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[bookmark: _Toc382887891]PartⅠChapter 1 Introduction

The intentions of this introduction are to introduce background of prion disease, to discover the possible therapy mechanism of anti-prion compounds and to review current known anti-prion compounds. Potential drug delivery systems especially ones targeting the blood brain barrier will then be discussed, followed by a brief review of the instruments and techniques used for this research project. 

1. [bookmark: _Toc311062617][bookmark: _Toc382887892][bookmark: _Toc311062618]Prion diseases and anti-prion drug discovery
[bookmark: _Toc382887893]1.1 Background
Bovine Spongiform Encephalopathy (BSE or mad cow disease), a form Transmissible Spongiform Encephalopathies (TSEs) had a major outbreak in cattle in the UK in 1986.1 TSEs are also called prion diseases because they are all related to prion proteins. BSE and other form of TSEs belong to a family of fatal neurodegenerative diseases which lead to spongiform degeneration, and the formation of large vacuoles in brain cortex and cerebellum was observed anatomically in infected animals. (Figure 1) In addition to BSE, TSEs include scrapie in sheep and goats, chronic waste disease in elk and deer and variant Creuzfeld–Jakob disease (vCJD) in humans etc.2 They can be transmitted through transplantations, contaminated biological products from cadavers, blood transfusion, contaminated surgical instruments and from ingesting beef products derived from infected cattle.             
  
[image: D:\My Documents\Desktop\Thesis\Pics\图片1.png]
 Figure 1. The comparison of the normal cow brain (left picture) to the BSE infected cow brain (right picture)3 

The diseases are believed to be caused by the conformational change of the cellular prion proteins (PrPC), which are sialoglycoproteins existing in different type of cells, especially in neurons, but their physiological functions are not yet completely known. They are anchored to the external surface of cells via a glycosyl phosphatidylinositol (GPI) moiety. The structure comparison of a PrPC molecule and a PrPSc molecule is shown in Figure 2.3 
[image: D:\My Documents\Desktop\Thesis\Pics\nn0109-7-F1.jpg]
Figure 2. The structure of PrPC and PrPSc 4 

The PrPC structure contains 3 α-helices and 2 β-sheets that are located close to the C-terminus, while the N-terminus peptide is highly unstructured. It can be easily digested by proteases, however in the case of TSEs the PrPC is converted into the protease resistant isoform or the scrapie form, PrPSc, which has less α-helical content, but much more β-sheet structure. Moreover, the increase in β-sheets results in an aggregation of the scrapie protein, PrPSc, which then creates a spongy brain in the infected animal.    
The conversion process from PrPC to PrPSc is illustrated in Figure 3. There are 5 possible strategies which could possibly be used to develop therapeutics against PrPSc formation from the mechanisms. 

Firstly, PrPC is synthesised in the cell and then it is transported to the extracellular side of the cell membrane where it is attached to the cell membrane via a GPI anchor. Hence, inhibiting the synthesis of PrPC can reduce the turnover rate from PrPC to PrPSc from initial stage. (Figure 3, Stage 1) Lack of PrPC can cut off the supply of PrPC as a starting material for PrPSc synthesis. This strategy was demonstrated in mice studies by inoculating mouse prion protein to PrPC devoid mouse without inducing prion symptoms for at least 13 months.5 

Secondly, another strategy is preventing the interaction between PrPC and PrP* to form complexes. (Figure 3 Stage 2) The synthesized PrPC can undergo a normal life cycle and be degraded within a few hours after being synthesised or after random conformational change to intermediate PrP (PrP*). Therefore it is possible to stabilise the normal conformation of PrPC. Detergent-resistant membrane domains was reported that could bind to PrPC and lock its conformation, and thus prevent its further conversion.6 

Thirdly, PrP* may also interact with protein X, a molecular chaperone (Figure 3, Stage 5), resulting in a partial conformational change of PrPC to PrP* which could potentially advance the binding of the exogenous infectious particles of PrPSc (Figure 3, Stage 4). Interrupting the association between PrPSc and PrPC directly is regarded as a potential route, but it was reported that the PrPSc binding site on the surface of the PrPC (90-231) NMR structure spans a rather large area, and the high affinity between the two proteins proposed by biochemical data are causing difficulties to disrupt them by binding with small molecules.7 

Fourthly, another method to avoid forming PrPSc is to prevent the association of PrPC to protein X. The binding sites of protein X on PrPC are mapped to a small area. A few residues on the binding sites Q168, Q172, T215 and Q219 are shown to be involved in the binding. The substitution of the residues 167, 171, or 218 preventing PrPSc formation were reported based on the scrapie-infected mouse neuroblastoma cells assay.8 

At last, the binding of both PrPSc and protein X facilitates the complete conformation changing from PrPC to PrPSc and subsequent aggregation into amyloidal fibrils. The formed aggregates can also be degraded via normal metabolic pathways in order to be eliminated (Figure 3, Stage 3). Weakening the protease resistance of PrPSc is a strategy to make it easier for clearance,9 and binding compounds with PrPSc can prevent it acting as template for replication. An amyloid-binding dye, Congo red, was capable of overstablilizing the PrPSc conformation in rodents. However, this only works when it is administrated at the start of the infection.10 In an early report, the -sheet of PrPSc was stabilized by intermolecular interactions and further propagation of PrPSc was prevented.11 The existing anti-prion drugs were generally discovered by using 5 strategies above, and a diverse set of small molecules are reported to be active in a variety of assay systems.

[image: ]
Figure 3. The model of PrPSc formation and 5 potential ways to discover antiprion drugs12 
It is important to understand the intracellular locations of PrPC, PrPSc and their conversion in cell organelles so that drug targets can be identified and their mode-of-actions can be established. There are a few papers studying the cellular locations of PrPC or PrPSc, and sites where PrPC is converted to PrPSc. PrPC is mostly reported being located on the cell membrane and anchored by GPI. In different cell lines it was also observed in late endosomes (N2a)13, lysosomes (N2a)14, Golgi and early endosomes (SN56)15. In another hand, however, the intracellular localization of PrPSc is difficult to locate due to the lack of a specific antibody. Recently research has shown that PrPSc was accumulated intracellularly along the endocytic pathway, and the prion conversion was believed to happen in the endosomal recycling compartment.16 PrPSc was also observed in lysosomes (N2a)17 and late endosomal compartments (GT1-7 and N2a)13. PrPSc oligomers were shown in the cells as high signal light spots. (Figure 4 and Figure 5)
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Figure 4. Scrapie-infected cells show co-localization of PrP and ferritin. ScN2a and SMB cells cultured in the absence or presence of 0.1 mM FAC were immunostained with 8H4-anti-mouse-FITC followed by anti-ferritin–anti-rabbit-TRITC. Untreated ScN2a cells show minimal PrP reactivity and reaction for ferritin in the cytosol (panels 1–3). Following exposure to FAC, both PrP and ferritin form intracellular aggregates that colocalize for the most part (panels 4–6, arrowheads). Untreated SMB cells show intracellular aggregates of PrP and reaction to ferritin in the cytosol (panels 7–9). However, exposure to FAC increases the reactivity between PrP and ferritin significantly, and PrP and ferritin form intracellular aggregates that co-localize in vesicular structures (panels 10–12, arrowheads).18
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Figure 5. Immunofluorescence staining of PrPSc oligomers/multimers with PRIOC mAbs. PRIOC extensively stained large aggregates in ScN2a cells. (A). Staining with PRIOC1 did not display the PrPSc oligomer-specific stain. (B). PRIOC2, (C) PRIOC3 and (D) PRIOC4 displayed distinct and unusual staining (yellow arrows) in ScN2a cells (green) as opposed to an anti-monomer antibody that displayed the typical diffuse ring-shaped stain of the cell membrane (red). Following permeabilization, ScN2a cells displayed a similar stain for aggregates using (E). PRIOC2 and (F). PRIOC2. Florescence microscopy was performed and images from each source [FITC (450–490 nm), Texas red (510–560 nm) and DAPI (330–380 nm)] were collected. Scale bar = 25 mm.19
[bookmark: _Toc382887894]1.2 Current known anti-prion compounds 
There are a number of compounds from different families which were reported with anti-prion ability. They are tricyclic derivatives, cyclic tetrapyrrole compounds, branched polyamines, polyanions, antibiotics, azo dyes, monoclonal antibodies, cysteine protease inhibitors and structure based inhibitors. The tricyclic derivatives of quinacrine, acridine, chlorpromazine, phenothiazine, promethazine, promazine and acepromazine were reported as active antiprion leads with EC50s between 0.3 and 3μM based on the screening results of an ScN2a cell line assay.20 Quinacrine and chlorpromazine (Table 1) were used individually as anti-malarial and anti-psychotic drugs for a few years and they were able to penetrate the blood brain barrier (BBB). 

The anti-prion activity of cyclic tetrapyrrole compounds21 (Table 1) and its sulfonation, metals and oligomerization products22 were reported and compared in a few scrapie infected cell lines. The most active tetrapyrrole was reported had IC50 of 0.5 to 1μM in scrapie-infected mouse neuroblastoma (ScNB) cells.21 The activity of tetrapyrrole sulfonation, metals and oligomerization products was relative to the type of metal bound at the center of the molecule.22 A group of branched polyamines exhibited prion inhibition ability. One of the most potent branched polyamines was polyamidoamine, (PAMAM) (Table 1) which had an EC50 of 9nM on ScN2a cells.23 
Some of the polyanions are anti-prion compounds represented by pentosan polysulfate (PS) (Table 1) which was shown to eliminate PrPSc in ScN2a cells24 and was screened in MDBCWD2 cells (a transformed cell line stained with chronic wasting disease) with an EC50 of 3nM.25

Some of the antibiotics such as tetracycline derivatives and anthracyclines are are also reported to have anti-prion properties. Tetracyclic compounds (Table 1) were reported as being able to disable PrPSc aggregation and its proteinase K resistance by binding with both PrPSc and PrP peptides.26 

Azo dye is a class of synthetic organic dye within the azo group (-N=N-). Congo red (CR) (Table 1) is a di-azo dye which had an half maximal effective concentration (EC50) of 1M in SMB cells,27 but it is very hard to pass through BBB. 

Antigen-binding fragment D18, a monoclonal antibody, was able to inhibit prion propagation at 6 nM in ScN2a cells. It is raised against 132-156 epitopes of recPrP (29-231).28 

Cysteine protease inhibitors are another class of anti-prion candidates. The most potent compound of this class is E-64d (Table 1) which had an EC50 of 0.5μM in ScN2a cells.29      
Cp-60, 2-amino-6-[(2-aminophenyl)thiol]-4-(2-furyl) pyridine-3,5-dicarbonitrile,  which is a structure based inhibitor was discovered by computational docking and the ScN2a cell line screening. The EC50 of Cp-60 was 18 μM, however it showed slight cytotoxicity on ScN2a cells.7 Analogues of Cp-60 compounds from the library of the pyridine dicarbonitriles were shown to have the EC50 of 50nM on the SMB cells.30 The structures, classifications and EC50 of some of the compounds are displayed in the table below.

Table 1. The structure and screening results of different classes of previously founded compounds
	Catalogue
	Name
	Structure
	EC50 (μM)

	Tricyclic derivatives
	Quinacrine20
	

	~0.3

	Tricyclic derivatives
	Chlorpromazine20
	

	2

	Branched polyamines
	Polyamidoamine31
	

	0.009

	Polyanions
	Pentosan polysulfate25, 32
	

	0.003

	Antibiotics
	Tetracyclic compound26a
	

	N/A

	Azo dye
	Congo red27
	

	1

	Cysteine protease inhibitors
	E-64d29
	

	0.5

	
	Cp-607
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It is very interesting to note that a few anti-prion antibodies also showed anti-prion effect. Monoclonal antibody ICSM 18 was able to specifically bind to PrPC, and ICSM 35 could bind to both PrPC and PrPSc on epithelial Rov cells which are derived from rabbit kidney (RK13) epithelial cells by transfection of a Tet-regulatable ovine PrP gene. ICSM 35 was shown to have better anti-prion efficiency than ICSM 18.33 Other monoclonal antibodies have also shown inhibition of prion replication and a delay in the development of prion disease in murine, which survived for more than 300 days after being treated.34 Recombinant adeno-associated vector type 2 viral vector platform was applied successfully to express PrPc-specific single-chain fragment variable antibodies within mice infected with CNS and it delayed the onset of prion pathogenesis.35 Recombinant adeno-associated vector (AAV) type 2 viral vector was able to express PrPC-specific single-chain fragment variable antibodies within the CNS in vivo.35 AVV serotype 2 carried with the D18scFv gene also reduced the prion levels in cultured infected cells in vitro.36  
2. [bookmark: _Toc382887895]Drug delivery systems for the anti-prion compounds
[bookmark: _Toc311062637]The anti-prion compounds are needed to reach the central nervous system (CNS) in order to exhibit therapeutic effects. However, targeted delivery of drugs into the central nervous system remains the greatest challenge in drug delivery field. The main difficulty is the physiological barriers between the brain and blood circulation in animals (or the human body). They are likely to enable the lipophilic molecule to pass through the barrier, therefore the drugs for CNS diseases were mostly designed to be lipophilic. However, in theory a vehicle can be used to deliver drugs to the microvascular region in the brain and to be accumulated in a specific position. As a result, improving a drug’s solubility without changing the polarity which is required to pass blood brain barrier (BBB) is one of the main priorities in drug delivery research, and it is not trivial. The intravenous injection and oral administration are two commonly used routes of administrating CNS drugs. The intracerebral injection of a viral vector carrying a therapeutic substance may cause brain inflammation, and therefore it is a less preferred route of administration. 37 However, the administration of a drug into CNS via non-intracerebral routes needs to go through blood circulation and pass through the BBB. 

[bookmark: _Toc382887896]2.1 The blood brain barrier
There were two main physiological barriers in the human CNS: the BBB, an extracellular space formed between cerebral microvessels made of endothelial cells with tight junctions, and the blood cerebrospinal fluid barrier (BCSFB), which consists of epidermal cells tightly joined together. The BBB is located between the blood circulating and the brain38, where the tightly closed junctions between cells prevent solute (hydrophilic) exchange between blood and the brain, while the BCSFB prevents potentially harmful substances from passing from the blood to the cerebrospinal fluid.39 The relative surface area of the BBB is 1000 times larger than BCSFB, so the administration of a CNS drug largely depends on its BBB penetration ability.39b 

There are six pathways allowing the BBB to exchange substances under normal physiological conditions as shown in Figure 6.40 Pathways A and B are the passive transports named paracellular and transcellular lipophilic pathways. Pathway A is the channel for water-soluble compounds, while the transport of lipid-soluble substances relies on Pathway B. Active transports across BBB are demonstrated by pathways C and D using carriers in the brain endothelia cells. Nutrients such as glucose, amino acids, nucleosides, monocarboxylates and small peptides were passed in by carriers in the C pathway while pathway D was responsible for the intake of proteins by receptors. Positive charged protein molecules (such as albumin), which means the                      proteins with a basic isoelectric point (a molecule has no electric charge at a certain pH), are able to penetrate the BBB by interacting electrostatically with the negatively charged region of the plasma membrane. (Pathway E) The mechanism of pathway E is known as adsorptive endocytosis and works without specific membrane receptors participating, unlike pathway D. However, most of the substances were rejected and pumped out by the Efflux system (pathway F) without reaching the active site in the brian.
[image: 0.jpg]
Figure 6. Transport mechanisms at the BBB40

Based on the BBB transport mechanisms, relevant strategies were used to conquer the barrier. (i) Pharmacology-based strategies, such as manipulating the physicochemical characteristics of peptide and protein (P/P) drugs and/or using colloidal drug carriers (liposomes, nanoparticles and nanogels). Drugs with lipophilic surface character are easier to pass through the BBB, therefore hydrophilic drugs could be encapsulated by a hydrophobic mask in order to cross the BBB.40 (ii) Physiology-based approaches, i.e. utilizing various endogenous carriers. It is known that the carriers and receptors in the brain endothelia cells are capable of carrying certain drugs across the BBB by utilizing facilitated diffusion or a “Trojan horse” mechanism, and drugs are then released in the brain cells. (iii) The chemistry-based strategies which are able to disrupt and transiently open BBB to increase the permeability of the BBB. Osmotic opening agents (e.g. hyperosmolar mannitol), vasoactive agents (e.g. bradykinin and analogues, histamine, serotonin), detergents (e.g. sodium dodecyl sulfate), free fatty acids (e.g. oleic acid), alkylating agents (e.g. etoposide, 5-flurouracil, cisplatin) and solvents (e.g. ethanol, dimethylsulfoxide) can potentially be used to increase the permeability of BBB, however many of these agents are toxic and therefore not practically useful.39b 

Recently it was shown that P/P drugs can cross BBB and be used as promising treatments for the CNS diseases. Many of the drugs fail to penetrate the BBB because they are metabolised by enzymes in the liver before they reach the molecular target or because they are pumped out of the BBB via efflux systems, so they may not reach the molecular targets due to their inability to pass through the BBB. Moreover, the plasma protein binding rate is another significant factor affecting the drug’s BBB permeability. They could tightly bind to the plasma protein and be metabolised in the peripheral circulation40, therefore it is essential that cell specific drugs can not only pass through the BBB but also survive the efflux and the metabolic systems. Generally speaking, lipophilic drugs that form less than 8-10 hydrogen bonds with water41 and have an MW of less than 400 (50037) are essential physiochemical properties required to enable them to pass through the BBB. 
[bookmark: _Toc382887897]2.2 BBB transport vectors
The BBB transport vectors are used to assist a drug delivery system (DDS) or (P/P) drugs when they are unable to penetrate the BBB by themselves. Generally speaking, the cellular uptake of the vectors coupled DDS or (P/P) drugs can be either receptor or adsorptive mediated endocytosis.42 

The receptor mediated endocytosis involves 4 steps. Firstly, the specific membrane receptor was bound with the vectors (ligand).43 The conformation of the receptor protein is altered via a modification which turns the receptor ligand complex into pits.44 Those pits become coated pits once they are binding with clathrin protein. Secondly, the coated pits form complete vesicles and then endocytosis takes place. The vesicles lose the coated clathrin; and endosomes are formed. Endosomes may fuse with an uncoupling vesicle (compartment of uncoupling of receptor and ligand), which leads to acidic dissociation of the receptor ligand complex. The free receptors are recycled to the cell membrane.45 Thirdly, the rest of the ligand containing vesicle may combine with a primary lysosome in order to form a secondary lysosome which leads to the degradation of the ligand. Alternatively, the endosome towards the trans-Golgi sacs intracellularly result in lysosomal degradation.46 The exocytosis is the final step.   

The mechanism of adsorptive mediated endocytosis is similar to the receptor mediated endocytosis. The difference is that there are no specific membrane receptors participating in the adsorptive mediated endocytosis.47 

The specific receptors on brain capillary endothelia cells have been identified and they are used as vectors including insulin, insulin-like growth factors (IGF), and transferrin et al..42 These vectors are developed for BBB targeting functions. 

Insulin was demonstarted to be able to bind to the cerebral microvessels and penetrate the BBB both in vitro and in vivo.48 However, its short serum half-life and causing hypoglycemia are limited its ability to act as a vector. IGF-Ⅰ and IGF-Ⅱ can avoid the hypoglycemia side effect by using very low concentration as vectors. Due to the same disadvantage of a short serum half-life, an optimized IGF having low affinity with the serum binding protein and retained affinity with insulin receptors is expected to be synthesized for BBB targeting.49 It was reported that IGF-Ⅰ was able to cross the BBB via a saturable transport system both in vivo and in situ.50  
OX26, a mouse monoclonal antibody raised against the rat transferrin receptor, was used to locate transferrin receptors into the brain microvascular endothelia cells.51 Human serum albumin nanoparticles were covalently coupled with OX26 or R17217 (a monoclonal antibody against transferrin receptor) which could transport the bounded loperamide across BBB.52

A low-density lipoprotein receptor (LDLr) present on the surface of brain capillary endothelial cells attracted some attentions because of their specific capabilities in BBB transporting. It is able to combine with apolipoprotein and form an LDLr-apolipoprotein complex. Then the complex can cross the BBB and apolipoprotein is released into the brain.53 There are two kinds of apolipoprotein, Apo B and Apo E. Angiopep-2, a synthetic ligand of LDLr, is wildly used as a vector to cross the BBB.54

Moreover, mimicking or neutralizing a CNS toxin or virus is regarded as another strategy of finding BBB targeting vectors. The tetanus toxin C fragment, which is a non-toxic fragment of tetanus toxin, was conjugated with nanoparticles for CNS targeting.55 A short peptide derived from the rabies virus glycoprotein was able to deliver small interfering RNA to the brain in a safe and noninvasive manner (intravenous injection).56 Cross-reacting material 197, a non-toxic mutant of diphtheria toxin, could deliver drugs across the BBB in vitro by inducing a signal to affect endocytosis in endothelial cells.57

[bookmark: _Toc311062638][bookmark: _Toc382887898]2.3 Nano-drug delivery systems
In order to enhance the hydrophilic character of a drug to cross the BBB, nanomaterials have been regarded as potential vehicles to deliver drugs into the brain. Nanomaterials have the unique ability of masking the drugs’ molecular character via the formation of lipid vesicles. They play an important role in central nervous system DDS. In General, the nano-carrier systems have some advantages over the free drugs, better chance to pass through the cell-membranes and other bio-barriers, an ability to prolong the period of encapsulated drug in the blood stream, and targeting certain tissues/cells by conjugation with specific ligands.58 

Targeting the drug to specific organs is considered as a solution to lower the drug’s volume of distribution, and therefore minimize the side effects of the drug. Nano-carriers could be conjugated with specific ligands and antibodies in order to achieve cell/organ specific targeting.

Liposomes, nanoparticles, polymeric nanoparticles, solid nanoparticles, micelles, dendrimers, hyperbranched polymers and polymersomes are considered as potential DDS for BBB targeting tools and they will be discussed as below.   
[bookmark: _Toc311062639]
[bookmark: _Toc382887899]2.3.1 Liposomes
A classic liposome is a vesicle with a hydrophilic core and a bilayer shell. It consists of biocompatible and biodegradable lipids. Cholesterol is an important component used to stabilize the liposome systems.59 The preparation process involves dissolving lipids in an organic solvent followed by the evaporation of the solvent to dryness in order to allow the formation of the lipid film. Finally, the liposomes are obtained by dispersing them in a hydrophilic medium, and they are then added to an aqueous solution to allow the liposomes to disperse within it.60 For different encapsulation missions, different formulations with a different ratio of lipid compositions were applied. In 1994, Fresta’s group used a liposome system to encapsulate citicoline, which is a therapeutic agent for brain injury. The high polarity of citicoline prevented it from penetrating the BBB. The liposome delivery systems help the drug cross the BBB, and therefore improved efficacy was observed in rats. The system was composited by 1, 2-dipalmitoyl-sn-glycero-phosphocholine, dipalmitoyl-DL-α-phosphatidyl- L-serine and cholesterol at a ratio of 7: 4: 7 respectively.61 Further examples were demonstrated by phenytoin, an anti-epileptic drug which was entrapped in liposomes and showed high affinities and efficacy for the amygdaloid epileptogenic condition after being administrated in comparatively large dosages. L-α-phosphatidylcholine, cholesterol and stearylamine were applied at a ratio of 7: 2: 1 to form the liposome.62 

Tissue (brain) uptake and the possibility of successful drug delivery of liposomes are mainly depended on the particle size, surface charge, lipid materials and the amount of cholesterol.40 The particle size is one of the most important parameters to affect the penetration of a delivery system through the BBB. The diameters of liposomes varying from 20nm to 100nm were reported as being able to pass through the BBB. Some suggested that the diameter of liposomes should not larger than 80~100nm40, while others believed that 80nm59 is the optimal for the endocytosis (Figure 6 B and D) otherwise they could be trapped by the reticuloendothelial system (RES), e.g. the liver, the spleen and the bone marrow etc. Polyethylene glycol (PEG) was largely applied as a ‘Trojan’ tool to conjugate to the surface of liposomes which are able to weaken the intake of the RES and prolong the circulation time.39b 

Furthermore, the specific targeting effect can be achieved by conjugating a liposome with specific monoclonal antibodies or ligands which are covalently bound with the PEG ended chain. One of the advantages of this is that the system targets external receptor epitopes instead of competing with the binding sites of the drug target.40 More than one kind of ligand can be conjugated to this system in order to achieve specific targeting effects.59 Therefore a system modified with CNS specific antibodies could assist the anti-prion compounds across the BBB. 
Ines Sauer found that the penetration ability of the PEG coated liposomes had been enhanced by covalently associating them with apolipoprotein E, which had a high affinity binding with LDLr. The compositions of the liposomes include1-palmitoyl-2-snglycero-phosphocholine,1,2-dipalmitoyl-sn-glycero-3- phosphoethanolamine-N-[methoxy(poly(ethyleneglycol)-2000)], 1,2-stearoyl- sn-glycero-3-phosphoethanolamine-N-[maleimide(poly(ethylene glycol)-2000)], ammonium salt and cholesterol.63

Other PEGylated immunoliposomes were applied as a nerve growth factor carrier system. RMP-7, a ligand to specific receptors on the brain microvascular endothelial cells was conjugated with liposomes in order to help the system across the BBB. The result showed that the system also enhances the bioavailability of nerve growth factors. 1,2-Dioleoyl-sn-glycero-3-phospho ethanol amine-n-[poly(ethylenegly-col)]-hydroxysuccinamide(DSPE-PEG-NHS) and DSPE-PEG-RMP-7 are the lipid components. The particle size was less than 100nm and the encapsulation rate of the drug was 34%.64 Some immunoliposomes targeting DDS in CNS are listed in table 2. Research on immunoliposomes demonstrated that these DDS are capable of assisting the drugs across the BBB and improving the bioavailability of the drug.65
 


Table 2. CNS targeting immunoliposomes DDS
	Drugs
	Lipids
	Ligands
	Ref

	Global gene
	PEG-LP
	MAb
	66

	Doxorubicin
	PEG-LP
	-----
	67

	Horseradish peroxidase
	PEG-LP
	Transferrin
	68



[bookmark: _Toc311062640]
[bookmark: _Toc382887900]2.3.2 Nanoparticles
Depending on the materials used the nanoparticles can be divided into polymeric and solid lipid nanoparticles, and both of them have been proven to assist with drugs penetrating into CNS. The particle size could be controlled at a comparatively small nano-scale (<100nm) in order to allow them to cross the tight endothelia junctions. Just like the CNS targeting immunoliposomes, conjugating PEG at the surface can be applied to avoid the RES trap, and the specific ligands were associated to ensure the carrier system reaches the specific organ.39b 

[bookmark: _Toc382887901]2.3.2.1 Polymeric nanoparticles 
For the purpose of transporting drugs across the BBB, polybutylcyanoarcylate (PBCA) was used as the material of polymeric nanoparticles. This BBB penetration is commonly assisted with tight junction opening modulators.69 Alyautdin group used PBCA nanoparticles to transport loperamide through the BBB in mice by intravenous injection. This DDS using PBCA nanoparticles was coated with polysorbate 80, and this system produced a longer lasting drug effect than its parent one.70 This system was also used to deliver another drug, dalargin, which was administrated only by intracerebral injection. An improved CNS activity was achieved by adding polysorbate 80 to the PBCA nanoparticles suspension with particle size at approximately 250nm.71 Some other natural products such as polysaccharides were also used as recipients to CNS DDS.72

[bookmark: _Toc382887902]2.3.2.2 Solid lipid nanoparticles (SLN)
[bookmark: _Toc311062641]SLN are defined as ‘dispersions of solid lipids stabilised by emulsifier or an emulsifier/co-emulsifier complex in water’39b. Different grades of poloxamers, polysorbates, lecithin and bile salts were used as emulsifiers. There were some experiments demonstrating that the SLN is able to assist CNS drugs crossing the BBB. Camptothecin was trapped in SLN (soybean lecithin) which was coated with poloxamer 188. The SLN assisted the drug to maintain a high concentration and a long action time in the brain after oral administration. The average particle size was 196.8nm with a Zeta potential of –69.3 mV.73 The zeta potential is the overall charge a particle acquires in a particular medium, which is determined by the electrophoretic mobility of nanoparticles in a U type tube. It can be used to predict the binding process and internalization process of the nanoparticles after uptake by cells.74 This DDS provides a new possibility of developing a more compliant administration route than the intravenous injection. When a drug delivered by an SLN with different degrees of PEG modification was compared with its free form, the brain intake and sustained release are increased in proportion to the amount of PEG used, but the drug’s distribution to the liver and heart decreased.75
[bookmark: _Toc382887903]2.3.3 Micelles
A typical micelle is formed by the self-assembly of small molecule amphiphiles which exceed the critical micelle concentration (CMC) in an aqueous solution. The shape of the micelles are decided by a packing parameter (p) which is calculated using the equation76 below: 
p = v/aolc 

 is the volume of a hydrophobic tail, lc is the length of the hydrophobic tail, and a0 is the contact area of the head group. Spherical micelles are formed When p<1/3; cylindrical micelles are favoured when 1/3 < p < 1/2; when 1/2 < p < 1, flexible lamellae or vesicles (also known as polymersomes); when p = 1, planar lamellae are observed. If p > 1, inverted structures can be obtained.76-77
Formation of amphiphilic diblock polymers into different morphologies is dependent on enthalpy contribution of interfacial energy and the entropy contribution of chain stretching.76 Various morphologies including spherical micelles, cylindrical micelles, bicontinuous structures, lamellae and vesicles, have been observed in bulk and in aqueous solutions. For the spherical micelles in an aqueous solution the hydrophilic groups are on the surface of the micelles and the lipophilic tails are inside the core. These types of micelles are the single layer vesicles which are different from the bilayer liposomes. (Figure 7) The lipophilic compounds can be encapsulated into the core of the sphere for delivery. 
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Figure 7. A representation of the steric organization of a liposome (left) and a micelle (right)78

The materials of such micelles should be non-toxic (also biocompatible), biodegradable, have high loading capacity for the drug, and be stable, sustained and have controlled release. Block copolymers were largely used in such delivery systems.58, 79 Moreover, the size of micelles are normally 10-100nm, which is advanced for CNS delivery.80  

[bookmark: _Toc311062642]The polymeric surfactant poly(oxyethylene)-poly(oxypropylene) block copolymer (pluronic) forms micelles were used to deliver haloperidol, a typical antipsychotic drug. Its brain penetration ability was increased by conjugating the micelles with an insulin vector (α2-glycoprotein), resulting in an average particle size of 12-36 nm. The results indicated that the DDS could increase the drug’s CNS effect after crossing the BBB. Pluronic was regarded as nontoxic and non-immunogenic block copolymers which can self-assemble into micelles.81 They were delivered FITC into brain with a size range between 12-36nm and surface conjugated with anti-2-GP antibody as vector.81 They were also reported as inhibitors of the drug efflux transporter such as P-glycoprotein (P-gp) in the blood–brain barrier which made them more promise as tools for BBB targeting.82 Recently, a PEG-polyamino acid block copolymer, polyplex nanomicelle with an average size of 50nm was reported to administer mRNA into the CNS in rats and resolved the instability and immunogenicity of mRNA in vivo.83
[bookmark: _Toc382887904]2.3.4 Dendrimers and hyperbranched polymers
[bookmark: _Toc382887905]2.3.4.1 Dendrimers
Dendrimers consist of repeating units which are conjugated into a defined and ordered branching structure in a range between 1 to 10 nm. The spaces between the branches could provide ‘pockets’ for the drug. 84 They were found to be capable of assisting drugs penetrating the BBB. 

Different formulations of CNS targeting dendrimers based on gene carrier systems were compared by R Q Huang’s group.85 The PEGylated polyamidoamine dendrimer conjugated with transferrin as a vector for DNA loading performed the best after i.v. injection in mice. The gene express in the brain was enhanced by this DDS. The DNA transfection efficiency was quantitatively analyzed by fluorescent microscopy and luciferase activity determination.85 Recently, PEGylated polyamidoamine dendrimer’s BBB penetrating ability was further proven in animal experiments by associating it with fluorescein-doped magnetic silica nanoparticles. The results, which were observed in a cellular and subcellular level by confocal laser scanning microscopy and transmission electron microscopy (TEM) respectively, provided direct evidence that PEGylated PAMAM conjugated fluorescein-doped magnetic silica nanoparticles could penetrate the BBB and reach the brain parenchyma.86

[bookmark: _Toc382887906]2.3.4.2 Hyperbranched Polymers (HBP)
HBP is a randomly branched polymer which is less symmetrical than the structure of dendrimer but more cost-effective in the synthetic progress.87 Compared to the dendrimers, a HBP contains more end-groups which are able to conjugate with ligands for the specific targeting applications. (Figure 8)  Also, the synthesis of the HBP is easier than the dendrimers. Fewer steps are needed in the HBP’s synthesis and purification process. 88 HBPs were also reported as nano-drug carriers.
[image: ]
Figure 8. Schematic structures of (a) dendrimers, and (b) HBP.89

[bookmark: _Toc311062643]The Perstrop Polyol which is the hyperbranched polyester with –OH groups was applied to encapsulate ibuprofen. However, when comparing the drug loading the dendrimer PAMAM-G4-NH2 was capable of catching approximately 3 times more ibuprofen than HBP. The lack of a strong interaction between the hyperbranched polymers’ function groups –OH and the drugs was believed to lead to less encapsulation.90 It was also reported that the hyperbranched aliphatic polyester Boltorn H40 with surface modification (with folic acid) was used as the delivery system of 5-fluorouracil and paclitaxel. The inhibition of the tumor cells was increased by using this drug delivery system. 91 Unfortunately, not many CNS targeting applications using HBP were reported. 

[bookmark: _Toc382887907]2.3.5 Polymersomes 
The polymersomes are bilayer-based vesicles made from synthetic polymer instead of lipids. 92 The specific amphiphilic block polymers can self-assemble into the nano-scale bilayer vesicles—polymersomes (Figure 9) in an aqueous solution. The core and shell of the polymersomes are hydrophilic and hydrophobic respectively. Therefore, the polymersomes are able to encapsulate both the hydrophilic and hydrophobic compounds. The synthetic nature of polymersomes allows them to possess more controllable properties (by adjusting the mass ratio of the compositions) towards permeability.93 The pH responsive polymersomes are one of the examples that can specifically release at the targeting sites in order to minimize the side effects. They were designed by inducing pH sensitive functional groups into the block polymer. 94 Also, the entirely ‘PEG-based’ polymersomes showed a two-fold longer circulation time than the PEG modified liposomes after being injected into rats. 95 This means that the structure of polymersomes in a solution is more physically stable than that of the liposomes, therefore those unique properties make the polymersomes a potential delivery system for drugs and genes. 
[image: D:\My Documents\Desktop\Thesis\Pics\Figure 9.jpg]
Figure 9 The structure of the polymersomes 93

The pH responsible polymersomes were reported as an efficient delivery vector for DNA by Hannah Lomas et al. in 2007.96 Poly(2- methacryloyloxy)ethylphosphorylcholine)-co-poly(2-(diisopropylamino)ethyl methacrylate) (PMPC25–PDPA70) was applied to form the polymersomes. The PDPA block contains the pH response functional groups, which allowed the polymersomes maintaining in vesicle from in the physiological pH and disassociated in intracellular pH. The viability assay proved that the PMPC25–PDPA70 had no cytotoxicity to the human dermal fibroblasts cells. The size of the DNA encapsulated polymersomes was from 200 to 400nm. The application of polymersomes in CNS drug delivery was also reported. The poly(ethyleneglycol)-poly(ε-caprolactone) (PEG-PCL) polymersomes conjugated with mouse-anti-rat monoclonal antibody OX26 were able to deliver NC-1900, a model peptide, into rats’ brains. The average diameter of them was around 100nm.97  
	
In summary, more than one of the nano-scale vesicles such as liposomes, polymersomes, nanoparticles, micelles, hyperbranched polymer and dendrimers are potentially suitable as the delivery tool for delivering compounds through BBB. The particle size is one of the most significant parameters to ensure the drug crossing the BBB. Also, the surface of these potential vehicles can mask them as ‘Trojans’ to survive from immune system and specifically target organ in vivo by decorating the specific antibody. The biodegradable and biocompatible materials are preferred for their similarity to the in-vivo environment. Also, apolipoprotein E and transferrin could be potential specific vectors if targeting the brain endothelial cells is required. The targeting effect is also expected to enhance the drug’s bioavailability. The prolonged effect of the drug’s life is usually achieved by PEGylating the end of the lipid. 

[bookmark: _Toc382887908]3. Brief review of the instruments and techniques used in the project
[bookmark: _Toc382887909]3.1 Immunofluoresence (IF)
Immunofluorescence (IF) which uses fluorescent-labelled secondary antibodies to detect primary antibodies which can specifically binding with their antigen and therefore visualize the distribution of specific biomolecule.98 IF is applied to locate the intracellular PrPC or PrPSc.18-19 Figure 4 and Figure 5 are the examples of PrPSc IF staining. Cells for IF assay were fixed with formaldehyde (or ethanol) and block them with blocking buffer which normally consist of Triton X-100 and serum in 1X PBS. Then, incubate the specimen with primary and followed with secondary antibodies. At last, the specimen is immersed in 1X PBS and observed under laser confocal microscope. 

[bookmark: _Toc382887910]3.2 Transmission electron microscopy (TEM)
TEM is applied to observe the nano-scale polymer morphologies in high resolution. It can be used to measure the diameter of the polymer microspheres assisted by software. Sample preparation is normally required due to the absorption of the electrons, which is dependent on the thickness of the material on the copper grid and which was pre-coated with carbon under vacuum. Different staining techniques are acquired when varying samples.99 The examples of TEM pictures are shown in Figure 10 below. 

[image: ]
Figure. 10 TEM pictures of samples with a different soft to hard phase ratio contrasted by (a) preferential staining with RuO4 and, (b) Pt-shadowing technique.100

[bookmark: _Toc382887911]3.3 Dynamic light scattering (DLS)
DLS is typically applied to measure the diameters of particles, emulsions or molecules in a solution based on the theory of Brownian motion.101 It can statistically measure the size distribution of spherical polymers. The DLS results are often compared with the measurement on TEM images and DLS often have slightly larger value than TEM which might be induced by high polydispersity index (large particle size variation).

[bookmark: _Toc382887912]3.4 Confocal laser scanning microscopy (CLSM)
CLSM is applied here for the live cell image with depth selectivity which allows the generating of 3D images.102 The intracellular locations of various cell organelles are able to be localized by CLSM by marking them with different commercially available cell organelle trackers.103 IF fluorescence was also captured by CLSM.104

[bookmark: _Toc382887913]3.5 High-performance liquid chromatography (HPLC)
This is normal liquid chromatography with high pressure which is significantly improved efficiency of the system. The basic mechanism of it is to separate different components by the difference of polarities leading to different retention time. The optimising of retention time of certain compounds is mainly dependent on the stationary and mobile phase. Good separation can be achieved by optimizing column, mobile phase composition (gradients), temperature and flow rate. HPLC is a robust technique and it is widely used in many areas for quality control. Here, it is applied to quantitatively measure both anti-prion compounds and materials of delivery system with UV-vis absorption. 

 

[bookmark: _Toc382887914][bookmark: _Toc311062620]PartⅠChapter 2 Previous work
Previous work in Chen group leading to the selection of the model compound in this project will be briefly discussed to give some background of current project. This was achieved by the joint effect of the group over several years of research.   
[bookmark: _Toc311062621][bookmark: _Toc382887915]1 Compounds selection by virtual high throughput screening 
A library containing 1,300,000 virtual compounds compiled from public databases was virtually docked into the specific binding pocket on PrPC105, their ability in fitting into the binding pocket was ranked according to their binding energy using docking programme, GLOD. The top 300 of these potentially active compounds were selected using criteria listed in Table 3 for further biological screening.

Table 3. The parameters in the compounds’ selection
	Parameters
	requirement

	Solubility
	Lipophilic, cLogP 2.5~6.0

	GOLD score
	>60

	Availability 
	Suppliers



[bookmark: _Toc311062622]The lipophilicity of the compounds is relevant to their solubility, permeability of blood brain barrier, receptor binding, metabolism rate and plasma protein binding. A logP in the range of 2-5 was used to select compounds with potentials of good permeability across the cell membranes, even BBB. The GOLD score above 60 means that the binding affinities between compounds and chosen PrPC pockets are satisfied, and compounds with a score lower than 60 are ‘filtered’ before the next screening step. Also, the availability of compounds was also considered for purchasing.

[bookmark: _Toc382887916]2 Biological Screening of Computational Hits
[bookmark: _Toc382887917]2.1 SMB cell line screening
The SMB cells are the persistent scrapie-infected cells cloned from infected mouse brain cells of non-neuronal origin. The infected cells can constantly produce PrPSc. The prion protein can be quantified by dot-blot assay before and after being dosed with the candidate compounds. The viability assay can also be applied for evaluating the toxicity of certain compounds to the SMB cells by MTT assays. The protocol of the dot-blot assay on the SMB cell line screening was optimized based on an assay developed by Rudyk.27 Compounds from different libraries were screened in the same method. The structure activity relationship was determined from the data obtained in this assay. 
[bookmark: _Toc382887918]2.2 Active hits
The screening outcome of most active anti-prion compounds from existing libraries in our lab with EC50 lower than 10 nM from cell line screening are listed in the table below (Table 4).106 The anti-prion EC50 is acquired from the dot-blot assay results.

