTCCCCACCCCACCCCCCAAGTTCGGGTGAAGGCCCAGGGCTCGCAGCCAACGTCGGGGCGGCAGGCCCTGCCATAGCCACTGGCCCCGTGGGTTAGGGACGGGGTCCCCCATGGGGAATGGTTTATGGTTCGTGGGGGTTATTATTTTGGGCGTTGCGTGGGGTCAGGTCCACGACTGGACTGAGCAGACAGACCCATGGTTTTTGGATGGCCTGGGCATGGACCGCATGTACTGGCGCGACACGAACACCGGGCGTCTGTGGCTGCCAAACACCCCCGACCCCCAAAAACCACCGCGCGGATTTCTGGCGTGCCAAGCTAGTCGACCAATTCTCATGTTTGACAGCTTATCATCGCAGATCCGGGCAACGTTGTTGCCATTGCTGCAGGCGCAGAACTGGTAGGTATGGAAGATCTATACATTGAATCAATATTGGCAATTAGCCATATTAGTCATTGGTTATATAGCATAAATCAATATTGGCTATTGGCCATTGCATACGTTGTATCTATATCATAATATGTACATTTATATTGGCTCATGTCCAATATGACCGCCAT
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A2.2	pSecTag DNA Sequence
GACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAGGGAGACCCAAGCTGGCTAGCGGGGATCCGTCGACGCGGCCGCAAGCTTTTCGAATAAATCGATACCGGTCATCATCACCATCACCATTGAGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTACCTAGAAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTATAGGAACTTCCTTGGCCAAAAAGCCTGAACTCACCGCGACGTCTGTCGAGAAGTTTCTGATCGAAAAGTTCGACAGCGTCTCCGACCTGATGCAGCTCTCGGAGGGCGAAGAATCTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATATGTCCTGCGGGTAAATAGCTGCGCCGATGGTTTCTACAAAGATCGTTATGTTTATCGGCACTTTGCATCGGCCGCGCTCCCGATTCCGGAAGTGCTTGACATTGGGGAATTCAGCGAGAGCCTGACCTATTGCATCTCCCGCCGTGCACAGGGTGTCACGTTGCAAGACCTGCCTGAAACCGAACTGCCCGCTGTTCTGCAGCCGGTCGCGGAGGCCATGGATGCGATCGCTGCGGCCGATCTTAGCCAGACGAGCGGGTTCGGCCCATTCGGACCGCAAGGAATCGGTCAATACACTACATGGCGTGATTTCATATGCGCGATTGCTGATCCCCATGTGTATCACTGGCAAACTGTGATGGACGACACCGTCAGTGCGTCCGTCGCGCAGGCTCTCGATGAGCTGATGCTTTGGGCCGAGGACTGCCCCGAAGTCCGGCACCTCGTGCACGCGGATTTCGGCTCCAACAATGTCCTGACGGACAATGGCCGCATAACAGCGGTCATTGACTGGAGCGAGGCGATGTTCGGGGATTCCCAATACGAGGTCGCCAACATCTTCTTCTGGAGGCCGTGGTTGGCTTGTATGGAGCAGCAGACGCGCTACTTCGAGCGGAGGCATCCGGAGCTTGCAGGATCGCCGCGGCTCCGGGCGTATATGCTCCGCATTGGTCTTGACCAACTCTATCAGAGCTTGGTTGACGGCAATTTCGATGATGCAGCTTGGGCGCAGGGTCGATGCGACGCAATCGTCCGATCCGGAGCCGGGACTGTCGGGCGTACACAAATCGCCCGCAGAAGCGCGGCCGTCTGGACCGATGGCTGTGTAGAAGTACTCGCCGATAGTGGAAACCGACGCCCCAGCACTCGTCCGAGGGCAAAGGAATAGCACGTACTACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTC
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GTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTCCGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACACCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAATAACCCCGCCCCGTTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCTCTAGAAGCTGGGTACCAGCTGCTAGCcaccATGCAAATAGAGCTGAGCACCTGTTTTTTTTTGTGTTTGCTGCGATTCTGCTTCTCCGCCACGAGGCGATATTATCTGGGAGCCGTAGAACTGAGTTGGGACTATATGCAGTCAGACCTCGGAGAACTTCCCGTTGATGCCCGGTTCCCACCGCGGGTTCCCAAATCTTTCCCCTTCAATACATCCGTGGTCTATAAGAAAACTCTGTTCGTTGAGTTCACTGACCACCTCTTCAATATCGCTAAGCCGCGACCACCATGGATGGGCCTGCTGGGGCCTACAATTCAAGCCGAGGTATACGACACCGTGGTCATTACATTGAAGAACATGGCATCTCACCCCGTGAGTCTCCACGCAGTCGGCGTGTCCTACTGGAAAGCAAGCGAAGGGGCTGAGTATGATGATCAGACTAGCCAGCGGGAGAAGGAGGACGATAAGGTTTTCCCTGGCGGCTCACACACATATGTTTGGCAAGTGCTGAAGGAGAACGGCCCAATGGCTTCCGATCCGCTCTGCTTGACATACTCCTATCTGAGCCACGTGGATCTGGTGAAGGATCTCAACTCCGGGCTGATCGGAGCTCTGCTGGTATGCCGAGAGGGTAGTCTCGCCAAAGAAAAAACTCAAACCCTGCACAAATTCATTTTGCTGTTTGCCGTGTTCGACGAAGGCAAAAGTTGGCATAGCGAAACAAAGAACTCTCTCATGCAGGATAGAGATGCCGCAAGCGCAAGGGCTTGGCCTAAGATGCACACAGTTAATGGTTACGTCAACAGATCCCTCCCCGGCCTGATCGGGTGTCACCGAAAGAGTGTGTACTGGCATGTGATCGGGATGGGCACCACCCCAGAGGTGCATTCAATCTTTCTGGAGGGGCATACCTTCCTGGTACGCAACCACCGCCAGGCTTCTCTGGAGATTTCCCCTATTACCTTTCTTACTGCCCAGACGCTTCTGATGGACTTGGGACAGTTTCTTCTGTTCTGCCATATCTCATCCCACCAACATGATGGAATGGAGGCATACGTGAAAGTGGATTCTTGCCCAGAAGAGCCTCAACTGCGGATGAAGAACAACGAAGAGGCCGAGGATTATGATGACGACCTGACGGATAGTGAAATGGACGTGGTCAGGTTTGACGATGACAATTCTCCCTCCTTTATCCAGATCCGATCTGTCGCTAAAAAACATCCCAAGACCTGGGTGCATTACATCGCCGCTGAAGAGGAAGATTGGGATTATGCGCCTCTGGTCCTCGCCCCAGACGATCGGTCCTATAAGAGCCAGTATCTGAACAATGGTCCACAGAGAATCGGTCGCAAGTACAAGAAAGTGCGTTTTATGGCCTATACAGATGAGACATTTAAAACTAGGGAAGCTATTCAGCATGAGTCCGGAATACTGGGCCCTCTCCTGTATGGGGAGGTCGGGGACACCTTGTTGATCATCTTTAAAAATCAGGCCTCCCGACCATATAACATCTATCCTCACGGAATCACCGACGTGCGTCCCCTCTACAGTAGAAGGCTTCCAAAGGGGGTGAAGCACCTGAAGGACTTCCCAATCCTGCCCGGGGAAATCTTCAAATACAAGTGGACTGTCACCGTAGAGGACGGCCCCACCAAAAGTGATCCTCGCTGTCTTACGAGATACTATTCCTCCTTTGTGAATATGGAACGGGACCTGGCGTCCGGCCTTATAGGCCCACTCCTCATATGCTATAAAGAAAGTGTAGATCAGAGGGGAAATCAGATTATGTCAGATAAGAGGAATGTTATCCTCTTCAGCGTGTTTGACGAGAATAGAAGCTGGTATCTGACCGAGAATATACAGCGATTCCTGCCCAATCCTGCCGGCGTTCAGCTGGAGGACCCCGAGTTTCAGGCCTCAAATATCATGCACTCTATTAACGGATACGTGTTTGATAGTCTGCAGTTGTCAGTGTGTCTGCATGAGGTGGCGTACTGGTACATCCTGTCAATTGGTGCCCAGACTGACTTTCTCTCAGTGTTCTTCAGTGGTTACACTTTCAAACACAAAATGGTGTACGAGGATACTCTGACTCTTTTCCCCTTCAGTGGCGAAACTGTGTTCATGAGCATGGAGAACCCGGGCTTGTGGATTCTGGGGTGCCACAATTCTGATTTTAGGAATCGGGGAATGACCGCTCTGCTCAAGGTATCTAGTTGCGATAAGAACACCGGGGATTATTATGAGGACTCATATGAGGACATCTCAGCCTACCTTCTCAGTAAGAATAATGCGATTGAACCCAGAAGCTTTAGCCAGAACCCTCCTGTCTTGAAACGCCATCAGAGAGAGATCACCAGGACAACTCTGCAATCTGACCAGGAGGAAATTGACTACGACGATACCATTTCCGTGGAGATGAAGAAAGAGGACTTCGACATTTACGACGAGGACGAAAACCAATCACCTAGGTCTTTCCAAAAAAAAACCAGACACTATTTCATTGCCGCAGTCGAAAGACTGTGGGATTACGGCATGTCATCTAGTCCCCACGTTCTTAGGAACCGTGCCCAGAGCGGATCCGTTCCACAGTTCAAGAAAGTCGTCTTTCAGGAATTTACTGACGGCTCTTTCACTCAACCCCTCTACCGCGGTGAGTTGAATGAGCATCTGGGGCTGCTGGGCCCCTACATCCGCGCCGAAGTAGAGGACAATATTATGGTGACATTTCGGAACCAGGCCAGCAGGCCATACTCATTCTATAGCAGTCTGATAAGCTATGAAGAGGACCAGAGACAAGGCGCCGAACCCCGGAAAAACTTTGTCAAACCGAACGAAACAAAGACGTATTTCTGGAAAGTACAGCACCACATGGCACCTACCAAGGACGAGTTCGACTGTAAGGCTTGGGCATACTTTAGCGACGTTGATCTGGAAAAGGACGTGCACAGCGGGTTGATTGGCCCGCTTCTGGTGTGTCACACTAATACCCTGAACCCCGCCCATGGCCGCCAGGTTACAGTCCAGGAATTCGCCCTGTTCTTCACCATCTTCGATGAGACTAAATCTTGGTACTTTACTGAGAATATGGAACGAAACTGTAGGGCACCCTGTAACATTCAGATGGAGGACCCTACCTTCAAAGAGAACTATCGTTTTCATGCCATTAATGGGTACATCATGGACACACTCCCAGGCCTTGTCATGGCTCAGGATCAGCGCATACGCTGGTATCTGCTGAGCATGGGGTCCAATGAAAATATTCATTCTATTCACTTTTCCGGGCACGTCTTTACAGTTCGCAAGAAAGAGGAGTATAAGATGGCCCTGTACAACCTGTACCCAGGGGTGTTTGAGACTGTTGAGATGCTGCCGTCTAAGGCAGGGATATGGCGGGTGGAGTGTCTGATCGGGGAGCACCTCCATGCGGGGATGAGCACACTGTTTCTTGTCTACTCCAACAAATGTCAGACTCCCCTTGGGATGGCTAGTGGACATATTAGGGACTTCCAGATCACAGCGTCTGGTCAGTACGGGCAGTGGGCTCCTAAGCTTGCACGCCTGCACTATAGCGGAAGCATCAATGCTTGGTCAACCAAAGAGCCCTTTTCCTGGATAAAGGTCGATCTGCTGGCCCCAATGATCATTCACGGTATCAAGACCCAGGGCGCCCGCCAGAAGTTCTCATCACTGTACATTAGCCAATTCATTATAATGTATAGCCTCGACGGCAAGAAATGGCAGACGTATCGGGGTAACTCAACAGGCACACTGATGGTGTTCTTTGGGAATGTCGATTCTAGCGGCATCAAGCACAACATTTTCAACCCGCCTATCATTGCTCGGTATATTCGCCTCCACCCGACACACTACTCCATAAGATCAACACTGAGAATGGAGCTGATGGGCTGCGATCTTAACTCCTGTAGTATGCCCCTCGGAATGGAGAGCAAGGCCATTAGTGATGCTCAGATAACAGCAAGCAGTTATTTCACGAATATGTTCGCAACTTGGAGTCCTTCCAAGGCCAGGTTGCACCTTCAGGGTCGTAGCAATGCATGGCGTCCTCAGGTTAATAATCCCAAGGAATGGCTCCAAGTAGATTTTCAGAAAACAATGAAGGTCACCGGAGTGACCACTCAGGGCGTGAAGAGCTTGCTGACAAGCATGTACGTTAAGGAATTTCTGATCAGCTCTTCTCAGGATGGCCACCAGTGGACCCTGTTCTTTCAGAACGGTAAGGTGAAGGTGTTTCAGGGGAATCAAGATAGCTTCACCCCCGTGGTGAATTCTTTGGATCCTCCACTCCTCACGCGGTACCTGAGAATTCACCCACAATCATGGGTGCATCAGATAGCTCTGCGGATGGAGGTACTGGGGTGCGAAGCGCAGGACCTGTACGGAGGCGGCGGTTCTGGTGGCGGAGGAAGCGGTGGAGGCGGGTCTGGTGGTGGTGGCTCCGGTGGGGGAGGGAGCGGTGGCGGCGGTAGCGGCGGCGGCGGGTCATACAATTCCGGCAAACTGGAAGAGTTTGTGCAAGGAAACCTGGAACGGGAATGTATGGAGGAGAAATGCAGCTTCGAGGAAGCTCGTGAAGTCTTTGAAAACACAGAGCGGACCACAGAATTCTGGAAGCAGTATGTCGACGGCGATCAGTGCGAATCCAACCCTTGCCTGAACGGCGGCTCCTGTAAAGACGACATCAATTCCTATGAATGTTGGTGTCCATTTGGGTTCGAGGGTAAGAACTGCGAACTTGACGTCACGTGCAACATAAAGAATGGAAGATGTGAGCAATTTTGCAAAAACTCTGCTGACAACAAGGTAGTGTGCTCTTGCACTGAAGGCTACCGGCTGGCAGAGAACCAGAAAAGCTGTGAACCAGCAGTGCCCTTCCCATGCGGAAGAGTCTCAGTGAGTCAAACCAGCAAGTTGACGAGGGCTGAGACAGTTTTCCCTGATGTGGACTACGTCAATAGCACCGAGGCAGAAACAATACTGGACAATATCACCCAATCCACCCAGTCATTTAACGACTTTACGCGCGTGGTCGGAGGCGAGGACGCAAAACCCGGCCAGTTTCCTTGGCAAGTGGTGCTGAACGGAAAAGTTGACGCGTTTTGTGGAGGAAGCATCGTCAACGAAAAGTGGATCGTGACTGCCGCGCATTGCGTGGAGACAGGAGTGAAGATCACAGTTGTTGCCGGAGAACATAATATCGAAGAGACAGAGCACACGGAACAGAAAAGGAACGTAATCAGGATTATTCCACACCATAACTATAATGCAGCCATTAACAAATACAATCATGATATAGCCCTGCTCGAATTGGATGAGCCGCTGGTTCTTAATAGCTACGTGACACCCATCTGCATCGCTGACAAAGAGTACACTAACATTTTCCTGAAGTTCGGGTCTGGATACGTGTCTGGATGGGGACGGGTGTTTCATAAGGGACGAAGCGCTTTGGTTCTGCAGTACCTCAGAGTGCCACTGGTTGACAGAGCCACTTGCCTTAGGAGTACGAAATTCACCATCTACAACAATATGTTCTGCGCTGGGTTTCACGAAGGCGGGCGCGATAGCTGTCAAGGCGATAACGGTGGCCCTCACGTGACCGAAGTAGAGGGAACCTCCTTTCTGACCGGAATCATCAGCTGGGGTGAGGAGTGCGCCATGAAGGGCAAATACGGGATTTATACCAAGGTGTCCAGATACGTCAATTGGATCAAAGAAAAGACCAAGCTCACTGGGGGAGGAGGGCATCATCATCACCATCACTGAACCGGTGGATCCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTACAAATGTGGTATGGCTGATTATGATCCGGCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCGCAGCCATGAGGTCGACTCTAGAGGATCGATGCCCCGCCCCGGACGAACTAAACCTGACTACGACATCTCTGCCCCTTCTTCGCGGGGCAGTGCATGTAATCCCTTCAGTTGGTTGGTACAACTTGCCAACTGGGCCCTGTTCCACATGTGACACGGGGGGGGACCAAACACAAAGGGGTTCTCTGACTGTAGTTGACATCCTTATAAATGGATGTGCACATTTGCCAACACTGAGTGGCTTTCATCCTGGAGCAGACTTTGCAGTCTGTGGACTGCAACACAACATTGCCTTTATGTGTAACTCTTGGCTGAAGCTCTTACACCAATGCTGGGGGACATGTACCTCCCAGGGGCCCAGGAAGACTACGGGAGGCTACACCAACGTCAATCAGAGGGGCCTGTGTAGCTACCGATAAGCGGACCCTCAAGAGGGCATTAGCAATAGTGTTTATAAGGCCCCCTTGTTAACCCTAAACGGGTAGCATATGCTTCCCGGGTAGTAGTATATACTATCCAGACTAACCCTAATTCAATAGCATATGTTACCCAACGGGAAGCATATGCTATCGAATTAGGGTTAGTAAAAGGGTCCTAAGGAACAGCGATATCTCCCACCCCATGAGCTGTCACGGTTTTATTTACATGGGGTCAGGATTCCACGAGGGTAGTGAACCATTTTAGTCACAAGGGCAGTGGCTGAAGATCAAGGAGCGGGCAGTGAACTCTCCTGAATCTTCGCCTGCTTCTTCATTCTCCTTCGTTTAGCTAATAGAATAACTGCTGAGTTGTGAACAGTAAGGTGTATGTGAGGTGCTCGAAAACAAGGTTTCAGGTGACGCCCCCAGAATAAAATTTGGACGGGGGGTTCAGTGGTGGCATTGTGCTATGACACCAATATAACCCTCACAAACCCCTTGGGCAATAAATACTAGTGTAGGAATGAAACATTCTGAATATCTTTAACAATAGAAATCCATGGGGTGGGGACAAGCCGTAAAGACTGGATGTCCATCTCACACGAATTTATGGCTATGGGCAACACATAATCCTAGTGCAATATGATACTGGGGTTATTAAGATGTGTCCCAGGCAGGGACCAAGACAGGTGAACCATGTTGTTACACTCTATTTGTAACAAGGGGAAAGAGAGTGGACGCCGACAGCAGCGGACTCCACTGGTTGTCTCTAACACCCCCGAAAATTAAACGGGGCTCCACGCCAATGGGGCCCATAAACAAAGACAAGTGGCCACTCTTTTTTTTGAAATTGTGGAGTGGGGGCACGCGTCAGCCCCCACACGCCGCCCTGCGGTTTTGGACTGTAAAATAAGGGTGTAATAACTTGGCTGATTGTAACCCCGCTAACCACTGCGGTCAAACCACTTGCCCACAAAACCACTAATGGCACCCCGGGGAATACCTGCATAAGTAGGTGGGCGGGCCAAGATAGGGGCGCGATTGCTGCGATCTGGAGGACAAATTACACACACTTGCGCCTGAGCGCCAAGCACAGGGTTGTTGGTCCTCATATTCACGAGGTCGCTGAGAGCACGGTGGGCTAATGTTGCCATGGGTAGCATATACTACCCAAATATCTGGATAGCATATGCTATCCTAATCTATATCTGGGTAGCATAGGCTATCCTAATCTATATCTGGGTAGCATATGCTATCCTAATCTATATCTGGGTAGTATATGCTATCCTAATTTATATCTGGGTAGCATAGGCTATCCTAATCTATATCTGGGTAGCATATGCTATCCTAATCTATATCTGGGTAGTATATGCTATCCTAATCTGTATCCGGGTAGCATATGCTATCCTAATAGAGATTAGGGTAGTATATGCTATCCTAATTTATATCTGGGTAGCATATACTACCCAAATATCTGGATAGCATATGCTATCCTAATCTATATCTGGGTAGCATATGCTATCCTAATCTATATCTGGGTAGCATAGGCTATCCTAATCTATATCTGGGTAGCATATGCTATCCTAATCTATATCTGGGTAGTATATGCTATCCTAATTTATATCTGGGTAGCATAGGCTATCCTAATCTATATCTGGGTAGCATATGCTATCCTAATCTATATCTGGGTAGTATATGCTATCCTAATCTGTATCCGGGTAGCATATGCTATCCTCATGCATATACAGTCAGCATATGATACCCAGTAGTAGAGTGGGAGTGCTATCCTTTGCATATGCCGCCACCTCCCAAGGGGGCGTGAATTTTCGCTGCTTGTCCTTTTCCTGCTGGTTGCTCCCATTCTTAGGTGAATTTAAGGAGGCCAGGCTAAAGCCGTCGCATGTCTGATTGCTCACCAGGTAAATGTCGCTAATGTTTTCCAACGCGAGAAGGTGTTGAGCGCGGAGCTGAGTGACGTGACAACATGGGTATGCCCAATTGCCCCATGTTGGGAGGACGAAAATGGTGACAAGACAGATGGCCAGAAATACACCAACAGCACGCATGATGTCTACTGGGGATTTATTCTTTAGTGCGGGGGAATACACGGCTTTTAATACGATTGAGGGCGTCTCCTAACAAGTTACATCACTCCTGCCCTTCCTCACCCTCATCTCCATCACCTCCTTCATCTCCGTCATCTCCGTCATCACCCTCCGCGGCAGCCCCTTCCACCATAGGTGGAAACCAGGGAGGCAAATCTACTCCATCGTCAAAGCTGCACACAGTCACCCTGATATTGCAGGTAGGAGCGGGCTTTGTCATAACAAGGTCCTTAATCGCATCCTTCAAAACCTCAGCAAATATATGAGTTTGTAAAAAGACCATGAAATAACAGACAATGGACTCCCTTAGCGGGCCAGGTTGTGGGCCGGGTCCAGGGGCCATTCCAAAGGGGAGACGACTCAATGGTGTAAGACGACATTGTGGAATAGCAAGGGCAGTTCCTCGCCTTAGGTTGTAAAGGGAGGTCTTACTACCTCCATATACGAACACACCGGCGACCCAAGTTCCTTCGTCGGTAGTCCTTTCTACGTGACTCCTAGCCAGGAGAGCTCTTAAACCTTCTGCAATGTTCTCAAATTTCGGGTTGGAACCTCCTTGACCACGATGCTTTCCAAACCACCCTCCTTTTTTGCGCCTGCCTCCATCACCCTGACCCCGGGGTCCAGTGCTTGGGCCTTCTCCTGGGTCATCTGCGGGGCCCTGCTCTATCGCTCCCGGGGGCACGTCAGGCTCACCATCTGGGCCACCTTCTTGGTGGTATTCAAAATAATCGGCTTCCCCTACAGGGTGGAAAAATGGCCTTCTACCTGGAGGGGGCCTGCGCGGTGGAGACCCGGATGATGATGACTGACTACTGGGACTCCTGGGCCTCTTTTCTCCACGTCCACGACCTCTCCCCCTGGCTCTTTCACGACTTCCCCCCCTGGCTCTTTCACGTCCTCTACCCCGGCGGCCTCCACTACCTCCTCGACCCCGGCCTCCACTACCTCCTCGACCCCGGCCTCCACTGCCTCCTCGACCCCGGCCTCCACCTCCTGCTCCTGCCCCTCCTGCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCTCCTGCCCCTCCCGCTCCTGCTCCTGCTCCTGTTCCACCGTGGGTCCCTTTGCAGCCAATGCAACTTGGACGTTTTTGGGGTCTCCGGACACCATCTCTATGTCTTGGCCCTGATCCTGAGCCGCCCGGGGCTCCTGGTCTTCCGCCTCCTCGTCCTCGTCCTCTTCCCCGTCCTCGTCCATGGTTATCACCCCCTCTTCTTTGAGGTCCACTGCCGCCGGAGCCTTCTGGTCCAGATGTGTCTCCCTTCTCTCCTAGGCCATTTCCAGGTCCTGTACCTGGCCCCTCGTCAGACATGATTCACACTAAAAGAGATCAATAGACATCTTTATTAGACGACGCTCAGTGAATACAGGGAGTGCAGACTCCTGCCCCCTCCAACAGCCCCCCCACCCTCATCCCCTTCATGGTCGCTGTCAGACAGATCCAGGTCTGAAAATTCCCCATCCTCCGAACCATCCTCGTCCTCATCACCAATTACTCGCAGCCCGGAAAACTCCCGCTGAACATCCTCAAGATTTGCGTCCTGAGCCTCAAGCCAGGCCTCAAATTCCTCGTCCCCCTTTTTGCTGGACGGTAGGGATGGGGATTCTCGGGACCCCTCCTCTTCCTCTTCAAGGTCACCAGACAGAGATGCTACTGGGGCAACGGAAGAAAAGCTGGGTGCGGCCTGTGAGGATCAGCTTATCGATGATAAGCTGTCAAACATGAGAATTCTTGAAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTGTTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGCAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTGAAGCTGTCCCTGATGGTCGTCATCTACCTGCCTGGACAGCATGGCCTGCAACGCGGGCATCCCGATGCCGCCGGAAGCGAGAAGAATCATAATGGGGAAGGCCATCCAGCCTCGCGTCGCGAACGCCAGCAAGACGTAGCCCAGCGCGTCGGCCCCGAGATGCGCCGCGTGCGGCTGCTGGAGATGGCGGACGCGATGGATATGTTCTGCCAAGGGTTGGTTTGCGCATTCACAGTTCTCCGCAAGAATTGATTGGCTCCAATTCTTGGAGTGGTGAATCCGTTAGCGAGGTGCCGCCCTGCTTCATCCCCGTGGCCCGTTGCTCGCGTTTGCTGGCGGTGTCCCCGGAAGAAATATATTTGCATGTCTTTAGTTCTATGATGACACAAACCCCGCCCAGCGTCTTGTCATTGGCGAATTCGAACACGCAGATGCAGTCGGGGCGGCGCGGTCCGAGGTCCACTTCGCATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCGACCCTGCAGCGACCCGCTTAACAGCGTCAACAGCGTGCCGCAGATCCCGGGGGGCAATGAGATATGAAAAAGCCTGAACTCACCGCGACGTCTGTCGAGAAGTTTCTGATCGAAAAGTTCGACAGCGTCTCCGACCTGATGCAGCTCTCGGAGGGCGAAGAATCTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATATGTCCTGCGGGTAAATAGCTGCGCCGATGGTTTCTACAAAGATCGTTATGTTTATCGGCACTTTGCATCGGCCGCGCTCCCGATTCCGGAAGTGCTTGACATTGGGGAATTCAGCGAGAGCCTGACCTATTGCATCTCCCGCCGTGCACAGGGTGTCACGTTGCAAGACCTGCCTGAAACCGAACTGCCCGCTGTTCTGCAGCCGGTCGCGGAGGCCATGGATGCGATCGCTGCGGCCGATCTTAGCCAGACGAGCGGGTTCGGCCCATTCGGACCGCAAGGAATCGGTCAATACACTACATGGCGTGATTTCATATGCGCGATTGCTGATCCCCATGTGTATCACTGGCAAACTGTGATGGACGACACCGTCAGTGCGTCCGTCGCGCAGGCTCTCGATGAGCTGATGCTTTGGGCCGAGGACTGCCCCGAAGTCCGGCACCTCGTGCACGCGGATTTCGGCTCCAACAATGTCCTGACGGACAATGGCCGCATAACAGCGGTCATTGACTGGAGCGAGGCGATGTTCGGGGATTCCCAATACGAGGTCGCCAACATCTTCTTCTGGAGGCCGTGGTTGGCTTGTATGGAGCAGCAGACGCGCTACTTCGAGCGGAGGCATCCGGAGCTTGCAGGATCGCCGCGGCTCCGGGCGTATATGCTCCGCATTGGTCTTGACCAACTCTATCAGAGCTTGGTTGACGGCAATTTCGATGATGCAGCTTGGGCGCAGGGTCGATGCGACGCAATCGTCCGATCCGGAGCCGGGACTGTCGGGCGTACACAAATCGCCCGCAGAAGCGCGGCCGTCTGGACCGATGGCTGTGTAGAAGTACTCGCCGATAGTGGAAACCGACGCCCCAGCACTCGTCCGGATCGGGAGATGGGGGAGGCTAACTGAAACACGGAAGGAGACAATACCGGAAGGAACCCGCGCTATGACGGCAATAAAAAGACAGAATAAAACGCACGGGTGTTGGGTCGTTTGTTCATAAACGCGGGGTTCGGTCCCAGGGCTGGCACTCTGTCGATACCCCACCGAGACCCCATTGGGGCCAATACGCCCGCGTTTCTTCCTTTTCCCCACCCCACCCCCCAAGTTCGGGTGAAGGCCCAGGGCTCGCAGCCAACGTCGGGGCGGCAGGCCCTGCCATAGCCACTGGCCCCGTGGGTTAGGGACGGGGTCCCCCATGGGGAATGGTTTATGGTTCGTGGGGGTTATTATTTTGGGCGTTGCGTGGGGTCAGGTCCACGACTGGACTGAGCAGACAGACCCATGGTTTTTGGATGGCCTGGGCATGGACCGCATGTACTGGCGCGACACGAACACCGGGCGTCTGTGGCTGCCAAACACCCCCGACCCCCAAAAACCACCGCGCGGATTTCTGGCGTGCCAAGCTAGTCGACCAATTCTCATGTTTGACAGCTTATCATCGCAGATCCGGGCAACGTTGTTGCCATTGCTGCAGGCGCAGAACTGGTAGGTATGGAAGATCTATACATTGAATCAATATTGGCAATTAGCCATATTAGTCATTGGTTATATAGCATAAATCAATATTGGCTATTGGCCATTGCATACGTTGTATCTATATCATAATATGTACATTTATATTGGCTCATGTCCAATATGACCGCCAT
