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Abstract

Regul ati on ofdr iawd ro mycoosnitnr acti on i s i mpo
cardiovascul ar cel l functions, i ncluding
permeability and platelet shape change and

regul ated byr ytlhaet i pohno sapnhdo dephosphoryl ati on
catalysed by myosin |light chain kinase (M
( MLCP) , respectively. IWMMD@Pproateompphedpbdbd
Ssubunit ag@P l#BPa myphsasnphatase targeting s
MYPT1 serves as a scaffold that positions
activitypr ptreoitreiinnt er asati onsoban Wi @ehceadl B yf it
phosphorylation status of MYPT1, which is
Notably, phosphorylation by protein kinase
MLCP elicited by ROCK phosphoryl ation.

Sever al i sof or ms of MYPT1 have beestypaen
alternative splicing of exon®PPEL1BGRvkel. 4, ATt
analysis of public databases reveals a gre

than previously appr ecPPalt Reld2pAr da sy ot waadide $ r
variants have focused on a | imited number
mi xed cell types. There is a scarcity of s
types. To address this gappnaoftompeehemni
| andscapePPRPH1R®jlR2A e, esmp @ a picwmtde inrg t rvmais cr |
comadt.edTihmssahalkwysi s of public EST and mRN
PPP1Rd®2Mpri ses 32 exons, 29 ofcwhicth trans:
Usipgbl i cl y Rad\VA=sielgabdat a and reverse transc
abundance of each transcript i n human umb
human saphenous vein smoot h muscl ewecel |
deter mi HUWECs anwerHSVISMLCselddmi nantly expr
l ength variant (58. 3%y )a,ndwi6tdb KBt eirmed dwartii a
the second most common (33.7% and 23. 1%,

account for 5.4% of transcripts in platel



These insights set the stage for future st

in physiology and pathol ogy.

MYPT1 is part of a complex signalling no
enzynensgrevi ous sundaeal Hadect interaction
and the regul atoMheshlyponitthh€sofs PRKMYRTE and
PKA subunits interact directly in \VAKS aialsar
anchoring pr atoei mar(gleKAPRPKA to t he. WHLICPg =
I mmunoprecipitation, affinity pulldown, a

human pl atel ehtesl i andtcemdetpnstrated that M
i nteracts with al/l four PKA regulatory s
i denti fied K595, E676, and t he PKA/ R
R693/ R694/S695/ T696 as <critical for 6,hiosr i
both with aspartic acid or the correspont
bi ndiAngnodselpr opvdheece MYPT1 f unectainoonnsi caad &
choring PEKAosphorpwbated S695/ T696 btumigdrse
and potentially ROCK from phosphoryl ati ncg
pro

for future research into the specific ro

an

vide valuable insights into the anchori

functi on
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Abbreviations

Abbreviation

a.a.

8-AHA.cCAMP

ACD
ADP
AKAPs
APS
Arp2/3
ATP
BCA
bp
BRET
BSA
cAMP
Cdc42
Cl
CREB
CRISPR
Cryo-TEM
DAPI
DMF
DMSO
DNA
dNTPs
DTT
EC
EDTA
EST

Name
Amino acid

8-(6-aminohexylamino) adenosine-3',5'-cyclic monophosphate

Acid Citrate Dextrose

Adenosine diphosphate

A-kinase Anchoring Proteins

Ammonium persulfate

Actin-related proteins 2/3

Adenosine triphosphate

Bicinchoninic Acid Assay

Base pair

Bioluminescence Resonance Energy Transfer
Bovine Serum Albumin

3',5'-cyclic monophosphate

Cell division control protein 42 homolog ue
Central Insert

cAMP Response ElemenBinding Protein
Clustered Regularly Interspaced Short Palindromic Repeats
Cryogenic transmission electron microscopy
4  -dignidino -2-phenylindole
Dimethylformamide

Dimethylsulfoxide

Deoxyribonucleic acid

Deoxynucleoside triphosphate

Dithiothreitol

Endothelial cells

Ethylenediaminetetraacetic acid

Expressed sequence tag
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EtOHNH
FBS

FL

FRET
GAPDH
GST

GTP
HDBEC
HEK 293T
HRP
HSVSMC
HUVEC
IFs

MgCh
MLCK
MLCP
MP
MRNA
MS
MYPT
MYPT1
NacCl
Ni-NTA
NM

Ethanolamine

Foetal Bovine Serum

Full Length

Fluorescence Resonance Energy Transfer
Glyceraldehyde 3-phosphate dehydrogenase
Glutathione S-transferase

Guanosine 5-triphosphate

Human Dermal Blood Endothelial Cells
Human Embryonic Kidney 293

Horseradish peroxidase

Human Saphenous Veins SmootiMuscle Cells
Human Umbilical Vein Endothelial Cells
Intermediate Filaments