Table 4. The top ranked active anti-prion compounds
[image: D:\My Documents\Desktop\Thesis\Pics\Table 4.png]

[bookmark: _Toc382887919]PartⅠChapter 3 Aims of the project

[bookmark: _Toc382887920]1 Aims
The aim of this research is to adapt and optimize a cell based biological evaluating system for DDS by screening the anti-prion effect and the cytotoxicity of three libraries of compounds (ZINC library, benzofuran derivatives and ε-PL) to complement the existing work in the group. Then, three DDS (Hyperbranched polymer, polymersomes and quantum dots) are used to increase the solubility of the hydrophobic anti-prion leads. The cytotoxicity and anti-prion effect of DDS can be evaluated by the system. Also, the DDS with fluorescence function should allow them to be traced intracellularly which could help understanding their possible mode-of-action.

[bookmark: _Toc382887921]2 Project design
[bookmark: _Toc382887922]2.1 Problems with current anti-prion compounds
· Low solubility
· Unable to reach the disease focus
· Non-fluorescence (Unable to track in vitro and in vivo)
[bookmark: _Toc382887923]2.2 Current status of DDS for prion research
· Lacking small molecule delivery techniques in general
· CNS targeting is still a challenge
[bookmark: _Toc382887924]2.3 Justifications for needing a DDS for anti-prion leads
· Improving solubility and bioavailability
· Tracking the compounds intracellularly by conjugating with fluorescence group
· Protect drugs before reach the target
· Targeting delivery by decorating with vectors

[bookmark: _Toc382887925]3 Project Plan
[image: D:\My Documents\Desktop\Thesis\Pics\Fig X.png]
Scheme 1. Biological evaluating system based on SMB cell line

A biological evaluating system based on the SMB cell line was adapted and optimized based on the group members’ previous work. A brief evaluating process is started from culturing SMB cells and split them in 96-well plate. Then, treat the cells with anti-prion compounds in serial dilutions. The MTT and dot blotting assays are applied after 5 days incubation and anti-prion leads are picked up under certain parameters (MTT>70% and anti-prion effect in nano-molar scale). This system was applied to screen the anti-prion effect and the cytotoxicity of three libraries of compounds, ZINC library, benzofuran derivatives and ε-PL. 

[image: D:\My Documents\Desktop\Thesis\Pics\Fig Y.png]
Scheme 2. Evaluating DDS via the biological system

Polymersomes, hyperbranched polymer and quantum dots were applied as DDS for anti-prion compounds, and they were evaluated in vitro individually. The drug loaded DDS are dosed on the cells in serial dilutions and comparing with DDS material without loading drug and free drug in DMSO in corresponding concentrations. Then, the MTT and dot blotting assays were applied to evaluate their biocompatibility and anti-prion effect. Also, the intracellular localization of the fluorescence traceable DDS is observed under confocal microscope. All three DDSs were chosen to improve the poor water solubility of those compounds. Furthermore, we will try to locate the intracellular location of those non-fluorescence compounds by modifications on the DDS, and this would help us to understand the mechanism of them, and lastly it can help the anti-prion compounds to reach the disease focus located in the CNS.













[bookmark: _Toc382887926]PartⅠChapter 4 Thesis layout

This thesis consists of four parts. 
Part 1 Introduction and literature survey
Research background about prion disease, drug delivery systems and previous works are introduced. Aims and objectives were demonstrated.

Part 2 General screening and optimization of the biological evaluating system
A cell based biological evaluating system is adapted and optimized for evaluating anti-prion effect and toxicity of samples to SMB cells. ZINC library, benzofuran derivatives and ε-PL were practiced on this system.

Part 3 Drug delivery systems for anti-prion compounds
Three drug delivery systems, hyperbranched polymer, polymersomes and quantum dots (QDs), were loaded with anti-prion compounds and their anti-prion effect and cytotoxicity were evaluated by the optimized cell based evaluation system. The intracellular uptake of both polymersomes and QDs were observed under laser confocal microscope. Furthermore, the QDs’ mode-of-action was researched on cells.

Part 4 General discussion and conclusions
Comparing the anti-prion activity and cytotoxicity of three DDS; the problems of anti-prion compounds (poor solubility; traceability; unable to reach CNS) partially solved by the DDS were discussed. Also, conclusions of the whole thesis were drawn in this part.














































[bookmark: _Toc382887927]Part Ⅱ General Screening and Optimization of Biological Evaluation Systems for DDS











1. [bookmark: _Toc382887928][bookmark: _Toc311062619]Introduction
In order to discover therapeutic leads from thousands of potential anti-prion candidates both in vitro and in vivo models have been used in recent research.107 The in vivo model can be established by using animals such as sheep, cattle, deer and rodents infected with prion disease.108 The comparatively cheap and fast in vivo models are the ones with mice and hamsters infected with an appropriate amount of rodent adapted TSE scrapie strains.109 The in vivo model is an excellent tool to acquire distribution and metabolism data from a real biological environment rather than by prediction.   Indeed, there are a few compounds showing their therapeutic benefits from in vivo.110 Amphotericin B, MS8209 and filipin belong to polyene antibiotics showed some benefits as anti-prion agents in rodents, but are toxic prohibiting their further use in humans.111 Quinacrine, quinine, biquinoline and chlorpromazine belong to tricyclic derivatives and have been applied on human trials, but showed little effects in prolonging lives of CJD patients.20, 112 Flupirtine was also reported on human trials without much success.113 

However, the time and costs have been key barriers to use in vivo models in the initial screening. They are normally used to evaluate the compounds selected and confirmed by in vitro models.

In vitro models are cheaper and results are generated quicker than the in vivo assays. Cell based assays were commonly used as an in vitro high throughput models for screening anti-prion compounds. The cell lines in multi-well plate can be cultured by using the prion infected cells, typically scrapie-infected mouse brain cells (SMB), scrapie-infected neuroblastoma cells (ScN2a), or scrapie Chandler strain infected immortalized murine hypothalamic neuronal cells (ScGT1) which are all capable of continuously producing PrPSc.114 

In cell line screening, dot blot assays were applied as a high-throughput method to quantitative the amount of PrPSc. It can be used to quantitatively analyze a large number of protein samples. For example, Taraboulos et al. used dot blotting to measure the accumulation of PrPSc in the infected hamster brain cell line115, Kocisko et al. screened a library of 2000 drugs and nature products as anti-prion candidates on ScN2a cells based on the 96-well dot blotting assay116, and in our group, dot blotting was applied to discover novel anti-prion candidates from synthesized libraries by testing on both SMB and ScN2a cell lines.117 One of the compounds from indole-3-glyoxylamides even showed its activity about 1nM from the dot blotting results.106   
Dot blotting assay has been used throughout this PhD project. To complement the existing work in the group, this part of the thesis documents the optimization of SMB cell line assay, testing it as an anti-prion screening system for screening three families of chemicals. They are compounds from the ZINC library, benzofuran derivatives and ε-PL. This cell line will also be used for assessing the biological activities of the DDS designed in Part III.

ZINC library contains compounds specifically selected for an antibiotic lead discovery project. It would be interesting to see if any of the compounds would exhibit anti-prion activities in the evaluating system I adapted. The hypothesis is that these compounds should be weak or non-inhibitors in the SMB cell line assay because they were purchased for a different drug discovery project aimed at the discovery of new antibiotics. Anti-prion compounds and antibiotics should in theory act via a totally different mode of action, i.e. via different drug targets.

Free radicals are atoms, molecules or ions which have unpaired valence electrons or open electron shell. They may attack and damage lipids, proteins, and DNA and relative to aging.118 Cell hypoxia is the main cause of free radicals and oxidative stress. The brain tissue is especially sensitive to oxidative damage because of its high content of readily oxidised fatty acids, high use of oxygen, and low levels of antioxidants. 

There is reports about free radical quenchers (also called anti-oxidants) slowing the prion disease progression.119 The activity of anti-oxidant is related to copper binding of PrPC.120 Increasing evidence showed that free radical–induced oxidative damage may play a role in the pathogenesis of both Alzheimer’s and prion diseases.121 However, there is no report about anti-oxidants benzofuran exhibiting anti-prion effect. 

Benzofurans were shown some correlations between their free radical quenching ability and their ability to inhibit A-aggregation in the previous research from University of Lancaster. Here, a novel family of benzofuran derivatives was applied to screen through this evaluation system. The correlations between anti-prion effect, free radical quenching and inhibiting A-aggregation ability of 6 benzofurans (Table 5) were analyzed.

Table 5. Structures of the benzofuran derivatives 
[image: D:\My Documents\Desktop\Thesis\Pics\benzofuran derivatives.png]

ε-Poly lysine (ε-PL) with a molecule weight of 5000 was kindly provided by Dr. Hong Xu (Nanjing University of Technology, China). (Figure 11) This poly amino acid was produced by a strain of Kitasatospora which was isolated from soil.122 It is a board spectrum antibiotics123 and it has been applied as food preservatives124. Synthesized poly-L-lysine was showed its anti-prion activity in the cell-free (protein misfolding cyclic amplification), cell culture (ScN2a cells), and mouse models.125 Anti-prion effect of bacterial produced ε-PL has not reported yet, therefore this compound was evaluated.



Figure 11. Structures of ε-PL

[bookmark: _Toc382887929][bookmark: _Toc311062625]2. Materials and methods
[bookmark: _Toc382887930]2.1 Materials
The compounds from the ZINC database were purchased commercially from various companies. Benzofuran derivatives for screening were kindly provided by Dr. Lance Twyman. ε-PL was kindly provided by Dr. Hong Xu (Nanjing University of Technology, China).
 
SMB cells were obtained from the TSE centre at the Institute of Animal Health. The medium for the cell culture was Phenol-red Medium 199 (Invitrogen). 10% New Born Calf Serum (NBCS, Invitrogen), 5% Foetal Bovine Serum (FBS, Invitrogen) and 1% Penicillin-Streptomycin Solution (Sigma) were added into the medium before use. Trypsin-Ethylenediaminetetraacetic acid (EDTA) solution was purchased from SIGMA. Hanks Balanced Salt Solution (HBSS, Invitrogen) was used as the compound dilution solution. The SMB cells were cultured and passaged in tissue-culture treated petri dishes (BD Falcon through SLS). The sterile 96 well plates (BD Falcon through SLS) were used for the cell culture and dosing. Chemical reagents for the viability assay and the protein determination were all obtained from Sigma, which includes 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), dimethyl sulfoxide (DMSO), isopropanol, Bradford reagent, and bovine serum albumin (BSA). The plate reader was from BioTek instruments. The reagents for the dot blot assays include proteinase K (PK, Sigma), phenylmethyl-sulfonyl fluoride (PMSF, Sigma), Tris-Buffered Saline (TBS, Sigma), Guanadine Thiocyanate (Acros), skim milk powder (Fluka), 6H4 primary antibody (Prionics through celtic foods) and the mouse antibody IgG and chemiluminescent solutions (GE Healthcare). The haemcytometer was bought from Fisher Scientific. The 96 well manifold (minifold, GE) was used for the dot blot assay. 


[bookmark: _Toc311062626][bookmark: _Toc382887931]2.2 Methods 
[bookmark: _Toc311062627][bookmark: _Toc382887932]2.2.1 Initial screening
[bookmark: _Toc382887933]2.2.1.1 Sub-culture of SMB cell lines
The SMB cells were cultured in tissue-culture treated petri dishes which were placed in an incubator under the conditions of 37˚C, 5% CO2 and 95% humidity. Phenol-red Medium 199 supplemented with 10% NBCS, 5% FBS and 1% Penicillin-Streptomycin Solution was used as the cell culture medium. 

The SMB cells were sub-cultured every 7 days. To sub-culture the cells, the medium was discarded and 5ml of trypsin-EDTA solution (prepared from 2.5ml stock trypsin-EDTA in 22.5ml HBSS) was added into each dish and incubated for 5 minutes at 37˚C to digest cadherin, a Ca2+ protein which is expressed on the surface of cells, plays a significant role in cell-cell junction formation126 and cell-matrix adhesion127. EDTA chelates Ca2+ ions in the solution, to enhance the activity of trypsin used for digestion. Cells can be seen detaching from the dish bottom under an optical microscope. 5ml medium containing inhibitors for trypsin including Mg2+ ,Ca2+ and proteins in the NBCS was then added to each dish to stop  the digestion.128 The cells were collected by placing 25 ml of suspension into two 50 ml centrifuge tubes followed by centrifugation at 1000g for 5 minutes. The supernatant was removed and a 10ml medium was added into each tube to re-suspend the cells. The hemocytometer was used for cell counting. 5x105 cells were seeded on each new tissue-culture dish and fresh medium was added in order to make the total volume of 10ml. The sterile 96 well plates were seeded with 0.8x104 cells in 100µl medium per well. Duplicates or triplicates of wells were dosed with a compound from the library for further activity and viability assays respectively. These plates were incubated for 24 hours before dosing with compounds, which allows the cells to attach. The medium in the tissue-culture dishes was changed after 4 days in order to ensure that there was sufficient nutrition for the cell growth. 

[bookmark: _Toc382887934]2.2.1.2 Dosing the cells
· Screening the ZINC compounds
The cells on 96 well plates were ready for dosing with compounds after seeding for 24 hours. There were 145 commercially available compounds purchased for this screening which are selected for the antibiotic project. Stock solutions of all compounds were uniformly prepared at a concentration of 10mM in DMSO. The stock solution was diluted using DMSO and followed by medium to the required concentration. The final DMSO composition was required to be no more than 0.5% by volume to avoid any cytotoxicity and solvent effect. 

Each compound was dosed at three concentrations, 1µM, 10 µM and 20 µM, in triplicate in the initial screen. DMSO (0.5% v/v) treated cells were set as negative controls and cells treated by a known anti-prion compound curcumin at 10M were set as positive controls respectively. To dilute a stock solution to require concentration, a dilution sequence is applied, an example of a dilution sequence was shown in the Table 6. Stock solution (A) is normally prepared in a concentration of 10mM. Firstly, certain volume of A is diluted by DMSO solution (B) in corresponding volume. Then, 6L of the diluted solution is transferred to 54L of HBSS solution (C) which allows the DMSO concentration in the cell culture medium after dosing below 0.5% (v/v). At last, 5L of the well mixed C is dosed to destination well on muti-well plates and achieve the required compound concentration in cell culture medium.

Table 6. An example of a dilution sequence 
	Solutions
	A
	B
	C
	Multi-well plate

	Sample 
	Stock solution (L) 
	DMSO (L) 
	HBSS (L) 
	Required concentration (M)

	Compound 
	2
	98
	54
	1

	Compound 
	4
	16
	54
	10

	Compound 
	8
	12
	54
	20



· Screening the benzofuran derivatives
The cells on 96 well plates were ready for dosing with compounds after seeding for 24 hours. There were 6 compounds kindly provided by Dr. Lance Twyman for this screening which are selected as molecular probes for studiying and inhibiting free radical production, Ab-aggregation assay and scrapie-infected cell based screening. Stock solutions of all compounds were uniformly prepared at a concentration of 10mM in DMSO. The stock solution was diluted using DMSO and followed by medium to the required concentration. The final DMSO composition was required to be no more than 0.5% by volume to avoid any cytotoxicity and solvent effect. 

Each compound was dosed at eight concentrations, 0.1, 0.5, 1.0, 2.5, 5.0, 7.5, 10, 20µM, in triplicate in the initial screening. DMSO (0.5% v/v) treated cells were set as negative controls and cells treated by a known anti-prion compound curcumin at 10M were set as positive controls respectively.Concentration range for EC50 assays were adjusted to avoid toxic concentration and eight concentrations in triplicate were applied.

· Screening the ε-PL
The cells on 96 well plates were ready for dosing with compounds after seeding for 24 hours. ε-PL was kindly provided by Dr. Hong Xu for this screening. Stock solutions of ε-PL was prepared at a concentration of 10mM in H2O. The stock solution was diluted using sterilized water and followed by medium to the required concentration. 

ε-PL was dosed in sixteen concentrations, 0.05, 0.1, 0.3, 0.8, 1.0, 3.0, 5.0 ,8.0, 10, 30, 60, 100, 200, 300, 500, 600µM, in triplicate in the initial screening. 5L H2O treated cells were set as negative controls and cells treated by a known anti-prion compound curcumin at 10M were set as positive controls. Concentration ranges for EC50 assays were adjusted to avoid toxic concentration and each concentration was in triplicate.

[bookmark: _Toc382887935]2.2.1.3 Viability assay (MTT assay)
The viability assay was set to evaluate the cytotoxicity of the compounds dosed on the cells by the mechanism of reducing the yellow MTT into water insoluble purple formazan by enzyme in the living cells’ mitochondria. A duplicate plate dosed with the same compounds was used in the viability assay. After dosing the cells for 5 days, a 10µl MTT solution (5mg/ml) was added into each well. After two hours’ incubation the entire medium was removed and 30µl of acidic isopropanol was then added to each well. The living cells were able to produce a purple color while the dead cell can’t. The absorbance was measured on an UV-vis plate reader at a wavelength of 570nm with background subtraction at 690nm which could minimize the interfere of the debris during reading.129 The steps above followed the protocol from Sigma130. An example of a MTT assay plate is shown in Figure 12.
Each experiment was done by duplicate and the mean value was applied in data analysis. Viability assay in both negative and positive control optimization was done by triplicate and the standard deviation (error bar) was applied in data analysis. 
[image: MTT_Plate]
Figure 12. An example of MTT plate ready for reading

[bookmark: _Toc382887936]2.2.1.4 Cell lysis
Preparation of lysis buffer: 500ml of lysis buffer (pH 7.4) is composed of 10nM Tris HCl, 100nM sodium chloride, 0.5% v/v Nonidet P20 (detergent), 0.5% w/v Sodium deoxycholate and 10nM EDTA. 

The cells in 96 well plates were lysed after 5 days’ incubation with controls and with compounds at various concentrations to release PrPSc for the quantitative analysis. The medium in each well was removed first in the lysing process, and 50µl of lysis buffer (pH 7.4) was added to each well. After shaking for a few minutes 25µl benzonase (0.2µl/ml) was added into each well to break down any cell debris.      

[bookmark: _Toc382887937]2.2.1.5 Protein determination 
Bradford assay was used to determine the protein concentration in the cell lysate.

Standard curve: the protein concentration was calculated by using a BSA standard curve which was created by adding 5µl of BSA standards at 7 concentrations from 0 to 1.0 mg/ml in a 96 well plate in triplicate (The concentration at 0 mg/ml was using the lysis buffer.). 250µl Bradford reagent was mixed with BSA standards in each well, then the plate was shaken on the platform shaker (100 rpm) and read by the plate reader at 570nm with a reference wavelength of 405nm (Single mode). 

5µl of the cell lyaste from each well was transferred into corresponding wells in a new 96 well plate. 250µl Bradford reagent was added into each well in the new plate, and a blue color was produced after 5 minutes shaking on a platform shaker (100 rpm). The absorbance was measured at 570nm with a reference wavelength of 405nm as an internal control by a plate reader.

The protein concentration was required to calculate the volume of the cell lysate that needs to be used in the dot blot analysis described below. Based on the previous work in our group 30-40 µg protein from each well was normally required after Bradford assay to be loaded on each dot of the nitrocellulose membrane to generate reasonable strong signals without overloading the membrane.106 

[bookmark: _Toc382887938]2.2.1.6 Dot blot analysis
Dot bolt analysis was applied for determining the concentration of PrPSc. Because both PrPC and PrPSc are present in the cell lysate, it is essential that the proteinase K (PK) digestion is performed to remove the PK sensitive PrPC, but PK resistant PrPSc was collected for the dot blot analysis.  

A nitrocellulose membrane and two filter papers were cut in the same size by using a template for analysing one 96 well plate. The membranes and papers were soaked in distilled water for saturation (around 5 minutes). A 96 well manifold was used to hold the membranes and papers, and was connected to a vacuum pump. Two filter papers were put under the nitrocellulose membrane before clamping the manifold. The vacuum pump was connected to the manifold with 350mm Hg pressure. The required volume of the cell lysate, which was calculated by the protein determination data from 96 well plate, was transferred to the corresponding well on the manifold. (Care must be taken while pipetting to avoid generating any air bubble.) To make sure all the liquid in the well running through the membrane, one minute vacuum was applied after added all the cell lysate. Then, the membrane was drying for 1 hour. All parts of the manifold were washed with 10% ethanol in water after being used.  
A series of washes and treatments were applied after the membranes being dried. Firstly, the lysates were incubated with 30ml of proteinase K (150µg/ml, TBS dilution) (PK) for 60 minutes at 37˚C. All the proteins except PrPSc were digested in this step. The PK activity was stopped with 1mM PMSF for 10 minutes. The TBS-T solution (TBS-T solution was made up in distilled water with 100 ml 10 x TBS stock, 10 ml 1:10 Tween solution and a total volume of 1000 ml.) was used to wash each of the membrane for three times (5 minutes for each wash) to get rid of the excessive PK. This TBS washing process was applied between each following immersion step to prevent the excessive solution being contaminated in the next step. A 1.8 M guanadine thiocyanate solution was used to immerse membranes for 10 minutes. It unfolds the protein to expose the specific epitopes for the antibodies binding in the next step. The membranes were immersed with 5% fat free milk solution for 60 minutes to block all the sites on the membrane except the dots. Then, 60 minutes’ immersion in 0.2 µg/ml 8H4 anti-prion antibody was applied to bind to the specific site on PrPSc. Then, the membrane was immersed in the mouse IgG antibody solution (1:4000 dilution) for 60 minutes. The IgG was tagged with a chemiluminescent tag. The membrane was then immersed in 6ml of the enhanced chemiluminescence (ECL) detection solution for 5 minutes to active the tags. ECL is a sensitive detection method and it was applied to quantitative the protein quantity by comparing the light emission. ECL generates chemiluminescence via a highly exergonic reaction to produce an electronically excited state and then emit light to a lower level state. The chemiluminescent signal was transported to the hyperfilms and they were developed and fixed as photo washing in dark room. Then, the washed films were analysed by the Lab WorksTM software. The darkness of each spot on the membrane was read by the software and converted to %PrPSc by comparing with negative controls. A typical example of dot blot results is shown in Figure 13.　        
[image: 3@MMT(JU[8ZJ00BX%0ZK69J]
Figure 13. An example of dot blot result
Each experiment was done by triplicate and the standard deviation (error bar) was applied in data analysis. 

[bookmark: _Toc311062628][bookmark: _Toc382887939]2.2.2 EC50 assay
EC50 assay was applied to confirm the anti-prion efficacy of the compounds by dot blotting but more dosing concentrations. Each compound was dosed at eight different concentrations: 0.1µM, 0.5µM, 1µM, 2.5µM, 5µM, 7.5µM, 10µM and 20µM in triplicate. The results were analysed by dot blot assay. (The protocol is referred to Section 2.2.1.6) The intensities of dot blot results were transferred to a excel file and the dose-activity curve was plotted and EC50 was calculated by a software, Graphpad Prism. To manage those data with this software, first thing to do is transforming the concentrations into log form. Then, the a curve can be fitted those data by using equation ‘log(agonist) vs. Response-- Variable slope (four parameters)’. The EC50 result can be automatically generated during the fitting process. Also, the viability assay and protein determination method are referred to the protocol in Section 2.2.1.3 and 2.2.1.5. 

Each experiment was done by triplicate and the standard deviation (error bar) was applied in data analysis. Viability assay in both negative and positive control optimization was done by triplicate and the standard deviation (error bar) was applied in data analysis. 

[bookmark: _Toc311062629][bookmark: _Toc382887941]3. Results and discussion
The results include four parts: optimizing the biological evaluating system, using this system to screen the ZINC library, benzofuran derivatives and ε-PL. 
[bookmark: _Toc382887942]3.1 Optimizing the biological evaluation system
[bookmark: _Toc382887943]3.1.1 Seeding number of SMB cells
In the previous protocol 10000 of the SMB cells per well were seeded on the 96-well plate. However, minor over confluence (Normally the cell density should be 80-95% in exponential phase after 5 days’ growth) was observed after 5 days’ incubation. Therefore, 10000, 9000, 8000, 7000, 6000, and 5000 cells per well were seeded on a 96-well plate and each experiment was repeated 8 times. 8000 cells per well was chosen as the optimimal initial seeding density. Using this seeding density, an average protein concentration of 55.78µg/well via the Bradford assay was measured, which is adequate for a further dot blot assay.

[bookmark: _Toc382887944]3.1.2 Concentrations of positive control 
10μM of curcumin was used as a positive control in the dot blot assay in the previous protocol. In this project, the dot blot assay was applied to determine the EC50 of curcumin and also to confirm whether 10μM of it can eliminate more than 90% PrPSc by comparing it with negative control (0.5% DMSO). Also, the viability of cells should be above 70 percent by comparing them with negative control (0.5% DMSO). EC50 of curcumin anti-prion activity was reported as 0.95±0.07µM on the SMB cell line.117 
[bookmark: OLE_LINK1]The determination of curcumin EC50 was set up by diluting its DMSO stock solution and dosing from 0.05 to 12.5µM in 3 parallel assays (triplicates in each assay). Although there were different lots of curcumin and different passages of cells, average EC50 of curcumin from 3 assays was 0.87±0.12µM, which was similar to the EC50 in the report mentioned above. Furthermore, 10µM of curcumin was able to suppress the PrPSc to 10% by comparing it with negative control. (Figure 14, top) The viability results were higher than 90% in all eight concentrations, (Figure 14, bottom) therefore in order to fulfill the requirement as a positive control and also for ‘safekeeping’ reasons (decrease the PrPSc to 10%), 10μM was kept and confirmed as the concentration of positive control.





Figure 14. EC50 results of curcumin by 3 times of repeating and the viability results under the same concentrations (the error bars indicate standard deviation of mean)
[bookmark: _Toc382887945]3.1.3 Concentrations of negative control 


Figure 15. MTT results of H20, DMSO and PBS in series dilutions (the error bars indicate standard deviation of mean)

DMSO is a colourless organic solvent for both polar and nonpolar compounds and is applied here to solubilise the hydrophobic anti-prion compounds in the culture medium. However, it is toxic to the cells131 and increases permeability in the cell membrane in high concentrations,132 therefore the DMSO concentration in the culture medium should be restricted.

0.5% (v/v) DMSO was used as a negative control and the maximum concentration of DMSO residual in the cell culture medium. In order to verify the reliability of this concentration, DMSO was compared with H20 and PBS in eight volume ratios from 0.10% to 10%. (Figure 15) MTT results showed that cell viability was significantly decreased from 0.50% to 3%, while the cell viability of both H20 and PBS in corresponding concentrations was above 90%. Cell viability was above 80% at 0.5% DMSO, therefore the concentration was kept as a negative control to the SMB cell line and the DMSO mediated cell treatment is safe below it. 
 
[bookmark: _Toc382887946]3.2 Screening the ZINC compounds 
[bookmark: _Toc382887947]3.2.1 Protein determination
The final loading concentration on the dot-blot membrane should be between 30µg/mL and 40µg/mL to produce best assay results. The protein determination was determined based on the standard protocol of Bradford assays. The standard curve was built by 7 BSA standards with concentrations from 0 to 1.0mg/ml in triplicate. The absorbance from each well was read after adding Bradford reagent for 5 minutes, and the average absorbance of each concentration was calculated. The value from concentration 0 was subtracted from all of the other 6 values, which forced the trend line to be more likely to cross the intersection of coordinates as a standard linear curve with a R2 greater than 0.99. (Figure 16) An equation which was generated based on the trend-line is used to calculate the protein concentration from each well. Table 7 shows the average concentrations of protein in lysate from 17 Bradford assays. The average protein concentration was calculated to be 54µg/well and 65µL of lysate from each well (from 75µL in each well) and was loaded onto the dot blotting membrane. 


Figure 16. Example of BSA standard curve for protein determination (the error bars indicate standard deviation of mean)


Table 7. Protein determination data during the ZINC compounds screening assays
	Date
	Average protein concentration (µg/well)

	2010.02.11
	65.32±6.77

	2010.02.18
	60.11±4.22

	2010.02.24
	57.89±7.78

	2010.03.25
	54.21±8.13

	2010.04.01
	55.33±10.52

	2010.04.21
	57.68±6.09

	2010.06.15
	51.07±6.92

	2010.06.23
	51.45±4.85

	2010.10.10
	49.71±7.80

	2010.10.14
	54.77±5.08

	2010.10.23
	44.11±9.33

	2010.10.29
	50.90±6.92

	2010.11.19
	53.60±7.87

	2010.11.21
	54.23±6.21


[bookmark: _Toc311062630]
[bookmark: _Toc382887948]3.2.2 Viability assay
The viability results were acquired by comparing them to the blank well of the cells treated with 0.5% DMSO in the initial screening. The survival rates lower than 70% were deemed as having a toxic effect. The details of compounds and their lowest concentration showing toxicity are shown in Table 8.  

Table 8. Toxic compounds in the initial screening
[image: ]
42 compounds showed a toxic effect to the SMB cells according to the MTT assay. All 42 listed compounds were shown to be toxic at 20 µM, 21 of them were shown to be toxic at 10 µM, and 6 of them were toxic at 1 µM. It is important that the anti-prion compound should not cause too much toxic effect during the therapy process, therefore the most toxic compounds (compounds toxic at 1µM) were excluded from further screening. 

[bookmark: _Toc382887949][bookmark: _Toc311062631]3.2.3 Initial screening of anti-prion activity 
The results in the dot blot assay lower than 70% of the negative control (diluted DMSO) were regarded as active. 30 compounds were found to be active at minimal concentrations and are shown in Table 9. 
Table 9. Active compounds in the initial screening
[image: ]

[bookmark: _Toc311062632]30 compounds exhibited anti-prion activity at 20 µM. 6 of them were active at 10 µM, and 2 of them were the top-active compounds during this screening and were active at 1 µM. (6100139 and 6100152 were active at 1 µM.) 

[bookmark: _Toc382887950]3.2.4 EC50 screening 
Based on the viability and activity results in the initial screening the comparatively active compounds with non-toxic (or low toxic) effects were selected for further confirmation of their anti-prion EC50 by dot blotting assay (Table 10). 
Table 10. The compounds for EC50 assay
[image: ]
The EC50 results of the selected compounds were repeated 3 times, and each time was dosed in triplicate. The results were acquired by dot blotting and calculated by using Graphpad, as shown in Table 11 below.












Table 11. The EC50 results of the selected compounds
[image: D:\My Documents\Desktop\Thesis\Pics\Part2图片1.png] 

The EC50 screening results of most of the selected compounds were not as active (>1µM) as the anti-prion effect of previous indole library (active in nanomolar scale). 6100139 was the most active compound (EC50=0.12±0.10µM) in this screening. It is composed of an imidazo pyridine moiety which is a fused 6- and 5- membered aromatic ring system similar to the ones in the active indole family. Also, another comparatively active (EC50=1.53±0.43µM) compound 6100003 has an indene group which is a fused 6-, 5- membered aromatic and aliphatic ring system which has no nitrogen substitution on the five-membered ring by comparing it with indole. Furthermore, the anti-prion activity of 6100106 is approximately 4 times more potent than 6100105. The methyl group on the phenyl of 6100106 is the only difference when compared with 6100105’s structure. 
[bookmark: _Toc382887951]3.3 Screening benzofuran derivatives  
[bookmark: _Toc382887952]3.3.1 Protein determination
The average concentrations of protein in lysate from four Bradford assays were shown in Table 12. The average protein concentration was calculated to be 53 µg/well and 65 µL of lysate from each well (from 75 µL in each well) and was loaded onto the dot blotting membrane. 

Table 12. Protein determination data during the benzofuran derivatives screening assays
	Date
	Average protein concentration (µg/well)

	2012.05.18
	48.02±9.51

	2012.05.25
	55.67±9.32

	2012.09.16
	51.21±7.58

	2012.09.21
	58.32±7.90



[bookmark: _Toc382887953]3.3.2 Viability assay
The viability results were acquired by comparing the read from each well to the blank well of the cells treated with 0.5% DMSO. The survival rates lower than 70% were deemed as having a toxic effect. The mean value from duplicate results was used to build the figure below. 


Figure 17. Viability results in the screening of benzofuran derivatives
B9 and B6 showed no significant toxic effect to the SMB cells according to the MTT assay and all eight concentrations of each sample were higher than 70% by comparing to the negative control. B1, B2, B4 and B7 were the toxic concentration of each compound, cell growth being affected, which can possibly cause the reduction of the PrPSc production.

[bookmark: _Toc382887954]3.3.3 EC50 screening 

Figure 18. The anti-prion effect of six benzofuran derivatives

The EC50s of benzofuran derivatives were acquired from six individual curves via dot blot assay. B2 and B1 were the top two scores having EC50 at 0.75 and 0.48M, respectively. B9 and B6 were shown to be less toxic in MTT assays, however, their anti-prion effect were comparatively weaker which were 6.76 and 10.69M individually. The EC50 of B7 and B4 were 1.23 and 3.13M individually. (Figure 18) According to the structure activity relationship (SAR), the carbon chain between aryloxy group and tertiary amine group enhanced the anti-prion effect and the tertiary amine group could possibly further increase the effect as it is in the known anti-prion compound, quinacrine. Methylphenyl carbonyl group fused on benzofuran group was hardly affected the anti-prion effect.
[image: ]Figure 19. Correlations of the anti-prion effect, aggregation inhibition, radical quenching, tPSA and AlogP

Figure 9 was built by using compound names (B1, B2, B6, B7 and B9) as x-axis; five parameters, anti-prion effect, aggregation inhibition, radical quenching, tPSA (Topological Polar Surface Area), and AlogP (Computer predict value for the lipophilicity of a molecule) were using as y-axis; percentage of corresponding controls was using as z-axis. 

In the previous collaborating with Lancaster University, five compounds B1, B2 B6, B7 and B9 were showed similar efficiency trend in Aß aggregation inhibition and radical quenching. (Figure 19) The anti-prion effect in Figure 19 was built by using the highest EC50 of B6 as 100% (normalized point) which represented the weakest anti-prion effect and then using 100% to minus each value which allows the results having comparability with the other four parameters (the higher column shows in Figure 19, the stronger effect it has). B1, B2 and B9 were shown a similar trend in all three assays. However, the aggregation inhibition and radical quenching results of B7 were both weak, but the anti-prion effect of it was comparatively high which was less than 2μM. ALogP and tPSA of all five compounds had similar trend between each other, however, they had no significant correlation with the other three parameters.

[bookmark: _Toc382887955]3.4 Screening ε-PL 
[bookmark: _Toc382887956] 3.4.1 Protein determination
The average concentrations of protein in lysate from three Bradford assays were shown in Table 13. The average protein concentration was calculated to be 46µg/well and 75 µL of lysate from each well (from 75 µL in each well) and was loaded onto the dot blotting membrane. 





Table 13. Protein determination data during the ε-PL screening assays

	Date
	Average protein concentration (µg/well)

	2011.05.10
	40.71±9.91

	2011.11.21
	45.67±8.02

	2011.12.02
	53.31±7.18



[bookmark: _Toc382887957]3.4.2 Viability assay
The viability results were acquired by comparing the read from each well to the blank well of the cells treated with negative controls. The survival rates lower than 70% were deemed as having a toxic effect. The mean value from duplicate results was used to build the figures below. 


[image: D:\My Documents\Desktop\Thesis\Pics\e-PL.png]
Figure 20. a) Viability results in the screening of ε-PL, b) LD50 of ε-PL
ε-PL showed extremely toxic effect (lower than 30%) to the SMB cells above 200M. (Figure 20a) In the following EC50 assay the toxic concentrations were excluded from the experiments. The LD50 of the ε-PL was 108.6M. (Figure 20b)
[bookmark: _Toc382887958]3.4.3 EC50 screening 


Figure 21. The anti-prion effect of ε-PL (the error bars indicate standard deviation of mean)


The EC50 of ε-PL was 0.474 M. (Figure 21) and its LD50 was around 229 times higher than its EC50 which indicated the therapy window of ε-PL. 

[bookmark: _Toc382887959][bookmark: _Toc311062633]4. Conclusions 
A biological evaluating system based on an SMB cell line was adapted and optimized. Three catalogues of compounds were applied to screen through this system, and they are compounds from the ZINC library, six benzofuran derivatives and ε-PL. 

Most of the compounds from the ZINC library did not exhibit strong anti-prion activities when compared with the previously designed anti-prion libraries in our group. A few compounds found in the previously study were able to eliminate the PrPSc in the nanomolar scale.106 The comparatively active compounds from the ZINC library have similar function groups to those in the indole family. 
All six benzofuran derivatives showed anti-prion activities in micromolar scale and the carbon chain between aryloxy group and tertiary amine group and the tertiary amine group could possibly enhanced the anti-prion effect. Four of them were toxic effect to the SMB cells. Aggregation inhibition and radical quenching of five compounds had similar trend and the anti-prion effect of the three compounds, B1, B2 and B9 were shown a similar trend by comparing the two parameters. AlogP and tPSA had no significant correlation with the other three parameters.

[bookmark: _GoBack]The EC50 value of ε-PL was 0.474M and it is 299 times smaller than the value of its LD50. It will be interesting to see the effects of ε-PL of different molecular weighs upon the anti-prion activities. 














[bookmark: _Toc382887960]Part Ⅲ Drug Delivery Systems for Anti-prion Compounds


Introduction
The anti-prion compounds from the indole library were discovered in the previous cell line screening of a chemical library collection in our group. The EC50s of many compounds were measured at nano-molar scales on the SMB cell line.106 

However, there are three main obstacles associated with this family of compounds to exhibit clinical therapy effects. Firstly, the active compounds from the indole library are insoluble under physiological conditions due to the relative high LogP values. DMSO was therefore chosen as their solvent for in vitro tests. However, DMSO could not only be adding cytotoxic risks, but also cause difficulties to interpret the in vivo results of compounds themselves. A coordination effect cannot be excluded. Furthermore, as the solubility of DMSO in both polar and non-polar compounds, it could also increase the permeability in cell membranes in high concentration which could affect the cell line screening results.132 Secondly, the compounds do not contain fluorophore, therefore are not fluorescent. It is difficult to track down where the drug located in cells which add difficulties in the mode-of-action studies.  Thirdly, they need to reach the disease focus located in the central nervous system (CNS). These compounds were computationally designed and filtered via their solubility (cLogP 2.5~6.0) and GOLD score (>60) before synthesis. It is yet to confirm whether these compounds can diffuse across membrane, especially BBB, to reach the drug targets. The lipophilic property also makes them hard to be prepared into commonly used dosage forms, for example, oral tablets due to their low bioavailability caused by the gastrointestinal tract and liver; and an oil injection which is normally applied on the muscle instead of CNS.
[image: D:\My Documents\Desktop\Thesis\Pics\anti-prion compounds for DDS.png]
Figure 22. The chemical structure of a) 3001126 and b) 3001326

3 different DDSs (hyperbranched polymer, polymersomes and quantum dots) were chosen and evaluated using two model compounds in this project in order to overcome some aspects of the aforementioned problems associated with this family of compounds. 3001126 (Figure 22a), 2-(6-fluoro-1H-indol-3yl)-N- (4-methoxy-phenyl)-2-oxo -acetamide, as one of the top-10 compound (EC50 =10nM) from indole library was loaded onto hyperbranched polymers in order to overcome the solubility problem with this family of compounds. This model compound was also loaded onto specifically designed pH responsive fluorescent labelled polymersomes to ensure that the drug is delivered into cells and compare the shape effect of polymersome DDS on their anti-prion activities.  

Another anti-prion model compound 3001326, 2-(1H-indol-3-yl)-N-(4-mercapto -phenyl)-2-oxo-acetamide (Figure 22b), was designed and synthesized by chemists in our group based on the parent structure, 6-substituted indole-3-glyoxylamides, and the thiol group on the phenyl group was used to couple with the quantum dots (QDs) modified with maleimide group via covalent bonds. QD have many unique advantages including natural fluorescent, high loading capacities and stable. They can be used as an imaging tool for real-time tracking the location of the drug action. 

The loading efficiency of covalent and non-covalent bonding of drug to DDSs and their effects upon anti-prion activities are compared. The evaluation of each DDS is detailed in the following chapters.


[bookmark: _Toc382887961]PartⅢChapter 1 Hyperbranched Polymers as Delivery Systems for Hydrophobic Anti-prion Compounds

[bookmark: _Toc382887962]1. Introduction
A hyperbranched polymer (HBP) was used as a carrier for this compound to increase the water solubility of the anti-prion compound 3001126. It was hoping that 3001126 (Figure 22) can be load onto the hydrophobic pocket/part of HBP. It was also hoped that the surface of the HBP can be modified with CNS ligand at a later stage if needed so that the compound can be specifically delivered to the brain in vivo. The cell line assay discussed in Part II was used to evaluate this delivery system. 