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A3.2	pCEP5_13B1FVIII (16,041 bp)
GTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTCCGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTACGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACACCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAATAACCCCGCCCCGTTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCGTTTAGTGAACCGTCAGATCTCTAGAAGCTGGGTACCAGCTGCTAGCCACCATGCAGCGCGTCAATATGATAATGGCTGAGTCTCCTGGACTCATTACGATCTGCCTGCTCGGCTATCTGCTGTCTGCAGAATGCACCGTCTTTCTGGACCACGAAAATGCAAATAAGATCCTGAACCGGCCCAAACGCTATAATTCTGGCAAGTTGGAGGAATTCGTGCAGGGAAACCTTGAAAGGGAATGCATGGAAGAGAAATGTAGCTTTGAGGAAGCACGAGAGGTGTTTGAAAATACCGAGCGTACTACTGAGTTCTGGAAACAGTACGTGGACGGGGATCAGTGTGAAAGCAACCCTTGCTTGAATGGCGGCAGCTGTAAGGACGACATAAATTCATATGAGTGCTGGTGCCCGTTTGGCTTTGAGGGCAAGAATTGCGAGCTGGACGTGACTTGTAACATCAAGAACGGAAGATGTGAACAATTTTGTAAGAACAGCGCCGACAACAAAGTCGTATGTAGTTGCACCGAAGGGTATCGCCTGGCCGAAAATCAGAAGTCATGCGAGCCTGCGGTTCCCTTCCCCTGCGGTCGAGTCAGTGTGAGCCAGACCTCAAAGCTGACCAGAGCTGAAACTGTGTTTCCTGACGTCGACTATGTGAATTCTACGGAAGCCGAGACAATTCTGGACAACATCACTCAGAGCACTCAGAGCTTCAATGACTTTACTCGGGTGGTGGGCGGCGAGGATGCCAAACCCGGTCAGTTTCCGTGGCAGGTCGTCCTGAATGGAAAGGTAGACGCGTTTTGCGGCGGCTCCATCGTGAACGAGAAATGGATTGTCACCGCAGCCCACTGTGTCGAAACCGGCGTGAAGATTACCGTTGTCGCCGGAGAGCATAACATCGAGGAAACCGAACATACAGAGCAGAAGCGCAATGTGATCCGCATCATTCCTCACCACAACTATAACGCCGCCATCAATAAGTATAATCATGACATCGCGCTGCTGGAGCTGGATGAACCCTTGGTGCTCAATTCATACGTTACCCCTATTTGCATTGCAGATAAGGAATATACTAACATATTTCTGAAATTTGGCTCCGGATATGTGAGTGGGTGGGGTCGGGTGTTCCATAAAGGGAGGAGCGCTCTGGTACTTCAATACCTCAGGGTCCCGCTGGTTGATCGCGCAACATGCCTGCGATCTACAAAGTTCACAATTTACAACAATATGTTCTGTGCTGGGTTCCACGAGGGCGGGCGTGACTCCTGTCAAGGGGATAATGGCGGCCCTCATGTGACCGAAGTGGAGGGTACTAGCTTTCTCACGGGAATCATTTCATGGGGTGAGGAATGCGCTATGAAAGGAAAATATGGGATTTATACGAAGGTTTCTAGATACGTTAACTGGATCAAAGAGAAAACCAAGCTTACAGGCGGTGGCGGAAGTGGTGGGGGCGGGTCAGGCGGAGGAGGGTCTGGGGGGGGTGGAAGTGGAGGAGGTGGGAGTGGAGGGGGCGGGTCTGGTGGGGGTGGTAGCGGCGGTGGAGGGTCTGGAGGGGGCGGATCTGGTGGGGGGGGAAGTGCCACTCGCAGATACTACCTCGGCGCAGTCGAGTTGTCTTGGGACTACATGCAGTCTGACCTGGGCGAGCTCCCCGTGGACGCTCGATTTCCTCCCAGGGTTCCTAAAAGCTTTCCCTTCAACACCAGTGTTGTATACAAGAAAACGCTCTTTGTCGAGTTCACAGACCATTTGTTCAATATTGCTAAGCCACGGCCTCCTTGGATGGGGCTTCTGGGGCCCACTATTCAGGCTGAGGTGTACGACACCGTAGTGATAACCCTGAAAAATATGGCCAGCCATCCTGTCTCTTTGCACGCAGTTGGCGTTAGCTACTGGAAGGCAAGCGAGGGCGCCGAATACGATGACCAGACCAGCCAGCGAGAGAAGGAAGATGATAAAGTGTTTCCTGGCGGGTCACATACATATGTGTGGCAAGTGCTTAAGGAGAACGGCCCTATGGCGTCAGATCCCTTGTGTCTCACATACAGTTACCTGAGCCACGTCGACCTGGTGAAGGATCTCAACTCCGGACTGATAGGAGCCCTCCTGGTGTGCCGTGAGGGATCCCTCGCAAAGGAGAAGACACAGACTCTGCACAAATTCATTCTTTTGTTTGCTGTATTTGACGAAGGCAAGAGTTGGCATAGCGAAACAAAAAACAGCCTGATGCAGGACCGCGATGCAGCCTCTGCGCGGGCCTGGCCCAAGATGCATACAGTGAACGGCTACGTTAATAGATCCTTGCCTGGACTGATCGGCTGCCACCGGAAGAGCGTGTACTGGCATGTTATCGGCATGGGGACCACACCAGAGGTGCATTCAATATTCCTTGAAGGACACACCTTCTTGGTTAGGAATCATAGACAGGCCTCACTGGAGATCTCCCCAATCACCTTCCTCACCGCTCAAACCCTGCTGATGGACCTGGGACAGTTCCTGCTCTTTTGTCATATCTCCTCCCACCAACACGATGGCATGGAAGCTTATGTAAAAGTGGATAGCTGTCCCGAGGAGCCCCAGCTCAGAATGAAGAATAACGAGGAGGCCGAGGATTACGATGACGATCTGACAGATAGCGAGATGGACGTCGTACGGTTTGATGATGACAACAGTCCATCTTTCATCCAGATTCGTAGTGTGGCCAAGAAGCACCCTAAGACCTGGGTGCATTACATAGCCGCTGAAGAAGAGGATTGGGACTACGCCCCACTCGTGCTTGCTCCAGACGACCGATCATACAAATCCCAGTACCTGAACAATGGCCCACAGAGGATTGGCAGGAAATACAAGAAAGTGCGGTTCATGGCATACACAGATGAAACTTTTAAGACAAGAGAGGCAATCCAGCACGAATCTGGAATCCTCGGGCCACTTCTTTACGGGGAGGTGGGCGACACCCTGCTGATAATCTTCAAGAATCAGGCCTCACGGCCCTATAATATATATCCCCACGGAATCACCGATGTACGCCCACTGTATTCCAGGCGACTTCCTAAAGGGGTGAAACACCTGAAGGACTTTCCCATACTGCCGGGAGAGATCTTCAAATACAAATGGACGGTTACCGTCGAGGACGGCCCTACTAAGAGCGATCCCCGTTGTTTGACAAGATACTACTCTTCATTTGTAAATATGGAACGGGACTTGGCCTCTGGTCTGATTGGGCCACTGCTGATCTGCTACAAAGAAAGTGTGGACCAGAGGGGTAACCAGATAATGAGCGACAAGAGGAATGTCATTCTCTTTTCTGTATTTGATGAGAACAGGAGTTGGTACCTGACAGAAAATATACAGAGATTCCTTCCCAACCCTGCGGGCGTGCAGCTCGAGGACCCAGAGTTCCAGGCATCTAACATCATGCATAGTATAAATGGATACGTGTTTGATTCCCTGCAGCTGTCAGTCTGCCTTCACGAAGTCGCTTACTGGTATATACTGAGCATCGGGGCACAAACAGATTTTCTCAGCGTGTTCTTTTCAGGCTACACTTTTAAACACAAAATGGTTTATGAGGACACCTTGACACTGTTCCCCTTTAGTGGTGAAACCGTGTTTATGTCCATGGAAAACCCCGGACTGTGGATTCTGGGATGCCATAATAGCGATTTCAGGAACAGAGGTATGACCGCCCTGCTGAAAGTTAGCAGCTGTGACAAGAATACTGGCGACTATTATGAAGATTCATATGAAGATATTTCCGCTTATCTGCTGTCCAAGAATAACGCCATTGAGCCACGGAGCTTTTCCCAAAACCCTCCAGTCCTGAAGAGACACCAAAGAGAAATAACTCGGACTACCCTGCAGTCAGACCAAGAGGAGATTGACTATGACGATACCATCAGCGTAGAAATGAAGAAGGAGGATTTCGATATTTACGATGAGGACGAGAATCAGTCCCCGCGGAGTTTTCAGAAGAAGACCAGGCACTATTTCATCGCAGCGGTGGAGAGACTGTGGGACTACGGCATGTCATCCAGCCCTCATGTTCTGCGAAACCGGGCTCAGTCCGGTTCCGTCCCACAATTTAAGAAGGTGGTATTCCAGGAGTTCACCGATGGGAGCTTCACCCAGCCACTGTACAGAGGCGAACTGAATGAACATCTGGGGCTCCTGGGACCATACATTAGAGCCGAGGTGGAGGATAACATTATGGTTACCTTTCGGAATCAAGCATCCAGACCTTACTCCTTCTACTCCTCCCTGATAAGCTACGAAGAGGATCAAAGACAAGGTGCCGAGCCTAGGAAGAACTTCGTTAAACCCAACGAAACCAAAACGTACTTTTGGAAGGTGCAGCATCACATGGCGCCAACAAAGGACGAATTCGATTGCAAAGCCTGGGCTTATTTCAGCGATGTGGACCTGGAAAAGGATGTTCATTCAGGGCTGATTGGGCCCCTCCTTGTGTGTCATACAAACACACTCAATCCAGCTCACGGAAGGCAAGTTACAGTCCAAGAATTCGCTCTGTTCTTCACGATCTTTGACGAAACAAAATCATGGTACTTCACAGAGAATATGGAGCGGAACTGCCGCGCTCCATGCAACATTCAGATGGAGGATCCAACATTTAAAGAGAACTATCGCTTCCACGCCATCAACGGATACATTATGGACACCTTGCCCGGCCTCGTGATGGCCCAGGATCAGAGAATTAGGTGGTATCTCCTGTCTATGGGCTCAAATGAAAACATCCACAGCATCCACTTCAGCGGACACGTGTTCACTGTCAGGAAGAAAGAGGAGTATAAAATGGCTCTGTACAACCTTTATCCCGGCGTGTTTGAAACAGTCGAAATGCTGCCGAGCAAAGCCGGGATTTGGCGAGTCGAGTGCTTGATCGGTGAGCATCTGCATGCGGGAATGTCCACACTGTTCCTTGTATATTCCAACAAATGTCAGACCCCGCTGGGTATGGCCTCCGGCCATATTCGCGACTTCCAGATCACTGCCTCAGGCCAGTATGGCCAGTGGGCACCCAAACTGGCCCGGCTCCACTATAGTGGAAGCATTAACGCATGGAGTACGAAGGAACCATTCTCCTGGATCAAGGTCGATTTGTTGGCTCCCATGATTATCCACGGAATTAAGACTCAGGGTGCGCGTCAGAAATTCTCTAGCCTTTACATCAGCCAATTCATTATCATGTATAGTCTCGATGGCAAGAAATGGCAAACCTACCGCGGGAATAGTACTGGAACTCTGATGGTGTTTTTTGGCAATGTGGACTCTTCCGGTATCAAGCACAACATATTCAATCCGCCAATCATCGCCAGGTACATTCGCCTGCACCCCACGCACTATTCTATCCGATCTACACTCCGCATGGAGCTGATGGGGTGTGATTTGAACTCCTGTAGCATGCCACTGGGAATGGAGTCTAAAGCTATTAGTGATGCACAGATCACTGCAAGCTCTTATTTCACGAACATGTTTGCCACTTGGAGTCCGAGCAAGGCCAGGCTGCACCTCCAGGGTCGCTCCAACGCCTGGCGGCCCCAGGTCAACAACCCCAAGGAGTGGCTTCAGGTGGACTTTCAGAAAACCATGAAAGTGACGGGCGTGACTACACAGGGCGTGAAGAGCTTGCTGACATCCATGTACGTTAAGGAGTTCCTCATCTCTTCTTCCCAAGATGGCCACCAATGGACCCTGTTCTTCCAGAATGGCAAGGTGAAAGTTTTCCAGGGGAATCAGGACTCCTTTACTCCGGTGGTGAATAGCTTGGACCCTCCTCTTCTGACGCGTTATCTGCGCATCCATCCACAGTCATGGGTCCACCAAATCGCTCTGAGAATGGAGGTCCTTGGGTGTGAAGCCCAGGACCTGTATGGCGGTGGAGGGCACCACCACCATCACCATTGAACCGGTGGATCCAGACATGATAAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTACAAATGTGGTATGGCTGATTATGATCCGGCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATGCCGGGAGCAGACAAGCCCGTCAGGCGTCAGCGGGTGTTGGCGGGTGTCGGGGCGCAGCCATGAGGTCGACTCTAGAGGATCGATGCCCCGCCCCGGACGAACTAAACCTGACTACGACATCTCTGCCCCTTCTTCGCGGGGCAGTGCATGTAATCCCTTCAGTTGGTTGGTACAACTTGCCAACTGGGCCCTGTTCCACATGTGACACGGGGGGGGACCAAACACAAAGGGGTTCTCTGACTGTAGTTGACATCCTTATAAATGGATGTGCACATTTGCCAACACTGAGTGGCTTTCATCCTGGAGCAGACTTTGCAGTCTGTGGACTGCAACACAACATTGCCTTTATGTGTAACTCTTGGCTGAAGCTCTTACACCAATGCTGGGGGACATGTACCTCCCAGGGGCCCAGGAAGACTACGGGAGGCTACACCAACGTCAATCAGAGGGGCCTGTGTAGCTACCGATAAGCGGACCCTCAAGAGGGCATTAGCAATAGTGTTTATAAGGCCCCCTTGTTAACCCTAAACGGGTAGCATATGCTTCCCGGGTAGTAGTATATACTATCCAGACTAACCCTAATTCAATAGCATATGTTACCCAACGGGAAGCATATGCTATCGAATTAGGGTTAGTAAAAGGGTCCTAAGGAACAGCGATATCTCCCACCCCATGAGCTGTCACGGTTTTATTTACATGGGGTCAGGATTCCACGAGGGTAGTGAACCATTTTAGTCACAAGGGCAGTGGCTGAAGATCAAGGAGCGGGCAGTGAACTCTCCTGAATCTTCGCCTGCTTCTTCATTCTCCTTCGTTTAGCTAATAGAATAACTGCTGAGTTGTGAACAGTAAGGTGTATGTGAGGTGCTCGAAAACAAGGTTTCAGGTGACGCCCCCAGAATAAAATTTGGACGGGGGGTTCAGTGGTGGCATTGTGCTATGACACCAATATAACCCTCACAAACCCCTTGGGCAATAAATACTAGTGTAGGAATGAAACATTCTGAATATCTTTAACAATAGAAATCCATGGGGTGGGGACAAGCCGTAAAGACTGGATGTCCATCTCACACGAATTTATGGCTATGGGCAACACATAATCCTAGTGCAATATGATACTGGGGTTATTAAGATGTGTCCCAGGCAGGGACCAAGACAGGTGAACCATGTTGTTACACTCTATTTGTAACAAGGGGAAAGAGAGTGGACGCCGACAGCAGCGGACTCCACTGGTTGTCTCTAACACCCCCGAAAATTAAACGGGGCTCCACGCCAATGGGGCCCATAAACAAAGACAAGTGGCCACTCTTTTTTTTGAAATTGTGGAGTGGGGGCACGCGTCAGCCCCCACACGCCGCCCTGCGGTTTTGGACTGTAAAATAAGGGTGTAATAACTTGGCTGATTGTAACCCCGCTAACCACTGCGGTCAAACCACTTGCCCACAAAACCACTAATGGCACCCCGGGGAATACCTGCATAAGTAGGTGGGCGGGCCAAGATAGGGGCGCGATTGCTGCGATCTGGAGGACAAATTACACACACTTGCGCCTGAGCGCCAAGCACAGGGTTGTTGGTCCTCATATTCACGAGGTCGCTGAGAGCACGGTGGGCTAATGTTGCCATGGGTAGCATATACTACCCAAATATCTGGATAGCATATGCTATCCTAATCTATATCTGGGTAGCATAGGCTATCCTAATCTATATCTGGGTAGCATATGCTATCCTAATCTATATCTGGGTAGTATATGCTATCCTAATTTATATCTGGGTAGCATAGGCTATCCTAATCTATATCTGGGTAGCATATGCTATCCTAATCTATATCTGGGTAGTATATGCTATCCTAATCTGTATCCGGGTAGCATATGCTATCCTAATAGAGATTAGGGTAGTATATGCTATCCTAATTTATATCTGGGTAGCATATACTACCCAAATATCTGGATAGCATATGCTATCCTAATCTATATCTGGGTAGCATATGCTATCCTAATCTATATCTGGGTAGCATAGGCTATCCTAATCTATATCTGGGTAGCATATGCTATCCTAATCTATATCTGGGTAGTATATGCTATCCTAATTTATATCTGGGTAGCATAGGCTATCCTAATCTATATCTGGGTAGCATATGCTATCCTAATCTATATCTGGGTAGTATATGCTATCCTAATCTGTATCCGGGTAGCATATGCTATCCTCATGCATATACAGTCAGCATATGATACCCAGTAGTAGAGTGGGAGTGCTATCCTTTGCATATGCCGCCACCTCCCAAGGGGGCGTGAATTTTCGCTGCTTGTCCTTTTCCTGCTGGTTGCTCCCATTCTTAGGTGAATTTAAGGAGGCCAGGCTAAAGCCGTCGCATGTCTGATTGCTCACCAGGTAAATGTCGCTAATGTTTTCCAACGCGAGAAGGTGTTGAGCGCGGAGCTGAGTGACGTGACAACATGGGTATGCCCAATTGCCCCATGTTGGGAGGACGAAAATGGTGACAAGACAGATGGCCAGAAATACACCAACAGCACGCATGATGTCTACTGGGGATTTATTCTTTAGTGCGGGGGAATACACGGCTTTTAATACGATTGAGGGCGTCTCCTAACAAGTTACATCACTCCTGCCCTTCCTCACCCTCATCTCCATCACCTCCTTCATCTCCGTCATCTCCGTCATCACCCTCCGCGGCAGCCCCTTCCACCATAGGTGGAAACCAGGGAGGCAAATCTACTCCATCGTCAAAGCTGCACACAGTCACCCTGATATTGCAGGTAGGAGCGGGCTTTGTCATAACAAGGTCCTTAATCGCATCCTTCAAAACCTCAGCAAATATATGAGTTTGTAAAAAGACCATGAAATAACAGACAATGGACTCCCTTAGCGGGCCAGGTTGTGGGCCGGGTCCAGGGGCCATTCCAAAGGGGAGACGACTCAATGGTGTAAGACGACATTGTGGAATAGCAAGGGCAGTTCCTCGCCTTAGGTTGTAAAGGGAGGTCTTACTACCTCCATATACGAACACACCGGCGACCCAAGTTCCTTCGTCGGTAGTCCTTTCTACGTGACTCCTAGCCAGGAGAGCTCTTAAACCTTCTGCAATGTTCTCAAATTTCGGGTTGGAACCTCCTTGACCACGATGCTTTCCAAACCACCCTCCTTTTTTGCGCCTGCCTCCATCACCCTGACCCCGGGGTCCAGTGCTTGGGCCTTCTCCTGGGTCATCTGCGGGGCCCTGCTCTATCGCTCCCGGGGGCACGTCAGGCTCACCATCTGGGCCACCTTCTTGGTGGTATTCAAAATAATCGGCTTCCCCTACAGGGTGGAAAAATGGCCTTCTACCTGGAGGGGGCCTGCGCGGTGGAGACCCGGATGATGATGACTGACTACTGGGACTCCTGGGCCTCTTTTCTCCACGTCCACGACCTCTCCCCCTGGCTCTTTCACGACTTCCCCCCCTGGCTCTTTCACGTCCTCTACCCCGGCGGCCTCCACTACCTCCTCGACCCCGGCCTCCACTACCTCCTCGACCCCGGCCTCCACTGCCTCCTCGACCCCGGCCTCCACCTCCTGCTCCTGCCCCTCCTGCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTGCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTCCTGCTCCTGCCCCTCCTGCTCCTGCCCCTCCCGCTCCTGCTCCTGCTCCTGTTCCACCGTGGGTCCCTTTGCAGCCAATGCAACTTGGACGTTTTTGGGGTCTCCGGACACCATCTCTATGTCTTGGCCCTGATCCTGAGCCGCCCGGGGCTCCTGGTCTTCCGCCTCCTCGTCCTCGTCCTCTTCCCCGTCCTCGTCCATGGTTATCACCCCCTCTTCTTTGAGGTCCACTGCCGCCGGAGCCTTCTGGTCCAGATGTGTCTCCCTTCTCTCCTAGGCCATTTCCAGGTCCTGTACCTGGCCCCTCGTCAGACATGATTCACACTAAAAGAGATCAATAGACATCTTTATTAGACGACGCTCAGTGAATACAGGGAGTGCAGACTCCTGCCCCCTCCAACAGCCCCCCCACCCTCATCCCCTTCATGGTCGCTGTCAGACAGATCCAGGTCTGAAAATTCCCCATCCTCCGAACCATCCTCGTCCTCATCACCAATTACTCGCAGCCCGGAAAACTCCCGCTGAACATCCTCAAGATTTGCGTCCTGAGCCTCAAGCCAGGCCTCAAATTCCTCGTCCCCCTTTTTGCTGGACGGTAGGGATGGGGATTCTCGGGACCCCTCCTCTTCCTCTTCAAGGTCACCAGACAGAGATGCTACTGGGGCAACGGAAGAAAAGCTGGGTGCGGCCTGTGAGGATCAGCTTATCGATGATAAGCTGTCAAACATGAGAATTCTTGAAGACGAAAGGGCCTCGTGATACGCCTATTTTTATAGGTTAATGTCATGATAATAATGGTTTCTTAGACGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCCGTGTTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGCAGCAATGGCAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCAGACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTCCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTGAAGCTGTCCCTGATGGTCGTCATCTACCTGCCTGGACAGCATGGCCTGCAACGCGGGCATCCCGATGCCGCCGGAAGCGAGAAGAATCATAATGGGGAAGGCCATCCAGCCTCGCGTCGCGAACGCCAGCAAGACGTAGCCCAGCGCGTCGGCCCCGAGATGCGCCGCGTGCGGCTGCTGGAGATGGCGGACGCGATGGATATGTTCTGCCAAGGGTTGGTTTGCGCATTCACAGTTCTCCGCAAGAATTGATTGGCTCCAATTCTTGGAGTGGTGAATCCGTTAGCGAGGTGCCGCCCTGCTTCATCCCCGTGGCCCGTTGCTCGCGTTTGCTGGCGGTGTCCCCGGAAGAAATATATTTGCATGTCTTTAGTTCTATGATGACACAAACCCCGCCCAGCGTCTTGTCATTGGCGAATTCGAACACGCAGATGCAGTCGGGGCGGCGCGGTCCGAGGTCCACTTCGCATATTAAGGTGACGCGTGTGGCCTCGAACACCGAGCGACCCTGCAGCGACCCGCTTAACAGCGTCAACAGCGTGCCGCAGATCCCGGGGGGCAATGAGATATGAAAAAGCCTGAACTCACCGCGACGTCTGTCGAGAAGTTTCTGATCGAAAAGTTCGACAGCGTCTCCGACCTGATGCAGCTCTCGGAGGGCGAAGAATCTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATATGTCCTGCGGGTAAATAGCTGCGCCGATGGTTTCTACAAAGATCGTTATGTTTATCGGCACTTTGCATCGGCCGCGCTCCCGATTCCGGAAGTGCTTGACATTGGGGAATTCAGCGAGAGCCTGACCTATTGCATCTCCCGCCGTGCACAGGGTGTCACGTTGCAAGACCTGCCTGAAACCGAACTGCCCGCTGTTCTGCAGCCGGTCGCGGAGGCCATGGATGCGATCGCTGCGGCCGATCTTAGCCAGACGAGCGGGTTCGGCCCATTCGGACCGCAAGGAATCGGTCAATACACTACATGGCGTGATTTCATATGCGCGATTGCTGATCCCCATGTGTATCACTGGCAAACTGTGATGGACGACACCGTCAGTGCGTCCGTCGCGCAGGCTCTCGATGAGCTGATGCTTTGGGCCGAGGACTGCCCCGAAGTCCGGCACCTCGTGCACGCGGATTTCGGCTCCAACAATGTCCTGACGGACAATGGCCGCATAACAGCGGTCATTGACTGGAGCGAGGCGATGTTCGGGGATTCCCAATACGAGGTCGCCAACATCTTCTTCTGGAGGCCGTGGTTGGCTTGTATGGAGCAGCAGACGCGCTACTTCGAGCGGAGGCATCCGGAGCTTGCAGGATCGCCGCGGCTCCGGGCGTATATGCTCCGCATTGGTCTTGACCAACTCTATCAGAGCTTGGTTGACGGCAATTTCGATGATGCAGCTTGGGCGCAGGGTCGATGCGACGCAATCGTCCGATCCGGAGCCGGGACTGTCGGGCGTACACAAATCGCCCGCAGAAGCGCGGCCGTCTGGACCGATGGCTGTGTAGAAGTACTCGCCGATAGTGGAAACCGACGCCCCAGCACTCGTCCGGATCGGGAGATGGGGGAGGCTAACTGAAACACGGAAGGAGACAATACCGGAAGGAACCCGCGCTATGACGGCAATAAAAAGACAGAATAAAACGCACGGGTGTTGGGTCGTTTGTTCATAAACGCGGGGTTCGGTCCCAGGGCTGGCACTCTGTCGATACCCCACCGAGACCCCATTGGGGCCAATACGCCCGCGTTTCTTCCTTTTCCCCACCCCACCCCCCAAGTTCGGGTGAAGGCCCAGGGCTCGCAGCCAACGTCGGGGCGGCAGGCCCTGCCATAGCCACTGGCCCCGTGGGTTAGGGACGGGGTCCCCCATGGGGAATGGTTTATGGTTCGTGGGGGTTATTATTTTGGGCGTTGCGTGGGGTCAGGTCCACGACTGGACTGAGCAGACAGACCCATGGTTTTTGGATGGCCTGGGCATGGACCGCATGTACTGGCGCGACACGAACACCGGGCGTCTGTGGCTGCCAAACACCCCCGACCCCCAAAAACCACCGCGCGGATTTCTGGCGTGCCAAGCTAGTCGACCAATTCTCATGTTTGACAGCTTATCATCGCAGATCCGGGCAACGTTGTTGCCATTGCTGCAGGCGCAGAACTGGTAGGTATGGAAGATCTATACATTGAATCAATATTGGCAATTAGCCATATTAGTCATTGGTTATATAGCATAAATCAATATTGGCTATTGGCCATTGCATACGTTGTATCTATATCATAATATGTACATTTATATTGGCTCATGTCCAATATGACCGCCAT
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A3.3	pSecTag_13A1FVIII (10, 752 bp)
GACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAGGGAGACCCAAGCTGGCTAGCCACCATGCAAATAGAGCTGAGCACCTGTTTTTTTTTGTGTTTGCTGCGATTCTGCTTCTCCGCCACGAGGCGATATTATCTGGGAGCCGTAGAACTGAGTTGGGACTATATGCAGTCAGACCTCGGAGAACTTCCCGTTGATGCCCGGTTCCCACCGCGGGTTCCCAAATCTTTCCCCTTCAATACATCCGTGGTCTATAAGAAAACTCTGTTCGTTGAGTTCACTGACCACCTCTTCAATATCGCTAAGCCGCGACCACCATGGATGGGCCTGCTGGGGCCTACAATTCAAGCCGAGGTATACGACACCGTGGTCATTACATTGAAGAACATGGCATCTCACCCCGTGAGTCTCCACGCAGTCGGCGTGTCCTACTGGAAAGCAAGCGAAGGGGCTGAGTATGATGATCAGACTAGCCAGCGGGAGAAGGAGGACGATAAGGTTTTCCCTGGCGGCTCACACACATATGTTTGGCAAGTGCTGAAGGAGAACGGCCCAATGGCTTCCGATCCGCTCTGCTTGACATACTCCTATCTGAGCCACGTGGATCTGGTGAAGGATCTCAACTCCGGGCTGATCGGAGCTCTGCTGGTATGCCGAGAGGGTAGTCTCGCCAAAGAAAAAACTCAAACCCTGCACAAATTCATTTTGCTGTTTGCCGTGTTCGACGAAGGCAAAAGTTGGCATAGCGAAACAAAGAACTCTCTCATGCAGGATAGAGATGCCGCAAGCGCAAGGGCTTGGCCTAAGATGCACACAGTTAATGGTTACGTCAACAGATCCCTCCCCGGCCTGATCGGGTGTCACCGAAAGAGTGTGTACTGGCATGTGATCGGGATGGGCACCACCCCAGAGGTGCATTCAATCTTTCTGGAGGGGCATACCTTCCTGGTACGCAACCACCGCCAGGCTTCTCTGGAGATTTCCCCTATTACCTTTCTTACTGCCCAGACGCTTCTGATGGACTTGGGACAGTTTCTTCTGTTCTGCCATATCTCATCCCACCAACATGATGGAATGGAGGCATACGTGAAAGTGGATTCTTGCCCAGAAGAGCCTCAACTGCGGATGAAGAACAACGAAGAGGCCGAGGATTATGATGACGACCTGACGGATAGTGAAATGGACGTGGTCAGGTTTGACGATGACAATTCTCCCTCCTTTATCCAGATCCGATCTGTCGCTAAAAAACATCCCAAGACCTGGGTGCATTACATCGCCGCTGAAGAGGAAGATTGGGATTATGCGCCTCTGGTCCTCGCCCCAGACGATCGGTCCTATAAGAGCCAGTATCTGAACAATGGTCCACAGAGAATCGGTCGCAAGTACAAGAAAGTGCGTTTTATGGCCTATACAGATGAGACATTTAAAACTAGGGAAGCTATTCAGCATGAGTCCGGAATACTGGGCCCTCTCCTGTATGGGGAGGTCGGGGACACCTTGTTGATCATCTTTAAAAATCAGGCCTCCCGACCATATAACATCTATCCTCACGGAATCACCGACGTGCGTCCCCTCTACAGTAGAAGGCTTCCAAAGGGGGTGAAGCACCTGAAGGACTTCCCAATCCTGCCCGGGGAAATCTTCAAATACAAGTGGACTGTCACCGTAGAGGACGGCCCCACCAAAAGTGATCCTCGCTGTCTTACGAGATACTATTCCTCCTTTGTGAATATGGAACGGGACCTGGCGTCCGGCCTTATAGGCCCACTCCTCATATGCTATAAAGAAAGTGTAGATCAGAGGGGAAATCAGATTATGTCAGATAAGAGGAATGTTATCCTCTTCAGCGTGTTTGACGAGAATAGAAGCTGGTATCTGACCGAGAATATACAGCGATTCCTGCCCAATCCTGCCGGCGTTCAGCTGGAGGACCCCGAGTTTCAGGCCTCAAATATCATGCACTCTATTAACGGATACGTGTTTGATAGTCTGCAGTTGTCAGTGTGTCTGCATGAGGTGGCGTACTGGTACATCCTGTCAATTGGTGCCCAGACTGACTTTCTCTCAGTGTTCTTCAGTGGTTACACTTTCAAACACAAAATGGTGTACGAGGATACTCTGACTCTTTTCCCCTTCAGTGGCGAAACTGTGTTCATGAGCATGGAGAACCCGGGCTTGTGGATTCTGGGGTGCCACAATTCTGATTTTAGGAATCGGGGAATGACCGCTCTGCTCAAGGTATCTAGTTGCGATAAGAACACCGGGGATTATTATGAGGACTCATATGAGGACATCTCAGCCTACCTTCTCAGTAAGAATAATGCGATTGAACCCAGAAGCTTTAGCCAGAACCCTCCTGTCTTGAAACGCCATCAGAGAGAGATCACCAGGACAACTCTGCAATCTGACCAGGAGGAAATTGACTACGACGATACCATTTCCGTGGAGATGAAGAAAGAGGACTTCGACATTTACGACGAGGACGAAAACCAATCACCTAGGTCTTTCCAAAAAAAAACCAGACACTATTTCATTGCCGCAGTCGAAAGACTGTGGGATTACGGCATGTCATCTAGTCCCCACGTTCTTAGGAACCGTGCCCAGAGCGGATCCGTTCCACAGTTCAAGAAAGTCGTCTTTCAGGAATTTACTGACGGCTCTTTCACTCAACCCCTCTACCGCGGTGAGTTGAATGAGCATCTGGGGCTGCTGGGCCCCTACATCCGCGCCGAAGTAGAGGACAATATTATGGTGACATTTCGGAACCAGGCCAGCAGGCCATACTCATTCTATAGCAGTCTGATAAGCTATGAAGAGGACCAGAGACAAGGCGCCGAACCCCGGAAAAACTTTGTCAAACCGAACGAAACAAAGACGTATTTCTGGAAAGTACAGCACCACATGGCACCTACCAAGGACGAGTTCGACTGTAAGGCTTGGGCATACTTTAGCGACGTTGATCTGGAAAAGGACGTGCACAGCGGGTTGATTGGCCCGCTTCTGGTGTGTCACACTAATACCCTGAACCCCGCCCATGGCCGCCAGGTTACAGTCCAGGAATTCGCCCTGTTCTTCACCATCTTCGATGAGACTAAATCTTGGTACTTTACTGAGAATATGGAACGAAACTGTAGGGCACCCTGTAACATTCAGATGGAGGACCCTACCTTCAAAGAGAACTATCGTTTTCATGCCATTAATGGGTACATCATGGACACACTCCCAGGCCTTGTCATGGCTCAGGATCAGCGCATACGCTGGTATCTGCTGAGCATGGGGTCCAATGAAAATATTCATTCTATTCACTTTTCCGGGCACGTCTTTACAGTTCGCAAGAAAGAGGAGTATAAGATGGCCCTGTACAACCTGTACCCAGGGGTGTTTGAGACTGTTGAGATGCTGCCGTCTAAGGCAGGGATATGGCGGGTGGAGTGTCTGATCGGGGAGCACCTCCATGCGGGGATGAGCACACTGTTTCTTGTCTACTCCAACAAATGTCAGACTCCCCTTGGGATGGCTAGTGGACATATTAGGGACTTCCAGATCACAGCGTCTGGTCAGTACGGGCAGTGGGCTCCTAAGCTTGCACGCCTGCACTATAGCGGAAGCATCAATGCTTGGTCAACCAAAGAGCCCTTTTCCTGGATAAAGGTCGATCTGCTGGCCCCAATGATCATTCACGGTATCAAGACCCAGGGCGCCCGCCAGAAGTTCTCATCACTGTACATTAGCCAATTCATTATAATGTATAGCCTCGACGGCAAGAAATGGCAGACGTATCGGGGTAACTCAACAGGCACACTGATGGTGTTCTTTGGGAATGTCGATTCTAGCGGCATCAAGCACAACATTTTCAACCCGCCTATCATTGCTCGGTATATTCGCCTCCACCCGACACACTACTCCATAAGATCAACACTGAGAATGGAGCTGATGGGCTGCGATCTTAACTCCTGTAGTATGCCCCTCGGAATGGAGAGCAAGGCCATTAGTGATGCTCAGATAACAGCAAGCAGTTATTTCACGAATATGTTCGCAACTTGGAGTCCTTCCAAGGCCAGGTTGCACCTTCAGGGTCGTAGCAATGCATGGCGTCCTCAGGTTAATAATCCCAAGGAATGGCTCCAAGTAGATTTTCAGAAAACAATGAAGGTCACCGGAGTGACCACTCAGGGCGTGAAGAGCTTGCTGACAAGCATGTACGTTAAGGAATTTCTGATCAGCTCTTCTCAGGATGGCCACCAGTGGACCCTGTTCTTTCAGAACGGTAAGGTGAAGGTGTTTCAGGGGAATCAAGATAGCTTCACCCCCGTGGTGAATTCTTTGGATCCTCCACTCCTCACGCGGTACCTGAGAATTCACCCACAATCATGGGTGCATCAGATAGCTCTGCGGATGGAGGTACTGGGGTGCGAAGCGCAGGACCTGTACGGAGGCGGCGGTTCTGGTGGCGGAGGAAGCGGTGGAGGCGGGTCTGGTGGTGGTGGCTCCGGTGGGGGAGGGAGCGGTGGCGGCGGTAGCGGCGGCGGCGGGTCATACAATTCCGGCAAACTGGAAGAGTTTGTGCAAGGAAACCTGGAACGGGAATGTATGGAGGAGAAATGCAGCTTCGAGGAAGCTCGTGAAGTCTTTGAAAACACAGAGCGGACCACAGAATTCTGGAAGCAGTATGTCGACGGCGATCAGTGCGAATCCAACCCTTGCCTGAACGGCGGCTCCTGTAAAGACGACATCAATTCCTATGAATGTTGGTGTCCATTTGGGTTCGAGGGTAAGAACTGCGAACTTGACGTCACGTGCAACATAAAGAATGGAAGATGTGAGCAATTTTGCAAAAACTCTGCTGACAACAAGGTAGTGTGCTCTTGCACTGAAGGCTACCGGCTGGCAGAGAACCAGAAAAGCTGTGAACCAGCAGTGCCCTTCCCATGCGGAAGAGTCTCAGTGAGTCAAACCAGCAAGTTGACGAGGGCTGAGACAGTTTTCCCTGATGTGGACTACGTCAATAGCACCGAGGCAGAAACAATACTGGACAATATCACCCAATCCACCCAGTCATTTAACGACTTTACGCGCGTGGTCGGAGGCGAGGACGCAAAACCCGGCCAGTTTCCTTGGCAAGTGGTGCTGAACGGAAAAGTTGACGCGTTTTGTGGAGGAAGCATCGTCAACGAAAAGTGGATCGTGACTGCCGCGCATTGCGTGGAGACAGGAGTGAAGATCACAGTTGTTGCCGGAGAACATAATATCGAAGAGACAGAGCACACGGAACAGAAAAGGAACGTAATCAGGATTATTCCACACCATAACTATAATGCAGCCATTAACAAATACAATCATGATATAGCCCTGCTCGAATTGGATGAGCCGCTGGTTCTTAATAGCTACGTGACACCCATCTGCATCGCTGACAAAGAGTACACTAACATTTTCCTGAAGTTCGGGTCTGGATACGTGTCTGGATGGGGACGGGTGTTTCATAAGGGACGAAGCGCTTTGGTTCTGCAGTACCTCAGAGTGCCACTGGTTGACAGAGCCACTTGCCTTAGGAGTACGAAATTCACCATCTACAACAATATGTTCTGCGCTGGGTTTCACGAAGGCGGGCGCGATAGCTGTCAAGGCGATAACGGTGGCCCTCACGTGACCGAAGTAGAGGGAACCTCCTTTCTGACCGGAATCATCAGCTGGGGTGAGGAGTGCGCCATGAAGGGCAAATACGGGATTTATACCAAGGTGTCCAGATACGTCAATTGGATCAAAGAAAAGACCAAGCTCACTGGGGGAGGAGGGCATCATCATCACCATCACTGAACCGGTCATCATCACCATCACCATTGAGTTTAAACCCGTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTACCTAGAAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTATAGGAACTTCCTTGGCCAAAAAGCCTGAACTCACCGCGACGTCTGTCGAGAAGTTTCTGATCGAAAAGTTCGACAGCGTCTCCGACCTGATGCAGCTCTCGGAGGGCGAAGAATCTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATATGTCCTGCGGGTAAATAGCTGCGCCGATGGTTTCTACAAAGATCGTTATGTTTATCGGCACTTTGCATCGGCCGCGCTCCCGATTCCGGAAGTGCTTGACATTGGGGAATTCAGCGAGAGCCTGACCTATTGCATCTCCCGCCGTGCACAGGGTGTCACGTTGCAAGACCTGCCTGAAACCGAACTGCCCGCTGTTCTGCAGCCGGTCGCGGAGGCCATGGATGCGATCGCTGCGGCCGATCTTAGCCAGACGAGCGGGTTCGGCCCATTCGGACCGCAAGGAATCGGTCAATACACTACATGGCGTGATTTCATATGCGCGATTGCTGATCCCCATGTGTATCACTGGCAAACTGTGATGGACGACACCGTCAGTGCGTCCGTCGCGCAGGCTCTCGATGAGCTGATGCTTTGGGCCGAGGACTGCCCCGAAGTCCGGCACCTCGTGCACGCGGATTTCGGCTCCAACAATGTCCTGACGGACAATGGCCGCATAACAGCGGTCATTGACTGGAGCGAGGCGATGTTCGGGGATTCCCAATACGAGGTCGCCAACATCTTCTTCTGGAGGCCGTGGTTGGCTTGTATGGAGCAGCAGACGCGCTACTTCGAGCGGAGGCATCCGGAGCTTGCAGGATCGCCGCGGCTCCGGGCGTATATGCTCCGCATTGGTCTTGACCAACTCTATCAGAGCTTGGTTGACGGCAATTTCGATGATGCAGCTTGGGCGCAGGGTCGATGCGACGCAATCGTCCGATCCGGAGCCGGGACTGTCGGGCGTACACAAATCGCCCGCAGAAGCGCGGCCGTCTGGACCGATGGCTGTGTAGAAGTACTCGCCGATAGTGGAAACCGACGCCCCAGCACTCGTCCGAGGGCAAAGGAATAGCACGTACTACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTC
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A3.4	pSecTag_13B1FVIII (10,879 bp)
GACGGATCGGGAGATCTCCCGATCCCCTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCGCATAGTTAAGCCAGTATCTGCTCCCTGCTTGTGTGTTGGAGGTCGCTGAGTAGTGCGCGAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCGACAATTGCATGAAGAATCTGCTTAGGGTTAGGCGTTTTGCGCTGCTTCGCGATGTACGGGCCAGATATACGCGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCCCATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTATCGAAATTAATACGACTCACTATAGGGAGACCCAAGCTGGCTAGCCACCATGCAGCGCGTCAATATGATAATGGCTGAGTCTCCTGGACTCATTACGATCTGCCTGCTCGGCTATCTGCTGTCTGCAGAATGCACCGTCTTTCTGGACCACGAAAATGCAAATAAGATCCTGAACCGGCCCAAACGCTATAATTCTGGCAAGTTGGAGGAATTCGTGCAGGGAAACCTTGAAAGGGAATGCATGGAAGAGAAATGTAGCTTTGAGGAAGCACGAGAGGTGTTTGAAAATACCGAGCGTACTACTGAGTTCTGGAAACAGTACGTGGACGGGGATCAGTGTGAAAGCAACCCTTGCTTGAATGGCGGCAGCTGTAAGGACGACATAAATTCATATGAGTGCTGGTGCCCGTTTGGCTTTGAGGGCAAGAATTGCGAGCTGGACGTGACTTGTAACATCAAGAACGGAAGATGTGAACAATTTTGTAAGAACAGCGCCGACAACAAAGTCGTATGTAGTTGCACCGAAGGGTATCGCCTGGCCGAAAATCAGAAGTCATGCGAGCCTGCGGTTCCCTTCCCCTGCGGTCGAGTCAGTGTGAGCCAGACCTCAAAGCTGACCAGAGCTGAAACTGTGTTTCCTGACGTCGACTATGTGAATTCTACGGAAGCCGAGACAATTCTGGACAACATCACTCAGAGCACTCAGAGCTTCAATGACTTTACTCGGGTGGTGGGCGGCGAGGATGCCAAACCCGGTCAGTTTCCGTGGCAGGTCGTCCTGAATGGAAAGGTAGACGCGTTTTGCGGCGGCTCCATCGTGAACGAGAAATGGATTGTCACCGCAGCCCACTGTGTCGAAACCGGCGTGAAGATTACCGTTGTCGCCGGAGAGCATAACATCGAGGAAACCGAACATACAGAGCAGAAGCGCAATGTGATCCGCATCATTCCTCACCACAACTATAACGCCGCCATCAATAAGTATAATCATGACATCGCGCTGCTGGAGCTGGATGAACCCTTGGTGCTCAATTCATACGTTACCCCTATTTGCATTGCAGATAAGGAATATACTAACATATTTCTGAAATTTGGCTCCGGATATGTGAGTGGGTGGGGTCGGGTGTTCCATAAAGGGAGGAGCGCTCTGGTACTTCAATACCTCAGGGTCCCGCTGGTTGATCGCGCAACATGCCTGCGATCTACAAAGTTCACAATTTACAACAATATGTTCTGTGCTGGGTTCCACGAGGGCGGGCGTGACTCCTGTCAAGGGGATAATGGCGGCCCTCATGTGACCGAAGTGGAGGGTACTAGCTTTCTCACGGGAATCATTTCATGGGGTGAGGAATGCGCTATGAAAGGAAAATATGGGATTTATACGAAGGTTTCTAGATACGTTAACTGGATCAAAGAGAAAACCAAGCTTACAGGCGGTGGCGGAAGTGGTGGGGGCGGGTCAGGCGGAGGAGGGTCTGGGGGGGGTGGAAGTGGAGGAGGTGGGAGTGGAGGGGGCGGGTCTGGTGGGGGTGGTAGCGGCGGTGGAGGGTCTGGAGGGGGCGGATCTGGTGGGGGGGGAAGTGCCACTCGCAGATACTACCTCGGCGCAGTCGAGTTGTCTTGGGACTACATGCAGTCTGACCTGGGCGAGCTCCCCGTGGACGCTCGATTTCCTCCCAGGGTTCCTAAAAGCTTTCCCTTCAACACCAGTGTTGTATACAAGAAAACGCTCTTTGTCGAGTTCACAGACCATTTGTTCAATATTGCTAAGCCACGGCCTCCTTGGATGGGGCTTCTGGGGCCCACTATTCAGGCTGAGGTGTACGACACCGTAGTGATAACCCTGAAAAATATGGCCAGCCATCCTGTCTCTTTGCACGCAGTTGGCGTTAGCTACTGGAAGGCAAGCGAGGGCGCCGAATACGATGACCAGACCAGCCAGCGAGAGAAGGAAGATGATAAAGTGTTTCCTGGCGGGTCACATACATATGTGTGGCAAGTGCTTAAGGAGAACGGCCCTATGGCGTCAGATCCCTTGTGTCTCACATACAGTTACCTGAGCCACGTCGACCTGGTGAAGGATCTCAACTCCGGACTGATAGGAGCCCTCCTGGTGTGCCGTGAGGGATCCCTCGCAAAGGAGAAGACACAGACTCTGCACAAATTCATTCTTTTGTTTGCTGTATTTGACGAAGGCAAGAGTTGGCATAGCGAAACAAAAAACAGCCTGATGCAGGACCGCGATGCAGCCTCTGCGCGGGCCTGGCCCAAGATGCATACAGTGAACGGCTACGTTAATAGATCCTTGCCTGGACTGATCGGCTGCCACCGGAAGAGCGTGTACTGGCATGTTATCGGCATGGGGACCACACCAGAGGTGCATTCAATATTCCTTGAAGGACACACCTTCTTGGTTAGGAATCATAGACAGGCCTCACTGGAGATCTCCCCAATCACCTTCCTCACCGCTCAAACCCTGCTGATGGACCTGGGACAGTTCCTGCTCTTTTGTCATATCTCCTCCCACCAACACGATGGCATGGAAGCTTATGTAAAAGTGGATAGCTGTCCCGAGGAGCCCCAGCTCAGAATGAAGAATAACGAGGAGGCCGAGGATTACGATGACGATCTGACAGATAGCGAGATGGACGTCGTACGGTTTGATGATGACAACAGTCCATCTTTCATCCAGATTCGTAGTGTGGCCAAGAAGCACCCTAAGACCTGGGTGCATTACATAGCCGCTGAAGAAGAGGATTGGGACTACGCCCCACTCGTGCTTGCTCCAGACGACCGATCATACAAATCCCAGTACCTGAACAATGGCCCACAGAGGATTGGCAGGAAATACAAGAAAGTGCGGTTCATGGCATACACAGATGAAACTTTTAAGACAAGAGAGGCAATCCAGCACGAATCTGGAATCCTCGGGCCACTTCTTTACGGGGAGGTGGGCGACACCCTGCTGATAATCTTCAAGAATCAGGCCTCACGGCCCTATAATATATATCCCCACGGAATCACCGATGTACGCCCACTGTATTCCAGGCGACTTCCTAAAGGGGTGAAACACCTGAAGGACTTTCCCATACTGCCGGGAGAGATCTTCAAATACAAATGGACGGTTACCGTCGAGGACGGCCCTACTAAGAGCGATCCCCGTTGTTTGACAAGATACTACTCTTCATTTGTAAATATGGAACGGGACTTGGCCTCTGGTCTGATTGGGCCACTGCTGATCTGCTACAAAGAAAGTGTGGACCAGAGGGGTAACCAGATAATGAGCGACAAGAGGAATGTCATTCTCTTTTCTGTATTTGATGAGAACAGGAGTTGGTACCTGACAGAAAATATACAGAGATTCCTTCCCAACCCTGCGGGCGTGCAGCTCGAGGACCCAGAGTTCCAGGCATCTAACATCATGCATAGTATAAATGGATACGTGTTTGATTCCCTGCAGCTGTCAGTCTGCCTTCACGAAGTCGCTTACTGGTATATACTGAGCATCGGGGCACAAACAGATTTTCTCAGCGTGTTCTTTTCAGGCTACACTTTTAAACACAAAATGGTTTATGAGGACACCTTGACACTGTTCCCCTTTAGTGGTGAAACCGTGTTTATGTCCATGGAAAACCCCGGACTGTGGATTCTGGGATGCCATAATAGCGATTTCAGGAACAGAGGTATGACCGCCCTGCTGAAAGTTAGCAGCTGTGACAAGAATACTGGCGACTATTATGAAGATTCATATGAAGATATTTCCGCTTATCTGCTGTCCAAGAATAACGCCATTGAGCCACGGAGCTTTTCCCAAAACCCTCCAGTCCTGAAGAGACACCAAAGAGAAATAACTCGGACTACCCTGCAGTCAGACCAAGAGGAGATTGACTATGACGATACCATCAGCGTAGAAATGAAGAAGGAGGATTTCGATATTTACGATGAGGACGAGAATCAGTCCCCGCGGAGTTTTCAGAAGAAGACCAGGCACTATTTCATCGCAGCGGTGGAGAGACTGTGGGACTACGGCATGTCATCCAGCCCTCATGTTCTGCGAAACCGGGCTCAGTCCGGTTCCGTCCCACAATTTAAGAAGGTGGTATTCCAGGAGTTCACCGATGGGAGCTTCACCCAGCCACTGTACAGAGGCGAACTGAATGAACATCTGGGGCTCCTGGGACCATACATTAGAGCCGAGGTGGAGGATAACATTATGGTTACCTTTCGGAATCAAGCATCCAGACCTTACTCCTTCTACTCCTCCCTGATAAGCTACGAAGAGGATCAAAGACAAGGTGCCGAGCCTAGGAAGAACTTCGTTAAACCCAACGAAACCAAAACGTACTTTTGGAAGGTGCAGCATCACATGGCGCCAACAAAGGACGAATTCGATTGCAAAGCCTGGGCTTATTTCAGCGATGTGGACCTGGAAAAGGATGTTCATTCAGGGCTGATTGGGCCCCTCCTTGTGTGTCATACAAACACACTCAATCCAGCTCACGGAAGGCAAGTTACAGTCCAAGAATTCGCTCTGTTCTTCACGATCTTTGACGAAACAAAATCATGGTACTTCACAGAGAATATGGAGCGGAACTGCCGCGCTCCATGCAACATTCAGATGGAGGATCCAACATTTAAAGAGAACTATCGCTTCCACGCCATCAACGGATACATTATGGACACCTTGCCCGGCCTCGTGATGGCCCAGGATCAGAGAATTAGGTGGTATCTCCTGTCTATGGGCTCAAATGAAAACATCCACAGCATCCACTTCAGCGGACACGTGTTCACTGTCAGGAAGAAAGAGGAGTATAAAATGGCTCTGTACAACCTTTATCCCGGCGTGTTTGAAACAGTCGAAATGCTGCCGAGCAAAGCCGGGATTTGGCGAGTCGAGTGCTTGATCGGTGAGCATCTGCATGCGGGAATGTCCACACTGTTCCTTGTATATTCCAACAAATGTCAGACCCCGCTGGGTATGGCCTCCGGCCATATTCGCGACTTCCAGATCACTGCCTCAGGCCAGTATGGCCAGTGGGCACCCAAACTGGCCCGGCTCCACTATAGTGGAAGCATTAACGCATGGAGTACGAAGGAACCATTCTCCTGGATCAAGGTCGATTTGTTGGCTCCCATGATTATCCACGGAATTAAGACTCAGGGTGCGCGTCAGAAATTCTCTAGCCTTTACATCAGCCAATTCATTATCATGTATAGTCTCGATGGCAAGAAATGGCAAACCTACCGCGGGAATAGTACTGGAACTCTGATGGTGTTTTTTGGCAATGTGGACTCTTCCGGTATCAAGCACAACATATTCAATCCGCCAATCATCGCCAGGTACATTCGCCTGCACCCCACGCACTATTCTATCCGATCTACACTCCGCATGGAGCTGATGGGGTGTGATTTGAACTCCTGTAGCATGCCACTGGGAATGGAGTCTAAAGCTATTAGTGATGCACAGATCACTGCAAGCTCTTATTTCACGAACATGTTTGCCACTTGGAGTCCGAGCAAGGCCAGGCTGCACCTCCAGGGTCGCTCCAACGCCTGGCGGCCCCAGGTCAACAACCCCAAGGAGTGGCTTCAGGTGGACTTTCAGAAAACCATGAAAGTGACGGGCGTGACTACACAGGGCGTGAAGAGCTTGCTGACATCCATGTACGTTAAGGAGTTCCTCATCTCTTCTTCCCAAGATGGCCACCAATGGACCCTGTTCTTCCAGAATGGCAAGGTGAAAGTTTTCCAGGGGAATCAGGACTCCTTTACTCCGGTGGTGAATAGCTTGGACCCTCCTCTTCTGACGCGTTATCTGCGCATCCATCCACAGTCATGGGTCCACCAAATCGCTCTGAGAATGGAGGTCCTTGGGTGTGAAGCCCAGGACCTGTATGGCGGTGGAGGGCACCACCACCATCACCATTGAACCGGTCATCATCACCATCACCATTGAGTTTAAACCCGCTGATCAGCCTCGACTGTGCCTTCTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGACCCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATTGCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTGGGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGCTGGGGATGCGGTGGGCTCTATGGCTTCTGAGGCGGAAAGAACCAGCTGGGGCTCTAGGGGGTATCCCCACGCGCCCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTACCTAGAAGTTCCTATTCCGAAGTTCCTATTCTCTAGAAAGTATAGGAACTTCCTTGGCCAAAAAGCCTGAACTCACCGCGACGTCTGTCGAGAAGTTTCTGATCGAAAAGTTCGACAGCGTCTCCGACCTGATGCAGCTCTCGGAGGGCGAAGAATCTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATATGTCCTGCGGGTAAATAGCTGCGCCGATGGTTTCTACAAAGATCGTTATGTTTATCGGCACTTTGCATCGGCCGCGCTCCCGATTCCGGAAGTGCTTGACATTGGGGAATTCAGCGAGAGCCTGACCTATTGCATCTCCCGCCGTGCACAGGGTGTCACGTTGCAAGACCTGCCTGAAACCGAACTGCCCGCTGTTCTGCAGCCGGTCGCGGAGGCCATGGATGCGATCGCTGCGGCCGATCTTAGCCAGACGAGCGGGTTCGGCCCATTCGGACCGCAAGGAATCGGTCAATACACTACATGGCGTGATTTCATATGCGCGATTGCTGATCCCCATGTGTATCACTGGCAAACTGTGATGGACGACACCGTCAGTGCGTCCGTCGCGCAGGCTCTCGATGAGCTGATGCTTTGGGCCGAGGACTGCCCCGAAGTCCGGCACCTCGTGCACGCGGATTTCGGCTCCAACAATGTCCTGACGGACAATGGCCGCATAACAGCGGTCATTGACTGGAGCGAGGCGATGTTCGGGGATTCCCAATACGAGGTCGCCAACATCTTCTTCTGGAGGCCGTGGTTGGCTTGTATGGAGCAGCAGACGCGCTACTTCGAGCGGAGGCATCCGGAGCTTGCAGGATCGCCGCGGCTCCGGGCGTATATGCTCCGCATTGGTCTTGACCAACTCTATCAGAGCTTGGTTGACGGCAATTTCGATGATGCAGCTTGGGCGCAGGGTCGATGCGACGCAATCGTCCGATCCGGAGCCGGGACTGTCGGGCGTACACAAATCGCCCGCAGAAGCGCGGCCGTCTGGACCGATGGCTGTGTAGAAGTACTCGCCGATAGTGGAAACCGACGCCCCAGCACTCGTCCGAGGGCAAAGGAATAGCACGTACTACGAGATTTCGATTCCACCGCCGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCCAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTCCAAACTCATCAATGTATCTTATCATGTCTGTATACCGTCGACCTCTAGCTAGAGCTTGGCGTAATCATGGTCATAGCTGTTTCCTGTGTGAAATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAGCATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAATTGCGTTGCGCTCACTGCCCGCTTTCCAGTCGGGAAACCTGTCGTGCCAGCTGCATTAATGAATCGGCCAACGCGCGGGGAGAGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCGGCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTGTTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGAGAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTCAATACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGTC
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A4	Restriction Enzymes and Buffers
	Restriction Enzymes
	Restriction Buffers
	Recognition Sites