Immunoglobulin G

Immunoprecipitation

Isopropyl 3-D-1-thiogalactopyranoside

Kilo base

Lysogeny Broth (as known as LuriaBertani)
Leucine Zipper

Magnesiumchloride

Myosin Light Chain Kinase

Myosin Light Chain Phosphatase

Myosin Phosphatase

Messenger Ribonucleic Acid

Mass spectrometry

Myosin Phosphatase Targeting Protein
Myosin Phosphatase Targeting Protein 1
Sodium chloride

Nickel-Nitrilotriacetic acid (NTA)

Norn-Myosin
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NM I Non-Myosin Il

NMDA N-methyl -D-aspartate

NO Nitric Oxide

NPFs Nucl ed®rioonot i ng Factors
PBS Phosphate-buffered Saline

PBST Phosphate-buffered Saline with T riton X-100
PCR Polymerase Chain Reaction

PDB Protein Data Bank

PDEs Phosphodiesterases

PFA Paraformaldehyde

PGk Prostacyclin

PIC Protease Inhibitor cocktail

PKA Protein Kinase A

PKAcat Protein Kinase A Catalytic

PKAR Protein Kinase A Regulatory

PKARI Protein Kinase A Regulatory |

PKARII Protein Kinase A Regulatory Il

PKC Protein Kinase C

PKG Protein Kinase G

PLA Proximity Ligation Assay

PMSF Phenylmethylsulphonyl fluoride

PP1c Protein Phosphatase 1c

PRP Platelet Rich Plasma

PVDF Polyvinylidene fluoride

Racl Rasrelated C3 botulinum toxin substrate 1
RhoA Ras homologie family member A

RLC Regulatory Light Chain

RNA Ribonucleic Acid

RNAseq Ribonucleic Acid Sequencing

ROCK Rho-associated protein kinase
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ROS
RT-PCR
SDS
SDSPAGE
SMC
SOC
SPR
TAE
TBS
TBST
TCCF
TEMED
TGF
TIMAP
UTR
uv
X-Gal

Reactive Oxygen Species

Reverse Transcription Polymerase Chain Reaction
Sodium dodecylsulphate

Sodium dodecylsulphate polyacrylamide gel electrophoresis
Smooth Muscle Cell

Super Optimal broth with Catabolite repression
Surface Plasmon Resonance

Tris-Acetate-EDTA

Tris-buffered Saline

Tris-buffered Saline with Tween E20

Total Corrected Cellular Fuorescence
N,N,N',N-tetramethylethylenediamine
Transforming Growth Factor

TGFN-inhibited membrane associated protein
Untranslated Region

Ultraviolet

5-bromo-4-chloro-3-indolyl -N-D-galactopyranoside
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Chapt é&renkur al |l ntroduct i

1. Cel |l Cy t oasnkéexltertaocnéMalt u li ar

The eukaryotic cell cpebwhkekebbdbni ns eaconmg
and tubules that ehotugandshemaiynloysotlthr dug gi v
medi ates anchoring to the substrate and t
and movement of organell es, and i s necessz:
formed by three main types of pol yme(lIsEs )mi
and microfFiilgalmipdRi s e( 0 F. Thz20three cytoske
have distinctimechamiucdalurpr amarti es rel at.
cyt oskelodtlamamr d and ®Gol dman, 2018

Numerous cl asses of associated proteins ar

and the formation of l inks to organell es
cytoskeleton systems. They also constitut
control atlheansdp attempor al remodelRiiwwegr o fF.t,he

Poll ard and ®&ol dman, 2018
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‘ Adherens junction

Fil i g
ilopodium /= » Dynéin
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- N\ SUN Desmosome
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F i g url &chematic of the three cytoskeleton systems and some speciali  sed structures.
Hypothetical cell displaying features of an epithelial cell on the right side and of a
mesenchymal cell on the left side. Examples of microtubule and microfilament -associated
motor proteins carrying a vesicle are depicted. ONM, outer nuclear membrane; INM, inner

nuclear membrane; ER, endoplasmic reticulum. Figure 2, page 1296, from: (Ri_ver o )fF. , 2

1. 1 EXtrllaglamart raanxd -cel | adhesi ons

The extracellular matrix (ECM) is a compl e
t hat provides structur al and biochemical ¢
components of the ECM include proteins |
|l ami nsnwel B as glycoproteins and proteogl )
ECM protein, forms fibrillar structures t|
integrity(Shoutidsseeand ERaisnes, iMmp@I ts el ac
tissues such as skin, l ungs, and bl ood Ves

or cont Wadtoivis g i and). WEi bspnd®t®9igdn, a glyc

i ntegrins and other ECM component s, pl ay

mi grati on, and (RMankdv haadi nYgo.madami n2i On0s2,
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predominantly in the basal l ami na, i nfl ue

adhesion, crucial for ti(Bsulee en.i nRRr@dht@enocgel ya

consisting of a core protein and coval ent
regul ate the movement of mol ecul es withir
through interactionbowtzohagdo®dhaétet oraol