HBP is a randomly branched polymer which is less symmetrical than the structure of dendrimer but its synthesis is more cost-effective.87 It has been used as a DDS for controlled drug release in vitro and in vivo.  Amphiphilic hyperbranched core−shell polymers decorated with folate moieties were achieved for tumor cell targeting.91 HBP conjugated with FITC-ibuprofen molecules was able to be taken up by lung epithelial cells and deliver into the cell cytosol.133 Chlorambucil-loaded phospholipid analogous hyperbranched polymers were applied to investigate a breast cancer cell line in vitro and its IC50 was 5μg/mL.134 An in vivo model was practiced on mouse recently. Hyperbranched polymers conjugated with peptide-aptamer were able to specifically target tumor cells.135 

The HBP used here was synthesized by Dr. Suriani Shamsudin and the anionic-polymerisation technique, with -nitrophenol as the core and glycidol as the monomer, (Figure 23) was applied. The molecular weights of HBP were produced by varying the core to monomer ratio, and its molecular weight and structure were confirmed by gel permeation chromatography (GPC) and nuclear magnetic resonance (NMR), individually. It is highly hydrophilic due to the large number of hydroxyl group on its surface. It is believed that it can potentially act as a delivery system carrying hydrophobic compounds by the internal hydrophobic environment. 
[image: ]
Figure 23. The synthesis of the hyperbranched polymer 

[bookmark: _Toc382887963][bookmark: _Toc311062650]2 Materials and methods
[bookmark: _Toc382887964]2. 1 Materials and instrumentation
[bookmark: _Toc382887965]2.1.1 Materials
HBP used in this research was kindly provided by Dr. Suriani Shamsudin. SMB cells were obtained from the TSE centre at the Institute of Animal Health. The medium for the cell culture was Phenol-red Medium 199 (Invitrogen). 10% New Born Calf Serum (NBCS, Invitrogen), 5% Foetal Bovine Serum (FBS, Invitrogen) and 1% Penicillin-Streptomycin Solution (Sigma) were added into the medium before use. Trypsin-EDTA solution was purchased from Sigma-Aldrich. Hanks Balanced Salt Solution (HBSS, Invitrogen) was used as the compound dilution solution. The SMB cells were cultured and passaged in tissue-culture treated petri dishes (BD Falcon SLS). The sterile 96 well plates (BD Falcon SLS) were purchased for the cell culturing and dosing. Chemical reagents for the viability assay and the protein determination were all obtained from Sigma-Aldrich, which include 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT), dimethyl sulfoxide (DMSO), acidic isopropanol, Bradford reagent, and bovine serum albumin (BSA). The reagents for the dot blot assays include proteinase K (PK, Sigma), phenylmethyl-sulfonyl fluoride (PMSF, Sigma), Tris-Buffered Saline (TBS, Sigma), Guanidine Thiocyanate (Acros), skim milk powder (Fluka), 6H4 primary antibody (Prionics) and the mouse antibody IgG and chemiluminescent solutions (GE Healthcare). The haemcytometer was bought from Fisher Scientific. The 96 well manifold (minifold, GE) was used for dot blot assay. 

[bookmark: _Toc382887966]2.1.2 Synthesis of the anti-prion compound
The anti-prion compound 3001126 was synthesized by Dr. Mark Thompson.  A brief description for the synthesis is documented here to illustrate a complete process of the development. The model indole glyoxylamide anti-prion compound selected for this delivery study is 3001126. This compound has an EC50 of about 10nM in the cell line assay and without observing cellular toxic effect through MTT assay even dosing at 10μM. This compound was synthesised using a two-step on pot procedure as previously reported.117 Firstly, 6-fluoroindole was dissolved in dry THF, oxalyl chloride was added and the mixture stirred at room temp. After 1 h, appropriate amount of N,N‑diisopropyl-ethylamine was introduced to the reaction, followed by 4-methoxyl benzylamine. The mixture was stirred at room temperature for 18 h. The solvent was evaporated, then the residue resuspended in a mixture of ethyl acetate and brine and stirred vigorously for 30 min. After passing through a liquid–liquid extraction column, ensuring washing through of the column with additional ethyl acetate, a second extraction was carried out with sat. NH4Cl (10 mL) in the same manner. Product solutions were then evaporated to dryness giving the crude indole-3-glyoxylamides, which were purified by two sequential recrystallizations, from ethyl acetate–hexane and then by 2-propanol–water, afforded final products of good purity.117


Scheme 3. Synthesis of indole-3-glyoxylamides

[bookmark: _Toc382887967]2.1.3 Instrumentation
The rotary evaporator was used to dry the solvent for dissolving polymer and anti-prion compound. The UV-visible spectrometry (Specord S600) was applied to determine the absorbance of hyperbranched polymer and 3001126. 

[bookmark: _Toc382887968]2.2 Solubility assay 
[bookmark: _Toc382887969]2.2.1 The UV absorbance of 3001126 in water and in methanol
A calculated quantity of anti-prion compound 3001126 was mixed with water and methanol separately by using a vortex mixing for 30 seconds. The solutions were filtered and the maximum absorption wavelength (λmax) was scanned from 200 to 700nm by applying the UV-Visible spectrometry. Background for water and methanol controls was subtracted for each corresponding 3001126 solution in the measurement. 
[bookmark: _Toc382887970]2.2.2 Calibration curve for both 3001126 and the HBP
The 3001126’s calibration curve was obtained by using UV absorbance at various concentrations. Methanol was used as a solvent and 3001126 was diluted into five different concentrations of standards, 0.002, 0.004, 0.006, 0.008 and 0.01mg/ml. The absorbance of each standard was determined in triplicate by using UV-Visible spectrometry, and methanol was used as a control for background subtraction. 

The HBP with molecular weight 12700 Da was diluted into 5 concentrations of standards ranging from 0.2 to 1mg/ml in methanol. The absorbance of each standard was determined in triplicate by using UV-Visible spectrometry, and methanol was used as a control for background subtraction. The calibration curves for 3001126 and HBP were built by using concentrations against the average of the maximum absorbance. Two formulas generated from calibration curves could be used for calculating the concentrations of 3001126 and HBP in the 3001126 loaded HBP solution, individually.

[bookmark: _Toc382887971]2.2.3 Preparation of the aqueous solution of HBP loaded with compound  
3001126 and the HBP (MW 12500) were dissolved into methanol individually before being mixed together in a round bottom flask. The solvent was then removed thoroughly by using the rotary evaporator and a film was left on the wall of the flask. 1ml of sterilized water was added to dissolve the film. The sample solution was filtered to remove compound 3001126 which was not taken up by HBP, therefore precipitated out from water. The absorbance of compound 3001126 in the sample solution was determined by the UV-visible spectrometry scanning from 200 to 700nm, and the concentration was calculated via the formula from the calibration curve. 

[bookmark: _Toc382887972]2.3 Cell line analysis 
[bookmark: _Toc382887973]2.3.1 Cell culture
The scrapie-infected mouse brain (SMB) cells were cultured for cell line assays and the culture followed the same protocol as detailed in Part ⅡSection 2.2.1.1. 

[bookmark: _Toc382887974]2.3.2 Dosing plan for anti-prion activity of 3001126 loaded HBP
The SMB cells in 96 well plates were ready for dosing after seeding for 24 hours. The concentration of 3001126 encapsulated in HBP was quantified by UV-visible spectrometry. It was diluted into eight different concentrations from 0.0001 to 10M and then dosed on the SMB cells. The stock solution of pure compound 3001126 was prepared at a concentration of 10mM in DMSO. It was then diluted using DMSO and followed by PBS to 8 concentrations from 0.0001 to 10M. The final DMSO composition was required no more than 0.5% by volume. The pure compound with various concentrations was used to dose cell in parallel to the HBP loaded with the compound. Based on the drug/polymer ratio, the calculated equal quantity of the pure HBP polymer corresponding to the same quantity of HBP used for encapsulating the compound was diluted accordingly and tested on the cell line. . 

Each concentration was dosed for three times for both viability and dot blotting assays. Two negative and a positive controls used are DMSO (0.5% v/v), PBS (5% v/v) and curcumin (10μM) respectively. 

[bookmark: _Toc382887975]2.3.3 Five-day time course
The SMB cells in 96-well plates had a growth cycle time of 7 days. The cells were settled down to the bottom on the 1st day. HBP encapsulated 3001126 (2M) and 3001126 in DMSO (30nM and 2M) as well as pure empty HBP were dosed in one batch per day from the 2nd to 6th day in the different wells on the same plate and all the wells were lysed in the 7th day to ensure cells in every well have the same growth time length. Both 2M of 3001126 in HBP and 30nM of 3001126 in DMSO are approximately three times higher than their EC50 value individually and they were chosen to ensure eliminate PrPSc more than 80% in 5 days. After all treated cells harvested on day 7, the cell line assays (MTT and dot blot assays) were applied by following the previous protocol. The relationship between the reduction in PrPSc production and the duration of treatment can be established and presented by a graph.

Each experiment was done by triplicate and the standard deviation (error bar) was applied in data analysis. 

[bookmark: _Toc382887976]2.3.4 Viability assay (MTT assay)
The viability assay was set for evaluate the cytotoxicity of the compounds and the protocol is referred to Part Ⅱ Section 2.2.1.3.

Each experiment was done by duplicate and the mean value was applied in data analysis. 

[bookmark: _Toc382887977]2.3.5 Cell lysis
The cells in 96 well plates were lysed after 5 days’ incubation to release PrPSc for the quantitative analysis and the protocol is referred to Part Ⅱ Section 2.2.1.4. 

[bookmark: _Toc382887978]2.3.6 Protein determination 
Bradford reagent was used to determine the protein concentration in the cell lysate and the protocal is referred to Part Ⅱ Section 2.2.1.5. 

[bookmark: _Toc382887979]2.3.7 Dot blot analysis
Dot bolt analysis was applied for determining the concentration of PrPSc and the culture protocal is referred to Part Ⅱ Section 2.2.1.6.

Each experiment was done by triplicate and the standard deviation (error bar) was applied in data analysis. 

[bookmark: _Toc382887981][bookmark: _Toc311062660]3 Results and discussion
[bookmark: _Toc382887982]3.1 The UV absorbance of 3001126 in water
The anti-prion compound 3001126 is poorly water soluble. The UV absorbance of the aqueous solution of 3001126 was measured after filtration by 0.22μm filter membrane (Figure 24). It is hard to observe the characteristic peak of 3001126 in the UV-visible spectrum. Conversely, characteristic peaks at 220nm and 328nm could be found its spectrum in a methanol solution. (Figure 25)


Figure 24. The UV-visible absorbance of 3001126 in water 

[bookmark: _Toc311062661]Figure 25. The UV-visible absorbance of 3001126 in methanol

[bookmark: _Toc382887983]3.2 The calibration curve of both 3001126 and HBP
[bookmark: _Toc382887984]3.2.1 3001126’s calibration curve in methanol
Five concentrations of 3001126 in methanol, 0.002, 0.004, 0.006, 0.008, 0.01mg/ml, were prepared. The UV absorbance of each standard was determined and five UV-visible spectrums were overlaid and are shown in Figure 26. The two characteristic peaks are displayed at 220nm and 328nm correspondingly. 328 nm was chosen as the detection wavelength for constructing a calibration curve for the compound 3001126. The equation, y = 59.97x - 0.009 was acquired by using 3001126’s concentrations against the corresponding absorbance at 328 nm. (Figure 27) The linearity of the calibration curve was satisfied (R2=0.9975). 


Figure 26. The UV-visible spectrums of 3001126 in 5 concentrations


	Figure 27. The calibration curve of 3001126 (the error bars indicate standard deviation of mean)

[bookmark: _Toc382887985]3.2.2 The HBP’s calibration curve in methanol
Five concentrations of HBP’s methanol solution, 0.2, 0.4, 0.6, 0.8 and 1mg/ml, were prepared. The UV absorbance of each standard was determined and five UV-visible spectra were shown in the graph (Figure 28) 306.5nm was chosen as the characteristic peak of the HBP. The linearity of the calibration curve was satisfied (R2=0.987). The equation, y = 0.838x + 0.033, was built by using the HBP’s concentrations against the corresponding absorbance. (Figure 29) 

Figure 28. The UV-visible spectrums of HBP in 5 concentrations


[bookmark: _Toc311062662]Figure 29. The calibration curve of HBP (the error bars indicate standard deviation of mean)

[bookmark: _Toc382887986]3.2.3 UV-visible absorbance of the HBP encapsulated 3001126 in aqueous solution 
Based on the comparison of three UV-visible spectra of 3001126 in methanol, HBP in methanol and aqueous solution of 3001126 loaded HBP, (Figure 30) the shoulder peak on the spectrum of 3001126 loaded HBP at 328nm was believed to be evidence of the successful loading of 3001126. It was therefore chosen as the 3001126’s characteristic absorption peak for further calculation. The sample solution was diluted with water in order to ensure that the UV-visible absorbance was lower than 1, and 3001126’s the original concentration was calculated as 1X10-4 M by using the equation in Figure 27 and therefore the loading capacity was calculated as 0.33%. 


[bookmark: _Toc311062663]Figure 30. The UV chromatograms of 3001126, HBP and 3001126 loaded HBP
[bookmark: _Toc382887987]3.3 Cell line analysis 
[bookmark: _Toc382887988]3.3.1 MTT results and EC50 analysis 


Figure 31. The viability results of 3001126 loaded HBP and 3001126 in DMSO



Figure 32. The EC50 curve of the HBP encapsulated 3001126 (the error bars indicate standard deviation of mean)

Both 301126 DMSO stock solution and HBP loaded with the compound were tested on SMB cells at 8 different concentrations from 0.0001 to 10M. Their toxicity by MTT assay and anti-prion effects by dot blotting assay were measured and presented in Figure 31 and 32. The mean value from duplicate results was used to build the Figure 31. Of all concentrations tested, parent compound 3001126, the HBP loaded with encapsulated drug and blank HBP all displayed a viability of greater than 80%, showing any toxicity effect to the tested cells (Figure 31).  

The anti-prion EC50 of HBP encapsulated 3001126 and 3001126 in DMSO were 0.658 and 0.0097μM, respectively. (Figure 32) An equal quantity of HBP alone showed no significant anti-prion effect to the cells. The anti-prion effect of HBP encapsulated 3001126 was approximately 65 times weaker than the 3001126’s DMSO solution after a five-day treatment course. It is possible that a part of the drug was still trapped in the HBP after the five-day incubation, and this might be the reason why EC50 decreases after the compound being loaded into HBP. The key advantage is that the hydrophobic 3001126 easily dissolve in the aqueous phase DMSO as solvent is no longer required. 

[bookmark: _Toc382887989]3.3.2 Five-day time course


Figure 33. The viability results of 3001126 in DMSO (30nM and 2M) and 3001126 (2M) loaded in HBP in 5-day dosing assay



Figure 34. The comparison of the anti-prion activity curves of 3001126 in DMSO (30nM and 2M) and 3001126 (2M) loaded in HBP in 5-day dosing assay (the error bars indicate standard deviation of mean)

[bookmark: _Toc311062669]Three concentrations of sample solutions (30nM and 2M of 3001126 in DMSO and 2M 3001126 in HBP) were applied to the five-day time course assay. Dot blot and MTT assays were applied for analyzing anti-prion effect and cell viability of the samples individually. The mean value from duplicate results was used to build the Figure 33. Both 2M of 3001126 in HBP and 30nM of 3001126 in DMSO are approximately three times higher than their EC50 value individually, which reduced the PrPSc level to less than 20% after 5 days’ incubation. 2M of 3001126 in DMSO was set up as the parallel concentration of the drug in DMSO. The PrPSc levels of three sample solutions decreased as the incubation time was increased from days 1 to 5 and the DMSO dissolved drug at both 2M and 30nM could eliminate more PrPSc than the drug loaded in HBP, especially in the incubation period from days 1 to 3. (Figure 34) Cell viabilities of all three samples were higher than 80%. (Figure 33) Most of the PrPSc was cleared after being incubated for 4 to 5 days for all three samples. The drug in HBP took a longer time period to eliminate 80% PrPSc compared to the same concentration of 3001126 in DMSO. This could be caused by a sustained releasing effect of HBP after the drug is encapsulated. 
[bookmark: _Toc382887990]3.3.3 The MTT results of different molecular weight HBPs

Figure 35. The viability assay for the HBP in 3 concentrations

This is an independent assay aiming to evaluate the cytotoxicity of HBP with three molecular weights. Three HBP samples with different molecular weights (4000, 12700, 50000) were diluted into 3 concentrations individually, and the cell viability was determined via MTT assays. The mean value from duplicate results was used to build the figure 35.  None of them showed cytotoxicity (<70%) to the SMB cells. (Figure 35) 

[bookmark: _Toc382887991]4. Conclusions
Firstly, the hyperbranched polymer was able to carry the anti-prion compound 3001126 into aqueous phase. Secondly, the anti-prion activity of 3001126 loaded in HBP was 0.658M, which was 65 times weaker than 3001126 in DMSO. Thirdly, the complex did not show toxicity to the SMB cells after a maximum 5 days’ incubation. Fourthly, the five-day time course assay results showed that 3001126 in DMSO could eliminate more PrPSc than the drug loaded in HBP from days 1 to 3 that could indicate that the HBP has sustained release effect. However, this DDS was not further investigated due to the fact that it showed much weakened anti-prion effect and it doesn’t contain fluorophore that can be tracked during the course of delivery.  















[bookmark: _Toc382887992]PartⅢChapter 2 pH Sensitive Biocompatible Polymersomes as Delivery Systems for Hydrophobic Anti-prion Compounds

[bookmark: _Toc382887993]1. Introduction
Polymersomes are supra-macromolecular structures formed by the self-assembly of synthetic amphiphilic block co-polymers in aqueous environments in a similar fashion to the formation of lipid membrane bilayers.136 The concept of polymersomes was introduced by Discher et al more than two decades ago when polymersomes were successfully made from diblock co-polymers.137 Much progress has been made to improve their circulation time in blood stream138 and colloidal stability94. Polymersomes have found many applications as carriers for both hydrophobic and hydrophilic molecules such as anti-cancer drugs139, DNA used in gene therapy96, 140, for proteins including hemologlobin141 and therapeutic antibodies142, and contrast agents for in vivo imaging etc.143 However, its application as delivery system for small molecule anti-prion compound has not been reported before.

pH sensitive and biocompatible polymersomes were designed and synthesised as carriers for our potent hydrophobic anti-prion compound based on the fact that it has been used for delivering anti-cancer and antibiotics with a good DMPK properties.144 The polymersomes were synthesised from diblock copolymers, poly(2-(methacryloyloxy)ethylphosphorylcholine)25-co-poly-(2-(di isopropylamino)ethylmethacrylate)70 (PMPC25–PDPA70) 4 and poly (rhodamine(Rho)-2-(methacryloyloxy) ethylphosphorylcholine)30-co-poly-(2-(di isopropylamino) ethylmethacrylate)60 ((Rho)-PMPC30–PDPA60) 5 at a ratio of 9:1 (Scheme 4). Rhodamine-labelled copolymer was used so that the uptake of the polymersomes can be tracked using a fluorescent microscope. Each diblock copolymer was synthesised from its corresponding monomers, i.e. PMPC25-PDPA70 was synthesised from 2-(methacryloyloxy)ethylphosphoryl choline (PMPC) 1 and 2-(diisopropylamino)ethylmethacrylate (PDPA) 3; and (Rho)-PMPC30–PDPA60 was synthesised from (Rho)- 2-(methacryloyloxy)ethylphosphoryl choline 2 and 2-(diisopropylamino)ethylmethacrylate 3. In each case, the co-polymer was synthesised by an Atom Transfer radical polymerization (ATRP) procedure as previous reported.145

[image: D:\My Documents\Desktop\Thesis\Pics\Scheme1.tif] 
Scheme 4. Synthesis of labelled and non-labelled diblock polymer and the assembly of drug carrying spherical and tubular polymersomes and the release of the encapsulated drug upon pH changes.

The pKa of the tertiary amine in PDPA is about 6.4.146 This means that at pH7.4, the ratio of neutral and protonated amine is 10:1, but this figure drops down to 0.4:1 at pH 6, a drop of 25 fold. This change in protonation state of the amine has profound effects upon the stability of the polymersomes. Therefore, it is expected that after drug carrying polymersomes enter into the cell or organelles where pH is dropped from physiological pH of 7.4 to slightly acidic pH of 6, 25 times more side chain amines will be protonated which destabilise the polymersomes and result in the disassembly of the polymersomes into diblock polymers 7 and 8, at the same time 3001126 (compound 6) is released.   

Two different shapes of the polymersomes, spherical and tubular polymersomes were discovered and separated during the preparation of the polymersomes and their encapsulation loading and effects of shapes upon the anti-prion effects were tested and compared. Also, the intracellular localization of both shapes of polymersomes were observed and compared. 

[bookmark: _Toc382887994]2. Materials and Methods
[bookmark: _Toc382887995]2.1 Materials and instrumentation
SMB cells were obtained from the TSE centre at the Institute of Animal Health. The medium for the cell culture was Phenol-red Medium 199 (Invitrogen). 10% New Born Calf Serum (NBCS, Invitrogen), 5% Foetal Bovine Serum (FBS, Invitrogen) and 1% Penicillin-Streptomycin Solution (Sigma) were added into the medium before use. Trypsin-EDTA solution was purchased from Sigma-Aldrich. Hanks Balanced Salt Solution (HBSS, Invitrogen) was used as the compound dilution solution. The SMB cells were cultured and passaged in tissue-culture treated petri dishes (BD Falcon SLS). The sterile 96 well plates (BD Falcon SLS) were for the cell culture and dosing. Chemical reagents for the viability assay and the protein determination were all obtained from Sigma-Aldrich, which include 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT), dimethyl sulfoxide (DMSO), acidic isopropanol, Bradford reagent, and bovine serum albumin (BSA). The reagents for the dot blot assays include proteinase K (PK, Sigma), phenylmethyl-sulfonyl fluoride (PMSF, Sigma), tris-buffered saline (TBS, Sigma), guanadine thiocyanate (Acros), skim milk powder (Fluka), 6H4 primary antibody (Prionics) and the mouse antibody IgG and chemiluminescent solutions (GE Healthcare). The haemcytometer was bought from Fisher Scientific. The 96 well manifold (minifold, GE) was used for dot blot assay. Phosphate buffer saline (PBS) tablets from Oxoid Ltd., and Sepharose 4B from Sigma-Aldrich. HPLC was applied to quantify the polymer and the compound. Syto9, cell-mask deep red and DAPI were purchased from Invitrogen. Sterile PBS was from OXOID tablets.

IKA multiplate stirrer was applied in the polymersomes’ preparation process. The DLS for vesicles‘ size measuring was from Malvern. TEM images was taken by using FEI Tecnai instrument operating at 80 kV equipped with a Gatan 1 k CCD Camera. The UV-vis plate reader was from BioTek instruments. Cellular uptaking images were taken under Zeiss LSM 510 META upright confocal-laser scanning microscope with 40×and 100× water-dipping lenses. Image data were acquired and processed by using Zeiss LSM Image Browser, Zeiss LSM Image Expert and ImageJ.
[bookmark: _Toc382887996]2.1.1 Synthesis of PMPC-PDPA
The polymer synthesis work was accomplished by Dr. Jeppe Madsen. A brief description for the synthesis is documented here to illustrate a complete process of the development. PMPC25-PDPA70 co-polymer 4 was synthesised by dissolving ME-Br initiator and bpy in methanol and solution deoxygenated using N2 for 30 min, then injected into a septum sealed flask containing CuBr and MPC 1. The [MPC]:[ME-Br]:[CuBr]:[bpy] relative molar ratio was 25:1:1:2. The polymerization was conducted under a nitrogen atmosphere at 20°C. After 65 min, a mixture of 2 molar equivalent deoxygenated DPA 3 in methanol was injected into the flask. The reaction was continued for 48 hours before diluted with appropriate volume of isopropanol and then passed through a silica column to remove the spent Cu catalyst. After removal of the solvent, the solid was dissolved in chloroform containing methanol (3:1) and dialyzed for 3 days against this solvent mixture with daily changes of the solvent to remove residual bpy ligand. After evaporation of solvent, the solid was dispersed in water, freeze-dried in a vacuum oven at 80°C for 48 h. 

The same procedure was applied for the synthesis of Rho-PMPC30-PDPA60 5 where rhodamine 6G-based initiator (Rho initiator) was used instead of ME-Br initiator and relative molar ratio of [MPC]: [Rho]:[CuBr]:[bpy] was maintained at 30:1:1:2. The final reaction mixture was diluted with methanol first, then chloroform before passing through a silica column to remove Cu catalyst. 
[bookmark: _Toc382887997]2.1.2 Synthesis of the anti-prion compound
The anti-prion compound 3001126 was synthesized by Dr. Mark Thompson and the brief synthesis steps are referred to Part Ⅲ Chapter 1 Section 2.3.2. 

[bookmark: _Toc382887998]2.2 Experimental methods
[bookmark: _Toc382887999]2.2.1 Preparation of the two shapes of drug loaded polymersomes
The drug carrying polymersomes were prepared using PMPC25-PDPA70 containing 5% (v/v) Rho-PMPC30-PDPA60. (Scheme 4) Briefly, the diblock copolymers 4 and 5 and 3001126 were dissolved in a 2:1 mixture of chloroform:methanol in a glass vial. A drug carrying copolymer film was formed by evaporating the solvent overnight in a vacuum oven at 50° C. The film was then rehydrated using 2 ml pH 2 PBS (100 mM). Once the film dissolved the pH was increased to 7.4. 

This solution was stirred at room temperature for 1 week to form spherical and filo shaped polymersomes. The suspension was centrifuged at 10,000 rpm and the filo-shaped polymersome was isolated as a pellet. The supernatant was then further centrifuged at 15,000 rpm and the spherical shaped polymersomes were isolated as a pellet. 
[bookmark: _Toc382888000]2.2.2 HPLC conditions
Chromatographic separations were carried out on an Shimadzu prominence UFLCXR chromatographic system (Shimadzu Scientific Instruments, UK) using a Jupiter 5μ C18 300A column (1.0 I.D. × 150 mm in length; particle size, 3.5 μm) The gradient elution program was as follows: The 80% mobile phase A (0.05% TFA in H2O) was maintained for 5 min, then mobile phase B (0.05% TFA in MeOH) was increased from 20 to 95% in 5 min and maintain for 5 min, the mobile phase B was dropped back to 20% in 1 min and maintain for 5 min with a flow rate of 0.5 mL min-1. Sample for HPLC was freeze dried overnight and then redissolved with MeOH the volume of which was the same as the volume before freeze dry. 1μl of the sample after pretreatment was automatically sampled into HPLC and 3 times were applied for each sample. 

HPLC standard calibration curve: 3001126 was prepared into a 1mg/ml MeOH solution and six different volumes of solutions were injected and the mass of injected samples are 0.1, 0.2, 0.4, 0.6, 0.8 to 1μg in triplicate. The reason of choosing this mass range was that the maximum drug concentration in the polymeric solution was 1mg/ml and the mass for 1μl injection was 1μg. Accrodingly, the standard curve of PMPC25-PDPA70 was built from 50 to 300μg.

[bookmark: _Toc382888001]2.2.3 Dynamic light scattering (DLS)
The DLS is used to measure the size distribution of the spherical polymersomes samples. The polymersome samples were separated by sepharose column, the fractions were collected and diluted 10 times using PBS (filtered by 0.2 membrane filter). The sample was then transferred into a DLS cuvette and the average size of polymersomes was determined by DLS. A Zetaseizer Nano ZS (Malvern Instruments) with a 633 nm HeNe laser was used. Samples were scanned for 10 s at an angle of 173º and averaged over 13 runs. This was repeated three times and then averaged. Particle size and polydispersity were estimated using the CONTIN multiple-pass method.

[bookmark: _Toc382888002]2.2.4 Transmission electron microscope (TEM) sample preparation
Polymersomes solution was diluted 20 times with PBS which was filtered by 0.2μm filter. Then around 20 μl of the sample was transferred onto the glow-discharged copper grids (carbon coated). The grids were dried with filter paper after 1 minute, and then immersed into the phosphotungstic acid (PTA) staining solution (7.5mg/ml at pH 7.0) for 5 seconds. The copper grids were dried under vacuum and they are ready to be analysed by TEM. TEM images were taken by using FEI Tecnai instrument operating at 80 kV equipped with a Gatan 1 k CCD Camera.

Morphology of polymersomes (both tubular and spherical samples) were imaged by TEM and measured by ImageJ which was applied to quantitative the diameter of spherical size by the steps: chose 30 samples -- draw straight line as their diamters -- Analyze – Measure – Calculate the average length. The lengths and cross-sections of the tubular samples were analysed by aspect ratio (AR), maximum feret (MaxFeret) and minimal feret (MinFeret) with ImageJ and the steps were Set measurement – Tick Feret diameter – Choose the TEM picture – Image – Adjust – Threshold – Analysis – Analysis – Particles – Calculate the average AR, MaxFeret and MinFeret.

[bookmark: _Toc382888003]2.2.5 Cell line assays
[bookmark: _Toc382888004]2.2.5.1 Cell culture
The scrapie-infected mouse brain (SMB) cells were cultured for cell line assays and the culture protocal is referred to PartⅡ Section 2.2.1.1. 

[bookmark: _Toc382888005]2.2.5.2 Dosing cells
The cells on 96 well plates were ready for dosing with compounds after seeding 24 hours. The stock solution of anti-prion compound was prepared at a concentration of 10mM in DMSO. The stock solution was diluted using DMSO and followed by PBS to 16 concentrations from 0.1nM to 10000nM. The final DMSO composition was required no more than 0.5% by volume. Otherwise, the DMSO would cause cytotoxicity effect. DTP and DSP were diluted by PBS to the same 3001126 concentrations. Based on the drug/polymer ratio, same polymer concentrations of corresponding DTP and DSP concentration were calculated and prepared by diluting ETP and ESP samples. Each concentration was dosed for three times for both viability and dot blotting assays. Two negative and a positive controls were set as DMSO (0.5% v/v) PBS (5% v/v) and curcumin (10 μM) respectively. PBS (5% v/v)  buffer was used as the negative control and the levels of PrPSc from those wells were defined as 100% and the levels of PrPSc in other treated SMB cells were normalised against this control.

[bookmark: _Toc382888006]2.2.5.3 Viability assay (MTT assay)
The viability assay was set for evaluate the cytotoxicity of the compounds and the protocal is referred to Part Ⅱ Section 2.2.1.3.

Each experiment was done by triplicate and the standard deviation (error bar) was applied in data analysis. 

[bookmark: _Toc382888007]2.2.5.4 Cell lysis
The cells in 96 well plates were lysed after 5 days’ incubation to release PrPSc for the quantitative analysis and the protocal is referred to Part Ⅱ Section 2.2.1.4. 

[bookmark: _Toc382888008]2.2.5.5 Protein determination 
Bradford reagent was used to determine the protein concentration in the cell lysate and the protocal is referred to Part Ⅱ Section 2.2.1.5. 

[bookmark: _Toc382888009]2.2.5.6 Dot blot analysis
Dot bolt analysis was applied for determining the concentration of PrPSc and the culture protocal is referred to Part Ⅱ Section 2.2.1.6.

Each experiment was done by triplicate and the standard deviation (error bar) was applied in data analysis. 

[bookmark: _Toc382888010]2.2.6 Cell live image
Cells were cultured in a 96-well plate after five-hour treatment by 500nM polymerconcentration equivalent of DSP and DTP individually. The cellular dyes (DAPI, Syto9 and Cell Mask) were added to cells for 10 mintues followed by washing with PBS. PBS treated cells were used as the negative control. The incubation chamber was used to take live images and it was connected with ZEISS Temp-control and CO2 controller. The excitation wavelength for DAPI, Syto9, Rho-polymersomes and Cell Mask were 405/488/561/647 respectively.
[bookmark: _Toc382888012]3. Results and discussion
[bookmark: _Toc382888013]3.1 Optimisations
[bookmark: _Toc382888014]3.1.1 HPLC conditions
The gradients of the mobile phase of HPLC were initially setup by members of Prof. Giuseppe Battaglia’s group to measure drug and polymer concentration for different projects as follows: The 95% mobile phase A (0.05% TFA in H2O) and 5% mobile phase B (0.05% TFA in MeOH) were maintained for 5 min, then the mobile phase B (0.05% TFA in MeOH) was gradually increased from 5 to 95% in 5 min while mobile phase B was gradually decreasd from 95% to 5% and the same gradient was maintained for 5 min, the mobile phase B was then dropped back to 5% in 1 min and maintained for 5 min with a flow rate of 0.5 mL min-1.

Due to the poor water solubility of 3001126, higher ratio of initial organic phase was required. During the optimization process, 0%, 5%, 20%, 40% and 60% of the MeOH% in the time of 0-5 and 16-20 min were applied individually in each assay. Two samples were used in this assay. One was the polymersomes encapsulated with 3001126, and the other one was the DMSO solution of 3001126 (0.336 mg/ml). Both of them were sampled with an injection volume of 20µl without pretreatment. 

Table 14. The optimization of MeOH ratio in HPLC mobile phase gradients
	MeOH%
	Rt of Polymer
	Rt of 3001126
mins

	
	mins
	

	60
	5.19
	5.10

	40
	6.32
	8.23

	20
	7.02
	9.81

	5
	8.18
	10.5

	0
	8.75
	10.6



The peaks of both 3001126 and PMPC25-PDPA70 were observed under the detection wavelength of 220nm in different starting methanol content. The higher the ratio of MeOH occupied in the mobile phase, the shorter the 3001126 peak’s retention time (Rt) in the HPLC spectrum. (Table 14) However, the peaks could only be separated when 20% or less of MeOH was used as starting concentration at the beginning and the end of the concentration gradients. Therefore, 20% of MeOH was chosen as a starting gradient for time and cost efficiency. The optimized HPLC mobile phase gradients were shown in Figure 36 below.  


Figure 36. The optimised HPLC mobile phase gradients

[bookmark: _Toc382888015]3.1.2 Sample sonication
As discussed in more details in a different report147, polymersomes formation during film hydration occurs via the sequential dissolution of lyotropic microscopic aggregates that will subsequently break into tubular vesicular structures (also polymersomes). The formation of tubular vesicle is the result of spinodal decomposition between the copolymer and the water with the consequent formation of finger instabilities at the interface between the two phases. Similar morphological transitions were observed in poly(ethylene oxide)–copoly(butylene oxide) copolymer. The polymer film was slowly swollen in aqueous environments to form tubes, which were then converted into more kinetic stable unilamellar or multilamellar vesicles by budding and clewing via the pearl instability mechanism.147 (Figure 37) Here, although at a nanometre scale, the tubular polymersomes can be slowly converted into spherical polymersomes if the rehydration of the diblock polymer film was carried out in three weeks instead of one week showing that spherical polymersomes are generally thermodynamically more stable.76, 93, 148(Figure 38) 
  
[image: ]
Figure 37. Mechanisms of tube destabilizing148

In the film rehydration process, worm-like filo-polymersomes was able to be converted to spherical polymersomes in 3 weeks. (Figure 38) Long worms in week 1 were become shorter in week 2 and large number of vesicles could be observed in week 4. However, the forming period cost as long as three weeks. 
[image: D:\My Documents\Desktop\Paper in writing\Submission\Tables and figures\FigureS1.png]Figure 38. TEM results of the samples collected on week1, 2 and 3 

In order to form more vesicles in one week, sonication was explored to speed up the shape conversion. Three time points of sonication, 0, 0.5 and 1 hour, was set to acquire samples from same vial stirred for one week. Both polymersomes loading with 3001126 and empty polymersomes after being stirred for one week were used in this experiment. Samples acquired from different time points were examined under TEM. (Figure 39)  
[image: ]
Figure 39. TEM results of drug loaded and empty polymersomes after sonication for 0, 0.5 and 1 hour.

It was observed in both samples that more spherical polymersomes was formed after one hour sonication. Therefore, it was chosen to be the optimized condition for accelerating formation of vesicle polymersomes. Two shapes of the polymersomes were separated and compared in the following assays. 

[bookmark: _Toc382888016]3.2 Sample characterization
The transmission electron microscope (TEM) images (Figure 40), showed the efficient separation of spherical polymersomes (Figure 40c and 40d) from tubular-polymersomes (Figure 40a and 40b) after the centrifugation. The lengths and cross-sections of the tubular samples were analysed by the parameters of aspect ratio (AR) and minimal feret (MinFeret) and maximum feret (MaxFeret) (Table 15). The aspect ratio (AR) was obtained by deviding the MaxFret by MinFeret. The AR for empty tubular-polymersomes (ETP) is 7.60; is larger than the value (7.04) of the drug loaded tubular-polymersomes (DTP). The average diameter of the drug loaded spherical polymersomes (DSP) (Figure 40c) and empty spherical polymersomes (ESP) (Figure 40d) were 113.63 ± 10.86 nm and 120.44±14.79nm, displaying a similar trend as the tubular shaped polymersomes. 166.43±3.09nm and 148.13±1.52nm respectively determined by DLS. (Figure 41) Comparing with DLS results, the measurement from TEM showed smaller values for both DSP and ESP respectively. 


Table 15. Comparison of the length of tubular-polymersome samples
	　
	MinFeret (nm)
	MaxFeret (nm)
	AR

	DTP
	62.3±8.8
	438.3±111.6
	7.04

	ETP
	64.0±11.7
	486.7±96.3
	7.60 



 (
a
)
d
)
c
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b
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Figure 40. TEM results of a) DTP, b) ETP, c) DSP and d) ESP.


Figure 41. The DLS size distribution of ESP and DSP samples

[bookmark: _Toc382888017]3.3 Samples quantitative by HPLC
The amount of 3001126 encapsulated in the polymersomes were determined quantitatively by RP-HPLC coupled with a diode array detector. 3001126 was dissolved into MeOH and six mass of injected samples are from 0.1 to 1μg in triplicate. Accrodingly, the standards of PMPC25-PDPA70 were composed of six injecting mass of PMPC25-PDPA70 in MeOH from 50 to 300μg in triplicate. The calibration curves were bulit by mass (μg) aginst average peak areas (mAU) and the curves for 3001126 and PMPC25-PDPA70 were shown in figure 42a and 42b individually. The equations generated accroding to the curves were applied for further concentraion calculation.
 (
a
)
)
 (
b)
)
Figure 42. The HPLC calibration curves of (a)3001126 and (b) PMPC25–PDPA70 (the error bars indicate standard deviation of mean)

The concentrations of 3001126 in DTP and DSP were 1.170 mM and 0.574mM respectively. The corresponding encapsulation efficiency of 3001126 for DTP and DSP were 35.7% and 20.5%. The DTP had a better drug loading efficiency which is probably due to the larger hydrophobic region than the one in DSP.
[bookmark: _Toc382888018]3.4 Cell line assays 
[bookmark: _Toc382888019] (
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)3.4.1 Anti-prion activity and cell viability assays
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Figure 43. a) EC50 results of DTP, DSP, 3001126, ETP and ESP; b) Anti-prion activity of DTP, DSP, 3001126, ETP and ESP with higher concentration (the error bars indicate standard deviation of mean)

The dot blot results are shown in Figure 43a. The EC50 of 3001126, DTP and DSP were 8.07nM, 11.04nM and 46.56nM respectively. The anti-prion effect of DTP was only slightly higher than the 3001126 on its own, which was dosed by diluting a DMSO stock solution using PBS, hence a minor cooperative effect from DMSO cannot be fully excluded. The polymersomes as drug carriers here has a huge advantage because it completely eliminates the need of DMSO as a co-solvent to increase the solubility of 3001126 in cellular assay. This overcomes the solubility issues embedded in this family of anti-prion compounds and enables the development of a new formulation for active drug.  It also implied that drug target(s) for 3001126 may reside in cytoplasm as polymersomes carry the drug across the membrane via endocytosis and if the mode of action of the compound is by the interacting with cell surface membrane receptors much higher EC50 would be expected from the drug encapsulated polymersomes.   

It is very interesting to note that the anti-prion activity of DSP was almost 5 times weaker than DTP despite of the encapsulation rate only differs by 1.5 fold. This may indicate that the tubular-shape polymersomes are more effective in transporting and releasing the anti-prion compound into the intracellular compartment. In the control group, ETP and ESP did not show anti-prion activities when compared to the negative control. Neither ETP nor ESP showed any cytotoxicity in the tested cell model by MTT assay. (Figure 44) The mean value from duplicate results was used to build the figure below. 
  


Figure 44. The MTT results of ETP, DTP, ESP, DSP and 3001126

When samples prepared in same batch, but higher concentrations (from 100 nM to 10,000 nM) were dosed on the SMB cells, decreased in anti-prion activities with an increasing in the drug concentration were observed for both DTP and DSP (Figure 43b). However, 3001126 on its own did not show this biphasic effect. ETP and ESP were not active at higher concentrations either. (Figure 43b) This phenomenon can be speculated that at a high concentration the drug may aggregate and cluster together within the polymersomes preventing them being effectively released into cytosol to exert its activities. 