	Age I HF high fidelity
	CutSmart
	5’...  A▼CCGG  T ... 3’
3’ ... T   GGCC▲A ... 5’

	Nhe I HF high fidelity
	CutSmart
	5’...  G▼CTAG   C ... 3’
3’ ... C   GATC▲G ... 5’




B1 	Scalability of Transient Transfection
Consistent hGHRF protein expression was observed when the optimal transfection parameters were scaled up from a 6-well plate to T25, T75 and T175 based on the surface area differences while using DNA:PEI mass ratio of 1:6 for transfection. 
6W 
T25 
T75 
T175   
T175   
6W 
T25 
T75 
T175   
T175   
Experiment 1       Experiment 2
MWW
(kDa)
250
150
100
75
50
37
25
20


 
       T25          T75           T175
MW
(kDa)
250
150
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50
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20

 


C	Pharmacokinetics Data
C1.1	Plasma FVIII:C from F8KO Mice in Pilot PK study
	Clotted plasma samples are indicated in asterisks (*)

	
	 Group 1:          13A1FVIII - F8KO

	
	Raw Data (IU/dL)
	
	

	#
	0.083
	1
	4
	8
	24
	32
	48

	1
	456.39
	397.02
	250.68
	
	
	
	

	2
	440.23
	94.61
	87.71
	
	
	
	

	3
	464.24
	5.10
	234.85
	
	
	
	

	4
	522.33
	100.82
	177.63
	
	
	
	

	5
	484.09
	 
	 
	107.96
	 
	19.37
	 

	6
	487.55
	 
	 
	119.90
	 
	30.04
	 

	7
	486.67
	 
	 
	109.06
	 
	34.77
	 

	8
	490.34
	 
	 
	198.42
	 
	20.16
	 

	9
	422.93
	 
	 
	 
	31.73
	 
	13.43

	10
	374.89
	 
	 
	 
	21.59
	 
	7.76

	11
	784.46
	 
	 
	 
	61.53
	 
	13.04

	12
	453.56
	 
	 
	 
	46.64
	 
	0.65

	Mean
	492.19
	149.39
	187.72
	133.83
	40.38
	26.08
	8.72

	n
	12
	4
	4
	4
	4
	4
	4














	
	 Group 2:        Advate FVIII - F8KO

	
	Raw Data (IU/dL)
	
	

	#
	0.083
	1
	4
	8
	24
	32
	48

	1
	46.47
	15.19
	20.34
	
	
	
	

	2
	2.92
	0.94
	5.77
	
	
	
	

	3
	1170.78
	297.13
	76.59
	
	
	
	

	4
	0.64
	0.37
	1.69
	
	
	
	

	5
	2.12
	
	
	10.49
	
	1.24
	

	6
	208.04
	
	
	201.83
	
	70.09
	

	7
	*
	
	
	120.90
	
	20.37
	

	8
	281.67
	
	
	168.20
	
	15.30
	

	9
	708.57
	
	
	
	11.95
	
	9.16

	10
	1.19
	
	
	
	4.17
	
	3.35

	11
	1501.32
	
	
	
	0.31
	
	7.87

	12
	*
	
	
	
	7.08
	
	20.88

	Mean
	392.37
	156.16
	26.10
	125.35
	5.88
	26.75
	10.32

	n
	12
	4
	4
	4
	4
	4
	4



























C1.2	Plasma FVIII:C from DKO Mice in Pilot PK study
		Haemolysed plasma samples are indicated in light red shade
		Clotted plasma samples are indicated in asterisks (*) 

	
	 Group 3:      13A1FVIII - DKO

	
	Raw Data (IU/dL or percent)
	
	

	#
	0.083
	1
	4
	8
	24
	32
	48

	1
	109.95
	13.21
	25.51
	
	
	
	

	2
	119.12
	13.01
	*
	
	
	
	

	3
	125.42
	10.95
	10.42
	
	
	
	

	4
	104.29
	10.00
	4.85
	
	
	
	

	5
	153.77
	
	
	
	
	7.06
	

	6
	154.26
	
	
	3.09
	
	11.26
	

	7
	223.35
	
	
	6.77
	
	0.77
	

	8
	116.46
	
	
	3.27
	
	2.73
	

	9
	148.87
	
	
	
	2.44
	
	20.08

	10
	129.82
	
	
	
	5.13
	
	13.06

	11
	224.20
	
	
	
	*
	
	9.02

	12
	*
	
	
	
	19.39
	
	9.27

	Mean
	146.32
	11.79
	13.59
	4.38
	8.99
	5.45
	12.86

	n
	11
	4
	3
	3
	3
	3
	4

	SEM
	12.094
	0.786
	6.171
	1.196
	5.260
	2.702
	2.578



















	
	 Group 4:      Advate FVIII - DKO

	
	Raw Data (IU/dL or percent)
	
	

	#
	0.083
	1
	4
	8
	24
	32
	48

	1
	200.61
	17.75
	2.73
	
	
	
	

	2
	283.37
	21.35
	0.85
	
	
	
	

	3
	307.82
	25.73
	1.28
	
	
	
	

	4
	283.14
	19.82
	0.58
	
	
	
	

	5
	236.24
	
	
	0.87
	
	0.90
	

	6
	222.06
	
	
	0.74
	
	1.07
	

	7
	262.73
	
	
	1.00
	
	0.44
	

	8
	262.88
	
	
	1.61
	
	0.46
	

	9
	345.18
	
	
	
	3.11
	
	2.55

	10
	329.24
	
	
	
	3.51
	
	2.13

	11
	303.66
	
	
	
	1.33
	
	2.18

	12
	348.50
	
	
	
	1.62
	
	1.89

	Mean
	282.12
	21.16
	3.36
	1.05
	2.39
	1.10
	2.19

	n
	12.00
	4
	4
	4
	4
	4
	4

	SEM
	12.918
	1.692
	0.847
	0.064
	0.539
	0.575
	0.135





















C2.1	 Plasma FVIII:C from F8KO Mice in Repeat PK study
		Clotted plasma samles are indicated in asterisks (*)		
	
	Group 1: Advate-F8KO

	
	Raw Data (IU/dL or percent)
	
	% Plasma FVIII:C (Data Relative to 0.083hour Sample )

	#
	0.083
	1
	4
	8
	12
	24
	48
	72
	
	#
	0.083
	1
	4
	8
	12
	24
	48
	72

	1
	504.3
	271.0
	57.4
	
	
	
	
	
	
	1
	100
	53.7
	11.4
	
	
	
	
	

	2
	363.6
	232.2
	49.6
	
	
	
	
	
	
	2
	100
	63.9
	13.6
	
	
	
	
	

	3
	363.3
	227.4
	105.5
	
	
	
	
	
	
	3
	100
	62.6
	29.0
	
	
	
	
	

	4
	365.2
	202.5
	101.4
	
	
	
	
	
	
	4
	100
	55.4
	27.8
	
	
	
	
	

	5
	378.5
	197.4
	84.9
	
	
	
	
	
	
	5
	100
	52.1
	22.4
	
	
	
	
	

	6
	416.8
	
	
	101.3
	65.9
	
	
	
	
	6
	100
	
	
	24.3
	15.8
	
	
	

	7
	460.7
	
	
	88.7
	53.9
	
	
	
	
	7
	100
	
	
	19.3
	11.7
	
	
	

	8
	401.7
	
	
	64.6
	29.5
	
	
	
	
	8
	100
	
	
	16.1
	7.3
	
	
	

	9
	457.0
	
	
	70.3
	36.8
	
	
	
	
	9
	100
	
	
	15.4
	8.1
	
	
	

	10
	488.3
	
	
	
	
	37.2
	0.0
	
	
	10
	100
	
	
	
	
	7.6
	0.0
	

	11
	457.3
	
	
	
	
	33.7
	0.0
	
	
	11
	100
	
	
	
	
	7.4
	0.0
	

	12
	331.5
	
	
	
	
	11.7
	0.0
	
	
	12
	100
	
	
	
	
	3.5
	0.0
	

	13
	336.2
	
	
	
	
	16.3
	0.0
	
	
	13
	100
	
	
	
	
	4.8
	0.0
	

	14
	303.1
	
	
	
	
	9.6%
	0.0
	
	
	14
	100
	
	
	
	
	3.2
	0.0
	

	15
	652.9
	
	
	76.6
	
	
	
	0.0
	
	15
	100
	
	
	11.7
	
	
	
	0.0

	16
	684.3
	
	
	
	58.7
	
	
	0.0
	
	16
	100
	
	
	
	8.6
	
	
	0.0

	17
	489.1
	
	
	
	
	
	
	0.0
	
	17
	100
	
	
	
	
	
	
	0.0

	18
	460.4
	
	
	
	
	
	
	0.0
	
	18
	100
	
	
	
	
	
	
	0.0

	19
	535.4
	
	
	
	
	
	
	0.0
	
	19
	100
	
	
	
	
	
	
	0.0

	Mean
	444.7
	226.1
	79.8
	80.3
	49.0
	21.7
	0.0
	0.0
	
	Mean
	100.0
	57.5
	20.8
	17.4
	10.3
	5.3
	0.0
	0.0

	n
	19
	5
	5
	5
	5
	5
	5
	5
	
	n
	19
	5
	5
	5
	5
	5
	5
	5




	
	 Group 2: 13A1FVIII - F8KO

	
	Raw Data (IU/dL or percent)
	
	% Plasma FVIII:C (Data Relative to 0.083hour Sample )

	#
	0.083
	1
	4
	8
	12
	24
	48
	72
	
	#
	0.083
	1
	4
	8
	12
	24
	48
	72

	1
	353.7
	177.0
	94.5
	
	
	
	
	
	
	1
	100
	50.0
	26.7
	
	
	
	
	

	2
	308.4
	179.6
	96.6
	
	
	
	
	
	
	2
	100
	58.2
	31.3
	
	
	
	
	

	3
	239.1
	216.0
	91.5
	
	
	
	
	
	
	3
	100
	90.3
	38.3
	
	
	
	
	

	4
	281.2
	178.6
	99.4
	
	
	
	
	
	
	4
	100
	63.5
	35.3
	
	
	
	
	

	5
	234.6
	207.1
	95.4
	
	
	
	
	
	
	5
	100
	88.3
	40.7
	
	
	
	
	

	6
	414.6
	
	
	89.1
	54.7
	
	
	
	
	6
	100
	
	
	21.5
	13.2
	
	
	

	7
	*
	
	
	
	
	
	
	
	
	7
	*
	
	
	
	
	
	
	

	8
	286.0
	
	
	83.4
	34.4
	
	
	
	
	8
	100
	
	
	29.2
	12.0
	
	
	

	9
	314.8
	
	
	62.8
	31.8
	
	
	
	
	9
	100
	
	
	19.9
	10.1
	
	
	

	10
	380.2
	
	
	62.1
	31.6
	
	
	
	
	10
	100
	
	
	16.3
	8.3
	
	
	

	11
	318.2
	
	
	
	
	14.4
	0.0
	
	
	11
	100
	
	
	
	
	4.5
	0.0
	

	12
	*
	
	
	
	
	
	
	
	
	12
	*
	
	
	
	
	
	
	

	13
	318.2
	
	
	
	
	20.0
	0.0
	
	
	13
	100
	
	
	
	
	6.3
	0.0
	

	14
	355.1
	
	
	
	
	0*
	0*
	
	
	14
	100
	
	
	
	
	0*
	0*
	

	15
	142.6
	
	
	
	
	9.3
	0.0
	
	
	15
	100
	
	
	
	
	6.5
	0.0
	

	16
	501.1
	
	
	
	
	
	
	0.0
	
	16
	100
	
	
	
	
	
	
	0.0

	17
	310.6
	
	
	
	
	
	
	0.0
	
	17
	100
	
	
	
	
	
	
	0.0

	18
	341.9
	
	
	
	
	
	
	0.0
	
	18
	100
	
	
	
	
	
	
	0.0

	19
	269.5
	
	
	
	
	
	
	0.0
	
	19
	100
	
	
	
	
	
	
	0.0

	20
	131.5
	
	
	
	
	
	
	0.0
	
	20
	100
	
	
	
	
	