[bookmark: _Toc382888020]3.4.2 Cellular uptake and localization
[image: final with number]
Figure 45. Z stack 3D images: a, b, c, d and e are the cells treated with DSP; f, g, h, i and j are the cells treated with DTP. a and f are stained by DAPI (Ex405, Em420-450), b and g are stained by Syto9 (Ex488, Em500-550), c and h are stained by DSP and DTP (Ex561, Em575-600), d and i are stained by Cell-Mask (Ex647, Em650-700), e and j are the overlays. Scale bar represent 10m.

Both shapes of the drug loaded polymersomes 3001126 were uptake well by cells despite a huge drop in reducing PrPSc production level by DSP when compared to the native 3001126. The presence of Rho–PMPC25–PDPA70 as part of the polymersomes composition, allows following the cellular uptake using the confocal-laser scanning microscope.

To analyse the cellular localisation of both polymersomes shapes the DSP and DTP were incubated for 5 hours with SMB cells. The cells were then washed with PBS and stained with DAPI (staining nucleus) (Figure 45a and 45f), Syto9 (staining DNA/RNA of live cells) (Figure 45b and 45g) and Cell-Mask (staining live cell plasma membrane) (Figure 45d and 45i). Live cell images were taken in PBS solution. Based on the previous research, it was known that the spherical polymersomes were internalised by the cells via endocytic pathway.149 The results showed that both polymersomes were taken up by the cells successfully and disassembled within cellular endosomes (c.a. pH 6.2) (shown in Figure 45c and 45h).

[image: D:\My Documents\Desktop\Paper in writing\Submission\Tables and figures\FigureXX2.png]
Figure 46. a) Co-localization between DTP and cell mask, b) Co-localization between DSP and cell mask. Scale bar represent 10m.

In a previous report142, it was observed that while the shape of the polymersomes does not affect the binding of PMPC to its receptors, the shape has a strong effect on the internalisation kinetics. The intrinsic anisotropic nature of tube, indeed, forces a frustrated endocytosis and while the particle are internalised, their full sorting within the endocytic organelles is considerably slower than their spherical counterparts. This translates in much longer residence times of the tubular polymersomes on the cellular membrane compared to the spherical ones as we recently reported for both human neutrophils and oral carcinoma cells142. Recently, it was also reported that the surface interaction of rod-like particles with the cellular membrane can enhance internalization rate.149 The membrane invagination can be much bigger than expected for sphere with this conformation. The improved uptake of those tubular-polymersomes is evocative of the internalisation of rod-like bacteria by non-phagocytic cells.150

Herein we show that shape depended anti-prion effect is also observable in SMB cells. It was observed that there were more DTPs than the DSPs on the surface of the membrane co-focal analysis of the co-localization of polymersomes (DTP and DSP) and cell mask. (Figure 46) The results suggested that the tubular polymersomes have a larger overlapping region with membrane, hence facilitate the uptake by diffusion and more effective release of the compound. The difference in cellular uptake between DTP and DSP might affect their anti-prion effects.

[bookmark: _Toc382888021]4. Conclusions
In conclusions, biocompatible pH sensitive polymersomes with two different shapes, tubular and spherical, have been used as carriers for the hydrophobic anti-prion compound. They are non-toxic to the cells and overcome the solubility problems of the drug. The tubular-polymersomes exhibit better anti-prion activities and cellular uptake on SMB cells than the spherical ones. This shows for the first time that different shapes of the polymersomes can produce very different delivery outcome as drug carriers and tubular-polymersomes showed better distribution on cell membrane than spherical polymersomes. This will have significant impacts on further developing this type of polymersome as CNS specific drug carriers, especially for anit-prion drugs. 













[bookmark: _Toc382888022]PartⅢChapter 3 Quantum Dots as Delivery Systems for Hydrophobic Anti-prion Compounds

[bookmark: _Toc382888023][bookmark: _Toc311062644]1 Introduction
Quantum dots (QDs) are small nanoparticles composed of a few hundred to a few thousands of atoms and their sizes are normally below 100nm. They are colloidally stable due to the surface conjugation of hydrophilic polymeric groups outside the core/shell structure.151 QDs are known for their unique, size-dependent, highly stable and bright fluorescence in biological applications. These fluorescence nanoparticles could be used as fluorescence tags for immunoassays, cellular labeling and tissue imaging, and they can be excited and produce fluorescent emissions in a wide range of wavelengths from the visible to near infrared by using different preparations. These are superb properties over organic dyes that normally have narrow excitation and broad emission spectra. However, the use of QDs probes is limited by their in vitro or in vivo toxicities which are originally from their core structure containing Cd, Te, Pb and As ions. Overcoated with metal like ZnS or a biocompatible hydrophilic polymer like polyethylene glycol (PEG) was regarded as a solution for this issue.152

QDs were widely used in cell labeling and specific targeting. QDs can be taken up by cells via endocytosis, and the distribution of dihydrolipoic acid (DHLA) capped QDs were co-localized as an endosome cell marker.153 QDs for cell labeling were conjugated with antibodies (clone 4E3) specific to the extracellular epitope of P-glycoprotein. Cell growth and differentiation were not affected with the QD labeling, and the cell differentiation over a long period could be tracked.153 Another example of targeting delivery was achieved by Valeria Sigot and colleagues. Biotinylated lipid particles (BLP) were applied to encapsulate red-emitting QD655, and the surface of BLP was decorated with green-emitting QD525 which was conjugated with epidermal growth factor ligand. Intracellular fluorescence of both QD655 and QD525 was observed in the perinuclear area. Contrary to this, BLP without conjugating ligands were hardly observed fluorescence inside the cells.154 


Scheme 5. Synthesis process of 3001326 (APC)

The novel anti-prion compound, 3001326 (APC), 2-(1H-indol-3-yl)- N-(4-mercapto-phenyl)-2-oxo-acetamide, was synthesized based on the parent structure of 6-substituted indole-3-glyoxylamides which were shown excellent anti-prion activity and the EC50 of top rank compounds is in nanomolar scale. It is a highly lipophilic compound with a molecule weight of 264.35. 

Here, DHLA-PEG600-NH2-capped CdSe/ZnS core/shell QDs were activated with maleimide which was applied to conjugate with the thiol group on APC via thiol-maleimide nucleophilic reaction. (Figure 47) This drug delivery system (DDS) is selected to conquer the problems of indole library (poor solubility and unable to track in vitro). Most of the QDs surface is ending with NH2 hence the whole system could bring the hydrophobic APC into an aqueous phase. Furthermore, the self-fluorescent QDs can be used as an efficient intracellular fluorescence marker so that the uptake of the compound could be tracked. The studies of this DDS are mostly based on the biological evaluating system mentioned previously. 
[image: D:\My Documents\Desktop\Thesis\Pics\Figure 1 QDs.tif]
Figure 47. Synthesis diagram of QDs-APC
The indole derivative (3001326) was designed and synthesized by Mr. Matthew Sellwood and Miss. Nomagugu Mbelesi from our group. The modified QD was designed and synthesized by Mr.Yifei Kong from University of Leeds. The anti-prion effect and cell toxicity of the drug loaded QDs was evaluated by the biological evaluation system and into its mode-of-action is also investigated in this project by cell images under confocal-laser scanning microscope (CLSM). 

[bookmark: _Toc382888024]2 Materials and methods
[bookmark: _Toc382888025]2. 1 Materials and instrumentation
SMB cells were obtained from the TSE centre at the Institute of Animal Health. The medium for the cell culture was Phenol-red Medium 199 (Invitrogen). 10% New Born Calf Serum (NBCS, Invitrogen), 5% Foetal Bovine Serum (FBS, Invitrogen) and 1% Penicillin-Streptomycin Solution (Sigma) were added into the medium before use. Trypsin-EDTA solution was purchased from Sigma-Aldrich. Hanks Balanced Salt Solution (HBSS, Invitrogen) was used as the compound dilution solution. The SMB cells were cultured and passaged in tissue-culture treated petri dishes (BD Falcon SLS). The sterile 96 well plates (BD Falcon SLS) were for the cell culture and dosing. Chemical reagents for the viability assay and the protein determination were all obtained from Sigma-Aldrich, which include 3-(4,5-dimethylthiazol-2-yl)-2,5
-diphenyltetrazolium bromide (MTT), dimethyl sulfoxide (DMSO), acidic isopropanol, Bradford reagent, and bovine serum albumin (BSA). The reagents for the dot blot assays include proteinase K (PK, Sigma), phenylmethyl-sulfonyl fluoride (PMSF, Sigma), Tris-Buffered Saline (TBS, Sigma), Guanadine Thiocyanate (Acros), skim milk powder (Fluka), 6H4 primary antibody (Prionics through celtic foods) and the mouse antibody IgG and chemiluminescent solutions (GE Healthcare). The haemcytometer was bought from Fisher Scientific. The 96 well manifold (minifold, GE) was used for dot blot assay. Primary and secondary antibodies for IF were purchased from Abcam. Syto9, PI, DAPI and lysosomes traker dyes were bought from life technologiesTM.

Cellular fluorescence images were taken under Zeiss LSM 510 META upright CLSM with 40×and 100× water-dipping lenses. Image data were acquired and processed by using Zeiss LSM Image Browser, Zeiss LSM Image Expert and ImageJ.

[bookmark: _Toc382888026]2.2 Synthesis of APC

The synthesis of APC was accomplished by Mr. Matthew Sellwood and Miss. Nomagugu Mbelesi from our group. A brief description for the synthesis is documented here to illustrate a complete process of the development.
A mixture of CuI, N-(4-iodo-phenyl)-2-(1H-indol-3-yl)-2-oxo-acetamide, sulfur powder and K2CO3 was refluxed in dry DMF at 90oC for 24 hours. The solution was then cooled to allow for NaBH4 to be added, and then stirred at 40oC for 5 hours.  3M HCl was then added and the solution was stirred for an hour. The solution was then separated in the aqueous layer after an addition of 20% NaOH. Ethanol was then added and the aqueous layer was acidified to pH 2 using HCl. Ethyl acetate was then added and the organic layer was extracted and washed with water and brine separately. The organic layer was dried with magnesium sulfate and the solvent was removed under reduced pressure to give a yellow solid.

[bookmark: _Toc382888027]2.3 Synthesis of QDs-APC conjugates
This synthesis work was collarbrately accomplished by Mr. Yifei Kong from University of Leeds. A brief description for the synthesis is documented here to illustrate a complete process of the development.

[bookmark: _Toc382888028]2.3.1 Synthesis of DHLA-PEG600-NH2
135μL 0.4M thioctic acid (TA)-PEG600-NH2 and 17mg tris(2-carboxyethyl)phosphine (TCEP) were dissolved in 200μL deionized water and stirred at room temperature till the solution became colorless. The reduced TA-PEG600-NH2 (aka DHLA-PEG600-NH2) was extracted 4✕400uL chloroform. Thereafter, the extractions were combined and evaporated in a vacuum distillation apparatus to remove the chloroform.

[bookmark: _Toc382888029]2.3.2 Synthesis of DHLA-PEG600-NH2-capped QDs via surface ligand exchange
Trioctylphosphine oxide (TOPO) capped CdSe/ZnS QDs (λem=607nm) and DHLA-PEG600-NH2 were dissolved in 1mL chloroform with final molar ratio of QD: ligand=1: 2000, followed by the addition of 540μL 0.1M NaOH (dissolved in EtOH). After heating at 60°C for 2hrs under N2 protection, DHLA-PEG600-NH2-capped CdSe/ZnS QDs were purified via selective precipitation by adding 3~4mL n-hexane. The precipitated DHLA-PEG600-NH2-capped QDs were washed 3✕phosphate buffer (PB, pH=7.4) whereby AmiconTM centrifugal concentrators (13,000 MWCO) were used to separate unbound ligands from the beads.

[bookmark: _Toc382888030]2.3.3 Synthesis of maleimide-activated QDs
The molar concentration of the above DHLA-PEG600-NH2-capped QDs in PB buffer (pH=7.4) was determined as ca. 17μM by measuring their absorbance at 590nm (extinction coefficient 260,000 M-1cm-1). 5mg succinimidyl- [(N-maleimidopropionamido)-octaethy-leneglycol] ester (SM(PEG)12, 288 molar equivalent to QDs) was then added and reacted under rigorous stirring for 2hrs at RT. Afterwards, O-Methyl-O′-[2-(succinylamino)-ethyl]polyethylene glycol N-succinimidyl ester (NHS-PEG750-OMe) was introduced with the molar ratio of NHS-PEG750-OMe to QDs as 200: 1 to block non-reacted amine groups on the surface of QDs. The products were washed 3✕ phosphate buffer (PB, pH=7.4) by ultrafiltration to get rid of unbound SM(PEG)12 and NHS-PEG750-OMe.

[bookmark: _Toc382888031]2.3.4 Coupling of maleimide-activated QDs and thiolated anti-prion compound
The maleimide-activated CdSe/ZnS QDs were equally divided into two subunits to make 5nmol QDs in 500μL PB buffer (pH=7.4) for each, among which one unit would be used as a blank control. Subsequently, thiolated anti-prion compounds were added to the rest unit with molar ratios of QDs to anti-prion compound as 1: 100 and it was leaved at RT for 2 hrs during maleimides would effectively react with thiol groups in a Michael addition type reaction to form a covalent bond between the QDs and anti-prion compound. After the reaction, 2-mercaptiethanol (100 equivalents to QDs) was introduced to block the non-reacted maleimides on the surface of the QDs. The QD-anti-prion conjugates were washed 3✕phosphate buffer (PB, pH=7.4) before the final determination of their concentrations (NB the extinction coefficient of anti-prion compound was measured as 1391 M-1 cm-1 at 378nm).

[bookmark: _Toc382888032]2.4 Cell line analysis 
[bookmark: _Toc382888033]2.4.1 Cell culture
The scrapie-infected mouse brain (SMB) cells were cultured for cell line assays and the culture protocal is referred to Part Ⅱ Section 2.2.1.1. 

[bookmark: _Toc382888034]2.4.2 Dosing plan for anti-prion activity of APC, QDs-APC and QDs
The SMB cells on 96 well plates were ready for dosing after seeding 24 hours. QDs-APC was diluted into eight different concentrations from 0.1 to 4M and then dosed on the SMB cells. APC stock solution was prepared at a concentration of 10mM in DMSO. The stock solution was diluted using DMSO and followed by PBS to 8 same concentrations from 0.1 to 4M as QDs-APC. The final DMSO composition was required no more than 0.5% by volume. Based on the drug/QDs ratio, same QDs concentrations of corresponding QDs-APC concentrations were calculated and prepared by diluting QDs solution. 

Each concentration was dosed in triplicate for both viability and dot blotting assays. Two negative and a positive controls were set as DMSO (0.5% v/v) PBS (5% v/v) and curcumin (10μM) respectively. 

[bookmark: _Toc382888035]2.4.3 Viability assay (MTT assay)
The viability assay was set for evaluating the cytotoxicity of the compounds and the protocal is referred to Part Ⅱ Section 2.2.1.3.

Median lethal dose (LD50) was calculated via the MTT results. It could be used for evaluating the cytotoxic concentration of sample to cells. Certain value could be calculated via a curve which is plotted by using logarithm of sample concentrations against MTT results.  

Each experiment was done by triplicate and the standard deviation (error bar) was applied in data analysis. 

[bookmark: _Toc382888036]2.4.4 Cell lysis
The cells in 96 well plates were lysed after 5 days’ incubation to release PrPSc for the quantitative analysis and the protocal is referred to Part Ⅱ Section 2.2.1.4. 
     

[bookmark: _Toc382888037]2.4.5 Protein determination 
Bradford reagent was used to determine the protein concentration in the cell lysate and the protocal is referred to Part Ⅱ Section. 

[bookmark: _Toc382888038]2.4.6 Dot blot analysis
Dot bolt analysis was applied for determining the concentration of PrPSc and the culture protocal is referred to Part Ⅱ Section 2.2.1.6.

Each experiment was done by triplicate and the standard deviation (error bar) was applied in data analysis. 

[bookmark: _Toc382888039]2.5 Cell image
All cellular fluorescence images were taken using a Zeiss LSM 510 META upright confocal-laser scanning microscope with 40× and 100× water-dipping lenses. Image data were acquired and processed using a Zeiss LSM Image Browser, Zeiss LSM Image Expert and ImageJ.

[bookmark: _Toc382888040]2.5.1 Cell live image
Cells were cultured in a 96-well plate after two-hour treatment by 100nM equivalent of QDs-APC and QDs-blank individually. The cellular dyes (ER-Tracker, Syto9 and PI) were added to cells for 10 mintues followed by washing with PBS. Lysosomes-GFP was transfected overnight, then the excessive dyes were washed with PBS. PBS treated cells were used as the negative control. The incubation chamber was used to take live images and it was connected with ZEISS Temp-control and CO2 controller. The excitation wavelength for QDs, Syto9, Lysosomes-GFP, ER-Tracker and PI were 458/488/488/504/561 respectively.

[bookmark: _Toc382888041]2.5.2 Immunofluorescence (IF) 
Cells were cultured in a 96-well plate and 100nM of QDs-APC and QDs-blank were individually dosed on the cells in different wells for 1 hour. The wells were washed by PBS and then fixed with 4% formaldehyde in PBS for 15min in room temperature. A blocking buffer (1XPBS/5% FBS/0.3% Triton TM X-100) for 60min. Primary antibody (Goat polyclonal to Prion protein) was diluted in an antibody dilution buffer (1XPBS/1% FBS/0.3% Triton TM X-100) and incubated for 2 hours at room temperature. The cells were washed in PBS 3 times, each time for 5min. Incubated cells in a fluorochrome-conjugated secondary antibody (Donkey Anti-Goat IgG) were diluted in an antibody dilution buffer for 2 hrs at room temperature in the dark. The cells were washed in PBS 3 times, each time for 5min, then the cells were ready for taking the fluorescence image.
[bookmark: _Toc382888043]3 Results and discussion

[image: D:\My Documents\Desktop\Thesis\Pics\QDs APC.png]
Figure 48. Structures-activity comparison of 3001326 (APC) and its relative structures 

APC belonged to the indole family was specifically designed with a thiol group for reacting with the maleimide ending on the QDs surface. This system is intended to load APC via chemical conjugation and it is intracellularly traceable based on the QDs fluorescence. The anti-prion effect of APC was approximately 5.5 times stronger than its parent structure 3000233. Two compounds, 300260 and 3001126, have similar structures and their anti-prion effects were even better. (Figure 48) The fluoro group on the indole did not significantly affect the anti-prion effect when compared with 3001126 with 3000260. The methoxy group on phenyl could significantly enhance the anti-prion effect.

The drug-QDs coupling efficiency is still not fully accomplished because of the APC has poor solubility in aqueous solution. Also APC has poor UV-vis absorbance and low concentration in sample solution. Further quantitative assay is going to solve the obstacle. Therefore, we use the coupling yield of 50% as loading efficiency in the following dosing and calculation.
[bookmark: _Toc382888044]3.1 EC50 analysis 


Figure 49. The anti-prion activity of the APC, QDs-APC and QDs blank (the error bars indicate standard deviation of mean)



Figure 50. The viability results of QDs-APC, APC and QDs blank (the error bars indicate standard deviation of mean)

The anti-prion EC50 of APC and QDs-APC were 0.541 and 0.438μM individually according to the concentration of APC. (Figure 49) QDs blank with corresponding concentrations showed no significant anti-prion effect to the cells. The anti-prion effect of APC’s DMSO stock solution was approximately 1.24 fold weaker than the QDs-APC after five-day incubation on the SMB cells. APC was dragged into water after conjugating with QDs and therefore it was dosed in buffer solution instead of using organic solvent DMSO. There were no significant toxic effects being shown in any dosing concentrations from 0.01 to 0.8µM of QDs-APC, APC and QDs blank, and the MTT results were higher than 70% when compared to the negative control (PBS). (Figure 50)
[bookmark: _Toc382888045]3.2 LD50 of QDs-APC and QDs 


Figure 51. LD50 of QDs-APC, APC and QDs blank (the error bars indicate standard deviation of mean)

Three samples were dosed from 1µM to 100µM according to the APC’s concentration. According to the MTT results, both QDs blank and QDs-APC were toxic to the SMB cells at high concentrations, and their LD50 were 10.21µM and 14.50µM individually from corresponding curves in Figure 51. APC in DMSO solution did not affect the cell surviving when compared to the 0.5% DMSO in PBS as the control used in the MTT assay. The QD-APC was shown to have higher survival data than QDs without APC conjugation. The LD50 of QDs-APC was more than 33 times higher than its EC50, which was the therapeutic window of this DDS. Therefore, this DDS should be noticed about its cytotoxicity when its applied on the cell based evaluating system.

3.3 [bookmark: _Toc382888046]Cell live image
3.3.1 [bookmark: _Toc382888047]Cellular uptake and distribution of QDs-APC and QDs blank
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Figure 52. Cell live images of QDs blank and QDs-APC treated cells taking by CLSM. a and f are DIC, b and g are stained by Syto9 (Ex488, Em500-550), c and h are stained by PI (Ex561, Em575-600), d and i are stained by QDs-APC and QDs blank (Ex450, Em590-620), e and j are the merges, and the scale bar represents 50m.

Cell live images were taken under CLSM and two dyes, Syto9 and PI, were applied to indicate the live and dead cells individually. DIC channel was set to observe the cell morphology. It was surprising that the cellular uptake between the QDs-APC (Figure 52c) and QDs blank (Figure 52H) were significantly different after two hours of incubation. The QDs without APC conjugation (QD blank) were not uptaken up at all by SMB cells during this time period, while QDs-APC showed a good cell uptake. The cell dye PI could dye the dead cells, and this indicated that both the QDs-APC (Figure 52b) and QDs blank (Figure 52g) were able to accumulate in the dead cells and displayed a strong signal due to the increased membrane permeability. Most of the cells in the image were alive and this was proved by syto9 (Figure 6a and 6f). The DIC (Figure 52d and 52i) showed the cell morphology were normal after treated by each sample and Figure 52e and 52j were the merges.
[image: D:\My Documents\Desktop\20130606 GNP&QD MTT&Protein\QD confocal\For Beining\图片12 .png]
Figure 53. Live cell image of QDs-APC in high resolution. Scale bar represent 10m.

The cellular uptake of QDs-APC was observed under laser confocal in higher resolution (X63). (Figure 53) The PI and syto9 channels showed that there were no dead cells in this region and DIC channel showed that the cells’ morphology was integrated. Most of the QDs fluorescence was observed in the intracellular region via QDs channel and a minor amount could be found on the cell membrane region (Figure 53 Merge channel). High signal spots were observed intracellularly in the channel of QDs-APC. This could be further observed in the 3D stack cell image. (Figure 54) Those spots were supposed to be formed by an aggregation mechanism, which could possibly be explained from two aspects. Firstly, it might be induced by binding with PrP (for example, PrPSc), and the intracellular distribution of QDs-APC is very similar to the distribution of PrPSc oligomers.16, 18-19 Another explanation is that this system, QDs-APC, was uptaken by cells via endocytosis and they aggregate in certain cell organelles (endosomes155 and lysosomes156). These two hypotheses will be investigated in the next section by using immunofluorescence and live cell images with cell organelle trackers.
[image: D:\My Documents\Desktop\20130606 GNP&QD MTT&Protein\QD confocal\For Beining\图片7.png]
Figure 54. 3D image of live cell uptake of QDs-APC. Scale bar represent 20m.

[bookmark: _Toc382888048]3.3.2 Immunofluorescence (IF)  
[image: D:\My Documents\Desktop\20130606 GNP&QD MTT&Protein\QD confocal\For Beining\图片2.png]
Figure 55. Optimization of primary antibody concentration (the error bars indicate standard deviation of mean)

To investigate what is the suitable concentration of the PrP antibody to be used in the assay, each of the 5 different dilutions of the antibody from 1:100 to 1:10000 were incubated with the SMB cells followed by treatment with a secondary antibody as instructed by the manufacture. The strongest signal was acquired from 1:100 dilution. (Figure 55) The mean fluorescence intensity of 1:100 was significantly higher than the other 4 concentrations, therefore 1:100 was chosen for further IF assay.

[image: D:\My Documents\Desktop\20130606 GNP&QD MTT&Protein\QD confocal\For Beining\图片4b.png] 
Figure 56. IF images of cells treated with QDs blank and QDs-APC. a and e are DAPI (Ex561, Em575-600), b and f were firstly stained by Goat anti-PrP antibody then followed with Donkey Anti-Goat IgG (Ex488, Em500-550), c and g are stained by QDs blank and QDs-APC (Ex450, Em590-620) , d and h are the merges, and the scale bar represents 10m.

The cellular uptake of QDs without compound could hardly observed in the SMB cells, which was further proved by QDs channel in Figure 56c. Due to the lack of commercially available PrPSc specific antibody the PrP antibody which is non-specifically binding with both PrPC and PrPSc (Figure 56b and 56f) stained both the membrane and intracellular area (Figure 56b and 56f) of the cells except the nucleus region (Figure 56a and 56e). In the merge channel of QDs-APC (Figure 56h), a few regions between QDs (Red) and antibody (Green) were overlapped and this was further analyzed via CLSM 3D scanning.   

[image: D:\My Documents\Desktop\20130606 GNP&QD MTT&Protein\QD confocal\For Beining\图片5.png]
Figure 57. a is co-localization between PrP and QDs-APC; b is the scatter plot Pearson's Correlation Coefficient (r); c is the 3D volume viewer. The scale bar represents 10m.

Co-localization between QDs-APC and PrP was shown in Figure 57a, and the most overlapping region (in orange) was around the nuclear membrane. The Pearson's correlation coefficient (r) was 0.278. (Figure 57b) r value is between -1 and +1 and the trend is co-localization when r is between 0 and +1. Furthermore, the 3D volume viewer (Figure 57c) could clearly distinguish the intracellular distribution of QDs-APC from the merger.  Three dimensional images with 6.90m and 0.63m intervals were further proved that PrP was free in the cell nucleus. (Supporting information Figure 58)

[image: D:\My Documents\Desktop\20130606 GNP&QD MTT&Protein\QD confocal\For Beining\图片3.png]
Figure 58. 3D IF image of QDs-APC treated cells. Scale bar represent 10m.

[bookmark: _Toc382888049]3.3.3 Cell images with organelle tracker
[image: D:\My Documents\Desktop\20130606 GNP&QD MTT&Protein\QD confocal\For Beining\图片9.png]
Figure 59. Cells treated with QDs-APC and dye by DAPI (Ex561, Em575-600), ER tracker (Ex504, Em510-520), QDs-APC (Ex450, Em590-620), the scale bar represents 10m.

Endoplasmic reticulum (ER) and lysosomes trackers without excitation overlapping were applied in order to investigate the cell organelle localization of QDs. ER is classified into two types, rough ER and smooth ER. Rough ER is interested in this research due to its protein synthesis function.157 

PrPC and PrPSc were possibly produced from ER, however, the ER tracker is non-specific and the distribution is quite different from QDs-APC. (Figure 59) QDs-APC was distributed intracellularly as high signal dots which was different from the ‘smooth’ distribution of ER tracker. It was also showed that ER did not exist in the cell nucleus.  

[image: D:\My Documents\Desktop\20130606 GNP&QD MTT&Protein\QD confocal\For Beining\图片82.png]
Figure 60. Co-localization between QDs-APC and lysosomes tracker. a) DAPI (Ex561, Em575-600), b) lysosomes tracker (Ex488, Em500-550), c) QDs-APC (Ex450, Em590-620), d) merge, e) 3D volume viewer from select region, f) co-localization between QDs-APC and lysosomes tracker from select region, g) scatter plot Pearson's Correlation Coefficient 

Lysosomes contain acid hydrolase enzymes which break down waste materials. It was reported to be highly relative to the pathogenesis of prion disease, and the scrapie form of PrP was suspected to be accumulated and degraded in this organelle.158 Cell co-localization between DAPI (Figure 60a), lysosomes tracker (Figure 60b) and QDs-APC (Figure 60c) was shown in a yellow color. (Figure 60d) The strong signal region was selected, and the lysosomes tracker and QDs-APC were analyzed via a 3D volume viewer (Figure 60e), co-localization analysis (Figure 60f) and scatter plot Pearson's Correlation Coefficient (r) (Figure 60g). r value was 0.359, which indicated that the trend between lysosomes and QDs-APC is co-localization. Therefore, QDs-APC was very likely distributed in the cell lysosomes where the PrPSc oligomer accumulated.

4 [bookmark: _Toc382888050]Conclusions
Firstly, APC was successfully conjugated with surface modified CdSe/ZnS core/shell QDs via thiol-maleimide reaction and dragged the hydrophobic compound into aqueous phase. There is no need of using DMSO as a cosolvent when dosing the cells. Secondly, its anti-prion effect (EC50=0.438M) was slightly increased 1.24 fold by comparing to the free APC. Thirdly, this system could be applied on a cell model avoiding its cytotoxicity due to the fact that the LD50 of QDs-APC was more than 33 times higher than its EC50. Fourthly, the cell fluorescence images showed that the QDs-APC was able to cross the plasma membrane of the SMB cells via endocytosis and co-localized with a lysosomes tracker, which possibly indicates that this DDS could intracellularly binding with PrPSc oligomers in lysosomes. Furthermore, the QDs without conjugating with APC was hardly uptake by live SMB cells and in the contrary, QDs-APC could uptake by the cells and showed strong signal under CLSM. The CNS targeting vector can be decorated for QDs DDS to enhance their abilities to penetrate BBB in the future work. 

















[bookmark: _Toc382888051]Part Ⅳ General Discussion and Conclusions

A biological evaluating system based on SMB cell line was adapted and optimized for measuring the PrPSc elimination and cytotoxicity effect of small molecule anti-prion compounds quantitatively using MTT assay and dot-blotting . 

Compounds from ZINC library, benzofuran derivatives and ε-PL were screened using the optimized assays. Most of the compounds from ZINC database which were selected for an antibiotic lead discovery project did not exhibit strong anti-prion activities. The ones that were active have similar function groups as what are presented in the indole family of potent anti-prion compounds previously discovered in the group. All six benzofuran derivatives showed anti-prion activities at micromolar scale and the carbon chain between aryloxy group and tertiary amine group resembles the side chain in a known anti-prion compound, quinacrine, could be responsible for the anti-prion effect of this class of compounds. However, four of them showed considerable toxicity to the SMB cells prohibiting of further investigation of these compounds. ε-PL biopolymer showed anti-prion effect below 1M while it was toxic to the cells at more than 100showing some potential and should be further studied. 
The anti-prion compounds (APCs) from the indole library were discovered in the previous cell line screening of a chemical library collection in our group. The EC50s of many compounds were measured at nano-molar scales on the SMB cell line.106 However, there are three main obstacles associated with this family of compounds to exhibit clinical therapy effects: poor solubility; difficult to track in vitro and in vivo; unable to reach the disease focused location in CNS. Three drug delivery systems (DDS), hyperbranched polymer (HBP), polymersomes and quantum dots (QDs) loaded with APCs from indole library were evaluated so that some solutions for the above problem can be found.

3001126 as one of the top-10 compound (EC50 =10nM) from indole library was loaded onto HBP in order to overcome the solubility problem with this family of compounds. This model compound was also loaded onto specifically designed pH responsive fluorescent labelled polymersomes to ensure that the drug is delivered into cells and the shape effects (include tubular DTP and spherical DSP) of polymersome DDS on their anti-prion activities were compared. Both DDSs successfully overcome the solubility problem in the cellular model, but the drug loading capacities vary considerably. The corresponding encapsulation efficiency of 3001126 for DTP, DSP and HBP were 35.7%, 20.5% and 0.33%. The tubular polymersomes showed the highest loading of 3001126. Of these two systems, polymersomes are more preferred to the HBP because the latter has very low loading capacity and lacks of fluorophore reporter that can enable its use as a molecular imaging tool for tacking the destination of the molecule in the cellular system. 

Another APC 3001326 was derived from 6-substituted indole-3-glyoxylamides as its parent structure and the thiol group on 4’-position of the phenyl group was used to couple with the QDs modified with maleimide group via covalent bonds. The QDs DDS has unique advantages of being natural fluorescent and can be used as both drug carrier as well as an imaging tool for cell based analysis.

Several aspects of the physiochemical properties brought by using the three DDSs were summarized and compared as follows.

· Solubility
Both APCs were highly hydrophobic, and their solubility in aqueous phase has been significantly improved via the corresponding DDS. When tested in cell models they no longer need DMSO as a co-solvent. (Table 16) APCs can loaded onto DDS via different mechanisms. Both HBP and polymersomes encapsulate compound 3001126. The assembly of these two DDSs depends on the hydrophobic interactions between the drug and the polymer core when solutions of the polymer and the drug were mixed, solvent evaporated followed by rehydration of the film formed driven by solvation process, the hydrophobic compounds are ‘trapped’ in the hydrophobic polymer core. HBP encapsulates compound 3001126 into a hydrophobic pocket and the hydrophilic corona carries the drug with it when dissolving in water, hence the solubility of the compound is improved. 

Similarly, the polymersomes encapsulate 3001126 into a hydrophobic bilayer of spherical polymersomes (DSP) and the hydrophobic inner layer of tubular filo-polymersomes (DTP). Those bilayer structures were formed by self-assemble of the diblock polymer PMPC-PDPA in aqueous solution and the hydrophobic block PDPA is able to assemble together in neutral pH (pH 7.4). 

QDs were coupled with APC via covalent bonding and the water solubility of the whole system is improved due to the modification of the QD surface with hydrophilic functional groups.  

· Toxicity
The toxicities of all three DDSs were evaluated by MTT assays and results that are lower than 70% against negative controls were regarded as toxic. HBP, DTP and DSP did not exhibit toxicity at concentrations up to uM during the experiments. (Table 16) However, both QDs conjugated with and without APC were toxic to the cells at a concentration above 10M. Furthermore, DMSO showed some toxicity above 0.5% (v/v) and all the DDS were dosed onto the cells without needing DMSO as a co-solvent.

· Traceability
HBP contains no chromophore while the other two DDSs have fluorescent properties, therefore were traceable under confocal laser scanning microscope (CLSM) and their location in cells could possibly be visualised. Polymersomes (DTP and DSP) were composed of 5% (v/v) Rho-PMPC30-PDPA60 which is a fluorescent material. Polymersomes conjugated with rhodamine were tracked in the cell organelles (endosomes and (or) lysosomes) and plasma membrane. However, the non-fluorescent APC is hard to detect by laser confocal microscope(LCM) after the polymersomes were disassociated in the intracellular acidic enviroment. 

QDs are fluorescent biosensor which was conjugated with APC via covalent binds formed between maleimide and thiol group. They are able to display the intracellular localization of both QDs and APC. This DDS was found to be co-colocalized with lysosomes which are supposed to be the organelles where PrPSc is processed and degradated. (Table 16) 



Table 16. Comparison the solubility, toxicity and traceable in vitro of DMSO, HBP, DTP, DSP and QDs
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· Anti-prion effect
Table 17. The anti-prion effect of 3001126 and 3001326 in both DMSO and DDS
[image: D:\My Documents\Desktop\Thesis\Pics\图片5.png]
In DMSO, 3001126 has an EC50 of 9.7nM and 3001326 showed an EC50 of 541nM. DTP showed the highest anti-prion effect with an EC50 of 11.0nM by comparing with 3001126 in DSP and HBP. The EC50 of HBP was increased more than 65 times than the EC50 of its DMSO solution. The anti-prion effect of 3001326’s DMSO stock solution was approximately 1.24 fold weaker than the QDs conjugated APC. Additionally, the LD50 of QDs conjugated APC was more than 33 times higher than its EC50, which was indicated the therapy window of this DDS. (Table 17) Moreover, the all three DDS had different mechanisms of loading anti-prion compound. The cellular uptake pathways, intracellular location and drug release of those DDS are hardly the same which could strongly affect the anti-prion effect of them. 

In conclusion, three DDS assisted the hydrophobic compounds increasing their solubility in aqueous solution and exhibited anti-prion activity after loading with APC. I would preferred to use polymersomes as the primary choice as potential DDS for future CNS delivery. The synthesized block co-polymer is modifiable and this could induce more function to polymersomes, such as far red fluorescence group and BBB vectors. Also, it displayed decent biocompatibility on cells through the research above which might be non-toxic in the animal test. Moreover, the size of polymersomes could be cut by temperature and external energy (extrusion or sonication) and smaller size is more promising to pass through BBB. 
· Future work
The work so far on HBP showed low loading efficiency (0.33%) to the anti-prion compound. To improve this, an increasing amount of HBP could be used in the encapsulation process to increase the polymer-drug molar ratio which could lead to more drug molecules being encapsulated. The loading capacity of HBP can also be improved if different molecular weight HBP is tested. With an increase in molecular weight, a larger hydrophobic region/pocket might be formed to trap more drug molecules into them. Also, different encapsulation methods can be attempted.  

The hydrophobic chain of polymersomes could self-assemble into micelles (30-60nm) in aqueous solution. Micelle is a single layer spherical object and has hydrophobic core. Micelle is believed to have larger hydrophobic volume than polymersomes by using same amount of materials. Therefore, micelles are supposed to load more hydrophobic compound than polymersomes. Moreover, the smaller diameter is assisted the DDS penetrate BBB.

Cytotoxicity is restricted the application of QDs which are toxic to the cells even coated with biocompatible materials. Self fluorescence nanoparticles or nanoclusters with decent biocompatibility should be attempted in the future work. Also, compounds with stronger anti-prion effect but keeping conjugatable function group can be developed. 
CNS targeted delivery of these compounds are not investigated due to the time constrain. If the three DDSs were modified with BBB specific vectors they could potentially become useful delivery systems to enable these potent anti-prion compounds to be used for curing the prion disease in the central nervous system in the future.
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[A]


3001126 in methanol
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[A]


1126's UV absorbance
0.002mg/ml	200	200.5	201	201.5	202	202.5	203	203.5	204	204.5	205	205.5	206	206.5	207	207.5	208	208.5	209	209.5	210	210.5	211	211.5	212	212.5	213	213.5	214	214.5	215	215.5	216	216.5	217	217.5	218	218.5	219	219.5	220	220.5	221	221.5	222	222.5	223	223.5	224	224.5	225	225.5	226	226.5	227	227.5	228	228.5	229	229.5	230	230.5	231	231.5	232	232.5	233	233.5	234	234.5	235	235.5	236	236.5	237	237.5	238	238.5	239	239.5	240	240.5	241	241.5	242	242.5	243	243.5	244	244.5	245	245.5	246	246.5	247	247.5	248	248.5	249	249.5	250	250.5	251	251.5	252	252.5	253	253.5	254	254.5	255	255.5	256	256.5	257	257.5	258	258.5	259	259.5	260	260.5	261	261.5	262	262.5	263	263.5	264	264.5	265	265.5	266	266.5	267	267.5	268	268.5	269	269.5	270	270.5	271	271.5	272	272.5	273	273.5	274	274.5	275	275.5	276	276.5	277	277.5	278	278.5	279	279.5	280	280.5	281	281.5	282	282.5	283	283.5	284	284.5	285	285.5	286	286.5	287	287.5	288	288.5	289	289.5	290	290.5	291	291.5	292	292.5	293	293.5	294	294.5	295	295.5	296	296.5	297	297.5	298	298.5	299	299.5	300	300.5	301	301.5	302	302.5	303	303.5	304	304.5	305	305.5	306	306.5	307	307.5	308	308.5	309	309.5	310	310.5	311	311.5	312	312.5	313	313.5	314	314.5	315	315.5	316	316.5	317	317.5	318	318.5	319	319.5	320	320.5	321	321.5	322	322.5	323	323.5	324	324.5	325	325.5	326	326.5	327	327.5	328	328.5	329	329.5	330	330.5	331	331.5	332	332.5	333	333.5	334	334.5	335	335.5	336	336.5	337	337.5	338	338.5	339	339.5	340	340.5	341	341.5	342	342.5	343	343.5	344	344.5	345	345.5	346	346.5	347	347.5	348	348.5	349	349.5	350	350.5	351	351.5	352	352.5	353	353.5	354	354.5	355	355.5	356	356.5	357	357.5	358	358.5	359	359.5	360	360.5	361	361.5	362	362.5	363	363.5	364	364.5	365	365.5	366	366.5	367	367.5	368	368.5	369	369.5	370	370.5	371	371.5	372	372.5	373	373.5	374	374.5	375	375.5	376	376.5	377	377.5	378	378.5	379	379.5	380	380.5	381	381.5	382	382.5	383	383.5	384	384.5	385	385.5	386	386.5	387	387.5	388	388.5	389	389.5	390	390.5	391	391.5	392	392.5	393	393.5	394	394.5	395	395.5	396	396.5	397	397.5	398	398.5	399	399.5	400	400.5	401	401.5	402	402.5	403	403.5	404	404.5	405	405.5	406	406.5	407	407.5	408	408.5	409	409.5	410	410.5	411	411.5	412	412.5	413	413.5	414	414.5	415	415.5	416	416.5	417	417.5	418	418.5	419	419.5	420	420.5	421	421.5	422	422.5	423	423.5	424	424.5	425	425.5	426	426.5	427	427.5	428	428.5	429	429.5	430	430.5	431	431.5	432	432.5	433	433.5	434	434.5	435	435.5	436	436.5	437	437.5	438	438.5	439	439.5	440	440.5	441	441.5	442	442.5	443	443.5	444	444.5	445	445.5	446	446.5	447	447.5	448	448.5	449	449.5	450	450.5	451	451.5	452	452.5	453	453.5	454	454.5	455	455.5	456	456.5	457	457.5	458	458.5	459	459.5	460	460.5	461	461.5	462	462.5	463	463.5	464	464.5	465	465.5	466	466.5	467	467.5	468	468.5	469	469.5	470	470.5	471	471.5	472	472.5	473	473.5	474	474.5	475	475.5	476	476.5	477	477.5	478	478.5	479	479.5	480	480.5	481	481.5	482	482.5	483	483.5	484	484.5	485	485.5	486	486.5	487	487.5	488	488.5	489	489.5	490	490.5	491	491.5	492	492.5	493	493.5	494	494.5	495	495.5	496	496.5	497	497.5	498	498.5	499	499.5	500	500.5	501	501.5	502	502.5	503	503.5	504	504.5	505	505.5	506	506.5	507	507.5	508	508.5	509	509.5	510	510.5	511	511.5	512	512.5	513	513.5	514	514.5	515	515.5	516	516.5	517	517.5	518	518.5	519	519.5	520	520.5	521	521.5	522	522.5	523	523.5	524	524.5	525	525.5	526	526.5	527	527.5	528	528.5	529	529.5	530	530.5	531	531.5	532	532.5	533	533.5	534	534.5	535	535.5	536	536.5	537	537.5	538	538.5	539	539.5	540	540.5	541	541.5	542	542.5	543	543.5	544	544.5	545	545.5	546	546.5	547	547.5	548	548.5	549	549.5	550	550.5	551	551.5	552	552.5	553	553.5	554	554.5	555	555.5	556	556.5	557	557.5	558	558.5	559	559.5	560	560.5	561	561.5	562	562.5	563	563.5	564	564.5	565	565.5	566	566.5	567	567.5	568	568.5	569	569.5	570	570.5	571	571.5	572	572.5	573	573.5	574	574.5	575	575.5	576	576.5	577	577.5	578	578.5	579	579.5	580	580.5	581	581.5	582	582.5	583	583.5	584	584.5	585	585.5	586	586.5	587	587.5	588	588.5	589	589.5	590	590.5	591	591.5	592	592.5	593	593.5	594	594.5	595	595.5	596	596.5	597	597.5	598	598.5	599	599.5	600	600.5	601	601.5	602	602.5	603	603.5	604	604.5	605	605.5	606	606.5	607	607.5	608	608.5	609	609.5	610	610.5	611	611.5	612	612.5	613	613.5	614	614.5	615	615.5	616	616.5	617	617.5	618	618.5	619	619.5	620	620.5	621	621.5	622	622.5	623	623.5	624	624.5	625	625.5	626	626.5	627	627.5	628	628.5	629	629.5	630	630.5	631	631.5	632	632.5	633	633.5	634	634.5	635	635.5	636	636.5	637	637.5	638	638.5	639	639.5	640	640.5	641	641.5	642	642.5	643	643.5	644	644.5	645	645.5	646	646.5	647	647.5	648	648.5	649	649.5	650	650.5	651	651.5	652	652.5	653	653.5	654	654.5	655	655.5	656	656.5	657	657.5	658	658.5	659	659.5	660	660.5	661	661.5	662	662.5	663	663.5	664	664.5	665	665.5	666	666.5	667	667.5	668	668.5	669	669.5	670	670.5	671	671.5	672	672.5	673	673.5	674	674.5	675	675.5	676	676.5	677	677.5	678	678.5	679	679.5	680	680.5	681	681.5	682	682.5	683	683.5	684	684.5	685	685.5	686	686.5	687	687.5	688	688.5	689	689.5	690	690.5	691	691.5	692	692.5	693	693.5	694	694.5	695	695.5	696	696.5	697	697.5	698	698.5	699	699.5	700	-0.15350000000000041	-8.4200000000000025E-2	-2.2300000000000011E-2	3.500000000000001E-2	8.7800000000000003E-2	0.1258	0.14820000000000041	0.16619999999999999	0.18050000000000024	0.18650000000000044	0.19009999999999999	0.19539999999999999	0.19700000000000001	0.19489999999999999	0.19420000000000001	0.19359999999999999	0.19009999999999999	0.18600000000000044	0.18270000000000094	0.17830000000000001	0.17280000000000001	0.16739999999999999	0.1613	0.15400000000000041	0.14700000000000021	0.14069999999999999	0.13400000000000001	0.1273	0.12150000000000002	0.11600000000000002	0.11070000000000002	0.10600000000000002	0.1018	9.7500000000000045E-2	9.3700000000000228E-2	9.0900000000000022E-2	8.8300000000000045E-2	8.5800000000000043E-2	8.3900000000000044E-2	8.2400000000000015E-2	8.1100000000000005E-2	8.0000000000000043E-2	7.9300000000000134E-2	7.8800000000000023E-2	7.85E-2	7.85E-2	7.85E-2	7.85E-2	7.8600000000000003E-2	7.8800000000000023E-2	7.8800000000000023E-2	7.8900000000000012E-2	7.9699999999999993E-2	8.0400000000000041E-2	8.0900000000000027E-2	8.14E-2	8.2000000000000003E-2	8.2400000000000015E-2	8.2900000000000001E-2	8.3600000000000743E-2	8.4100000000000022E-2	8.4200000000000025E-2	8.4500000000000228E-2	8.5000000000000006E-2	8.5400000000000004E-2	8.5800000000000043E-2	8.620000000000004E-2	8.6300000000000002E-2	8.620000000000004E-2	8.6300000000000002E-2	8.6300000000000002E-2	8.6100000000000024E-2	8.6000000000000021E-2	8.5900000000000004E-2	8.5400000000000004E-2	8.4800000000000028E-2	8.43E-2	8.3700000000000066E-2	8.3100000000000063E-2	8.2400000000000015E-2	8.1700000000000023E-2	8.0800000000000025E-2	8.0000000000000043E-2	7.920000000000002E-2	7.8400000000000011E-2	7.7299999999999994E-2	7.6300000000000021E-2	7.5300000000000034E-2	7.4300000000000532E-2	7.3300000000000004E-2	7.2400000000000034E-2	7.1199999999999999E-2	7.010000000000001E-2	6.9200000000000012E-2	6.8099999999999994E-2	6.6799999999999998E-2	6.5699999999999995E-2	6.5000000000000002E-2	6.4100000000000004E-2	6.3299999999999995E-2	6.2600000000000003E-2	6.1900000000000004E-2	6.1199999999999997E-2	6.0600000000000001E-2	6.0000000000000032E-2	5.9200000000000003E-2	5.8500000000000003E-2	5.7900000000000014E-2	5.7100000000000012E-2	5.6099999999999997E-2	5.5100000000000003E-2	5.4200000000000012E-2	5.3300000000000014E-2	5.2400000000000023E-2	5.16E-2	5.1000000000000004E-2	5.0700000000000023E-2	5.0500000000000003E-2	5.0400000000000014E-2	5.0400000000000014E-2	5.0700000000000023E-2	5.1000000000000004E-2	5.1400000000000001E-2	5.2100000000000014E-2	5.3100000000000001E-2	5.3900000000000003E-2	5.4600000000000003E-2	5.5800000000000023E-2	5.6899999999999999E-2	5.7900000000000014E-2	5.9100000000000014E-2	6.0500000000000012E-2	6.2100000000000023E-2	6.3600000000000004E-2	6.5100000000000019E-2	6.6500000000000004E-2	6.7900000000000002E-2	6.9400000000000114E-2	7.0699999999999999E-2	7.1700000000000014E-2	7.290000000000002E-2	7.4300000000000532E-2	7.5600000000000001E-2	7.6700000000000004E-2	7.7700000000000533E-2	7.85E-2	7.920000000000002E-2	7.9699999999999993E-2	7.9900000000000124E-2	8.0100000000000005E-2	8.0300000000000024E-2	8.0200000000000021E-2	8.0200000000000021E-2	8.0500000000000224E-2	8.0900000000000027E-2	8.1000000000000003E-2	8.0700000000000063E-2	8.0200000000000021E-2	7.9600000000000004E-2	7.8600000000000003E-2	7.6999999999999999E-2	7.5400000000000023E-2	7.3599999999999999E-2	7.1599999999999997E-2	6.9700000000000123E-2	6.8199999999999997E-2	6.6600000000000006E-2	6.5100000000000019E-2	6.4100000000000004E-2	6.3400000000000012E-2	6.2700000000000033E-2	6.2200000000000012E-2	6.1800000000000001E-2	6.1600000000000002E-2	6.1499999999999999E-2	6.1600000000000002E-2	6.1800000000000001E-2	6.2000000000000034E-2	6.2200000000000012E-2	6.25E-2	6.3E-2	6.3500000000000001E-2	6.3800000000000009E-2	6.4300000000000523E-2	6.4800000000000024E-2	6.5400000000000014E-2	6.6000000000000003E-2	6.6600000000000006E-2	6.720000000000001E-2	6.7900000000000002E-2	6.8599999999999994E-2	6.9400000000000114E-2	7.0300000000000112E-2	7.1099999999999997E-2	7.1800000000000003E-2	7.2800000000000031E-2	7.3700000000000029E-2	7.4500000000000094E-2	7.5200000000000003E-2	7.5700000000000031E-2	7.6200000000000004E-2	7.6799999999999993E-2	7.7700000000000533E-2	7.8400000000000011E-2	7.8900000000000012E-2	7.9300000000000134E-2	7.9800000000000523E-2	8.0500000000000224E-2	8.1300000000000011E-2	8.2100000000000006E-2	8.2900000000000001E-2	8.3700000000000066E-2	8.4600000000000244E-2	8.5500000000000048E-2	8.6300000000000002E-2	8.7300000000000003E-2	8.8200000000000028E-2	8.9000000000000065E-2	8.9800000000000046E-2	9.1000000000000025E-2	9.2000000000000026E-2	9.2700000000000005E-2	9.3600000000000266E-2	9.4500000000000264E-2	9.5300000000000024E-2	9.6100000000000005E-2	9.7000000000000003E-2	9.7700000000000023E-2	9.8300000000000026E-2	9.9000000000000046E-2	9.9500000000000727E-2	0.1	0.10070000000000009	0.10150000000000002	0.10210000000000002	0.10249999999999998	0.1033	0.10390000000000002	0.10440000000000002	0.10500000000000002	0.10550000000000002	0.10570000000000022	0.10580000000000002	0.10630000000000002	0.10680000000000002	0.10720000000000079	0.10760000000000022	0.10780000000000002	0.10770000000000129	0.10800000000000012	0.10840000000000002	0.10810000000000022	0.10780000000000002	0.10820000000000179	0.10850000000000012	0.10840000000000002	0.10850000000000012	0.10860000000000022	0.10850000000000012	0.10829999999999999	0.10810000000000022	0.10770000000000129	0.10740000000000002	0.10760000000000022	0.10760000000000022	0.10680000000000002	0.10630000000000002	0.10610000000000012	0.10570000000000022	0.1053	0.10510000000000012	0.10450000000000002	0.10370000000000019	0.10320000000000012	0.10260000000000002	0.10170000000000012	0.10100000000000002	0.10059999999999998	9.9900000000000044E-2	9.9100000000000063E-2	9.8500000000000268E-2	9.7900000000000001E-2	9.69E-2	9.6200000000000022E-2	9.5600000000000046E-2	9.4500000000000264E-2	9.3500000000001068E-2	9.2800000000000021E-2	9.1800000000000007E-2	9.0500000000000067E-2	8.9500000000000246E-2	8.8600000000000248E-2	8.77E-2	8.6800000000000002E-2	8.5800000000000043E-2	8.4600000000000244E-2	8.3500000000000268E-2	8.2600000000000007E-2	8.1600000000000006E-2	8.0300000000000024E-2	7.9400000000000123E-2	7.85E-2	7.7100000000000002E-2	7.580000000000002E-2	7.5000000000000011E-2	7.3800000000000004E-2	7.2400000000000034E-2	7.1099999999999997E-2	6.9600000000000023E-2	6.7900000000000002E-2	6.7400000000000029E-2	6.7500000000000004E-2	6.6299999999999998E-2	6.450000000000003E-2	6.3400000000000012E-2	6.2200000000000012E-2	6.0700000000000122E-2	5.9500000000000032E-2	5.8299999999999998E-2	5.7000000000000023E-2	5.5800000000000023E-2	5.4700000000002434E-2	5.3600000000000002E-2	5.2400000000000023E-2	5.1400000000000001E-2	5.0400000000000014E-2	4.9200000000000021E-2	4.8300000000000003E-2	4.7400000000000032E-2	4.6100000000000002E-2	4.5000000000000012E-2	4.4400000000000113E-2	4.36E-2	4.2500000000000003E-2	4.1800000000000004E-2	4.1099999999999998E-2	3.9900000000000005E-2	3.9000000000000014E-2	3.8399999999999997E-2	3.7400000000000252E-2	3.6200000000000052E-2	3.5500000000000004E-2	3.4700000000000002E-2	3.3599999999999998E-2	3.2800000000000412E-2	3.2199999999999999E-2	3.15E-2	3.0700000000000002E-2	3.0000000000000002E-2	2.9200000000000011E-2	2.8500000000000001E-2	2.7900000000000012E-2	2.7100000000000006E-2	2.5999999999999999E-2	2.5600000000000012E-2	2.5399999999999999E-2	2.4400000000000002E-2	2.35E-2	2.3800000000000002E-2	2.3299999999999998E-2	2.1900000000000006E-2	2.1300000000000006E-2	2.1200000000000042E-2	2.0500000000000001E-2	2.0000000000000011E-2	1.9800000000001441E-2	1.9099999999999999E-2	1.8200000000000063E-2	1.7999999999999999E-2	1.77E-2	1.6799999999999999E-2	1.6400000000000001E-2	1.6199999999999999E-2	1.6000000000000021E-2	1.5299999999999998E-2	1.4400000000000001E-2	1.4200000000000001E-2	1.4500000000000001E-2	1.43E-2	1.3500000000000381E-2	1.2600000000000005E-2	1.1900000000001121E-2	1.1599999999999996E-2	1.1599999999999996E-2	1.1299999999999998E-2	1.0800000000000021E-2	1.0400000000000001E-2	1.0100000000000001E-2	9.8000000000000708E-3	9.6000000000000026E-3	9.4000000000000247E-3	9.0000000000000028E-3	8.4000000000000047E-3	8.2000000000000007E-3	8.3000000000000226E-3	8.0000000000000227E-3	7.6000000000000104E-3	7.0000000000000114E-3	6.6000000000000034E-3	6.4000000000004114E-3	6.4000000000004114E-3	6.2000000000002114E-3	5.9000000000002124E-3	5.8000000000000013E-3	5.5000000000000014E-3	4.6000000000000034E-3	4.4000000000000124E-3	5.1999999999999998E-3	5.3000000000000104E-3	4.7000000000000123E-3	5.0000000000000114E-3	5.4000000000000124E-3	5.1000000000000004E-3	4.7000000000000123E-3	4.5000000000000014E-3	4.3000000000000104E-3	4.0000000000000114E-3	3.6000000000002644E-3	3.5000000000000612E-3	3.7000000000003055E-3	3.6000000000002644E-3	3.5000000000000612E-3	3.5000000000000612E-3	3.3000000000000052E-3	2.8999999999999998E-3	3.0000000000000092E-3	3.3000000000000052E-3	3.2000000000001892E-3	3.0000000000000092E-3	2.8000000000000052E-3	2.5000000000000092E-3	2.3999999999999998E-3	2.7000000000000812E-3	2.8000000000000052E-3	2.5999999999999999E-3	2.5000000000000092E-3	2.5999999999999999E-3	2.5999999999999999E-3	2.5999999999999999E-3	2.5999999999999999E-3	2.5999999999999999E-3	2.7000000000000812E-3	3.1000000000000892E-3	3.4000000000000692E-3	3.3000000000000052E-3	3.4000000000000692E-3	3.5000000000000612E-3	3.7000000000003055E-3	3.7000000000003055E-3	3.5000000000000612E-3	3.2000000000001892E-3	3.1000000000000892E-3	3.2000000000001892E-3	3.4000000000000692E-3	3.4000000000000692E-3	3.7000000000003055E-3	4.1000000000000003E-3	3.8000000000000052E-3	3.4000000000000692E-3	3.5000000000000612E-3	3.7000000000003055E-3	3.8000000000000052E-3	3.8000000000000052E-3	3.9000000000000692E-3	3.7000000000003055E-3	3.5000000000000612E-3	3.6000000000002644E-3	3.7000000000003055E-3	3.8000000000000052E-3	3.7000000000003055E-3	3.7000000000003055E-3	3.6000000000002644E-3	3.6000000000002644E-3	3.8000000000000052E-3	3.8000000000000052E-3	3.8000000000000052E-3	3.7000000000003055E-3	3.6000000000002644E-3	3.7000000000003055E-3	3.9000000000000692E-3	3.9000000000000692E-3	3.5000000000000612E-3	3.7000000000003055E-3	4.1999999999999997E-3	4.1999999999999997E-3	3.8000000000000052E-3	3.6000000000002644E-3	3.6000000000002644E-3	3.8000000000000052E-3	4.1000000000000003E-3	4.1000000000000003E-3	3.9000000000000692E-3	3.8000000000000052E-3	4.0000000000000114E-3	3.9000000000000692E-3	3.7000000000003055E-3	3.6000000000002644E-3	3.7000000000003055E-3	3.9000000000000692E-3	3.9000000000000692E-3	3.9000000000000692E-3	3.7000000000003055E-3	3.6000000000002644E-3	3.6000000000002644E-3	3.7000000000003055E-3	3.8000000000000052E-3	3.7000000000003055E-3	3.6000000000002644E-3	3.5000000000000612E-3	3.5000000000000612E-3	3.5000000000000612E-3	3.3000000000000052E-3	3.3000000000000052E-3	3.4000000000000692E-3	3.4000000000000692E-3	3.5000000000000612E-3	3.7000000000003055E-3	3.8000000000000052E-3	3.8000000000000052E-3	3.7000000000003055E-3	3.5000000000000612E-3	3.0000000000000092E-3	2.8999999999999998E-3	3.1000000000000892E-3	3.2000000000001892E-3	3.1000000000000892E-3	3.1000000000000892E-3	3.3000000000000052E-3	3.5000000000000612E-3	3.4000000000000692E-3	3.3000000000000052E-3	3.2000000000001892E-3	3.1000000000000892E-3	3.2000000000001892E-3	3.1000000000000892E-3	3.0000000000000092E-3	3.0000000000000092E-3	3.1000000000000892E-3	3.0000000000000092E-3	2.8999999999999998E-3	2.8000000000000052E-3	2.7000000000000812E-3	2.5999999999999999E-3	2.5999999999999999E-3	2.7000000000000812E-3	2.7000000000000812E-3	2.8999999999999998E-3	3.0000000000000092E-3	3.0000000000000092E-3	3.0000000000000092E-3	3.0000000000000092E-3	3.0000000000000092E-3	2.8999999999999998E-3	3.0000000000000092E-3	2.8999999999999998E-3	2.8000000000000052E-3	2.8999999999999998E-3	2.8999999999999998E-3	2.8999999999999998E-3	2.8999999999999998E-3	3.1000000000000892E-3	3.0000000000000092E-3	2.8999999999999998E-3	3.0000000000000092E-3	3.1000000000000892E-3	3.0000000000000092E-3	3.0000000000000092E-3	3.1000000000000892E-3	3.2000000000001892E-3	3.1000000000000892E-3	3.1000000000000892E-3	3.4000000000000692E-3	4.0000000000000114E-3	4.5000000000000014E-3	4.4000000000000124E-3	3.7000000000003055E-3	3.3000000000000052E-3	3.4000000000000692E-3	3.5000000000000612E-3	3.6000000000002644E-3	3.8000000000000052E-3	3.8000000000000052E-3	3.7000000000003055E-3	3.8000000000000052E-3	3.8000000000000052E-3	3.7000000000003055E-3	3.9000000000000692E-3	4.1000000000000003E-3	3.9000000000000692E-3	3.7000000000003055E-3	3.7000000000003055E-3	3.6000000000002644E-3	3.5000000000000612E-3	3.9000000000000692E-3	4.0000000000000114E-3	3.7000000000003055E-3	3.8000000000000052E-3	4.1000000000000003E-3	4.1000000000000003E-3	4.1000000000000003E-3	4.1999999999999997E-3	4.1999999999999997E-3	4.0000000000000114E-3	4.1999999999999997E-3	4.3000000000000104E-3	4.1999999999999997E-3	4.3000000000000104E-3	4.4000000000000124E-3	4.4000000000000124E-3	4.4000000000000124E-3	4.3000000000000104E-3	4.3000000000000104E-3	4.3000000000000104E-3	4.4000000000000124E-3	4.4000000000000124E-3	4.3000000000000104E-3	4.4000000000000124E-3	4.5000000000000014E-3	4.1999999999999997E-3	4.1999999999999997E-3	4.4000000000000124E-3	4.5000000000000014E-3	4.3000000000000104E-3	4.4000000000000124E-3	4.6000000000000034E-3	4.6000000000000034E-3	4.6000000000000034E-3	4.6000000000000034E-3	4.6000000000000034E-3	4.6000000000000034E-3	4.6000000000000034E-3	4.6000000000000034E-3	4.5000000000000014E-3	4.5000000000000014E-3	4.5000000000000014E-3	4.7000000000000123E-3	4.7000000000000123E-3	4.6000000000000034E-3	4.5000000000000014E-3	4.6000000000000034E-3	4.6000000000000034E-3	4.6000000000000034E-3	4.6000000000000034E-3	4.7000000000000123E-3	4.7000000000000123E-3	4.8000000000000004E-3	4.8000000000000004E-3	4.8000000000000004E-3	4.7000000000000123E-3	4.7000000000000123E-3	4.7000000000000123E-3	4.8000000000000004E-3	4.8000000000000004E-3	4.8000000000000004E-3	4.8000000000000004E-3	4.8000000000000004E-3	4.9000000000002123E-3	5.0000000000000114E-3	4.9000000000002123E-3	4.9000000000002123E-3	5.0000000000000114E-3	4.9000000000002123E-3	4.8000000000000004E-3	4.7000000000000123E-3	4.9000000000002123E-3	5.0000000000000114E-3	5.1000000000000004E-3	5.0000000000000114E-3	5.1000000000000004E-3	5.1999999999999998E-3	5.1999999999999998E-3	5.1999999999999998E-3	5.1000000000000004E-3	5.0000000000000114E-3	5.0000000000000114E-3	5.1000000000000004E-3	5.1000000000000004E-3	5.1999999999999998E-3	5.1999999999999998E-3	5.1999999999999998E-3	5.1000000000000004E-3	5.1000000000000004E-3	5.1999999999999998E-3	5.1000000000000004E-3	5.1999999999999998E-3	5.1999999999999998E-3	5.1999999999999998E-3	5.1000000000000004E-3	5.1999999999999998E-3	5.1999999999999998E-3	5.1999999999999998E-3	5.1999999999999998E-3	5.1999999999999998E-3	5.3000000000000104E-3	5.3000000000000104E-3	5.1999999999999998E-3	5.5000000000000014E-3	5.3000000000000104E-3	4.1000000000000003E-3	3.9000000000000692E-3	5.1000000000000004E-3	5.5000000000000014E-3	5.1999999999999998E-3	5.1999999999999998E-3	5.3000000000000104E-3	5.3000000000000104E-3	5.3000000000000104E-3	5.3000000000000104E-3	5.1999999999999998E-3	5.1999999999999998E-3	5.1999999999999998E-3	5.1000000000000004E-3	5.1000000000000004E-3	5.3000000000000104E-3	5.3000000000000104E-3	5.1000000000000004E-3	5.1999999999999998E-3	5.3000000000000104E-3	5.3000000000000104E-3	5.3000000000000104E-3	5.3000000000000104E-3	5.1999999999999998E-3	5.1999999999999998E-3	5.3000000000000104E-3	5.3000000000000104E-3	5.1999999999999998E-3	5.1000000000000004E-3	5.1999999999999998E-3	5.3000000000000104E-3	5.1999999999999998E-3	5.1000000000000004E-3	5.1000000000000004E-3	5.1000000000000004E-3	5.1000000000000004E-3	5.1000000000000004E-3	5.1000000000000004E-3	5.1000000000000004E-3	5.1000000000000004E-3	4.8000000000000004E-3	4.6000000000000034E-3	4.5000000000000014E-3	4.4000000000000124E-3	4.8000000000000004E-3	5.6000000000000034E-3	6.0000000000000114E-3	5.9000000000002124E-3	5.5000000000000014E-3	5.3000000000000104E-3	5.5000000000000014E-3	5.6000000000000034E-3	5.6000000000000034E-3	5.5000000000000014E-3	5.3000000000000104E-3	5.1000000000000004E-3	5.1000000000000004E-3	5.4000000000000124E-3	5.6000000000000034E-3	5.5000000000000014E-3	5.0000000000000114E-3	4.8000000000000004E-3	4.8000000000000004E-3	4.7000000000000123E-3	4.9000000000002123E-3	5.1999999999999998E-3	5.6000000000000034E-3	5.9000000000002124E-3	5.7000000000000123E-3	5.5000000000000014E-3	5.6000000000000034E-3	5.8000000000000013E-3	5.9000000000002124E-3	5.8000000000000013E-3	5.7000000000000123E-3	5.5000000000000014E-3	5.4000000000000124E-3	5.5000000000000014E-3	5.5000000000000014E-3	5.6000000000000034E-3	5.6000000000000034E-3	5.4000000000000124E-3	5.1000000000000004E-3	5.1000000000000004E-3	5.1000000000000004E-3	5.0000000000000114E-3	4.9000000000002123E-3	4.8000000000000004E-3	4.7000000000000123E-3	4.8000000000000004E-3	4.8000000000000004E-3	4.6000000000000034E-3	4.6000000000000034E-3	4.7000000000000123E-3	4.7000000000000123E-3	4.5000000000000014E-3	4.4000000000000124E-3	4.3000000000000104E-3	4.1000000000000003E-3	4.1000000000000003E-3	4.1000000000000003E-3	4.0000000000000114E-3	3.9000000000000692E-3	4.0000000000000114E-3	4.0000000000000114E-3	3.9000000000000692E-3	3.9000000000000692E-3	3.9000000000000692E-3	3.9000000000000692E-3	4.0000000000000114E-3	4.1000000000000003E-3	3.9000000000000692E-3	3.7000000000003055E-3	3.7000000000003055E-3	3.7000000000003055E-3	3.8000000000000052E-3	3.8000000000000052E-3	3.8000000000000052E-3	3.7000000000003055E-3	3.8000000000000052E-3	3.8000000000000052E-3	3.8000000000000052E-3	3.9000000000000692E-3	4.0000000000000114E-3	4.0000000000000114E-3	4.1000000000000003E-3	4.1000000000000003E-3	4.1000000000000003E-3	4.1000000000000003E-3	4.1000000000000003E-3	4.3000000000000104E-3	4.4000000000000124E-3	4.1999999999999997E-3	4.1000000000000003E-3	4.1999999999999997E-3	4.3000000000000104E-3	4.3000000000000104E-3	4.1999999999999997E-3	4.1000000000000003E-3	4.1000000000000003E-3	4.1999999999999997E-3	4.3000000000000104E-3	4.3000000000000104E-3	4.4000000000000124E-3	4.1999999999999997E-3	4.1000000000000003E-3	4.0000000000000114E-3	4.1000000000000003E-3	4.1999999999999997E-3	4.1000000000000003E-3	4.0000000000000114E-3	4.0000000000000114E-3	3.9000000000000692E-3	3.9000000000000692E-3	3.8000000000000052E-3	3.7000000000003055E-3	3.6000000000002644E-3	3.7000000000003055E-3	3.6000000000002644E-3	3.5000000000000612E-3	3.4000000000000692E-3	3.4000000000000692E-3	3.5000000000000612E-3	3.4000000000000692E-3	3.3000000000000052E-3	3.1000000000000892E-3	3.0000000000000092E-3	3.2000000000001892E-3	3.2000000000001892E-3	3.1000000000000892E-3	3.0000000000000092E-3	2.8999999999999998E-3	3.0000000000000092E-3	3.0000000000000092E-3	2.8999999999999998E-3	2.8999999999999998E-3	2.8999999999999998E-3	2.8999999999999998E-3	2.8000000000000052E-3	2.8000000000000052E-3	2.7000000000000812E-3	2.8000000000000052E-3	2.8999999999999998E-3	2.8999999999999998E-3	2.8999999999999998E-3	2.8000000000000052E-3	2.8000000000000052E-3	2.8999999999999998E-3	2.8999999999999998E-3	2.8999999999999998E-3	2.8999999999999998E-3	2.8999999999999998E-3	2.8999999999999998E-3	3.0000000000000092E-3	3.1000000000000892E-3	3.0000000000000092E-3	3.0000000000000092E-3	3.0000000000000092E-3	3.1000000000000892E-3	3.2000000000001892E-3	3.1000000000000892E-3	3.2000000000001892E-3	3.2000000000001892E-3	3.1000000000000892E-3	3.1000000000000892E-3	3.2000000000001892E-3	3.2000000000001892E-3	3.1000000000000892E-3	3.1000000000000892E-3	3.2000000000001892E-3	3.4000000000000692E-3	3.1000000000000892E-3	1.5000000000000221E-3	-5.0000000000000034E-4	-1.6000000000001289E-3	-1.2999999999999978E-3	1.6000000000001289E-3	5.3000000000000104E-3	4.0000000000000114E-3	2.7000000000000812E-3	3.0000000000000092E-3	3.0000000000000092E-3	2.8999999999999998E-3	2.8999999999999998E-3	2.8999999999999998E-3	2.8000000000000052E-3	2.8000000000000052E-3	2.8000000000000052E-3	2.8999999999999998E-3	2.8000000000000052E-3	2.7000000000000812E-3	2.5999999999999999E-3	2.7000000000000812E-3	2.5999999999999999E-3	2.5000000000000092E-3	2.3999999999999998E-3	2.3999999999999998E-3	2.3000000000000052E-3	2.3000000000000052E-3	2.3999999999999998E-3	2.3999999999999998E-3	2.3000000000000052E-3	2.2000000000000092E-3	2.0999999999999999E-3	2.2000000000000092E-3	2.0999999999999999E-3	2.0000000000000052E-3	2.0999999999999999E-3	2.2000000000000092E-3	2.0999999999999999E-3	2.0000000000000052E-3	1.9000000000001633E-3	2.0000000000000052E-3	2.0000000000000052E-3	2.0000000000000052E-3	2.0999999999999999E-3	2.0000000000000052E-3	1.1999999999999999E-3	1.1000000000000421E-3	1.8000000000001251E-3	2.2000000000000092E-3	2.0999999999999999E-3	2.0000000000000052E-3	2.0999999999999999E-3	2.0999999999999999E-3	1.9000000000001633E-3	1.8000000000001251E-3	1.8000000000001251E-3	1.9000000000001633E-3	2.0999999999999999E-3	2.0999999999999999E-3	2.0000000000000052E-3	2.0000000000000052E-3	2.0999999999999999E-3	2.2000000000000092E-3	2.0999999999999999E-3	2.0999999999999999E-3	2.2000000000000092E-3	2.2000000000000092E-3	2.2000000000000092E-3	2.3000000000000052E-3	2.3000000000000052E-3	2.3000000000000052E-3	2.2000000000000092E-3	2.2000000000000092E-3	2.3000000000000052E-3	2.3000000000000052E-3	2.3000000000000052E-3	2.3999999999999998E-3	2.5000000000000092E-3	2.5000000000000092E-3	2.5000000000000092E-3	2.5000000000000092E-3	2.5999999999999999E-3	2.5999999999999999E-3	2.5000000000000092E-3	2.5000000000000092E-3	2.5999999999999999E-3	2.5999999999999999E-3	2.5000000000000092E-3	2.5000000000000092E-3	2.5999999999999999E-3	2.5999999999999999E-3	0.004mg/ml	200	200.5	201	201.5	202	202.5	203	203.5	204	204.5	205	205.5	206	206.5	207	207.5	208	208.5	209	209.5	210	210.5	211	211.5	212	212.5	213	213.5	214	214.5	215	215.5	216	216.5	217	217.5	218	218.5	219	219.5	220	220.5	221	221.5	222	222.5	223	223.5	224	224.5	225	225.5	226	226.5	227	227.5	228	228.5	229	229.5	230	230.5	231	231.5	232	232.5	233	233.5	234	234.5	235	235.5	236	236.5	237	237.5	238	238.5	239	239.5	240	240.5	241	241.5	242	242.5	243	243.5	244	244.5	245	245.5	246	246.5	247	247.5	248	248.5	249	249.5	250	250.5	251	251.5	252	252.5	253	253.5	254	254.5	255	255.5	256	256.5	257	257.5	258	258.5	259	259.5	260	260.5	261	261.5	262	262.5	263	263.5	264	264.5	265	265.5	266	266.5	267	267.5	268	268.5	269	269.5	270	270.5	271	271.5	272	272.5	273	273.5	274	274.5	275	275.5	276	276.5	277	277.5	278	278.5	279	279.5	280	280.5	281	281.5	282	282.5	283	283.5	284	284.5	285	285.5	286	286.5	287	287.5	288	288.5	289	289.5	290	290.5	291	291.5	292	292.5	293	293.5	294	294.5	295	295.5	296	296.5	297	297.5	298	298.5	299	299.5	300	300.5	301	301.5	302	302.5	303	303.5	304	304.5	305	305.5	306	306.5	307	307.5	308	308.5	309	309.5	310	310.5	311	311.5	312	312.5	313	313.5	314	314.5	315	315.5	316	316.5	317	317.5	318	318.5	319	319.5	320	320.5	321	321.5	322	322.5	323	323.5	324	324.5	325	325.5	326	326.5	327	327.5	328	328.5	329	329.5	330	330.5	331	331.5	332	332.5	333	333.5	334	334.5	335	335.5	336	336.5	337	337.5	338	338.5	339	339.5	340	340.5	341	341.5	342	342.5	343	343.5	344	344.5	345	345.5	346	346.5	347	347.5	348	348.5	349	349.5	350	350.5	351	351.5	352	352.5	353	353.5	354	354.5	355	355.5	356	356.5	357	357.5	358	358.5	359	359.5	360	360.5	361	361.5	362	362.5	363	363.5	364	364.5	365	365.5	366	366.5	367	367.5	368	368.5	369	369.5	370	370.5	371	371.5	372	372.5	373	373.5	374	374.5	375	375.5	376	376.5	377	377.5	378	378.5	379	379.5	380	380.5	381	381.5	382	382.5	383	383.5	384	384.5	385	385.5	386	386.5	387	387.5	388	388.5	389	389.5	390	390.5	391	391.5	392	392.5	393	393.5	394	394.5	395	395.5	396	396.5	397	397.5	398	398.5	399	399.5	400	400.5	401	401.5	402	402.5	403	403.5	404	404.5	405	405.5	406	406.5	407	407.5	408	408.5	409	409.5	410	410.5	411	411.5	412	412.5	413	413.5	414	414.5	415	415.5	416	416.5	417	417.5	418	418.5	419	419.5	420	420.5	421	421.5	422	422.5	423	423.5	424	424.5	425	425.5	426	426.5	427	427.5	428	428.5	429	429.5	430	430.5	431	431.5	432	432.5	433	433.5	434	434.5	435	435.5	436	436.5	437	437.5	438	438.5	439	439.5	440	440.5	441	441.5	442	442.5	443	443.5	444	444.5	445	445.5	446	446.5	447	447.5	448	448.5	449	449.5	450	450.5	451	451.5	452	452.5	453	453.5	454	454.5	455	455.5	456	456.5	457	457.5	458	458.5	459	459.5	460	460.5	461	461.5	462	462.5	463	463.5	464	464.5	465	465.5	466	466.5	467	467.5	468	468.5	469	469.5	470	470.5	471	471.5	472	472.5	473	473.5	474	474.5	475	475.5	476	476.5	477	477.5	478	478.5	479	479.5	480	480.5	481	481.5	482	482.5	483	483.5	484	484.5	485	485.5	486	486.5	487	487.5	488	488.5	489	489.5	490	490.5	491	491.5	492	492.5	493	493.5	494	494.5	495	495.5	496	496.5	497	497.5	498	498.5	499	499.5	500	500.5	501	501.5	502	502.5	503	503.5	504	504.5	505	505.5	506	506.5	507	507.5	508	508.5	509	509.5	510	510.5	511	511.5	512	512.5	513	513.5	514	514.5	515	515.5	516	516.5	517	517.5	518	518.5	519	519.5	520	520.5	521	521.5	522	522.5	523	523.5	524	524.5	525	525.5	526	526.5	527	527.5	528	528.5	529	529.5	530	530.5	531	531.5	532	532.5	533	533.5	534	534.5	535	535.5	536	536.5	537	537.5	538	538.5	539	539.5	540	540.5	541	541.5	542	542.5	543	543.5	544	544.5	545	545.5	546	546.5	547	547.5	548	548.5	549	549.5	550	550.5	551	551.5	552	552.5	553	553.5	554	554.5	555	555.5	556	556.5	557	557.5	558	558.5	559	559.5	560	560.5	561	561.5	562	562.5	563	563.5	564	564.5	565	565.5	566	566.5	567	567.5	568	568.5	569	569.5	570	570.5	571	571.5	572	572.5	573	573.5	574	574.5	575	575.5	576	576.5	577	577.5	578	578.5	579	579.5	580	580.5	581	581.5	582	582.5	583	583.5	584	584.5	585	585.5	586	586.5	587	587.5	588	588.5	589	589.5	590	590.5	591	591.5	592	592.5	593	593.5	594	594.5	595	595.5	596	596.5	597	597.5	598	598.5	599	599.5	600	600.5	601	601.5	602	602.5	603	603.5	604	604.5	605	605.5	606	606.5	607	607.5	608	608.5	609	609.5	610	610.5	611	611.5	612	612.5	613	613.5	614	614.5	615	615.5	616	616.5	617	617.5	618	618.5	619	619.5	620	620.5	621	621.5	622	622.5	623	623.5	624	624.5	625	625.5	626	626.5	627	627.5	628	628.5	629	629.5	630	630.5	631	631.5	632	632.5	633	633.5	634	634.5	635	635.5	636	636.5	637	637.5	638	638.5	639	639.5	640	640.5	641	641.5	642	642.5	643	643.5	644	644.5	645	645.5	646	646.5	647	647.5	648	648.5	649	649.5	650	650.5	651	651.5	652	652.5	653	653.5	654	654.5	655	655.5	656	656.5	657	657.5	658	658.5	659	659.5	660	660.5	661	661.5	662	662.5	663	663.5	664	664.5	665	665.5	666	666.5	667	667.5	668	668.5	669	669.5	670	670.5	671	671.5	672	672.5	673	673.5	674	674.5	675	675.5	676	676.5	677	677.5	678	678.5	679	679.5	680	680.5	681	681.5	682	682.5	683	683.5	684	684.5	685	685.5	686	686.5	687	687.5	688	688.5	689	689.5	690	690.5	691	691.5	692	692.5	693	693.5	694	694.5	695	695.5	696	696.5	