	
	0.0

	Mean
	305.6
	191.7
	95.5
	74.4
	38.1
	14.6
	0.0
	0.0
	
	Mean
	100.0
	70.1
	34.5
	21.7
	10.9
	5.8
	0.0
	0.0

	n
	18
	5
	5
	4
	4
	3
	3
	5
	
	n
	18
	5
	5
	4
	4
	3
	3
	5



C2.2	Plasma FVIII:C from DKO mice PK study
	
	Group 3: Advate-DKO

	
	Raw Data (IU/dL or percent)
	
	% Plasma FVIII:C (Data Relative to 0.083hour Sample )

	#
	0.083
	1
	4
	8
	12
	24
	48
	72
	
	#
	0.083
	1
	4
	8
	12
	24
	48
	72

	1
	248.9
	34.9
	1.5
	
	
	
	
	
	
	1
	100
	14.0
	0.6
	
	
	
	
	

	2
	120.6
	24.4
	2.2
	
	
	
	
	
	
	2
	100
	20.2
	1.8
	
	
	
	
	

	3
	81.6
	10.0
	1.1
	
	
	
	
	
	
	3
	100
	12.3
	1.3
	
	
	
	
	

	4
	104.9
	10.3
	0.0
	
	
	
	
	
	
	4
	100
	9.8
	0.0
	
	
	
	
	

	5
	Dead
	
	
	
	
	
	
	
	
	5
	100
	
	
	
	
	
	
	

	6
	166.6
	
	
	5.3
	1.4
	
	
	
	
	6
	100
	
	
	3.2
	0.8
	
	
	

	7
	158.2
	
	
	4.6
	0.9
	
	
	
	
	7
	100
	
	
	2.9
	0.0
	
	
	

	8
	160.3
	
	
	3.2
	0.0
	
	
	
	
	8
	100
	
	
	1.9
	0.0
	
	
	

	9
	184.3
	
	
	2.6
	0.0
	
	
	
	
	9
	100
	
	
	1.4
	0.0
	
	
	

	10
	289.4
	
	
	3.7
	3.9
	
	
	
	
	10
	100
	
	
	1.3
	1.3
	
	
	

	11
	94.1
	
	
	
	
	2.6
	0.0
	
	
	11
	100
	
	
	
	
	2.8
	0.0
	

	12
	134.3
	
	
	
	
	2.7
	0.0
	
	
	12
	100
	
	
	
	
	2.0
	0.0
	

	13
	259.0
	
	
	
	
	3.3
	1.3
	
	
	13
	100
	
	
	
	
	1.3
	0.5
	

	14
	220.4
	
	
	
	
	2.6
	1.3
	
	
	14
	100
	
	
	
	
	1.2
	0.6
	

	15
	563.0
	
	
	
	
	2.0
	2.4
	
	
	15
	100
	
	
	
	
	0.4
	0.4
	

	16
	125.8
	11.4
	
	
	
	
	
	0.0
	
	16
	100
	9.1
	
	
	
	
	
	0.0

	17
	139.1
	
	5.6
	
	
	
	
	1.5
	
	17
	100
	
	4.0
	
	
	
	
	1.0

	18
	120.6
	
	
	
	
	
	
	0.0
	
	18
	100
	
	
	
	
	
	
	0.0

	19
	111.1
	
	
	
	
	
	
	0.0
	
	19
	100
	
	
	
	
	
	
	0.0

	20
	104.4
	
	
	
	
	
	
	0.0
	
	20
	100
	
	
	
	
	
	
	0.0

	Mean
	178.2
	18.2
	2.1
	3.9
	1.2
	2.6
	1.0
	0.3
	
	Mean
	100
	13.1
	1.5
	2.1
	0.5
	1.5
	0.3
	0.2

	n
	19
	5
	5
	5
	5
	5
	5
	5
	
	n
	19
	5
	5
	5
	5
	5
	5
	5



	
	 Group 4: 13A1FVIII - DKO

	
	Raw Data (IU/dL or percent)
	
	% Plasma FVIII:C (Data Relative to 0.083hour Sample )

	#
	0.083
	1
	4
	8
	12
	24
	48
	72
	
	#
	0.083
	1
	4
	8
	12
	24
	48
	72

	1
	166.0
	29.0
	
	
	
	
	
	
	
	1
	100
	17.5
	
	
	
	
	
	

	2
	145.8
	27.0
	
	
	
	
	
	
	
	2
	100
	18.5
	
	
	
	
	
	

	3
	223.1
	42.0
	
	
	
	
	
	
	
	3
	100
	18.8
	
	
	
	
	
	

	4
	178.5
	42.6
	
	
	
	
	
	
	
	4
	100
	23.9
	
	
	
	
	
	

	5
	182.5
	42.6
	
	
	
	
	
	
	
	5
	100
	23.3
	
	
	
	
	
	

	1
	203.2
	
	4.7
	
	
	
	
	
	
	1
	100
	
	2.3
	
	
	
	
	

	2
	170.1
	
	5.1
	
	
	
	
	
	
	2
	100
	
	3.0
	
	
	
	
	

	3
	244.4
	
	5.0
	
	
	
	
	
	
	3
	100
	
	2.0
	
	
	
	
	

	4
	207.0
	
	4.1
	
	
	
	
	
	
	4
	100
	
	2.0
	
	
	
	
	

	5
	208.6
	
	4.7
	
	
	
	
	
	
	5
	100
	
	2.3
	
	
	
	
	

	6
	275.0
	
	
	3.2
	0.5
	
	
	
	
	6
	100
	
	
	1.2
	0.2
	
	
	

	7
	173.6
	
	
	3.9
	0.0
	
	
	
	
	7
	100
	
	
	2.2
	0.0
	
	
	

	8
	128.9
	
	
	5.6
	4.2
	
	
	
	
	8
	100
	
	
	4.3
	3.3
	
	
	

	9
	155.2
	
	
	3.4
	0.0
	
	
	
	
	9
	100
	
	
	2.2
	0.0
	
	
	

	10
	141.9
	
	
	2.8
	0.0
	
	
	
	
	10
	100
	
	
	2.0
	0.0
	
	
	

	11
	206.7
	
	
	
	
	6.7
	0.0
	
	
	11
	100
	
	
	
	
	3.2
	0.0
	

	12
	234.6
	
	
	
	
	1.6
	0.0
	
	
	12
	100
	
	
	
	
	0.7
	0.0
	

	13
	172.9
	
	
	
	
	3.6
	0.0
	
	
	13
	100
	
	
	
	
	2.1
	0.0
	

	14
	144.2
	
	
	
	
	6.1
	0.0
	
	
	14
	100
	
	
	
	
	4.2
	0.0
	

	15
	180.9
	
	
	
	
	5.3
	
	
	
	15
	100
	
	
	
	
	2.9
	
	

	16
	161.7
	
	
	
	
	
	2.2
	1.3
	
	16
	100
	
	
	
	
	
	1.4
	0.8

	17
	162.1
	
	
	
	
	
	
	2.4
	
	17
	100
	
	
	
	
	
	
	1.5

	18
	202.4
	
	
	
	
	
	
	0.0
	
	18
	100
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TVT Mean Data at 0.25 Hour Bleeding Time Point

13A1FVIII	0.73389275229479778	1.4233761681435178	0.53192383397860943	0.73389275229479778	1.4233761681435178	0.53192383397860943	Total Blood Loss Hg (mg)	Total Blood Loss x10-3 (mL)	Total Bleeding Time (mins)	2.5767400000000005	4.9975562451512801	3.2384615384615389	Advate FVIII	0.32097385737704853	0.62252493672817744	0.33390155382102366	0.32097385737704853	0.62252493672817744	0.33390155382102366	Total Blood Loss Hg (mg)	Total Blood Loss x10-3 (mL)	Total Bleeding Time (mins)	2.0619507692307693	3.9991287223249996	2.5320512820512819	



TVT Mean Data at 24 Hours Bleeding Time Point

13A1FVIII	2.8295450062185483	5.4878685147760828	1.0918339090532163	2.8295450062185483	5.4878685147760828	1.0918339090532163	Total Blood Loss Hg (mg)	Total Blood Loss x10-3 (mL)	Total Bleeding Time (mins)	6.4295885714285719	10.8267416602017	5.526190476190477	Advate FVIII	3.9646694971258665	7.6894288152169663	4.5224458304591755	3.9646694971258665	7.6894288152169663	4.5224458304591755	Total Blood Loss Hg (mg)	Total Blood Loss x10-3 (mL)	Total Bleeding Time (mins)	10.154548333333334	19.694624385828799	7.5187499999999989	



Absorbance	1:1	2:1	3:1	4:1	5:1	6:1	7:1	8:1	9:1	10:1	0.86249999999999982	1.3074999999999999	1.3125	1.4635	1.4695	1.4804999999999999	1.2745	0.95699999999999985	0.71599999999999997	0.58699999999999997	PEI: DNA Ratio


Absorbance (450nm)



Absorbance	
2ug	4ug	6ug	8ug	10ug	0.93649999999999989	0.61050000000000004	0.57450000000000001	0.53249999999999997	0.46450000000000002	DNA Concentrations


Absorbance (450nm)



Experiment 1	HEK293c18	GHRF	13A1	13B1	0.14476865499116279	2.8119129581709399E-2	5.02743995791388	1.4402189970983339	Experiment 2	HEK293c18	GHRF	13A1	13B1	0.36192163747790695	0.31158713502844348	5.5773711075838497	1.2211097867309402	Mean	0.15355034647126042	0.20044214890081083	0.38886004511734978	0.15493360847121387	0.15355034647126042	0.20044214890081083	0.38886004511734978	0.15493360847121387	HEK293c18	GHRF	13A1	13B1	0.25334514623453486	0.16985313230507645	5.3024055327488648	1.330664391914637	Test Samples


Biological Activity (IU/dL)




% Viable Cells	0	5	7.5	10	12.5	15	17.5	20	22.5	25	27.5	30	100	97.188585869221853	97.905445840813883	97.435897435897431	98.709677419354833	97.835497835497833	93.688639551192139	92.695883134130142	88.75	81.707317073170728	85.501858736059475	83.271375464684013	% Dead Cells	0	5	7.5	10	12.5	15	17.5	20	22.5	25	27.5	30	0	2.8114141307781404	2.0945541591861163	2.5641025641025639	1.2903225806451613	2.1645021645021649	6.3113604488078536	7.3041168658698545	11.25	18.292682926829269	14.49814126394052	16.728624535315987	PEI Dose Concentration (µg)


% Viable  Cells


% Dead Cells




Experiment 1	0.10330830073135461	0.10330830073135461	 0.3 MVC	0.6 MVC	0.9 MVC	8.3634688141889093	1.0139361230616268	0.65277806749116907	Experiment 2	2.2203152929257682E-2	2.2203152929257682E-2	 0.3 MVC	0.6 MVC	0.9 MVC	9.2823708962053502	1.309393829998575	1.3750470198858691	Mean	0.64976189344026236	0.20892014812894472	0.51072127407879653	0.64976189344026236	0.20892014812894472	0.51072127407879653	 0.3 MVC	0.6 MVC	0.9 MVC	8.8229198551971297	1.1616649765301008	1.013912543688519	Seeding Cells Density 


FVIII:Ag Concentration (IU/dL)




Experiment1	0.25DNA	0.50DNA	0.75DNA	0.90DNA	21.192790859252248	18.961056323774649	16.280002748043952	5.6337419671686995	Experiment2	0.25DNA	0.50DNA	0.75DNA	0.90DNA	19.6930108190592	15.37569634905115	15.82778751754695	15.13231400152355	Mean	1.0605046367087374	2.5352323511218406	0.3197644560402676	6.7165046970812154	1.0605046367087374	2.5352323511218406	0.3197644560402676	6.7165046970812154	0.25DNA	0.50DNA	0.75DNA	0.90DNA	20.442900839155726	17.168376336412898	16.05389513279545	10.383027984346125	Varied  13A1FVIII DNA Concentration (µg/ml)


FVIII:Ag Concentration (IU/dL)




Experiment1	2.1001071401240346E-2	2.1001071401240346E-2	21.072119999999998	Experiment2	3.9103004999616171E-2	2.1001071401240346E-2	4.7446865017619806E-2	3.9103004999616171E-2	2.1001071401240346E-2	4.7446865017619806E-2	21.139220000000002	Mean	4.7446865017619806E-2	4.7446865017619806E-2	21.10567	FVIII:Ag Concentration (IU/dL)




13A1FVIII	5.727564927611048E-2	2.1213203435595661E-3	7.0710678118654814E-3	4.5961940777125392E-2	5.727564927611048E-2	2.1213203435595661E-3	7.0710678118654814E-3	4.5961940777125392E-2	Media - 1	Media - 2	Membrane-1	Cytosol -1	36.423800394728787	42.339442318821902	18.311196988832602	13.601383759087129	13B1FVIII	6.0811183182043371E-2	1.4849242404917433E-2	7.0710678118654814E-3	9.8994949366118315E-3	6.0811183182043371E-2	1.4849242404917433E-2	7.0710678118654814E-3	9.8994949366118315E-3	Media - 1	Media - 2	Membrane-1	Cytosol -1	2.8445375962806088	3.3538210882791599	0.56555863366562997	1.10917457734215	HEK293c18	Media - 1	Media - 2	Membrane-1	Cytosol -1	0	0	0	0	Expression Media/Cellular Components


 Biological Activity (IU/dL)




IU/dL	13A1FVIII	13B1FVIII	36.799999999999997	2.8000000000000025	
Biological  Activity (IU/dL)



IU/dL	0.44547727214752492	4.2426406871194068E-2	0.53740115370177577	0.44547727214752492	4.2426406871194068E-2	0.53740115370177577	Day 1	Day 3	Day 5	45.538101604278076	38.268716577540104	33.311051693404636	Culture Media Sampling Day


FVIII:Ag Concentration (IU/dL)



    Cells Density x 10e6/mL	Day 1	Day 3	Day 5	3.81	3.14	3.25	    Percentage of Viability	Day 1	Day 3	Day 5	95.4	90.6	82	Culture Media Sampling Days


    Cells Density x 106/mL 


Percentage of Viability (%)




Day 4	0	1	2	3	3.5	4	4.5	5	6	8	83.8	89.2	81.5	84.6	79.599999999999994	84.7	83.7	80.900000000000006	82.5	83.2	Day 7	0	1	2	3	3.5	4	4.5	5	6	8	88.3	86.4	86.7	80.7	81	69.3	58.9	63.1	44.7	3.4	Day 10	0	1	2	3	3.5	4	4.5	5	6	8	49.23	41.73	49.46	38.58	35.4	2.02	0.64	0	0	0	VPA (mM)


Percentage of Viability
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