697	697.5	698	698.5	699	699.5	700	-0.10920000000000279	-3.6600000000000042E-2	3.7999999999999999E-2	0.1123	0.17870000000000041	0.23400000000000001	0.27750000000000002	0.31060000000000032	0.33610000000001738	0.35640000000000038	0.37350000000000338	0.38730000000002912	0.39520000000000038	0.39850000000002561	0.40240000000000031	0.40500000000000008	0.4027	0.39830000000003285	0.39360000000001188	0.3863000000000289	0.37670000000000031	0.36630000000002338	0.35430000000000988	0.34050000000000002	0.32710000000000738	0.31420000000000031	0.30010000000000031	0.28600000000000031	0.27340000000000031	0.2616	0.25	0.23930000000000001	0.22969999999999999	0.22059999999999999	0.21230000000000004	0.20530000000000001	0.1991	0.19359999999999999	0.18900000000000144	0.18520000000000394	0.18190000000000744	0.17930000000000001	0.17710000000000001	0.17530000000000001	0.17390000000000044	0.17300000000000001	0.17250000000000001	0.17180000000000001	0.17130000000000001	0.17119999999999999	0.1711	0.17119999999999999	0.17150000000000001	0.17200000000000001	0.1726	0.1731	0.17350000000000004	0.17390000000000044	0.17430000000000001	0.17480000000000001	0.17510000000000001	0.17510000000000001	0.17540000000000044	0.17580000000000001	0.17570000000000024	0.17580000000000001	0.17600000000000021	0.17570000000000024	0.17500000000000004	0.17460000000000001	0.17430000000000001	0.1736	0.17290000000000041	0.17200000000000001	0.17080000000000001	0.16950000000000001	0.16830000000000001	0.1668	0.16520000000000001	0.16370000000000001	0.1623	0.1605	0.15870000000000944	0.15710000000000021	0.15530000000000024	0.15330000000000021	0.15140000000000794	0.14950000000000024	0.14740000000000344	0.14540000000000144	0.14340000000000044	0.14119999999999999	0.13890000000000041	0.13700000000000001	0.13489999999999999	0.1326	0.1308	0.12920000000000001	0.1273	0.1255	0.12429999999999999	0.12300000000000012	0.12170000000000022	0.12070000000000022	0.11970000000000022	0.11840000000000002	0.11710000000000002	0.1159	0.11420000000000002	0.11219999999999998	0.1106	0.10900000000000012	0.10720000000000079	0.10539999999999998	0.1038	0.10260000000000002	0.10170000000000012	0.10120000000000012	0.1009	0.1009	0.1014	0.10210000000000002	0.10290000000000002	0.10410000000000012	0.10589999999999998	0.10760000000000022	0.10929999999999999	0.1116	0.1139	0.11600000000000002	0.11840000000000002	0.12110000000000012	0.12390000000000002	0.12670000000000001	0.1295	0.13239999999999999	0.13519999999999999	0.1381	0.14069999999999999	0.14319999999999999	0.14560000000000001	0.14810000000000001	0.15040000000000694	0.15260000000000001	0.15470000000000494	0.15650000000000044	0.15790000000001345	0.15900000000000244	0.15970000000001044	0.16	0.16020000000000001	0.16039999999999999	0.16059999999999999	0.161	0.1615	0.1618	0.1615	0.16059999999999999	0.15930000000000041	0.15710000000000021	0.15430000000000021	0.15100000000000041	0.14750000000000021	0.14400000000000004	0.14040000000000041	0.13700000000000001	0.13400000000000001	0.13139999999999999	0.1295	0.128	0.12670000000000001	0.12570000000000001	0.125	0.12429999999999999	0.12420000000000229	0.12450000000000012	0.12490000000000002	0.12509999999999999	0.12540000000000001	0.126	0.12670000000000001	0.12740000000000001	0.128	0.129	0.13020000000000001	0.13139999999999999	0.13239999999999999	0.13320000000000001	0.13439999999999999	0.1358	0.13719999999999999	0.1386	0.14000000000000001	0.14150000000000001	0.14319999999999999	0.14510000000000001	0.14670000000000041	0.14790000000000394	0.14930000000000004	0.15070000000000044	0.15180000000000021	0.15280000000000021	0.15410000000000001	0.15530000000000024	0.15630000000000024	0.15740000000001333	0.15850000000000194	0.15970000000001044	0.16109999999999999	0.1628	0.1643	0.16569999999999999	0.16739999999999999	0.16930000000000001	0.17100000000000001	0.17290000000000041	0.17469999999999999	0.17640000000000094	0.17810000000000001	0.18010000000000001	0.18200000000000024	0.18370000000000244	0.18540000000001094	0.18710000000000004	0.18890000000001339	0.19059999999999999	0.19220000000000001	0.19370000000000001	0.1951	0.1968	0.1983	0.1993	0.20069999999999999	0.20230000000000001	0.20350000000000001	0.20450000000000004	0.20590000000000044	0.20730000000000001	0.20840000000000194	0.20950000000000021	0.21050000000000021	0.21110000000000001	0.21180000000000004	0.21290000000000694	0.21360000000000001	0.21410000000000001	0.21500000000000041	0.21570000000000294	0.21580000000000021	0.21620000000000344	0.21680000000000021	0.21680000000000021	0.21680000000000021	0.21740000000001194	0.21790000000001244	0.21780000000000024	0.21800000000000044	0.21800000000000044	0.21760000000000004	0.21740000000001194	0.21750000000000044	0.21700000000000041	0.21610000000000001	0.21590000000001044	0.21580000000000021	0.21510000000000001	0.21430000000000021	0.21350000000000041	0.21260000000000001	0.21190000000000594	0.21140000000000544	0.21030000000000001	0.20880000000000001	0.20780000000000001	0.20680000000000001	0.20530000000000001	0.20380000000000001	0.2026	0.20140000000000041	0.2001	0.19869999999999999	0.19719999999999999	0.19539999999999999	0.19389999999999999	0.1925	0.19089999999999999	0.18900000000000144	0.18690000000001286	0.18480000000000021	0.18290000000000844	0.18100000000000024	0.17900000000000021	0.17690000000000144	0.17480000000000001	0.17290000000000041	0.17090000000000041	0.16880000000000001	0.16669999999999999	0.16450000000000001	0.1623	0.1603	0.15820000000000844	0.15560000000000004	0.15320000000000294	0.15120000000000094	0.14890000000000544	0.14630000000000001	0.14369999999999999	0.1411	0.13869999999999999	0.13719999999999999	0.13589999999999999	0.13370000000000001	0.13089999999999999	0.12839999999999999	0.1258	0.12310000000000022	0.1208	0.11860000000000002	0.1163	0.1139	0.1115	0.10929999999999999	0.10720000000000079	0.10520000000000022	0.10290000000000002	0.10050000000000002	9.8600000000000798E-2	9.7100000000000006E-2	9.5100000000000004E-2	9.3100000000000224E-2	9.1300000000000006E-2	8.9400000000000021E-2	8.77E-2	8.6100000000000024E-2	8.43E-2	8.2300000000000012E-2	8.0900000000000027E-2	7.9800000000000523E-2	7.7800000000000133E-2	7.5500000000000012E-2	7.4100000000000013E-2	7.2800000000000031E-2	7.0999999999999994E-2	6.9400000000000114E-2	6.8000000000000019E-2	6.6500000000000004E-2	6.5000000000000002E-2	6.3400000000000012E-2	6.2100000000000023E-2	6.0800000000000014E-2	5.9400000000000133E-2	5.7900000000000014E-2	5.6300000000000003E-2	5.5199999999999999E-2	5.4300000000000924E-2	5.2800000000000034E-2	5.1499999999999997E-2	5.0900000000000001E-2	4.9600000000000012E-2	4.7800000000000023E-2	4.6899999999999997E-2	4.6300000000000001E-2	4.5000000000000012E-2	4.3800000000000013E-2	4.3099999999999999E-2	4.1800000000000004E-2	4.0500000000000001E-2	3.9900000000000005E-2	3.9199999999999999E-2	3.7999999999999999E-2	3.7300000000000041E-2	3.6799999999999999E-2	3.61E-2	3.500000000000001E-2	3.3700000000000001E-2	3.3000000000000002E-2	3.2700000000000014E-2	3.210000000000001E-2	3.1100000000000006E-2	2.9800000000000011E-2	2.86E-2	2.7700000000000002E-2	2.7200000000000012E-2	2.6800000000000056E-2	2.6100000000000002E-2	2.53E-2	2.4600000000000011E-2	2.41E-2	2.35E-2	2.2700000000000001E-2	2.1900000000000006E-2	2.1200000000000042E-2	2.0600000000000011E-2	2.0199999999999999E-2	1.9800000000001441E-2	1.9199999999999998E-2	1.8400000000000041E-2	1.7800000000000003E-2	1.7399999999999999E-2	1.72E-2	1.6700000000000301E-2	1.6000000000000021E-2	1.5500000000000081E-2	1.5100000000000021E-2	1.43E-2	1.3800000000000721E-2	1.4E-2	1.4100000000000001E-2	1.3800000000000721E-2	1.3800000000000721E-2	1.3800000000000721E-2	1.3299999999999998E-2	1.2900000000000003E-2	1.2500000000000001E-2	1.2400000000000001E-2	1.2100000000000001E-2	1.1500000000000381E-2	1.1200000000000081E-2	1.1200000000000081E-2	1.1100000000000203E-2	1.0999999999999998E-2	1.0900000000000003E-2	1.0400000000000001E-2	9.9000000000000268E-3	1.0100000000000001E-2	1.0500000000000021E-2	1.0100000000000001E-2	9.6000000000000026E-3	9.4000000000000247E-3	9.2000000000000068E-3	9.1000000000000004E-3	9.3000000000000548E-3	9.3000000000000548E-3	9.2000000000000068E-3	8.9000000000000207E-3	8.8000000000000248E-3	8.9000000000000207E-3	8.9000000000000207E-3	8.9000000000000207E-3	8.9000000000000207E-3	9.0000000000000028E-3	9.3000000000000548E-3	9.6000000000000026E-3	9.5000000000000067E-3	9.5000000000000067E-3	9.7000000000000003E-3	9.6000000000000026E-3	9.5000000000000067E-3	9.3000000000000548E-3	9.0000000000000028E-3	8.8000000000000248E-3	8.9000000000000207E-3	9.1000000000000004E-3	9.1000000000000004E-3	9.3000000000000548E-3	9.6000000000000026E-3	9.4000000000000247E-3	8.9000000000000207E-3	9.0000000000000028E-3	9.2000000000000068E-3	9.3000000000000548E-3	9.3000000000000548E-3	9.4000000000000247E-3	9.1000000000000004E-3	8.9000000000000207E-3	9.0000000000000028E-3	9.1000000000000004E-3	9.2000000000000068E-3	9.2000000000000068E-3	9.1000000000000004E-3	8.9000000000000207E-3	9.0000000000000028E-3	9.2000000000000068E-3	9.1000000000000004E-3	9.0000000000000028E-3	9.1000000000000004E-3	9.1000000000000004E-3	9.0000000000000028E-3	9.1000000000000004E-3	9.1000000000000004E-3	9.0000000000000028E-3	9.1000000000000004E-3	9.3000000000000548E-3	9.3000000000000548E-3	9.1000000000000004E-3	8.9000000000000207E-3	8.9000000000000207E-3	9.2000000000000068E-3	9.4000000000000247E-3	9.4000000000000247E-3	9.3000000000000548E-3	9.3000000000000548E-3	9.2000000000000068E-3	9.0000000000000028E-3	8.9000000000000207E-3	9.0000000000000028E-3	9.1000000000000004E-3	9.0000000000000028E-3	9.0000000000000028E-3	8.9000000000000207E-3	8.8000000000000248E-3	8.8000000000000248E-3	8.8000000000000248E-3	8.9000000000000207E-3	8.9000000000000207E-3	8.8000000000000248E-3	8.7000000000000046E-3	8.5000000000000006E-3	8.5000000000000006E-3	8.4000000000000047E-3	8.3000000000000226E-3	8.4000000000000047E-3	8.5000000000000006E-3	8.7000000000000046E-3	8.8000000000000248E-3	8.8000000000000248E-3	8.8000000000000248E-3	8.8000000000000248E-3	8.7000000000000046E-3	8.5000000000000006E-3	8.1000000000000048E-3	7.9000000000002124E-3	8.1000000000000048E-3	8.1000000000000048E-3	8.0000000000000227E-3	8.2000000000000007E-3	8.4000000000000047E-3	8.5000000000000006E-3	8.5000000000000006E-3	8.4000000000000047E-3	8.4000000000000047E-3	8.3000000000000226E-3	8.3000000000000226E-3	8.1000000000000048E-3	8.0000000000000227E-3	8.0000000000000227E-3	8.1000000000000048E-3	8.2000000000000007E-3	8.0000000000000227E-3	7.7000000000002934E-3	7.6000000000000104E-3	7.6000000000000104E-3	7.6000000000000104E-3	7.6000000000000104E-3	7.6000000000000104E-3	7.8000000000000534E-3	8.0000000000000227E-3	7.9000000000002124E-3	7.9000000000002124E-3	8.0000000000000227E-3	7.9000000000002124E-3	7.8000000000000534E-3	7.7000000000002934E-3	7.7000000000002934E-3	7.7000000000002934E-3	7.9000000000002124E-3	7.9000000000002124E-3	7.7000000000002934E-3	7.6000000000000104E-3	7.9000000000002124E-3	7.9000000000002124E-3	7.8000000000000534E-3	7.9000000000002124E-3	8.0000000000000227E-3	7.9000000000002124E-3	7.8000000000000534E-3	7.9000000000002124E-3	8.1000000000000048E-3	8.2000000000000007E-3	8.3000000000000226E-3	8.7000000000000046E-3	9.2000000000000068E-3	9.3000000000000548E-3	9.0000000000000028E-3	8.3000000000000226E-3	8.2000000000000007E-3	8.4000000000000047E-3	8.4000000000000047E-3	8.4000000000000047E-3	8.5000000000000006E-3	8.5000000000000006E-3	8.4000000000000047E-3	8.5000000000000006E-3	8.5000000000000006E-3	8.6000000000000208E-3	8.6000000000000208E-3	8.6000000000000208E-3	8.6000000000000208E-3	8.5000000000000006E-3	8.4000000000000047E-3	8.2000000000000007E-3	8.2000000000000007E-3	8.7000000000000046E-3	8.8000000000000248E-3	8.5000000000000006E-3	8.5000000000000006E-3	8.8000000000000248E-3	8.9000000000000207E-3	8.8000000000000248E-3	8.8000000000000248E-3	8.8000000000000248E-3	8.8000000000000248E-3	9.0000000000000028E-3	9.1000000000000004E-3	8.9000000000000207E-3	8.9000000000000207E-3	9.0000000000000028E-3	8.9000000000000207E-3	8.8000000000000248E-3	9.0000000000000028E-3	9.1000000000000004E-3	9.1000000000000004E-3	9.0000000000000028E-3	9.0000000000000028E-3	9.0000000000000028E-3	9.1000000000000004E-3	9.0000000000000028E-3	8.8000000000000248E-3	8.8000000000000248E-3	9.1000000000000004E-3	9.2000000000000068E-3	9.0000000000000028E-3	9.1000000000000004E-3	9.2000000000000068E-3	9.2000000000000068E-3	9.1000000000000004E-3	9.0000000000000028E-3	9.0000000000000028E-3	9.1000000000000004E-3	9.3000000000000548E-3	9.2000000000000068E-3	9.0000000000000028E-3	8.9000000000000207E-3	9.0000000000000028E-3	9.2000000000000068E-3	9.2000000000000068E-3	9.2000000000000068E-3	9.1000000000000004E-3	9.1000000000000004E-3	9.2000000000000068E-3	9.2000000000000068E-3	9.2000000000000068E-3	9.2000000000000068E-3	9.3000000000000548E-3	9.3000000000000548E-3	9.3000000000000548E-3	9.3000000000000548E-3	9.2000000000000068E-3	9.1000000000000004E-3	9.1000000000000004E-3	9.2000000000000068E-3	9.4000000000000247E-3	9.4000000000000247E-3	9.4000000000000247E-3	9.4000000000000247E-3	9.4000000000000247E-3	9.4000000000000247E-3	9.4000000000000247E-3	9.3000000000000548E-3	9.3000000000000548E-3	9.4000000000000247E-3	9.4000000000000247E-3	9.3000000000000548E-3	9.3000000000000548E-3	9.5000000000000067E-3	9.5000000000000067E-3	9.4000000000000247E-3	9.6000000000000026E-3	9.7000000000000003E-3	9.7000000000000003E-3	9.6000000000000026E-3	9.5000000000000067E-3	9.4000000000000247E-3	9.4000000000000247E-3	9.5000000000000067E-3	9.6000000000000026E-3	9.6000000000000026E-3	9.6000000000000026E-3	9.6000000000000026E-3	9.5000000000000067E-3	9.5000000000000067E-3	9.6000000000000026E-3	9.7000000000000003E-3	9.7000000000000003E-3	9.7000000000000003E-3	9.6000000000000026E-3	9.5000000000000067E-3	9.7000000000000003E-3	9.7000000000000003E-3	9.6000000000000026E-3	9.6000000000000026E-3	9.7000000000000003E-3	9.7000000000000003E-3	9.7000000000000003E-3	9.7000000000000003E-3	9.9000000000000268E-3	9.7000000000000003E-3	8.5000000000000006E-3	8.4000000000000047E-3	9.6000000000000026E-3	1.0000000000000005E-2	9.6000000000000026E-3	9.5000000000000067E-3	9.5000000000000067E-3	9.6000000000000026E-3	9.7000000000000003E-3	9.7000000000000003E-3	9.6000000000000026E-3	9.5000000000000067E-3	9.5000000000000067E-3	9.6000000000000026E-3	9.6000000000000026E-3	9.6000000000000026E-3	9.6000000000000026E-3	9.5000000000000067E-3	9.5000000000000067E-3	9.6000000000000026E-3	9.5000000000000067E-3	9.5000000000000067E-3	9.5000000000000067E-3	9.5000000000000067E-3	9.5000000000000067E-3	9.5000000000000067E-3	9.6000000000000026E-3	9.6000000000000026E-3	9.4000000000000247E-3	9.4000000000000247E-3	9.5000000000000067E-3	9.5000000000000067E-3	9.4000000000000247E-3	9.4000000000000247E-3	9.4000000000000247E-3	9.4000000000000247E-3	9.4000000000000247E-3	9.4000000000000247E-3	9.4000000000000247E-3	9.4000000000000247E-3	9.1000000000000004E-3	9.0000000000000028E-3	8.9000000000000207E-3	8.7000000000000046E-3	9.2000000000000068E-3	1.0100000000000001E-2	1.0400000000000001E-2	1.0100000000000001E-2	9.8000000000000708E-3	9.8000000000000708E-3	9.9000000000000268E-3	1.0000000000000005E-2	1.0000000000000005E-2	9.9000000000000268E-3	9.7000000000000003E-3	9.6000000000000026E-3	9.6000000000000026E-3	9.8000000000000708E-3	1.0000000000000005E-2	9.9000000000000268E-3	9.5000000000000067E-3	9.4000000000000247E-3	9.4000000000000247E-3	9.3000000000000548E-3	9.3000000000000548E-3	9.7000000000000003E-3	1.0100000000000001E-2	1.0200000000000001E-2	9.9000000000000268E-3	9.7000000000000003E-3	9.9000000000000268E-3	1.0100000000000001E-2	1.0200000000000001E-2	1.0000000000000005E-2	9.8000000000000708E-3	9.8000000000000708E-3	9.8000000000000708E-3	9.8000000000000708E-3	9.8000000000000708E-3	9.9000000000000268E-3	9.8000000000000708E-3	9.6000000000000026E-3	9.3000000000000548E-3	9.3000000000000548E-3	9.3000000000000548E-3	9.3000000000000548E-3	9.1000000000000004E-3	9.0000000000000028E-3	9.1000000000000004E-3	9.2000000000000068E-3	9.1000000000000004E-3	8.9000000000000207E-3	8.9000000000000207E-3	8.9000000000000207E-3	8.9000000000000207E-3	8.8000000000000248E-3	8.7000000000000046E-3	8.6000000000000208E-3	8.5000000000000006E-3	8.4000000000000047E-3	8.3000000000000226E-3	8.4000000000000047E-3	8.4000000000000047E-3	8.3000000000000226E-3	8.2000000000000007E-3	8.1000000000000048E-3	8.2000000000000007E-3	8.2000000000000007E-3	8.2000000000000007E-3	8.2000000000000007E-3	8.2000000000000007E-3	8.1000000000000048E-3	8.0000000000000227E-3	7.9000000000002124E-3	7.9000000000002124E-3	8.0000000000000227E-3	8.1000000000000048E-3	8.0000000000000227E-3	7.9000000000002124E-3	7.9000000000002124E-3	7.9000000000002124E-3	8.1000000000000048E-3	8.1000000000000048E-3	8.1000000000000048E-3	8.1000000000000048E-3	8.1000000000000048E-3	8.1000000000000048E-3	8.2000000000000007E-3	8.2000000000000007E-3	8.3000000000000226E-3	8.4000000000000047E-3	8.4000000000000047E-3	8.3000000000000226E-3	8.2000000000000007E-3	8.2000000000000007E-3	8.3000000000000226E-3	8.3000000000000226E-3	8.2000000000000007E-3	8.1000000000000048E-3	8.2000000000000007E-3	8.3000000000000226E-3	8.3000000000000226E-3	8.3000000000000226E-3	8.3000000000000226E-3	8.1000000000000048E-3	8.0000000000000227E-3	8.0000000000000227E-3	8.2000000000000007E-3	8.4000000000000047E-3	8.2000000000000007E-3	8.0000000000000227E-3	7.8000000000000534E-3	7.8000000000000534E-3	7.8000000000000534E-3	7.8000000000000534E-3	7.7000000000002934E-3	7.6000000000000104E-3	7.7000000000002934E-3	7.6000000000000104E-3	7.5000000000000934E-3	7.5000000000000934E-3	7.5000000000000934E-3	7.5000000000000934E-3	7.3000000000000113E-3	7.2000000000002834E-3	7.1000000000000004E-3	7.1000000000000004E-3	7.2000000000002834E-3	7.2000000000002834E-3	7.1000000000000004E-3	7.0000000000000114E-3	6.9000000000004934E-3	6.8000000000000334E-3	6.9000000000004934E-3	6.9000000000004934E-3	6.9000000000004934E-3	6.8000000000000334E-3	6.7000000000002934E-3	6.7000000000002934E-3	6.7000000000002934E-3	6.7000000000002934E-3	6.7000000000002934E-3	6.8000000000000334E-3	6.8000000000000334E-3	6.6000000000000034E-3	6.7000000000002934E-3	6.7000000000002934E-3	6.7000000000002934E-3	6.7000000000002934E-3	6.8000000000000334E-3	6.9000000000004934E-3	6.9000000000004934E-3	6.9000000000004934E-3	6.9000000000004934E-3	6.9000000000004934E-3	6.9000000000004934E-3	6.8000000000000334E-3	6.8000000000000334E-3	6.9000000000004934E-3	7.0000000000000114E-3	6.9000000000004934E-3	7.0000000000000114E-3	7.1000000000000004E-3	7.1000000000000004E-3	7.1000000000000004E-3	7.1000000000000004E-3	7.0000000000000114E-3	7.0000000000000114E-3	7.1000000000000004E-3	6.9000000000004934E-3	7.1000000000000004E-3	8.2000000000000007E-3	5.8000000000000013E-3	4.0000000000000034E-4	-2.0999999999999999E-3	-1.4000000000000041E-3	3.3000000000000052E-3	9.1000000000000004E-3	7.8000000000000534E-3	6.3000000000000113E-3	6.8000000000000334E-3	6.9000000000004934E-3	6.7000000000002934E-3	6.7000000000002934E-3	6.6000000000000034E-3	6.6000000000000034E-3	6.5000000000000934E-3	6.6000000000000034E-3	6.6000000000000034E-3	6.5000000000000934E-3	6.4000000000004114E-3	6.4000000000004114E-3	6.4000000000004114E-3	6.4000000000004114E-3	6.3000000000000113E-3	6.2000000000002114E-3	6.1000000000000004E-3	6.0000000000000114E-3	6.0000000000000114E-3	6.2000000000002114E-3	6.2000000000002114E-3	6.1000000000000004E-3	5.9000000000002124E-3	5.9000000000002124E-3	6.0000000000000114E-3	6.0000000000000114E-3	5.8000000000000013E-3	5.9000000000002124E-3	6.0000000000000114E-3	5.9000000000002124E-3	5.8000000000000013E-3	5.7000000000000123E-3	5.8000000000000013E-3	5.8000000000000013E-3	5.8000000000000013E-3	6.0000000000000114E-3	5.9000000000002124E-3	5.0000000000000114E-3	4.8000000000000004E-3	5.6000000000000034E-3	6.0000000000000114E-3	5.9000000000002124E-3	5.8000000000000013E-3	5.9000000000002124E-3	5.8000000000000013E-3	5.7000000000000123E-3	5.6000000000000034E-3	5.6000000000000034E-3	5.7000000000000123E-3	5.8000000000000013E-3	5.8000000000000013E-3	5.8000000000000013E-3	5.9000000000002124E-3	6.0000000000000114E-3	5.9000000000002124E-3	5.9000000000002124E-3	5.9000000000002124E-3	5.9000000000002124E-3	5.9000000000002124E-3	5.9000000000002124E-3	5.9000000000002124E-3	6.1000000000000004E-3	6.2000000000002114E-3	6.1000000000000004E-3	6.0000000000000114E-3	6.1000000000000004E-3	6.2000000000002114E-3	6.1000000000000004E-3	6.1000000000000004E-3	6.1000000000000004E-3	6.3000000000000113E-3	6.2000000000002114E-3	6.1000000000000004E-3	6.2000000000002114E-3	6.2000000000002114E-3	6.2000000000002114E-3	6.2000000000002114E-3	6.3000000000000113E-3	6.3000000000000113E-3	6.2000000000002114E-3	6.2000000000002114E-3	6.1000000000000004E-3	6.1000000000000004E-3	0.006mg/ml	200	200.5	201	201.5	202	202.5	203	203.5	204	204.5	205	205.5	206	206.5	207	207.5	208	208.5	209	209.5	210	210.5	211	211.5	212	212.5	213	213.5	214	214.5	215	215.5	216	216.5	217	217.5	218	218.5	219	219.5	220	220.5	221	221.5	222	222.5	223	223.5	224	224.5	225	225.5	226	226.5	227	227.5	228	228.5	229	229.5	230	230.5	231	231.5	232	232.5	233	233.5	234	234.5	235	235.5	236	236.5	237	237.5	238	238.5	239	239.5	240	240.5	241	241.5	242	242.5	243	243.5	244	244.5	245	245.5	246	246.5	247	247.5	248	248.5	249	249.5	250	250.5	251	251.5	252	252.5	253	253.5	254	254.5	255	255.5	256	256.5	257	257.5	258	258.5	259	259.5	260	260.5	261	261.5	262	262.5	263	263.5	264	264.5	265	265.5	266	266.5	267	267.5	268	268.5	269	269.5	270	270.5	271	271.5	272	272.5	273	273.5	274	274.5	275	275.5	276	276.5	277	277.5	278	278.5	279	279.5	280	280.5	281	281.5	282	282.5	283	283.5	284	284.5	285	285.5	286	286.5	287	287.5	288	288.5	289	289.5	290	290.5	291	291.5	292	292.5	293	293.5	294	294.5	295	295.5	296	296.5	297	297.5	298	298.5	299	299.5	300	300.5	301	301.5	302	302.5	303	303.5	304	304.5	305	305.5	306	306.5	307	307.5	308	308.5	309	309.5	310	310.5	311	311.5	312	312.5	313	313.5	314	314.5	315	315.5	316	316.5	317	317.5	318	318.5	319	319.5	320	320.5	321	321.5	322	322.5	323	323.5	324	324.5	325	325.5	326	326.5	327	327.5	328	328.5	329	329.5	330	330.5	331	331.5	332	332.5	333	333.5	334	334.5	335	335.5	336	336.5	337	337.5	338	338.5	339	339.5	340	340.5	341	341.5	342	342.5	343	343.5	344	344.5	345	345.5	346	346.5	347	347.5	348	348.5	349	349.5	350	350.5	351	351.5	352	352.5	353	353.5	354	354.5	355	355.5	356	356.5	357	357.5	358	358.5	359	359.5	360	360.5	361	361.5	362	362.5	363	363.5	364	364.5	365	365.5	366	366.5	367	367.5	368	368.5	369	369.5	370	370.5	371	371.5	372	372.5	373	373.5	374	374.5	375	375.5	376	376.5	377	377.5	378	378.5	379	379.5	380	380.5	381	381.5	382	382.5	383	383.5	384	384.5	385	385.5	386	386.5	387	387.5	388	388.5	389	389.5	390	390.5	391	391.5	392	392.5	393	393.5	394	394.5	395	395.5	396	396.5	397	397.5	398	398.5	399	399.5	400	400.5	401	401.5	402	402.5	403	403.5	404	404.5	405	405.5	406	406.5	407	407.5	408	408.5	409	409.5	410	410.5	411	411.5	412	412.5	413	413.5	414	414.5	415	415.5	416	416.5	417	417.5	418	418.5	419	419.5	420	420.5	421	421.5	422	422.5	423	423.5	424	424.5	425	425.5	426	426.5	427	427.5	428	428.5	429	429.5	430	430.5	431	431.5	432	432.5	433	433.5	434	434.5	435	435.5	436	436.5	437	437.5	438	438.5	439	439.5	440	440.5	441	441.5	442	442.5	443	443.5	444	444.5	445	445.5	446	446.5	447	447.5	448	448.5	449	449.5	450	450.5	451	451.5	452	452.5	453	453.5	454	454.5	455	455.5	456	456.5	457	457.5	458	458.5	459	459.5	460	460.5	461	461.5	462	462.5	463	463.5	464	464.5	465	465.5	466	466.5	467	467.5	468	468.5	469	469.5	470	470.5	471	471.5	472	472.5	473	473.5	474	474.5	475	475.5	476	476.5	477	477.5	478	478.5	479	479.5	480	480.5	481	481.5	482	482.5	483	483.5	484	484.5	485	485.5	486	486.5	487	487.5	488	488.5	489	489.5	490	490.5	491	491.5	492	492.5	493	493.5	494	494.5	495	495.5	496	496.5	497	497.5	498	498.5	499	499.5	500	500.5	501	501.5	502	502.5	503	503.5	504	504.5	505	505.5	506	506.5	507	507.5	508	508.5	509	509.5	510	510.5	511	511.5	512	512.5	513	513.5	514	514.5	515	515.5	516	516.5	517	517.5	518	518.5	519	519.5	520	520.5	521	521.5	522	522.5	523	523.5	524	524.5	525	525.5	526	526.5	527	527.5	528	528.5	529	529.5	530	530.5	531	531.5	532	532.5	533	533.5	534	534.5	535	535.5	536	536.5	537	537.5	538	538.5	539	539.5	540	540.5	541	541.5	542	542.5	543	543.5	544	544.5	545	545.5	546	546.5	547	547.5	548	548.5	549	549.5	550	550.5	551	551.5	552	552.5	553	553.5	554	554.5	555	555.5	556	556.5	557	557.5	558	558.5	559	559.5	560	560.5	561	561.5	562	562.5	563	563.5	564	564.5	565	565.5	566	566.5	567	567.5	568	568.5	569	569.5	570	570.5	571	571.5	572	572.5	573	573.5	574	574.5	575	575.5	576	576.5	577	577.5	578	578.5	579	579.5	580	580.5	581	581.5	582	582.5	583	583.5	584	584.5	585	585.5	586	586.5	587	587.5	588	588.5	589	589.5	590	590.5	591	591.5	592	592.5	593	593.5	594	594.5	595	595.5	596	596.5	597	597.5	598	598.5	599	599.5	600	600.5	601	601.5	602	602.5	603	603.5	604	604.5	605	605.5	606	606.5	607	607.5	608	608.5	609	609.5	610	610.5	611	611.5	612	612.5	613	613.5	614	614.5	615	615.5	616	616.5	617	617.5	618	618.5	619	619.5	620	620.5	621	621.5	622	622.5	623	623.5	624	624.5	625	625.5	626	626.5	627	627.5	628	628.5	629	629.5	630	630.5	631	631.5	632	632.5	633	633.5	634	634.5	635	635.5	636	636.5	637	637.5	638	638.5	639	639.5	640	640.5	641	641.5	642	642.5	643	643.5	644	644.5	645	645.5	646	646.5	647	647.5	648	648.5	649	649.5	650	650.5	651	651.5	652	652.5	653	653.5	654	654.5	655	655.5	656	656.5	657	657.5	658	658.5	659	659.5	660	660.5	661	661.5	662	662.5	663	663.5	664	664.5	665	665.5	666	666.5	667	667.5	668	668.5	669	669.5	670	670.5	671	671.5	672	672.5	673	673.5	674	674.5	675	675.5	676	676.5	677	677.5	678	678.5	679	679.5	680	680.5	681	681.5	682	682.5	683	683.5	684	684.5	685	685.5	686	686.5	687	687.5	688	688.5	689	689.5	690	690.5	691	691.5	692	692.5	693	693.5	694	694.5	695	695.5	696	696.5	697	697.5	698	698.5	699	699.5	700	-5.0700000000000023E-2	3.6999999999999998E-2	0.13400000000000001	0.2346	0.32390000000002572	0.4002	0.46450000000000002	0.51619999999999999	0.55710000000000004	0.5897	0.61750000000000005	0.64130000000000065	0.6556000000000598	0.66170000000005835	0.6677000000000598	0.67180000000005768	0.66900000000005222	0.66430000000001665	0.65950000000000064	0.64960000000005846	0.63540000000000063	0.62120000000000064	0.60460000000004765	0.58399999999999996	0.56340000000000001	0.54330000000000001	0.52129999999999999	0.49940000000001838	0.48020000000000002	0.46160000000000001	0.44290000000000002	0.42580000000001988	0.41030000000000288	0.39540000000002795	0.38200000000001288	0.37050000000000038	0.36020000000000002	0.35070000000000001	0.34280000000000038	0.33630000000003296	0.33040000000002734	0.32550000000001938	0.32160000000000138	0.31830000000002739	0.31550000000000838	0.31340000000001988	0.31170000000000031	0.31030000000002544	0.30920000000000031	0.30830000000002494	0.30770000000000008	0.30740000000001338	0.30770000000000008	0.30780000000002483	0.30760000000000032	0.30780000000002483	0.30830000000002494	0.30840000000001438	0.30850000000000088	0.30860000000000032	0.30860000000000032	0.30850000000000088	0.30850000000000088	0.30830000000002494	0.30780000000002483	0.30730000000002472	0.30680000000002455	0.30600000000000038	0.30500000000000038	0.30410000000000031	0.30300000000000032	0.30130000000002038	0.29970000000000002	0.29820000000000002	0.29620000000000002	0.29400000000000032	0.29160000000000008	0.28920000000000001	0.28660000000000002	0.28410000000000002	0.28140000000000032	0.27840000000000031	0.27550000000000002	0.27280000000000032	0.26979999999999998	0.2666	0.26350000000000001	0.26040000000000002	0.25690000000000002	0.25369999999999998	0.25060000000000004	0.24720000000000344	0.24360000000000001	0.24030000000000001	0.23690000000000044	0.23340000000000041	0.2303	0.22770000000000001	0.22489999999999999	0.2223	0.22	0.21800000000000044	0.21610000000000001	0.21430000000000021	0.21240000000000644	0.21050000000000021	0.20860000000000001	0.20640000000000044	0.20380000000000001	0.20090000000000041	0.19819999999999999	0.19539999999999999	0.19259999999999999	0.18980000000000041	0.187400000000013	0.18540000000001094	0.18400000000000041	0.18310000000000001	0.18250000000000041	0.18240000000000794	0.18310000000000001	0.18420000000000294	0.18540000000001094	0.18720000000000594	0.18980000000000041	0.19239999999999999	0.19500000000000001	0.1983	0.20180000000000001	0.20500000000000004	0.20870000000000041	0.21280000000000004	0.21680000000000021	0.221	0.22539999999999999	0.22989999999999999	0.23419999999999999	0.23840000000000044	0.24230000000000004	0.24610000000000001	0.24980000000000024	0.25369999999999998	0.25729999999999997	0.26070000000000004	0.26400000000000001	0.26679999999999998	0.26890000000000008	0.27050000000000002	0.27160000000000001	0.27230000000000032	0.27250000000000002	0.27280000000000032	0.2732	0.27390000000000031	0.27450000000000002	0.2747	0.27430000000000032	0.2732	0.2712	0.26779999999999998	0.26329999999999998	0.2586	0.25340000000000001	0.24760000000000001	0.24220000000000041	0.23730000000000001	0.23250000000000001	0.2283	0.2253	0.2228	0.2208	0.21920000000000694	0.21810000000000004	0.21740000000001194	0.21720000000000494	0.21740000000001194	0.21780000000000024	0.21830000000000024	0.21900000000000044	0.21980000000000041	0.22070000000000001	0.22170000000000001	0.223	0.22420000000000001	0.22559999999999999	0.22739999999999999	0.22889999999999999	0.2303	0.2321	0.23419999999999999	0.23619999999999999	0.23830000000000001	0.24070000000000041	0.24310000000000001	0.24550000000000041	0.24790000000001094	0.25030000000000002	0.25260000000000005	0.25469999999999998	0.25669999999999998	0.25840000000000002	0.26	0.26179999999999998	0.26350000000000001	0.2651	0.26679999999999998	0.26860000000000001	0.27040000000000008	0.27250000000000002	0.27480000000000032	0.27710000000000001	0.27960000000000002	0.28220000000000001	0.28500000000000031	0.28770000000000001	0.29040000000000032	0.29310000000000008	0.29570000000000002	0.29840000000000338	0.30140000000000688	0.30430000000002388	0.30690000000001288	0.30960000000000032	0.31230000000002595	0.31460000000000032	0.31720000000000032	0.32020000000000032	0.32260000000000238	0.32440000000002583	0.32680000000002968	0.32930000000003051	0.3313000000000314	0.33330000000003202	0.33540000000002862	0.33730000000003335	0.33900000000002634	0.34110000000000001	0.34300000000000008	0.34460000000000002	0.34610000000000002	0.34750000000000031	0.34890000000000032	0.35010000000000002	0.35130000000000638	0.35250000000000031	0.35370000000000001	0.35490000000000038	0.35570000000000002	0.35620000000000002	0.35720000000000002	0.35820000000000002	0.35800000000000032	0.35790000000000038	0.35910000000000031	0.35940000000000188	0.35860000000000031	0.35910000000000031	0.35980000000001588	0.35910000000000031	0.35860000000000031	0.35900000000000032	0.35820000000000002	0.35680000000001288	0.35650000000000032	0.35610000000000008	0.35470000000000002	0.35360000000000008	0.35270000000000001	0.35110000000000002	0.34960000000000002	0.34890000000000032	0.34770000000000001	0.34550000000000008	0.34370000000000001	0.34200000000000008	0.33970000000000738	0.33770000000000538	0.33600000000002561	0.33370000000000088	0.33120000000000038	0.32920000000000038	0.32710000000000738	0.32440000000002583	0.32190000000002522	0.31960000000000038	0.316800000000027	0.31400000000000688	0.31130000000002567	0.30820000000000008	0.30490000000001038	0.30190000000000738	0.29900000000000032	0.29590000000000038	0.29280000000001088	0.28970000000000001	0.28610000000000002	0.28260000000000002	0.27960000000000002	0.27640000000000031	0.27280000000000032	0.26960000000000001	0.26640000000000008	0.26250000000000001	0.25890000000000002	0.25590000000000002	0.25219999999999998	0.24780000000000021	0.24320000000000044	0.23970000000000041	0.23810000000000001	0.23600000000000004	0.2326	0.2281	0.2235	0.21990000000001333	0.21620000000000344	0.21210000000000001	0.20860000000000001	0.20530000000000001	0.20140000000000041	0.19769999999999999	0.19439999999999999	0.19109999999999999	0.18760000000000004	0.18430000000000021	0.18090000000000594	0.17740000000000244	0.17450000000000004	0.17180000000000001	0.16850000000000001	0.1653	0.1628	0.16009999999999999	0.15720000000000744	0.15470000000000494	0.15220000000000194	0.14930000000000004	0.14670000000000041	0.14450000000000021	0.14180000000000001	0.13900000000000001	0.1368	0.13469999999999999	0.13220000000000001	0.12959999999999999	0.12709999999999999	0.12490000000000002	0.12280000000000002	0.12039999999999998	0.11799999999999998	0.11570000000000009	0.11360000000000002	0.1115	0.10920000000000279	0.10740000000000002	0.10570000000000022	0.10349999999999998	0.1014	9.9900000000000044E-2	9.8100000000000048E-2	9.6000000000000002E-2	9.4500000000000264E-2	9.3100000000000224E-2	9.1000000000000025E-2	8.9400000000000021E-2	8.8400000000000006E-2	8.6800000000000002E-2	8.4900000000000045E-2	8.3600000000000743E-2	8.2200000000000009E-2	8.0600000000000047E-2	7.9500000000000084E-2	7.8600000000000003E-2	7.7400000000000024E-2	7.5600000000000001E-2	7.3800000000000004E-2	7.2500000000000023E-2	7.1700000000000014E-2	7.0800000000000002E-2	6.9300000000000514E-2	6.7299999999999999E-2	6.5800000000000011E-2	6.4900000000000013E-2	6.4000000000000112E-2	6.2800000000000022E-2	6.1400000000000003E-2	6.0100000000000021E-2	5.9200000000000003E-2	5.8100000000000013E-2	5.7100000000000012E-2	5.62E-2	5.5000000000000014E-2	5.3499999999999999E-2	5.2700000000000434E-2	5.2200000000000003E-2	5.1400000000000001E-2	5.0400000000000014E-2	4.9300000000000524E-2	4.82E-2	4.7300000000000113E-2	4.7000000000000014E-2	4.6599999999999996E-2	4.5699999999999998E-2	4.4700000000000524E-2	4.3800000000000013E-2	4.3000000000000003E-2	4.2600000000000013E-2	4.2700000000000113E-2	4.2400000000000014E-2	4.19E-2	4.1700000000000001E-2	4.1500000000000002E-2	4.0800000000000003E-2	4.0000000000000022E-2	3.9399999999999998E-2	3.9100000000000003E-2	3.8800000000000001E-2	3.8100000000000002E-2	3.7700000000000011E-2	3.7600000000000612E-2	3.7400000000000252E-2	3.7100000000000001E-2	3.6799999999999999E-2	3.6400000000000016E-2	3.5900000000000001E-2	3.5799999999999998E-2	3.5799999999999998E-2	3.5300000000000005E-2	3.4799999999999998E-2	3.4599999999999999E-2	3.4500000000000003E-2	3.44E-2	3.44E-2	3.4300000000000004E-2	3.39E-2	3.3700000000000001E-2	3.3599999999999998E-2	3.3500000000000002E-2	3.3399999999999999E-2	3.3300000000000003E-2	3.3300000000000003E-2	3.3500000000000002E-2	3.3799999999999997E-2	3.3799999999999997E-2	3.3599999999999998E-2	3.3700000000000001E-2	3.39E-2	3.3700000000000001E-2	3.3300000000000003E-2	3.3099999999999997E-2	3.2800000000000412E-2	3.2500000000000001E-2	3.2700000000000014E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3000000000000002E-2	3.3099999999999997E-2	3.2800000000000412E-2	3.2399999999999998E-2	3.2600000000000212E-2	3.2800000000000412E-2	3.2700000000000014E-2	3.2700000000000014E-2	3.2600000000000212E-2	3.2300000000000002E-2	3.210000000000001E-2	3.2199999999999999E-2	3.2399999999999998E-2	3.2399999999999998E-2	3.2199999999999999E-2	3.210000000000001E-2	3.2000000000000042E-2	3.210000000000001E-2	3.2199999999999999E-2	3.2199999999999999E-2	3.2199999999999999E-2	3.2000000000000042E-2	3.1800000000000002E-2	3.1800000000000002E-2	3.1900000000000005E-2	3.2000000000000042E-2	3.1800000000000002E-2	3.1800000000000002E-2	3.210000000000001E-2	3.1900000000000005E-2	3.1600000000000052E-2	3.15E-2	3.15E-2	3.1700000000000006E-2	3.1800000000000002E-2	3.1900000000000005E-2	3.1600000000000052E-2	3.15E-2	3.15E-2	3.1300000000000001E-2	3.1100000000000006E-2	3.1199999999999999E-2	3.1300000000000001E-2	3.1300000000000001E-2	3.1300000000000001E-2	3.1300000000000001E-2	3.1000000000000052E-2	3.0800000000000011E-2	3.0800000000000011E-2	3.09E-2	3.1000000000000052E-2	3.09E-2	3.0800000000000011E-2	3.0700000000000002E-2	3.0700000000000002E-2	3.0599999999999999E-2	3.0300000000000001E-2	3.0400000000000052E-2	3.0700000000000002E-2	3.0700000000000002E-2	3.0500000000000006E-2	3.0700000000000002E-2	3.0700000000000002E-2	3.0400000000000052E-2	3.0200000000000012E-2	3.0100000000000002E-2	2.9800000000000011E-2	2.9600000000000001E-2	2.9899999999999999E-2	3.0000000000000002E-2	2.9899999999999999E-2	2.9899999999999999E-2	3.0100000000000002E-2	3.0100000000000002E-2	3.0100000000000002E-2	3.0000000000000002E-2	2.9800000000000011E-2	2.9700000000000001E-2	2.9700000000000001E-2	2.9600000000000001E-2	2.9600000000000001E-2	2.9600000000000001E-2	2.9600000000000001E-2	2.9399999999999999E-2	2.9200000000000011E-2	2.9100000000000001E-2	2.9100000000000001E-2	2.9000000000000001E-2	2.9000000000000001E-2	2.9000000000000001E-2	2.9100000000000001E-2	2.9200000000000011E-2	2.9200000000000011E-2	2.9100000000000001E-2	2.9100000000000001E-2	2.9200000000000011E-2	2.9200000000000011E-2	2.9100000000000001E-2	2.8899999999999999E-2	2.8799999999999999E-2	2.8799999999999999E-2	2.9000000000000001E-2	2.9000000000000001E-2	2.8899999999999999E-2	2.8899999999999999E-2	2.9000000000000001E-2	2.8899999999999999E-2	2.8799999999999999E-2	2.8899999999999999E-2	2.8899999999999999E-2	2.87E-2	2.87E-2	2.8899999999999999E-2	2.9000000000000001E-2	2.9100000000000001E-2	2.9200000000000011E-2	2.9500000000000002E-2	2.9600000000000001E-2	2.9399999999999999E-2	2.9000000000000001E-2	2.87E-2	2.87E-2	2.8799999999999999E-2	2.9000000000000001E-2	2.9000000000000001E-2	2.9100000000000001E-2	2.8899999999999999E-2	2.8799999999999999E-2	2.8799999999999999E-2	2.8899999999999999E-2	2.8899999999999999E-2	2.8899999999999999E-2	2.8899999999999999E-2	2.8799999999999999E-2	2.87E-2	2.87E-2	2.86E-2	2.8500000000000001E-2	2.8799999999999999E-2	2.8899999999999999E-2	2.8500000000000001E-2	2.86E-2	2.8899999999999999E-2	2.8899999999999999E-2	2.8799999999999999E-2	2.8899999999999999E-2	2.8899999999999999E-2	2.87E-2	2.8899999999999999E-2	2.8899999999999999E-2	2.8799999999999999E-2	2.8799999999999999E-2	2.8899999999999999E-2	2.8899999999999999E-2	2.8799999999999999E-2	2.8899999999999999E-2	2.8899999999999999E-2	2.8899999999999999E-2	2.8799999999999999E-2	2.8799999999999999E-2	2.87E-2	2.8799999999999999E-2	2.8799999999999999E-2	2.8500000000000001E-2	2.8400000000000002E-2	2.8799999999999999E-2	2.87E-2	2.8400000000000002E-2	2.86E-2	2.8799999999999999E-2	2.87E-2	2.86E-2	2.8500000000000001E-2	2.86E-2	2.86E-2	2.86E-2	2.8500000000000001E-2	2.8299999999999999E-2	2.8299999999999999E-2	2.8500000000000001E-2	2.86E-2	2.86E-2	2.8400000000000002E-2	2.8400000000000002E-2	2.8500000000000001E-2	2.8500000000000001E-2	2.8400000000000002E-2	2.8299999999999999E-2	2.8400000000000002E-2	2.8500000000000001E-2	2.8400000000000002E-2	2.8500000000000001E-2	2.8500000000000001E-2	2.8400000000000002E-2	2.8199999999999989E-2	2.8299999999999999E-2	2.8400000000000002E-2	2.8400000000000002E-2	2.8299999999999999E-2	2.8299999999999999E-2	2.8400000000000002E-2	2.8400000000000002E-2	2.8400000000000002E-2	2.8299999999999999E-2	2.8199999999999989E-2	2.8400000000000002E-2	2.8400000000000002E-2	2.8299999999999999E-2	2.8199999999999989E-2	2.8199999999999989E-2	2.8199999999999989E-2	2.8199999999999989E-2	2.8299999999999999E-2	2.8299999999999999E-2	2.8299999999999999E-2	2.8299999999999999E-2	2.8199999999999989E-2	2.8199999999999989E-2	2.81E-2	2.81E-2	2.8199999999999989E-2	2.8199999999999989E-2	2.8199999999999989E-2	2.8199999999999989E-2	2.81E-2	2.81E-2	2.8000000000000001E-2	2.81E-2	2.8199999999999989E-2	2.8199999999999989E-2	2.8199999999999989E-2	2.8000000000000001E-2	2.8000000000000001E-2	2.81E-2	2.81E-2	2.7900000000000012E-2	2.7900000000000012E-2	2.8000000000000001E-2	2.81E-2	2.8000000000000001E-2	2.8000000000000001E-2	2.8199999999999989E-2	2.7900000000000012E-2	2.6700000000000002E-2	2.6599999999999999E-2	2.7700000000000002E-2	2.81E-2	2.7700000000000002E-2	2.7700000000000002E-2	2.7800000000000612E-2	2.7800000000000612E-2	2.7800000000000612E-2	2.7700000000000002E-2	2.7500000000000011E-2	2.7500000000000011E-2	2.7600000000000412E-2	2.7600000000000412E-2	2.7500000000000011E-2	2.7500000000000011E-2	2.7500000000000011E-2	2.7400000000000212E-2	2.7400000000000212E-2	2.7500000000000011E-2	2.7500000000000011E-2	2.7500000000000011E-2	2.7500000000000011E-2	2.7400000000000212E-2	2.7300000000000001E-2	2.7400000000000212E-2	2.7300000000000001E-2	2.7200000000000012E-2	2.7200000000000012E-2	2.7200000000000012E-2	2.7200000000000012E-2	2.7200000000000012E-2	2.7100000000000006E-2	2.7000000000000256E-2	2.7000000000000256E-2	2.7000000000000256E-2	2.6900000000000011E-2	2.6800000000000056E-2	2.6500000000000006E-2	2.63E-2	2.6400000000000052E-2	2.5900000000000006E-2	2.5900000000000006E-2	2.8000000000000001E-2	2.87E-2	2.7600000000000412E-2	2.6900000000000011E-2	2.6800000000000056E-2	2.6900000000000011E-2	2.7000000000000256E-2	2.7100000000000006E-2	2.7100000000000006E-2	2.7000000000000256E-2	2.7000000000000256E-2	2.6900000000000011E-2	2.6700000000000002E-2	2.6700000000000002E-2	2.6900000000000011E-2	2.7100000000000006E-2	2.6900000000000011E-2	2.6500000000000006E-2	2.63E-2	2.6200000000000011E-2	2.6200000000000011E-2	2.63E-2	2.6700000000000002E-2	2.6900000000000011E-2	2.6800000000000056E-2	2.6599999999999999E-2	2.6500000000000006E-2	2.6700000000000002E-2	2.6800000000000056E-2	2.6800000000000056E-2	2.6700000000000002E-2	2.6599999999999999E-2	2.6500000000000006E-2	2.6400000000000052E-2	2.6400000000000052E-2	2.6400000000000052E-2	2.6400000000000052E-2	2.63E-2	2.6100000000000002E-2	2.5900000000000006E-2	2.5800000000000052E-2	2.5800000000000052E-2	2.5800000000000052E-2	2.5800000000000052E-2	2.5700000000000001E-2	2.5700000000000001E-2	2.5600000000000012E-2	2.5600000000000012E-2	2.5500000000000002E-2	2.5399999999999999E-2	2.5399999999999999E-2	2.53E-2	2.53E-2	2.53E-2	2.5100000000000001E-2	2.4900000000000002E-2	2.4900000000000002E-2	2.4900000000000002E-2	2.4799999999999999E-2	2.47E-2	2.47E-2	2.4799999999999999E-2	2.47E-2	2.47E-2	2.47E-2	2.47E-2	2.4600000000000011E-2	2.4500000000000001E-2	2.4500000000000001E-2	2.4400000000000002E-2	2.4299999999999999E-2	2.4299999999999999E-2	2.4400000000000002E-2	2.4400000000000002E-2	2.4299999999999999E-2	2.4199999999999989E-2	2.4199999999999989E-2	2.4299999999999999E-2	2.4299999999999999E-2	2.4299999999999999E-2	2.4400000000000002E-2	2.4299999999999999E-2	2.4199999999999989E-2	2.4299999999999999E-2	2.4299999999999999E-2	2.4299999999999999E-2	2.4400000000000002E-2	2.4400000000000002E-2	2.4400000000000002E-2	2.4299999999999999E-2	2.4299999999999999E-2	2.4199999999999989E-2	2.4199999999999989E-2	2.41E-2	2.41E-2	2.41E-2	2.4199999999999989E-2	2.41E-2	2.4E-2	2.41E-2	2.41E-2	2.3900000000000001E-2	2.3699999999999999E-2	2.3800000000000002E-2	2.3900000000000001E-2	2.4E-2	2.3800000000000002E-2	2.3599999999999993E-2	2.3599999999999993E-2	2.35E-2	2.35E-2	2.3599999999999993E-2	2.35E-2	2.3299999999999998E-2	2.3299999999999998E-2	2.3299999999999998E-2	2.3299999999999998E-2	2.3099999999999999E-2	2.3E-2	2.3099999999999999E-2	2.3E-2	2.2900000000000011E-2	2.2800000000000212E-2	2.2800000000000212E-2	2.2900000000000011E-2	2.2800000000000212E-2	2.2700000000000001E-2	2.2700000000000001E-2	2.2600000000000012E-2	2.2600000000000012E-2	2.2500000000000006E-2	2.2500000000000006E-2	2.2500000000000006E-2	2.2400000000000052E-2	2.2400000000000052E-2	2.2300000000000011E-2	2.2200000000000056E-2	2.2100000000000002E-2	2.2200000000000056E-2	2.2400000000000052E-2	2.2300000000000011E-2	2.2100000000000002E-2	2.2100000000000002E-2	2.2200000000000056E-2	2.2200000000000056E-2	2.2200000000000056E-2	2.2200000000000056E-2	2.2200000000000056E-2	2.2200000000000056E-2	2.2200000000000056E-2	2.2200000000000056E-2	2.2200000000000056E-2	2.1999999999999999E-2	2.1999999999999999E-2	2.2100000000000002E-2	2.2200000000000056E-2	2.2100000000000002E-2	2.2100000000000002E-2	2.2100000000000002E-2	2.2200000000000056E-2	2.2100000000000002E-2	2.1999999999999999E-2	2.1999999999999999E-2	2.1900000000000006E-2	2.1999999999999999E-2	2.2200000000000056E-2	2.1300000000000006E-2	2.1600000000000012E-2	2.5999999999999999E-2	1.9000000000000641E-2	3.1000000000000892E-3	-3.1000000000000892E-3	1.0000000000000221E-4	1.1100000000000203E-2	2.4600000000000011E-2	2.3400000000000001E-2	2.0600000000000011E-2	2.1500000000000002E-2	2.1700000000000001E-2	2.1500000000000002E-2	2.1500000000000002E-2	2.1500000000000002E-2	2.1500000000000002E-2	2.1500000000000002E-2	2.1500000000000002E-2	2.1399999999999999E-2	2.1300000000000006E-2	2.1200000000000042E-2	2.1200000000000042E-2	2.1300000000000006E-2	2.1200000000000042E-2	2.1100000000000001E-2	2.1000000000000012E-2	2.0900000000000002E-2	2.0799999999999999E-2	2.07E-2	2.0900000000000002E-2	2.0900000000000002E-2	2.0799999999999999E-2	2.0600000000000011E-2	2.0500000000000001E-2	2.0600000000000011E-2	2.0600000000000011E-2	2.0600000000000011E-2	2.0600000000000011E-2	2.0600000000000011E-2	2.0500000000000001E-2	2.0500000000000001E-2	2.0400000000000001E-2	2.0400000000000001E-2	2.0400000000000001E-2	2.0400000000000001E-2	2.0500000000000001E-2	2.0400000000000001E-2	1.9500000000001141E-2	1.9400000000001041E-2	2.0199999999999999E-2	2.0500000000000001E-2	2.0400000000000001E-2	2.0299999999999999E-2	2.0299999999999999E-2	2.0299999999999999E-2	2.01E-2	2.01E-2	2.01E-2	2.0199999999999999E-2	2.0199999999999999E-2	2.0199999999999999E-2	2.0199999999999999E-2	2.0299999999999999E-2	2.0299999999999999E-2	2.0299999999999999E-2	2.0299999999999999E-2	2.0199999999999999E-2	2.01E-2	2.01E-2	2.0199999999999999E-2	2.0199999999999999E-2	2.0299999999999999E-2	2.0299999999999999E-2	2.0199999999999999E-2	2.01E-2	2.0199999999999999E-2	2.0199999999999999E-2	2.0199999999999999E-2	2.0199999999999999E-2	2.0199999999999999E-2	2.0299999999999999E-2	2.0199999999999999E-2	2.01E-2	2.01E-2	2.01E-2	2.0199999999999999E-2	2.0199999999999999E-2	2.0199999999999999E-2	2.01E-2	2.01E-2	2.01E-2	2.01E-2	2.01E-2	0.008mg/ml	200	200.5	201	201.5	202	202.5	203	203.5	204	204.5	205	205.5	206	206.5	207	207.5	208	208.5	209	209.5	210	210.5	211	211.5	212	212.5	213	213.5	214	214.5	215	215.5	216	216.5	217	217.5	218	218.5	219	219.5	220	220.5	221	221.5	222	222.5	223	223.5	224	224.5	225	225.5	226	226.5	227	227.5	228	228.5	229	229.5	230	230.5	231	231.5	232	232.5	233	233.5	234	234.5	235	235.5	236	236.5	237	237.5	238	238.5	239	239.5	240	240.5	241	241.5	242	242.5	243	243.5	244	244.5	245	245.5	246	246.5	247	247.5	248	248.5	249	249.5	250	250.5	251	251.5	252	252.5	253	253.5	254	254.5	255	255.5	256	256.5	257	257.5	258	258.5	259	259.5	260	260.5	261	261.5	262	262.5	263	263.5	264	264.5	265	265.5	266	266.5	267	267.5	268	268.5	269	269.5	270	270.5	271	271.5	272	272.5	273	273.5	274	274.5	275	275.5	276	276.5	277	277.5	278	278.5	279	279.5	280	280.5	281	281.5	282	282.5	283	283.5	284	284.5	285	285.5	286	286.5	287	287.5	288	288.5	289	289.5	290	290.5	291	291.5	292	292.5	293	293.5	294	294.5	295	295.5	296	296.5	297	297.5	298	298.5	299	299.5	300	300.5	301	301.5	302	302.5	303	303.5	304	304.5	305	305.5	306	306.5	307	307.5	308	308.5	309	309.5	310	310.5	311	311.5	312	312.5	313	313.5	314	314.5	315	315.5	316	316.5	317	317.5	318	318.5	319	319.5	320	320.5	321	321.5	322	322.5	323	323.5	324	324.5	325	325.5	326	326.5	327	327.5	328	328.5	329	329.5	330	330.5	331	331.5	332	332.5	333	333.5	334	334.5	335	335.5	336	336.5	337	337.5	338	338.5	339	339.5	340	340.5	341	341.5	342	342.5	343	343.5	344	344.5	345	345.5	346	346.5	347	347.5	348	348.5	349	349.5	350	350.5	351	351.5	352	352.5	353	353.5	354	354.5	355	355.5	356	356.5	357	357.5	358	358.5	359	359.5	360	360.5	361	361.5	362	362.5	363	363.5	364	364.5	365	365.5	366	366.5	367	367.5	368	368.5	369	369.5	370	370.5	371	371.5	372	372.5	373	373.5	374	374.5	375	375.5	376	376.5	377	377.5	378	378.5	379	379.5	380	380.5	381	381.5	382	382.5	383	383.5	384	384.5	385	385.5	386	386.5	387	387.5	388	388.5	389	389.5	390	390.5	391	391.5	392	392.5	393	393.5	394	394.5	395	395.5	396	396.5	397	397.5	398	398.5	399	399.5	400	400.5	401	401.5	402	402.5	403	403.5	404	404.5	405	405.5	406	406.5	407	407.5	408	408.5	409	409.5	410	410.5	411	411.5	412	412.5	413	413.5	414	414.5	415	415.5	416	416.5	417	417.5	418	418.5	419	419.5	420	420.5	421	421.5	422	422.5	423	423.5	424	424.5	425	425.5	426	426.5	427	427.5	428	428.5	429	429.5	430	430.5	431	431.5	432	432.5	433	433.5	434	434.5	435	435.5	436	436.5	437	437.5	438	438.5	439	439.5	440	440.5	441	441.5	442	442.5	443	443.5	444	444.5	445	445.5	446	446.5	447	447.5	448	448.5	449	449.5	450	450.5	451	451.5	452	452.5	453	453.5	454	454.5	455	455.5	456	456.5	457	457.5	458	458.5	459	459.5	460	460.5	461	461.5	462	462.5	463	463.5	464	464.5	465	465.5	466	466.5	467	467.5	468	468.5	469	469.5	470	470.5	471	471.5	472	472.5	473	473.5	474	474.5	475	475.5	476	476.5	477	477.5	478	478.5	479	479.5	480	480.5	481	481.5	482	482.5	483	483.5	484	484.5	485	485.5	486	486.5	487	487.5	488	488.5	489	489.5	490	490.5	491	491.5	492	492.5	493	493.5	494	494.5	495	495.5	496	496.5	497	497.5	498	498.5	499	499.5	500	500.5	501	501.5	502	502.5	503	503.5	504	504.5	505	505.5	506	506.5	507	507.5	508	508.5	509	509.5	510	510.5	511	511.5	512	512.5	513	513.5	514	514.5	515	515.5	516	516.5	517	517.5	518	518.5	519	519.5	520	520.5	521	521.5	522	522.5	523	523.5	524	524.5	525	525.5	526	526.5	527	527.5	528	528.5	529	529.5	530	530.5	531	531.5	532	532.5	533	533.5	534	534.5	535	535.5	536	536.5	537	537.5	538	538.5	539	539.5	540	540.5	541	541.5	542	542.5	543	543.5	544	544.5	545	545.5	546	546.5	547	547.5	548	548.5	549	549.5	550	550.5	551	551.5	552	552.5	553	553.5	554	554.5	555	555.5	556	556.5	557	557.5	558	558.5	559	559.5	560	560.5	561	561.5	562	562.5	563	563.5	564	564.5	565	565.5	566	566.5	567	567.5	568	568.5	569	569.5	570	570.5	571	571.5	572	572.5	573	573.5	574	574.5	575	575.5	576	576.5	577	577.5	578	578.5	579	579.5	580	580.5	581	581.5	582	582.5	583	583.5	584	584.5	585	585.5	586	586.5	587	587.5	588	588.5	589	589.5	590	590.5	591	591.5	592	592.5	593	593.5	594	594.5	595	595.5	596	596.5	597	597.5	598	598.5	599	599.5	600	600.5	601	601.5	602	602.5	603	603.5	604	604.5	605	605.5	606	606.5	607	607.5	608	608.5	609	609.5	610	610.5	611	611.5	612	612.5	613	613.5	614	614.5	615	615.5	616	616.5	617	617.5	618	618.5	619	619.5	620	620.5	621	621.5	622	622.5	623	623.5	624	624.5	625	625.5	626	626.5	627	627.5	628	628.5	629	629.5	630	630.5	631	631.5	632	632.5	633	633.5	634	634.5	635	635.5	636	636.5	637	637.5	638	638.5	639	639.5	640	640.5	641	641.5	642	642.5	643	643.5	644	644.5	645	645.5	646	646.5	647	647.5	648	648.5	649	649.5	650	650.5	651	651.5	652	652.5	653	653.5	654	654.5	655	655.5	656	656.5	657	657.5	658	658.5	659	659.5	660	660.5	661	661.5	662	662.5	663	663.5	664	664.5	665	665.5	666	666.5	667	667.5	668	668.5	669	669.5	670	670.5	671	671.5	672	672.5	673	673.5	674	674.5	675	675.5	676	676.5	677	677.5	678	678.5	679	679.5	680	680.5	681	681.5	682	682.5	683	683.5	684	684.5	685	685.5	686	686.5	687	687.5	688	688.5	689	689.5	690	690.5	691	691.5	692	692.5	693	693.5	694	694.5	695	695.5	696	696.5	697	697.5	698	698.5	699	699.5	700	-3.6600000000000042E-2	6.3200000000000006E-2	0.15800000000000144	0.25640000000000002	0.36500000000000032	0.46500000000000002	0.54190000000000005	0.60350000000000004	0.65480000000005401	0.69540000000000002	0.73120000000000063	0.76610000000001865	0.79070000000000062	0.80459999999999998	0.81859999999999999	0.83000000000000063	0.83200000000000063	0.82940000000000003	0.82509999999999994	0.81410000000000005	0.79800000000000004	0.78110000000000002	0.76070000000005311	0.73480000000002565	0.70790000000000064	0.68080000000000063	0.65140000000000065	0.62139999999999995	0.59329999999999949	0.56680000000000064	0.54159999999999997	0.51749999999999996	0.49480000000002472	0.47390000000000032	0.45520000000000005	0.43890000000002038	0.42440000000000438	0.41180000000000438	0.4012	0.39230000000003074	0.38440000000002522	0.37780000000002656	0.37260000000000032	0.36800000000000038	0.36420000000000002	0.36170000000000002	0.35990000000000238	0.35830000000001438	0.35710000000000008	0.35630000000001188	0.35580000000001138	0.35560000000000008	0.35570000000000002	0.35610000000000008	0.35660000000000008	0.35730000000001338	0.35800000000000032	0.35850000000000032	0.35890000000000088	0.35940000000000188	0.35960000000000031	0.35950000000000032	0.35980000000001588	0.35990000000000238	0.35930000000001538	0.35880000000001488	0.35840000000000038	0.35740000000000038	0.35600000000000032	0.35470000000000002	0.35320000000000001	0.35120000000000001	0.34920000000000001	0.34710000000000002	0.34440000000000032	0.34130000000000038	0.33830000000003357	0.33510000000001638	0.33160000000001238	0.32810000000000838	0.32440000000002583	0.32040000000002483	0.31650000000000938	0.31270000000000031	0.30870000000000031	0.30430000000002388	0.30010000000000031	0.29570000000000002	0.29110000000000008	0.28660000000000002	0.28220000000000001	0.27740000000000031	0.27260000000000001	0.26800000000000002	0.26340000000000002	0.2586	0.25430000000000008	0.25040000000000001	0.24650000000000041	0.24290000000000544	0.23980000000000001	0.23700000000000004	0.23430000000000001	0.23200000000000001	0.22969999999999999	0.2271	0.2243	0.22120000000000001	0.21740000000001194	0.21330000000000021	0.20930000000000001	0.20530000000000001	0.20119999999999999	0.19719999999999999	0.1938	0.19089999999999999	0.18890000000001339	0.18780000000000024	0.18710000000000004	0.18700000000000044	0.18790000000001311	0.18960000000000021	0.19170000000000001	0.19450000000000001	0.19800000000000001	0.20200000000000001	0.20619999999999999	0.21090000000000494	0.21580000000000021	0.2208	0.2263	0.23219999999999999	0.23830000000000001	0.24450000000000024	0.25090000000000001	0.25750000000000001	0.26400000000000001	0.27	0.2757	0.28140000000000032	0.28700000000000031	0.29250000000000032	0.29800000000000032	0.30320000000000008	0.30780000000002483	0.31190000000001838	0.31540000000002238	0.31800000000001138	0.31960000000000038	0.32040000000002483	0.320900000000025	0.32160000000000138	0.32220000000000032	0.32290000000002544	0.32410000000000388	0.32500000000001888	0.32450000000001838	0.32280000000002856	0.31960000000000038	0.31470000000000031	0.30820000000000008	0.30130000000002038	0.29370000000000002	0.28550000000000031	0.2777	0.27060000000000001	0.26379999999999998	0.25779999999999997	0.25310000000000005	0.24950000000000044	0.24670000000000294	0.24460000000000001	0.24310000000000001	0.24240000000000494	0.24210000000000001	0.24230000000000004	0.24300000000000024	0.24390000000000644	0.24480000000000021	0.24590000000000894	0.24730000000000021	0.24910000000000004	0.251	0.25290000000000001	0.25480000000000008	0.25719999999999998	0.25970000000000004	0.2621	0.2646	0.26729999999999998	0.27029999999999998	0.27350000000000002	0.27690000000000031	0.28050000000000008	0.28420000000000001	0.28800000000000031	0.29160000000000008	0.29500000000000032	0.29810000000000031	0.30090000000000588	0.30360000000000031	0.30610000000000032	0.30870000000000031	0.31110000000000032	0.31330000000002617	0.31590000000002288	0.31880000000002751	0.32150000000001488	0.32450000000001838	0.32810000000000838	0.33170000000000038	0.33530000000003263	0.33920000000000688	0.34320000000000001	0.34730000000000188	0.35150000000000031	0.35570000000000002	0.35980000000001588	0.36390000000000688	0.36830000000002433	0.37250000000000238	0.37630000000002634	0.38040000000002422	0.38460000000000188	0.38830000000002945	0.39200000000002388	0.39610000000001488	0.39980000000003335	0.4032	0.40670000000000001	0.41010000000000002	0.41300000000000031	0.41640000000000038	0.41990000000000038	0.42260000000000031	0.42500000000000032	0.42830000000002288	0.43120000000000008	0.43340000000001438	0.43580000000002556	0.43830000000002617	0.44030000000000002	0.44219999999999998	0.44400000000000001	0.44570000000000004	0.44750000000000001	0.4496	0.4511	0.45170000000000005	0.45279999999999998	0.45420000000000005	0.4546	0.45490000000000008	0.45590000000000008	0.45660000000000001	0.45670000000000005	0.45710000000000001	0.45760000000000001	0.4572	0.45660000000000001	0.45610000000000001	0.45529999999999998	0.45440000000000008	0.4541	0.4531	0.45129999999999998	0.44979999999999998	0.44870000000000004	0.44670000000000004	0.44469999999999998	0.44340000000000002	0.44119999999999998	0.43820000000000031	0.43580000000002556	0.43370000000000031	0.43090000000001188	0.42800000000000032	0.42530000000001938	0.42230000000001588	0.41900000000000032	0.41570000000000001	0.41220000000000001	0.40880000000000088	0.40570000000000001	0.40230000000000032	0.39810000000001688	0.39370000000000038	0.38970000000000032	0.38540000000002544	0.38080000000002739	0.37680000000002645	0.37280000000002544	0.36800000000000038	0.36350000000000032	0.35930000000001538	0.35420000000000001	0.34910000000000002	0.34470000000000001	0.34	0.33460000000001588	0.32990000000002712	0.32530000000002934	0.32010000000000038	0.31490000000002188	0.31010000000000032	0.30500000000000038	0.29970000000000002	0.29450000000000032	0.28890000000000032	0.28370000000000001	0.27980000000000038	0.27640000000000031	0.27140000000000031	0.26520000000000005	0.25920000000000004	0.25319999999999998	0.24760000000000001	0.24260000000000001	0.23750000000000004	0.2321	0.22700000000000001	0.2223	0.21720000000000494	0.21200000000000024	0.20740000000000094	0.20290000000000041	0.19819999999999999	0.19370000000000001	0.18940000000001353	0.18510000000000001	0.18090000000000594	0.17690000000000144	0.1731	0.16919999999999999	0.16539999999999999	0.1615	0.15750000000000094	0.15400000000000041	0.15100000000000041	0.14710000000000001	0.14300000000000004	0.13969999999999999	0.1363	0.1326	0.12939999999999999	0.12640000000000001	0.12290000000000002	0.11950000000000002	0.1164	0.11320000000000002	0.11	0.10710000000000022	0.10390000000000002	0.10020000000000009	9.7500000000000045E-2	9.5500000000000265E-2	9.2500000000000027E-2	8.9500000000000246E-2	8.7400000000000005E-2	8.4800000000000028E-2	8.1700000000000023E-2	7.9400000000000123E-2	7.7400000000000024E-2	7.4700000000000932E-2	7.2400000000000034E-2	7.0800000000000002E-2	6.8599999999999994E-2	6.6000000000000003E-2	6.3800000000000009E-2	6.1900000000000004E-2	6.0000000000000032E-2	5.8299999999999998E-2	5.6700000000000014E-2	5.4800000000000133E-2	5.2600000000000001E-2	5.0299999999999997E-2	4.8599999999999997E-2	4.7400000000000032E-2	4.5900000000000003E-2	4.3700000000000003E-2	4.1099999999999998E-2	3.8900000000000004E-2	3.7500000000000006E-2	3.6400000000000016E-2	3.49E-2	3.2900000000000006E-2	3.09E-2	2.93E-2	2.7900000000000012E-2	2.6500000000000006E-2	2.4900000000000002E-2	2.3299999999999998E-2	2.1900000000000006E-2	2.0400000000000001E-2	1.9099999999999999E-2	1.8100000000000043E-2	1.7000000000000001E-2	1.5599999999999998E-2	1.43E-2	1.3299999999999998E-2	1.2400000000000001E-2	1.1500000000000381E-2	1.0300000000000005E-2	9.4000000000000247E-3	8.4000000000000047E-3	7.2000000000002834E-3	6.2000000000002114E-3	5.9000000000002124E-3	5.4000000000000124E-3	4.7000000000000123E-3	4.5000000000000014E-3	4.1999999999999997E-3	3.3000000000000052E-3	2.3999999999999998E-3	1.7000000000000081E-3	1.2999999999999978E-3	8.0000000000000264E-4	-2.0000000000000052E-4	-7.0000000000002124E-4	-8.0000000000000264E-4	-9.0000000000000247E-4	-1.2999999999999978E-3	-1.6000000000001289E-3	-2.2000000000000092E-3	-2.8000000000000052E-3	-3.2000000000001892E-3	-3.3000000000000052E-3	-3.6000000000002644E-3	-3.9000000000000692E-3	-4.3000000000000104E-3	-4.7000000000000123E-3	-4.9000000000002123E-3	-4.9000000000002123E-3	-5.0000000000000114E-3	-5.3000000000000104E-3	-5.7000000000000123E-3	-5.9000000000002124E-3	-6.0000000000000114E-3	-6.0000000000000114E-3	-6.1000000000000004E-3	-6.2000000000002114E-3	-6.1000000000000004E-3	-5.8000000000000013E-3	-5.8000000000000013E-3	-6.0000000000000114E-3	-6.0000000000000114E-3	-5.8000000000000013E-3	-6.0000000000000114E-3	-6.3000000000000113E-3	-6.5000000000000934E-3	-6.8000000000000334E-3	-6.9000000000004934E-3	-6.8000000000000334E-3	-6.5000000000000934E-3	-6.6000000000000034E-3	-6.6000000000000034E-3	-6.4000000000004114E-3	-6.5000000000000934E-3	-6.8000000000000334E-3	-6.7000000000002934E-3	-6.7000000000002934E-3	-6.8000000000000334E-3	-6.8000000000000334E-3	-6.7000000000002934E-3	-7.0000000000000114E-3	-7.2000000000002834E-3	-7.1000000000000004E-3	-6.9000000000004934E-3	-6.9000000000004934E-3	-6.9000000000004934E-3	-7.1000000000000004E-3	-7.2000000000002834E-3	-7.2000000000002834E-3	-7.1000000000000004E-3	-6.9000000000004934E-3	-6.9000000000004934E-3	-7.0000000000000114E-3	-7.1000000000000004E-3	-7.1000000000000004E-3	-7.0000000000000114E-3	-6.9000000000004934E-3	-7.1000000000000004E-3	-7.0000000000000114E-3	-6.8000000000000334E-3	-6.9000000000004934E-3	-7.1000000000000004E-3	-7.3000000000000113E-3	-7.1000000000000004E-3	-6.9000000000004934E-3	-6.7000000000002934E-3	-6.6000000000000034E-3	-6.8000000000000334E-3	-6.8000000000000334E-3	-6.8000000000000334E-3	-7.0000000000000114E-3	-7.2000000000002834E-3	-7.2000000000002834E-3	-7.1000000000000004E-3	-7.0000000000000114E-3	-7.0000000000000114E-3	-7.0000000000000114E-3	-7.1000000000000004E-3	-7.2000000000002834E-3	-7.2000000000002834E-3	-7.1000000000000004E-3	-7.0000000000000114E-3	-7.1000000000000004E-3	-7.2000000000002834E-3	-7.3000000000000113E-3	-7.2000000000002834E-3	-7.1000000000000004E-3	-7.3000000000000113E-3	-7.4000000000004834E-3	-7.1000000000000004E-3	-7.1000000000000004E-3	-7.1000000000000004E-3	-6.9000000000004934E-3	-6.7000000000002934E-3	-6.8000000000000334E-3	-7.0000000000000114E-3	-7.1000000000000004E-3	-7.4000000000004834E-3	-7.5000000000000934E-3	-7.4000000000004834E-3	-7.4000000000004834E-3	-7.3000000000000113E-3	-7.0000000000000114E-3	-6.9000000000004934E-3	-6.9000000000004934E-3	-6.9000000000004934E-3	-6.9000000000004934E-3	-7.2000000000002834E-3	-7.4000000000004834E-3	-7.2000000000002834E-3	-7.1000000000000004E-3	-7.2000000000002834E-3	-7.2000000000002834E-3	-7.2000000000002834E-3	-7.2000000000002834E-3	-7.3000000000000113E-3	-7.5000000000000934E-3	-7.6000000000000104E-3	-7.6000000000000104E-3	-7.6000000000000104E-3	-7.5000000000000934E-3	-7.3000000000000113E-3	-7.1000000000000004E-3	-7.0000000000000114E-3	-7.1000000000000004E-3	-7.1000000000000004E-3	-7.0000000000000114E-3	-7.0000000000000114E-3	-7.1000000000000004E-3	-7.1000000000000004E-3	-7.2000000000002834E-3	-7.3000000000000113E-3	-7.2000000000002834E-3	-7.0000000000000114E-3	-7.1000000000000004E-3	-7.1000000000000004E-3	-6.8000000000000334E-3	-6.8000000000000334E-3	-7.1000000000000004E-3	-7.0000000000000114E-3	-6.8000000000000334E-3	-6.8000000000000334E-3	-6.8000000000000334E-3	-6.6000000000000034E-3	-6.6000000000000034E-3	-6.5000000000000934E-3	-6.2000000000002114E-3	-5.8000000000000013E-3	-5.5000000000000014E-3	-5.5000000000000014E-3	-5.9000000000002124E-3	-6.4000000000004114E-3	-6.5000000000000934E-3	-6.3000000000000113E-3	-6.1000000000000004E-3	-6.1000000000000004E-3	-6.1000000000000004E-3	-6.1000000000000004E-3	-6.1000000000000004E-3	-6.1000000000000004E-3	-6.0000000000000114E-3	-5.9000000000002124E-3	-5.8000000000000013E-3	-5.8000000000000013E-3	-6.0000000000000114E-3	-6.0000000000000114E-3	-6.0000000000000114E-3	-6.1000000000000004E-3	-6.1000000000000004E-3	-5.7000000000000123E-3	-5.6000000000000034E-3	-5.9000000000002124E-3	-5.8000000000000013E-3	-5.4000000000000124E-3	-5.5000000000000014E-3	-5.6000000000000034E-3	-5.4000000000000124E-3	-5.4000000000000124E-3	-5.5000000000000014E-3	-5.4000000000000124E-3	-5.3000000000000104E-3	-5.3000000000000104E-3	-5.3000000000000104E-3	-5.3000000000000104E-3	-5.3000000000000104E-3	-5.3000000000000104E-3	-5.3000000000000104E-3	-5.1999999999999998E-3	-5.1999999999999998E-3	-5.1000000000000004E-3	-5.1000000000000004E-3	-5.1000000000000004E-3	-5.1000000000000004E-3	-5.1000000000000004E-3	-5.1999999999999998E-3	-5.1999999999999998E-3	-4.9000000000002123E-3	-5.0000000000000114E-3	-5.1000000000000004E-3	-5.0000000000000114E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.8000000000000004E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.8000000000000004E-3	-4.8000000000000004E-3	-4.8000000000000004E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.5000000000000014E-3	-4.5000000000000014E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.5000000000000014E-3	-4.3000000000000104E-3	-4.3000000000000104E-3	-4.3000000000000104E-3	-4.3000000000000104E-3	-4.4000000000000124E-3	-4.5000000000000014E-3	-4.4000000000000124E-3	-4.3000000000000104E-3	-4.1999999999999997E-3	-4.1000000000000003E-3	-4.1000000000000003E-3	-4.1000000000000003E-3	-4.0000000000000114E-3	-3.9000000000000692E-3	-4.0000000000000114E-3	-4.0000000000000114E-3	-4.0000000000000114E-3	-4.0000000000000114E-3	-4.1000000000000003E-3	-4.1000000000000003E-3	-4.0000000000000114E-3	-3.9000000000000692E-3	-3.9000000000000692E-3	-3.9000000000000692E-3	-3.9000000000000692E-3	-3.7000000000003055E-3	-3.6000000000002644E-3	-3.6000000000002644E-3	-3.6000000000002644E-3	-3.7000000000003055E-3	-3.7000000000003055E-3	-3.7000000000003055E-3	-3.6000000000002644E-3	-3.5000000000000612E-3	-3.6000000000002644E-3	-3.6000000000002644E-3	-3.5000000000000612E-3	-3.5000000000000612E-3	-3.5000000000000612E-3	-3.4000000000000692E-3	-3.4000000000000692E-3	-3.4000000000000692E-3	-3.4000000000000692E-3	-3.4000000000000692E-3	-3.3000000000000052E-3	-3.3000000000000052E-3	-3.3000000000000052E-3	-3.4000000000000692E-3	-3.3000000000000052E-3	-3.2000000000001892E-3	-3.1000000000000892E-3	-3.2000000000001892E-3	-3.0000000000000092E-3	-3.2000000000001892E-3	-4.1999999999999997E-3	-4.3000000000000104E-3	-3.3000000000000052E-3	-2.8999999999999998E-3	-3.2000000000001892E-3	-3.3000000000000052E-3	-3.1000000000000892E-3	-3.0000000000000092E-3	-3.0000000000000092E-3	-3.0000000000000092E-3	-3.1000000000000892E-3	-3.1000000000000892E-3	-3.1000000000000892E-3	-3.1000000000000892E-3	-3.1000000000000892E-3	-3.1000000000000892E-3	-3.0000000000000092E-3	-3.1000000000000892E-3	-3.1000000000000892E-3	-3.0000000000000092E-3	-2.8999999999999998E-3	-2.8999999999999998E-3	-2.8999999999999998E-3	-2.8999999999999998E-3	-2.8999999999999998E-3	-2.8999999999999998E-3	-2.8999999999999998E-3	-3.0000000000000092E-3	-3.0000000000000092E-3	-2.8999999999999998E-3	-2.8000000000000052E-3	-2.8999999999999998E-3	-2.8999999999999998E-3	-2.8999999999999998E-3	-2.8999999999999998E-3	-2.8999999999999998E-3	-2.8000000000000052E-3	-2.7000000000000812E-3	-2.7000000000000812E-3	-2.8000000000000052E-3	-3.1000000000000892E-3	-3.0000000000000092E-3	-3.2000000000001892E-3	-3.9000000000000692E-3	-3.5000000000000612E-3	-2.2000000000000092E-3	-1.7000000000000081E-3	-2.0000000000000052E-3	-2.3000000000000052E-3	-2.3000000000000052E-3	-2.3000000000000052E-3	-2.2000000000000092E-3	-2.2000000000000092E-3	-2.2000000000000092E-3	-2.2000000000000092E-3	-2.3000000000000052E-3	-2.3000000000000052E-3	-2.2000000000000092E-3	-2.0000000000000052E-3	-2.0999999999999999E-3	-2.3000000000000052E-3	-2.3999999999999998E-3	-2.5000000000000092E-3	-2.3999999999999998E-3	-2.3000000000000052E-3	-2.0999999999999999E-3	-2.0000000000000052E-3	-2.0999999999999999E-3	-2.2000000000000092E-3	-2.2000000000000092E-3	-2.0000000000000052E-3	-1.9000000000001633E-3	-1.8000000000001251E-3	-2.0000000000000052E-3	-2.0999999999999999E-3	-2.0999999999999999E-3	-2.0999999999999999E-3	-2.0000000000000052E-3	-2.0999999999999999E-3	-2.0999999999999999E-3	-2.2000000000000092E-3	-2.3000000000000052E-3	-2.5000000000000092E-3	-2.5000000000000092E-3	-2.5000000000000092E-3	-2.3999999999999998E-3	-2.3999999999999998E-3	-2.5000000000000092E-3	-2.5999999999999999E-3	-2.5999999999999999E-3	-2.5999999999999999E-3	-2.5000000000000092E-3	-2.5000000000000092E-3	-2.5999999999999999E-3	-2.5999999999999999E-3	-2.5999999999999999E-3	-2.7000000000000812E-3	-2.8000000000000052E-3	-3.0000000000000092E-3	-2.8999999999999998E-3	-2.8000000000000052E-3	-2.8999999999999998E-3	-2.8999999999999998E-3	-2.8999999999999998E-3	-2.8999999999999998E-3	-2.8999999999999998E-3	-2.8999999999999998E-3	-2.8000000000000052E-3	-2.8000000000000052E-3	-2.8999999999999998E-3	-3.0000000000000092E-3	-2.8999999999999998E-3	-3.0000000000000092E-3	-3.1000000000000892E-3	-3.1000000000000892E-3	-3.1000000000000892E-3	-3.0000000000000092E-3	-3.0000000000000092E-3	-3.1000000000000892E-3	-3.1000000000000892E-3	-3.0000000000000092E-3	-2.8999999999999998E-3	-2.8000000000000052E-3	-2.8000000000000052E-3	-2.8999999999999998E-3	-2.8999999999999998E-3	-2.8000000000000052E-3	-2.8000000000000052E-3	-2.8000000000000052E-3	-2.7000000000000812E-3	-2.5999999999999999E-3	-2.7000000000000812E-3	-2.8000000000000052E-3	-2.8999999999999998E-3	-2.8999999999999998E-3	-2.8000000000000052E-3	-2.8000000000000052E-3	-2.8000000000000052E-3	-2.8999999999999998E-3	-2.8999999999999998E-3	-2.8000000000000052E-3	-2.8000000000000052E-3	-2.7000000000000812E-3	-2.7000000000000812E-3	-2.8999999999999998E-3	-2.8999999999999998E-3	-2.8999999999999998E-3	-2.8000000000000052E-3	-2.7000000000000812E-3	-2.8000000000000052E-3	-2.8999999999999998E-3	-3.0000000000000092E-3	-3.0000000000000092E-3	-3.0000000000000092E-3	-3.0000000000000092E-3	-3.2000000000001892E-3	-3.2000000000001892E-3	-3.1000000000000892E-3	-3.0000000000000092E-3	-3.2000000000001892E-3	-3.2000000000001892E-3	-3.1000000000000892E-3	-3.1000000000000892E-3	-3.2000000000001892E-3	-3.4000000000000692E-3	-3.4000000000000692E-3	-3.4000000000000692E-3	-3.3000000000000052E-3	-3.4000000000000692E-3	-3.6000000000002644E-3	-3.6000000000002644E-3	-3.5000000000000612E-3	-3.5000000000000612E-3	-3.5000000000000612E-3	-3.5000000000000612E-3	-3.5000000000000612E-3	-3.5000000000000612E-3	-3.5000000000000612E-3	-3.5000000000000612E-3	-3.6000000000002644E-3	-3.6000000000002644E-3	-3.5000000000000612E-3	-3.4000000000000692E-3	-3.4000000000000692E-3	-3.6000000000002644E-3	-3.6000000000002644E-3	-3.6000000000002644E-3	-3.5000000000000612E-3	-3.5000000000000612E-3	-3.5000000000000612E-3	-3.5000000000000612E-3	-3.4000000000000692E-3	-3.4000000000000692E-3	-3.4000000000000692E-3	-3.4000000000000692E-3	-3.4000000000000692E-3	-3.5000000000000612E-3	-3.4000000000000692E-3	-3.4000000000000692E-3	-3.3000000000000052E-3	-3.2000000000001892E-3	-3.2000000000001892E-3	-3.2000000000001892E-3	-3.3000000000000052E-3	-3.3000000000000052E-3	-3.2000000000001892E-3	-3.2000000000001892E-3	-3.2000000000001892E-3	-3.2000000000001892E-3	-3.2000000000001892E-3	-3.1000000000000892E-3	-3.1000000000000892E-3	-2.3999999999999998E-3	-1.4000000000000041E-3	-1.0000000000000041E-3	-1.1999999999999999E-3	-1.8000000000001251E-3	-2.7000000000000812E-3	-3.1000000000000892E-3	-3.2000000000001892E-3	-3.3000000000000052E-3	-3.3000000000000052E-3	-3.3000000000000052E-3	-3.2000000000001892E-3	-3.3000000000000052E-3	-3.4000000000000692E-3	-3.4000000000000692E-3	-3.4000000000000692E-3	-3.4000000000000692E-3	-3.5000000000000612E-3	-3.5000000000000612E-3	-3.4000000000000692E-3	-3.4000000000000692E-3	-3.5000000000000612E-3	-3.6000000000002644E-3	-3.6000000000002644E-3	-3.6000000000002644E-3	-3.6000000000002644E-3	-3.7000000000003055E-3	-3.6000000000002644E-3	-3.5000000000000612E-3	-3.6000000000002644E-3	-3.7000000000003055E-3	-3.7000000000003055E-3	-3.7000000000003055E-3	-3.6000000000002644E-3	-3.7000000000003055E-3	-3.7000000000003055E-3	-3.6000000000002644E-3	-3.6000000000002644E-3	-3.7000000000003055E-3	-3.8000000000000052E-3	-3.7000000000003055E-3	-3.6000000000002644E-3	-3.6000000000002644E-3	-3.5000000000000612E-3	-3.6000000000002644E-3	-4.4000000000000124E-3	-4.5000000000000014E-3	-3.7000000000003055E-3	-3.4000000000000692E-3	-3.5000000000000612E-3	-3.6000000000002644E-3	-3.6000000000002644E-3	-3.6000000000002644E-3	-3.6000000000002644E-3	-3.6000000000002644E-3	-3.7000000000003055E-3	-3.6000000000002644E-3	-3.5000000000000612E-3	-3.5000000000000612E-3	-3.5000000000000612E-3	-3.4000000000000692E-3	-3.3000000000000052E-3	-3.3000000000000052E-3	-3.3000000000000052E-3	-3.4000000000000692E-3	-3.4000000000000692E-3	-3.3000000000000052E-3	-3.3000000000000052E-3	-3.2000000000001892E-3	-3.2000000000001892E-3	-3.1000000000000892E-3	-3.2000000000001892E-3	-3.2000000000001892E-3	-3.2000000000001892E-3	-3.2000000000001892E-3	-3.2000000000001892E-3	-3.2000000000001892E-3	-3.1000000000000892E-3	-3.1000000000000892E-3	-3.1000000000000892E-3	-3.1000000000000892E-3	-3.1000000000000892E-3	-3.1000000000000892E-3	-3.0000000000000092E-3	-3.0000000000000092E-3	-3.0000000000000092E-3	-3.0000000000000092E-3	-3.0000000000000092E-3	-3.0000000000000092E-3	-3.1000000000000892E-3	-3.1000000000000892E-3	0.01mg/ml	200	200.5	201	201.5	202	202.5	203	203.5	204	204.5	205	205.5	206	206.5	207	207.5	208	208.5	209	209.5	210	210.5	211	211.5	212	212.5	213	213.5	214	214.5	215	215.5	216	216.5	217	217.5	218	218.5	219	219.5	220	220.5	221	221.5	222	222.5	223	223.5	224	224.5	225	225.5	226	226.5	227	227.5	228	228.5	229	229.5	230	230.5	231	231.5	232	232.5	233	233.5	234	234.5	235	235.5	236	236.5	237	237.5	238	238.5	239	239.5	240	240.5	241	241.5	242	242.5	243	243.5	244	244.5	245	245.5	246	246.5	247	247.5	248	248.5	249	249.5	250	250.5	251	251.5	252	252.5	253	253.5	254	254.5	255	255.5	256	256.5	257	257.5	258	258.5	259	259.5	260	260.5	261	261.5	262	262.5	263	263.5	264	264.5	265	265.5	266	266.5	267	267.5	268	268.5	269	269.5	270	270.5	271	271.5	272	272.5	273	273.5	274	274.5	275	275.5	276	276.5	277	277.5	278	278.5	279	279.5	280	280.5	281	281.5	282	282.5	283	283.5	284	284.5	285	285.5	286	286.5	287	287.5	288	288.5	289	289.5	290	290.5	291	291.5	292	292.5	293	293.5	294	294.5	295	295.5	296	296.5	297	297.5	298	298.5	299	299.5	300	300.5	301	301.5	302	302.5	303	303.5	304	304.5	305	305.5	306	306.5	307	307.5	308	308.5	309	309.5	310	310.5	311	311.5	312	312.5	313	313.5	314	314.5	315	315.5	316	316.5	317	317.5	318	318.5	319	319.5	320	320.5	321	321.5	322	322.5	323	323.5	324	324.5	325	325.5	326	326.5	327	327.5	328	328.5	329	329.5	330	330.5	331	331.5	332	332.5	333	333.5	334	334.5	335	335.5	336	336.5	337	337.5	338	338.5	339	339.5	340	340.5	341	341.5	342	342.5	343	343.5	344	344.5	345	345.5	346	346.5	347	347.5	348	348.5	349	349.5	350	350.5	351	351.5	352	352.5	353	353.5	354	354.5	355	355.5	356	356.5	357	357.5	358	358.5	359	359.5	360	360.5	361	361.5	362	362.5	363	363.5	364	364.5	365	365.5	366	366.5	367	367.5	368	368.5	369	369.5	370	370.5	371	371.5	372	372.5	373	373.5	374	374.5	375	375.5	376	376.5	377	377.5	378	378.5	379	379.5	380	380.5	381	381.5	382	382.5	383	383.5	384	384.5	385	385.5	386	386.5	387	387.5	388	388.5	389	389.5	390	390.5	391	391.5	392	392.5	393	393.5	394	394.5	395	395.5	396	396.5	397	397.5	398	398.5	399	399.5	400	400.5	401	401.5	402	402.5	403	403.5	404	404.5	405	405.5	406	406.5	407	407.5	408	408.5	409	409.5	410	410.5	411	411.5	412	412.5	413	413.5	414	414.5	415	415.5	416	416.5	417	417.5	418	418.5	419	419.5	420	420.5	421	421.5	422	422.5	423	423.5	424	424.5	425	425.5	426	426.5	427	427.5	428	428.5	429	429.5	430	430.5	431	431.5	432	432.5	433	433.5	434	434.5	435	435.5	436	436.5	437	437.5	438	438.5	439	439.5	440	440.5	441	441.5	442	442.5	443	443.5	444	444.5	445	445.5	446	446.5	447	447.5	448	448.5	449	449.5	450	450.5	451	451.5	452	452.5	453	453.5	454	454.5	455	455.5	456	456.5	457	457.5	458	458.5	459	459.5	460	460.5	461	461.5	462	462.5	463	463.5	464	464.5	465	465.5	466	466.5	467	467.5	468	468.5	469	469.5	470	470.5	471	471.5	472	472.5	473	473.5	474	474.5	475	475.5	476	476.5	477	477.5	478	478.5	479	479.5	480	480.5	481	481.5	482	482.5	483	483.5	484	484.5	485	485.5	486	486.5	487	487.5	488	488.5	489	489.5	490	490.5	491	491.5	492	492.5	493	493.5	494	494.5	495	495.5	496	496.5	497	497.5	498	498.5	499	499.5	500	500.5	501	501.5	502	502.5	503	503.5	504	504.5	505	505.5	506	506.5	507	507.5	508	508.5	509	509.5	510	510.5	511	511.5	512	512.5	513	513.5	514	514.5	515	515.5	516	516.5	517	517.5	518	518.5	519	519.5	520	520.5	521	521.5	522	522.5	523	523.5	524	524.5	525	525.5	526	526.5	527	527.5	528	528.5	529	529.5	530	530.5	531	531.5	532	532.5	533	533.5	534	534.5	535	535.5	536	536.5	537	537.5	538	538.5	539	539.5	540	540.5	541	541.5	542	542.5	543	543.5	544	544.5	545	545.5	546	546.5	547	547.5	548	548.5	549	549.5	550	550.5	551	551.5	552	552.5	553	553.5	554	554.5	555	555.5	556	556.5	557	557.5	558	558.5	559	559.5	560	560.5	561	561.5	562	562.5	563	563.5	564	564.5	565	565.5	566	566.5	567	567.5	568	568.5	569	569.5	570	570.5	571	571.5	572	572.5	573	573.5	574	574.5	575	575.5	576	576.5	577	577.5	578	578.5	579	579.5	580	580.5	581	581.5	582	582.5	583	583.5	584	584.5	585	585.5	586	586.5	587	587.5	588	588.5	589	589.5	590	590.5	591	591.5	592	592.5	593	593.5	594	594.5	595	595.5	596	596.5	597	597.5	598	598.5	599	599.5	600	600.5	601	601.5	602	602.5	603	603.5	604	604.5	605	605.5	606	606.5	607	607.5	608	608.5	609	609.5	610	610.5	611	611.5	612	612.5	613	613.5	614	614.5	615	615.5	616	616.5	617	617.5	618	618.5	619	619.5	620	620.5	621	621.5	622	622.5	623	623.5	624	624.5	625	625.5	626	626.5	627	627.5	628	628.5	629	629.5	630	630.5	631	631.5	632	632.5	633	633.5	634	634.5	635	635.5	636	636.5	637	637.5	638	638.5	639	639.5	640	640.5	641	641.5	642	642.5	643	643.5	644	644.5	645	645.5	646	646.5	647	647.5	648	648.5	649	649.5	650	650.5	651	651.5	652	652.5	653	653.5	654	654.5	655	655.5	656	656.5	657	657.5	658	658.5	659	659.5	660	660.5	661	661.5	662	662.5	663	663.5	664	664.5	665	665.5	666	666.5	667	667.5	668	668.5	669	669.5	670	670.5	671	671.5	672	672.5	673	673.5	674	674.5	675	675.5	676	676.5	677	677.5	678	678.5	679	679.5	680	680.5	681	681.5	682	682.5	683	683.5	684	684.5	685	685.5	686	686.5	687	687.5	688	688.5	689	689.5	690	690.5	691	691.5	692	692.5	693	693.5	694	694.5	695	695.5	696	696.5	697	697.5	698	698.5	699	699.5	700	-6.0000000000002033E-4	9.3900000000000067E-2	0.20140000000000041	0.32080000000002806	0.43930000000002645	0.54179999999999995	0.62300000000001265	0.69660000000001165	0.76430000000000065	0.81570000000000065	0.86439999999999995	0.92079999999999995	0.95740000000000003	0.97119999999999995	0.99570000000000003	1.0232999999999037	1.0310999999999158	1.0345	1.0427	1.0406	1.0273999999999017	1.0125999999999638	0.99360000000000004	0.96770000000002065	0.93940000000000001	0.90910000000000002	0.87400000000001365	0.83790000000000064	0.80480000000000063	0.77250000000000063	0.74000000000000365	0.70940000000000003	0.68070000000000064	0.65310000000003265	0.62849999999999995	0.60770000000003765	0.58889999999999998	0.57170000000000065	0.55730000000000002	0.54530000000000001	0.53459999999999996	0.52580000000000005	0.51880000000000004	0.51239999999999997	0.50690000000000002	0.50319999999999998	0.5004999999999995	0.49760000000000032	0.49550000000000038	0.49430000000002455	0.49290000000001088	0.49190000000000988	0.49190000000000988	0.49220000000000008	0.49220000000000008	0.49250000000000038	0.49290000000001088	0.49290000000001088	0.49280000000002422	0.49300000000000038	0.49280000000002422	0.49220000000000008	0.49200000000000038	0.49140000000000938	0.49010000000000031	0.48880000000002038	0.48770000000000002	0.48600000000000032	0.48370000000000002	0.48140000000000038	0.47890000000000038	0.47610000000000002	0.47300000000000031	0.46960000000000002	0.46560000000000001	0.46130000000000032	0.45700000000000002	0.45250000000000001	0.4476	0.44260000000000005	0.43750000000000488	0.43200000000000038	0.42640000000000688	0.42100000000000032	0.41550000000000031	0.40980000000000188	0.40390000000000031	0.3980000000000255	0.39200000000002388	0.38600000000001738	0.37970000000000032	0.37320000000000031	0.36680000000002388	0.36070000000000002	0.35440000000000038	0.34780000000000288	0.3422	0.33720000000000488	0.33200000000002461	0.32720000000000032	0.32320000000000032	0.31940000000002461	0.31580000000002667	0.31250000000000488	0.30940000000001538	0.30590000000001188	0.30220000000000002	0.29810000000000031	0.29320000000000002	0.28800000000000031	0.28270000000000001	0.27730000000000032	0.2717	0.2666	0.26220000000000004	0.25870000000000004	0.25600000000000001	0.25419999999999998	0.25330000000000008	0.25330000000000008	0.25430000000000008	0.25619999999999998	0.25900000000000001	0.26270000000000004	0.26740000000000008	0.27230000000000032	0.2777	0.28390000000000032	0.29050000000000031	0.29700000000000032	0.30400000000000038	0.31180000000002583	0.31990000000002472	0.32810000000000838	0.33650000000002572	0.34490000000000032	0.35320000000000001	0.36120000000000002	0.36890000000001238	0.37610000000000032	0.38330000000002806	0.39060000000000838	0.39760000000001638	0.4042	0.41040000000000032	0.41580000000000888	0.42000000000000032	0.42330000000001688	0.42580000000001988	0.42720000000000002	0.42770000000000002	0.42810000000000031	0.42890000000000938	0.43010000000000032	0.43140000000001238	0.43220000000000008	0.43160000000000032	0.42950000000000038	0.42550000000000032	0.41900000000000032	0.41050000000000031	0.40140000000000031	0.39150000000002338	0.38060000000000038	0.37020000000000008	0.36070000000000002	0.35180000000000688	0.34410000000000002	0.33820000000000588	0.333500000000025	0.32960000000001038	0.32690000000002645	0.32510000000000538	0.32370000000000032	0.32340000000002561	0.32430000000002901	0.32510000000000538	0.32560000000000588	0.32690000000002645	0.32860000000000888	0.33010000000001088	0.33200000000002461	0.33450000000002522	0.33720000000000488	0.3399000000000299	0.3427	0.34560000000000002	0.34880000000000388	0.35230000000000788	0.35600000000000032	0.35990000000000238	0.36400000000000032	0.36830000000002433	0.37290000000001688	0.37770000000000031	0.38260000000000038	0.38740000000002595	0.39180000000003051	0.39590000000002806	0.39970000000000488	0.40300000000000002	0.40620000000000001	0.40960000000000002	0.41280000000000538	0.41580000000000888	0.41920000000000002	0.42290000000000288	0.42650000000000032	0.43040000000001088	0.43490000000001588	0.43950000000000738	0.44429999999999997	0.44950000000000001	0.45479999999999998	0.46	0.46540000000000031	0.47090000000000032	0.47610000000000002	0.48140000000000038	0.48700000000000032	0.49240000000001038	0.49750000000000238	0.50280000000000002	0.50819999999999999	0.5131	0.5181	0.5232	0.52790000000000004	0.53239999999999998	0.53720000000000001	0.54179999999999995	0.54549999999999998	0.54980000000000062	0.5544	0.55810000000000004	0.56130000000000002	0.56499999999999995	0.56850000000000001	0.57180000000000064	0.57550000000000001	0.57890000000000064	0.58089999999999997	0.58299999999999996	0.58589999999999998	0.58799999999999997	0.58960000000000001	0.5921999999999995	0.59449999999999958	0.59549999999999959	0.59670000000000001	0.5982999999999995	0.59909999999999997	0.5998	0.60120000000000062	0.60200000000000065	0.60210000000000063	0.60229999999999995	0.60220000000000062	0.60150000000000003	0.60110000000000063	0.60100000000000064	0.59970000000000001	0.59789999999999999	0.5972999999999995	0.59649999999999959	0.59439999999999948	0.59249999999999958	0.59049999999999958	0.58779999999999999	0.58549999999999958	0.58409999999999951	0.58149999999999957	0.57760000000001765	0.57399999999999995	0.57070000000000065	0.56710000000000005	0.56359999999999999	0.56030000000000002	0.55630000000000002	0.55200000000000005	0.54830000000000001	0.54400000000000004	0.53890000000000005	0.53420000000000001	0.52990000000000004	0.52490000000000003	0.51939999999999997	0.51390000000000002	0.50829999999999997	0.50270000000000004	0.49680000000002522	0.49100000000000038	0.48560000000000031	0.48000000000000032	0.47390000000000032	0.46730000000000038	0.46090000000000031	0.4551	0.4491	0.4425	0.43610000000000032	0.42980000000002411	0.42290000000000288	0.41620000000000001	0.40990000000000032	0.4032	0.39620000000000088	0.38950000000002138	0.38240000000002472	0.37560000000000032	0.37030000000002483	0.36570000000000008	0.35890000000000088	0.35060000000000002	0.34310000000000002	0.33560000000001688	0.32810000000000838	0.32120000000000032	0.31450000000000738	0.30780000000002483	0.30110000000000031	0.29440000000000038	0.28780000000000538	0.28150000000000008	0.27540000000000031	0.26920000000000005	0.26290000000000002	0.25719999999999998	0.25180000000000002	0.24600000000000041	0.24030000000000001	0.2351	0.2298	0.22450000000000001	0.21990000000001333	0.21510000000000001	0.20990000000000344	0.2051	0.20080000000000001	0.19589999999999999	0.1908	0.18640000000001244	0.18210000000000001	0.17750000000000021	0.1731	0.16869999999999999	0.16420000000000001	0.16	0.15590000000001294	0.15150000000000041	0.14700000000000021	0.14280000000000001	0.13890000000000041	0.13489999999999999	0.1313	0.12770000000000001	0.12379999999999999	0.12010000000000012	0.11700000000000002	0.11370000000000002	0.10990000000000009	0.10690000000000002	0.10420000000000022	0.1009	9.7800000000000026E-2	9.5200000000000007E-2	9.240000000000001E-2	8.9400000000000021E-2	8.6900000000000005E-2	8.4200000000000025E-2	8.1200000000000022E-2	7.8800000000000023E-2	7.6799999999999993E-2	7.4400000000000133E-2	7.1599999999999997E-2	6.8900000000000003E-2	6.6600000000000006E-2	6.4800000000000024E-2	6.2700000000000033E-2	6.0000000000000032E-2	5.6899999999999999E-2	5.3999999999999999E-2	5.1700000000000003E-2	4.9800000000000122E-2	4.8000000000000001E-2	4.5699999999999998E-2	4.3299999999999998E-2	4.0900000000000013E-2	3.9000000000000014E-2	3.7300000000000041E-2	3.5200000000000002E-2	3.3000000000000002E-2	3.09E-2	2.8899999999999999E-2	2.7400000000000212E-2	2.6100000000000002E-2	2.4500000000000001E-2	2.2400000000000052E-2	2.07E-2	1.9500000000001141E-2	1.8499999999999999E-2	1.72E-2	1.5699999999999999E-2	1.4400000000000001E-2	1.3200000000000081E-2	1.1599999999999996E-2	1.0400000000000001E-2	9.9000000000000268E-3	9.3000000000000548E-3	8.4000000000000047E-3	7.8000000000000534E-3	7.2000000000002834E-3	6.2000000000002114E-3	5.0000000000000114E-3	4.1999999999999997E-3	3.9000000000000692E-3	3.3000000000000052E-3	2.0000000000000052E-3	1.1000000000000421E-3	1.0000000000000041E-3	5.0000000000000034E-4	-1.0000000000000221E-4	-6.0000000000002033E-4	-1.1000000000000421E-3	-1.7000000000000081E-3	-2.0000000000000052E-3	-2.3000000000000052E-3	-2.8000000000000052E-3	-3.3000000000000052E-3	-3.7000000000003055E-3	-4.3000000000000104E-3	-4.7000000000000123E-3	-4.6000000000000034E-3	-4.7000000000000123E-3	-5.3000000000000104E-3	-5.6000000000000034E-3	-5.7000000000000123E-3	-5.9000000000002124E-3	-6.2000000000002114E-3	-6.4000000000004114E-3	-6.5000000000000934E-3	-6.4000000000004114E-3	-6.3000000000000113E-3	-6.4000000000004114E-3	-6.6000000000000034E-3	-6.6000000000000034E-3	-6.5000000000000934E-3	-6.8000000000000334E-3	-7.0000000000000114E-3	-7.1000000000000004E-3	-7.3000000000000113E-3	-7.6000000000000104E-3	-7.6000000000000104E-3	-7.4000000000004834E-3	-7.5000000000000934E-3	-7.5000000000000934E-3	-7.5000000000000934E-3	-7.6000000000000104E-3	-7.8000000000000534E-3	-7.7000000000002934E-3	-7.7000000000002934E-3	-7.9000000000002124E-3	-7.9000000000002124E-3	-7.9000000000002124E-3	-8.1000000000000048E-3	-8.3000000000000226E-3	-8.3000000000000226E-3	-8.1000000000000048E-3	-8.0000000000000227E-3	-8.1000000000000048E-3	-8.3000000000000226E-3	-8.4000000000000047E-3	-8.3000000000000226E-3	-8.3000000000000226E-3	-8.3000000000000226E-3	-8.4000000000000047E-3	-8.4000000000000047E-3	-8.4000000000000047E-3	-8.4000000000000047E-3	-8.3000000000000226E-3	-8.4000000000000047E-3	-8.5000000000000006E-3	-8.4000000000000047E-3	-8.2000000000000007E-3	-8.2000000000000007E-3	-8.4000000000000047E-3	-8.7000000000000046E-3	-8.7000000000000046E-3	-8.4000000000000047E-3	-8.2000000000000007E-3	-8.2000000000000007E-3	-8.3000000000000226E-3	-8.4000000000000047E-3	-8.3000000000000226E-3	-8.4000000000000047E-3	-8.6000000000000208E-3	-8.6000000000000208E-3	-8.5000000000000006E-3	-8.5000000000000006E-3	-8.3000000000000226E-3	-8.3000000000000226E-3	-8.6000000000000208E-3	-8.7000000000000046E-3	-8.6000000000000208E-3	-8.5000000000000006E-3	-8.6000000000000208E-3	-8.6000000000000208E-3	-8.6000000000000208E-3	-8.5000000000000006E-3	-8.6000000000000208E-3	-8.8000000000000248E-3	-8.8000000000000248E-3	-8.6000000000000208E-3	-8.5000000000000006E-3	-8.5000000000000006E-3	-8.4000000000000047E-3	-8.2000000000000007E-3	-8.2000000000000007E-3	-8.3000000000000226E-3	-8.5000000000000006E-3	-8.7000000000000046E-3	-9.0000000000000028E-3	-9.0000000000000028E-3	-8.8000000000000248E-3	-8.6000000000000208E-3	-8.7000000000000046E-3	-8.5000000000000006E-3	-8.4000000000000047E-3	-8.3000000000000226E-3	-8.3000000000000226E-3	-8.4000000000000047E-3	-8.6000000000000208E-3	-8.7000000000000046E-3	-8.5000000000000006E-3	-8.5000000000000006E-3	-8.6000000000000208E-3	-8.6000000000000208E-3	-8.5000000000000006E-3	-8.5000000000000006E-3	-8.7000000000000046E-3	-8.9000000000000207E-3	-8.9000000000000207E-3	-8.8000000000000248E-3	-8.8000000000000248E-3	-8.8000000000000248E-3	-8.7000000000000046E-3	-8.6000000000000208E-3	-8.6000000000000208E-3	-8.7000000000000046E-3	-8.6000000000000208E-3	-8.4000000000000047E-3	-8.4000000000000047E-3	-8.5000000000000006E-3	-8.5000000000000006E-3	-8.5000000000000006E-3	-8.7000000000000046E-3	-8.7000000000000046E-3	-8.5000000000000006E-3	-8.6000000000000208E-3	-8.6000000000000208E-3	-8.4000000000000047E-3	-8.4000000000000047E-3	-8.4000000000000047E-3	-8.3000000000000226E-3	-8.2000000000000007E-3	-8.4000000000000047E-3	-8.4000000000000047E-3	-8.2000000000000007E-3	-8.1000000000000048E-3	-7.9000000000002124E-3	-7.7000000000002934E-3	-7.5000000000000934E-3	-7.2000000000002834E-3	-7.0000000000000114E-3	-7.3000000000000113E-3	-7.9000000000002124E-3	-8.1000000000000048E-3	-7.8000000000000534E-3	-7.8000000000000534E-3	-7.7000000000002934E-3	-7.5000000000000934E-3	-7.5000000000000934E-3	-7.6000000000000104E-3	-7.5000000000000934E-3	-7.5000000000000934E-3	-7.6000000000000104E-3	-7.5000000000000934E-3	-7.4000000000004834E-3	-7.5000000000000934E-3	-7.6000000000000104E-3	-7.6000000000000104E-3	-7.7000000000002934E-3	-7.7000000000002934E-3	-7.4000000000004834E-3	-7.2000000000002834E-3	-7.4000000000004834E-3	-7.3000000000000113E-3	-7.0000000000000114E-3	-7.0000000000000114E-3	-7.0000000000000114E-3	-7.0000000000000114E-3	-7.0000000000000114E-3	-7.0000000000000114E-3	-6.8000000000000334E-3	-6.8000000000000334E-3	-6.9000000000004934E-3	-6.9000000000004934E-3	-6.7000000000002934E-3	-6.8000000000000334E-3	-6.9000000000004934E-3	-6.8000000000000334E-3	-6.7000000000002934E-3	-6.7000000000002934E-3	-6.6000000000000034E-3	-6.6000000000000034E-3	-6.7000000000002934E-3	-6.6000000000000034E-3	-6.5000000000000934E-3	-6.6000000000000034E-3	-6.7000000000002934E-3	-6.5000000000000934E-3	-6.4000000000004114E-3	-6.5000000000000934E-3	-6.5000000000000934E-3	-6.4000000000004114E-3	-6.2000000000002114E-3	-6.2000000000002114E-3	-6.3000000000000113E-3	-6.2000000000002114E-3	-6.2000000000002114E-3	-6.3000000000000113E-3	-6.3000000000000113E-3	-6.3000000000000113E-3	-6.3000000000000113E-3	-6.2000000000002114E-3	-6.1000000000000004E-3	-6.0000000000000114E-3	-6.1000000000000004E-3	-6.1000000000000004E-3	-6.1000000000000004E-3	-6.0000000000000114E-3	-6.0000000000000114E-3	-6.0000000000000114E-3	-6.0000000000000114E-3	-6.0000000000000114E-3	-6.0000000000000114E-3	-5.8000000000000013E-3	-5.7000000000000123E-3	-5.9000000000002124E-3	-6.0000000000000114E-3	-5.9000000000002124E-3	-5.7000000000000123E-3	-5.7000000000000123E-3	-5.7000000000000123E-3	-5.7000000000000123E-3	-5.6000000000000034E-3	-5.5000000000000014E-3	-5.5000000000000014E-3	-5.5000000000000014E-3	-5.5000000000000014E-3	-5.5000000000000014E-3	-5.5000000000000014E-3	-5.5000000000000014E-3	-5.5000000000000014E-3	-5.5000000000000014E-3	-5.4000000000000124E-3	-5.4000000000000124E-3	-5.4000000000000124E-3	-5.3000000000000104E-3	-5.1999999999999998E-3	-5.1999999999999998E-3	-5.1999999999999998E-3	-5.1999999999999998E-3	-5.1999999999999998E-3	-5.1999999999999998E-3	-5.1000000000000004E-3	-5.1000000000000004E-3	-5.0000000000000114E-3	-5.0000000000000114E-3	-4.9000000000002123E-3	-5.0000000000000114E-3	-5.0000000000000114E-3	-5.0000000000000114E-3	-4.9000000000002123E-3	-4.8000000000000004E-3	-4.8000000000000004E-3	-4.8000000000000004E-3	-4.8000000000000004E-3	-4.8000000000000004E-3	-4.8000000000000004E-3	-4.8000000000000004E-3	-4.8000000000000004E-3	-4.8000000000000004E-3	-4.7000000000000123E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.4000000000000124E-3	-4.6000000000000034E-3	-5.6000000000000034E-3	-5.8000000000000013E-3	-4.8000000000000004E-3	-4.4000000000000124E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.5000000000000014E-3	-4.5000000000000014E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.5000000000000014E-3	-4.5000000000000014E-3	-4.5000000000000014E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.5000000000000014E-3	-4.5000000000000014E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.3000000000000104E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.3000000000000104E-3	-4.1999999999999997E-3	-4.3000000000000104E-3	-4.3000000000000104E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.3000000000000104E-3	-4.3000000000000104E-3	-4.4000000000000124E-3	-4.6000000000000034E-3	-4.7000000000000123E-3	-4.6000000000000034E-3	-4.5000000000000014E-3	-4.3000000000000104E-3	-3.8000000000000052E-3	-3.6000000000002644E-3	-3.7000000000003055E-3	-3.9000000000000692E-3	-3.9000000000000692E-3	-3.9000000000000692E-3	-3.8000000000000052E-3	-3.8000000000000052E-3	-3.8000000000000052E-3	-3.8000000000000052E-3	-3.8000000000000052E-3	-3.8000000000000052E-3	-3.8000000000000052E-3	-3.6000000000002644E-3	-3.6000000000002644E-3	-3.8000000000000052E-3	-3.9000000000000692E-3	-3.8000000000000052E-3	-3.8000000000000052E-3	-3.8000000000000052E-3	-3.6000000000002644E-3	-3.5000000000000612E-3	-3.6000000000002644E-3	-3.8000000000000052E-3	-3.8000000000000052E-3	-3.7000000000003055E-3	-3.5000000000000612E-3	-3.5000000000000612E-3	-3.6000000000002644E-3	-3.7000000000003055E-3	-3.7000000000003055E-3	-3.7000000000003055E-3	-3.6000000000002644E-3	-3.7000000000003055E-3	-3.7000000000003055E-3	-3.7000000000003055E-3	-3.8000000000000052E-3	-3.9000000000000692E-3	-4.0000000000000114E-3	-4.0000000000000114E-3	-3.9000000000000692E-3	-4.0000000000000114E-3	-4.0000000000000114E-3	-4.0000000000000114E-3	-4.0000000000000114E-3	-4.0000000000000114E-3	-4.0000000000000114E-3	-4.0000000000000114E-3	-4.0000000000000114E-3	-4.0000000000000114E-3	-4.1000000000000003E-3	-4.1000000000000003E-3	-4.1000000000000003E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1000000000000003E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1000000000000003E-3	-4.0000000000000114E-3	-4.1000000000000003E-3	-4.1000000000000003E-3	-4.1999999999999997E-3	-4.1000000000000003E-3	-4.1999999999999997E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.3000000000000104E-3	-4.3000000000000104E-3	-4.3000000000000104E-3	-4.3000000000000104E-3	-4.3000000000000104E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1000000000000003E-3	-4.0000000000000114E-3	-4.0000000000000114E-3	-4.0000000000000114E-3	-4.1000000000000003E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.3000000000000104E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.3000000000000104E-3	-4.3000000000000104E-3	-4.3000000000000104E-3	-4.1000000000000003E-3	-4.0000000000000114E-3	-4.1999999999999997E-3	-4.3000000000000104E-3	-4.3000000000000104E-3	-4.3000000000000104E-3	-4.1999999999999997E-3	-4.3000000000000104E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.5000000000000014E-3	-4.5000000000000014E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.6000000000000034E-3	-4.7000000000000123E-3	-4.5000000000000014E-3	-4.5000000000000014E-3	-4.6000000000000034E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.8000000000000004E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.5000000000000014E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.6000000000000034E-3	-4.5000000000000014E-3	-4.5000000000000014E-3	-4.5000000000000014E-3	-4.5000000000000014E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.5000000000000014E-3	-4.5000000000000014E-3	-4.5000000000000014E-3	-4.5000000000000014E-3	-4.4000000000000124E-3	-4.3000000000000104E-3	-4.9000000000002123E-3	-4.0000000000000114E-3	-1.8000000000001251E-3	-8.0000000000000264E-4	-1.1000000000000421E-3	-2.2000000000000092E-3	-3.8000000000000052E-3	-4.4000000000000124E-3	-4.5000000000000014E-3	-4.6000000000000034E-3	-4.5000000000000014E-3	-4.4000000000000124E-3	-4.5000000000000014E-3	-4.6000000000000034E-3	-4.7000000000000123E-3	-4.6000000000000034E-3	-4.5000000000000014E-3	-4.5000000000000014E-3	-4.6000000000000034E-3	-4.7000000000000123E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.8000000000000004E-3	-4.8000000000000004E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.7000000000000123E-3	-5.0000000000000114E-3	-5.1000000000000004E-3	-4.8000000000000004E-3	-4.7000000000000123E-3	-4.8000000000000004E-3	-4.8000000000000004E-3	-4.6000000000000034E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.6000000000000034E-3	-4.5000000000000014E-3	-4.7000000000000123E-3	-5.5000000000000014E-3	-5.6000000000000034E-3	-4.7000000000000123E-3	-4.4000000000000124E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.7000000000000123E-3	-4.7000000000000123E-3	-4.6000000000000034E-3	-4.6000000000000034E-3	-4.5000000000000014E-3	-4.5000000000000014E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.4000000000000124E-3	-4.3000000000000104E-3	-4.3000000000000104E-3	-4.3000000000000104E-3	-4.4000000000000124E-3	-4.3000000000000104E-3	-4.3000000000000104E-3	-4.3000000000000104E-3	-4.3000000000000104E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.3000000000000104E-3	-4.3000000000000104E-3	-4.3000000000000104E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	-4.1000000000000003E-3	-4.1000000000000003E-3	-4.1999999999999997E-3	-4.1999999999999997E-3	[nm]
Absorbance

1126 Calibration curve
1.0000000000000005E-2	8.0000000000000071E-3	6.0000000000000027E-3	4.0000000000000027E-3	2.0000000000000013E-3	0	0.60229999999999995	0.45710000000000001	0.35910000000000014	0.21800000000000008	0.10850000000000004	0	Conc. (mg/ml)
Absorbance

HBP UV absorbance
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Calibration Curve of HBP
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