I ntegrins are transmembran&CMeadptesri sont hat
the ECM to the actin cytoskeleton. They t

bet ween the ECM and the cell i nterior inf|
(Hynes, 2002) , cel l shape, motility, and
influence <cellul ar responses to the micrc
processwasund kleeal i ng, where cells migrate
damage i mmune responsegldy neasnd CuGWw2e ko p hd nt,
Toget her , these components ensure the str
tissues, enabling dynamic rebPponesgwlfatdihgis)
i nteractions can |l ead to pathologiccad [xyn
excessive ECM deposition and tissue stif
adhesion and signalling contri but(leeatsok taunm
Abr aham,Hy2n0e0s4). 2009

I ntercellul ar jusedtisadanrsucdmue espddiadl imai nt a
function of tissues by facilitating adhes
cell s

Tight j nfddftsigems a seal t hat regul ates the
mol ecul es, preserving the distinct (Tcsounkp ot sai
et al )., TighGl junctions are essenti al for ¢
epithelial and endot hel i al cell s, regul ati
cel l pol arity. They ar e f or med by transt
occludins, amdlhesnenhi onmdlecul es, whi ch I N
scaffolding proteins to |li(@khmdset)athe a6
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Adherjeunnscti ons (AJs) are crdadlilcadadHesi aomia

integrity. They are composed of cadherins,
medi ate cell adhesdeoemendemtugihntcead a&d¢tuimons .
the actiehet¢ytnosok adjacent cells, facilitat

and mechani c@li essabi leit) fahhegyr e20lihked to |

cytoskel et on, provide mechanical stabil it
essential for maintaining tissue architect
behav{Guubi ner)., DROODrBosomes, connected to i
of fer strong adhesion, particularly in tis
the skin and heart, ensur i ndgGatrirsosdu ea ncdo h@rs
2008 Gap junctions allow direct chemical a
cells through connexin protein channel s,

cardi ac muscle contracti on (Neanuds eanmbdr yldaii rcd

Dysfunction in these junctions can | ead t
hear't due to impaired electrical coupling
weakened cel |l @Wedmaadhesi MgKenhinhke &t0.1&I1 . , 2
Vinculin is a cytoskelet-mhtpretered| tadhese
It associates with integrins and cadherins
cytoskeleton and stabilising @&Bdahyess i aomds el
2037

I n summaEGNy | tomg adhehemscti ons, tight junct
i ntegrisnmi vpltay rol es i n mai ntaining cel |
communication behaviour including prolifer
its composition varies between tisskranto

et al )., 2010
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1.1 M2crotubul es

Mi crotubules are tubular structures for med
Wanpdt ubul i merivlekeyas pat hways for thebououmadsrc
vesicl es, ri bonucl eoprotein particles, an
proteins dynein and kinesin. These motor
over | ong distancesywop@asiihtame aondo Weehdeayn d ,

also play a cruci al role in forming the s
cilia an@ifswagaldha Xt asl wel 203 the mitot
cell dMei sior)h, TR@eyY6provide the oeg®masamy
for the proper functioning of these cell ul

The polymerisation and depolymerisation o
t hesitrab iOnictey . started, microtubules undergo
the additiudbrul GAPdi mer s. Specifically, pl u
faster gr owt h rates compared tolPdlhlearrd rae
Gol dman), 2018

1.1183termedi at €l Fe)ament s

I ntermedi at e filamentspraatest h@c thur edsi amaed &

mopol ymers or heteropol ymer s, which ar.

0
pproxi matel(varwwOBamdeaeaegersaveAMaaamae vEL) € Fared 20
omposed of subunits that form tetramers
e

tramers ar e assembl ed from two di meric

i nteract alongside each (@ehemawht Andppedit

Froanltlhe <cytoskel estoofn pnoaliynmsetrygpemonstrate t
flexibility, with a persistence.Thewgtkhbp)p
exceptional tensile strengt h, all owing th
natur al f(R ®elxlidrid i agd G.olltd mash, b @l&ifh8ey e@r i nci

functi &mss otfo provide structuoat hsuppbetnah:

and cell, wsurafbade sing connections (Yoamednd
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Rigor ,,P2Qabaro e} Adbiti emdl7l vy, they are
shaping the cell and modul ating signal tr;
revi ew@erbwyann andCAebig, adl&r. ksson, 2017

The Fare cl| assi ffiaendi biamsteod soinx t heir pri mary

organi sation, assembly properties,-spadi fdiec
expressi ofStpraetitkeorvnsg.t al ., 2003

The types |, acidic keratins, and |1, bas
filaments i n éhietyhefloiramd hceetlelrsoopol ymer s ess
stability and resilience against physical

ti ssues sucancsotther (Edmintgh eelnida Go)l d ma n , 200

The type 111 encompasses desnmi®@FApplriiglhefrii
Vi mentin, afvdh ns Bodaiglriarv eiMaame VEL)i e®de e GB2 0
predominantly found in muscle cell s. It 0 s
myofibrils, aiding in muscle contraction a
to myopathies andPauwlridn an)dGHSAERa sZ®k0adr act er i
astrocytes i n t he centr al nervous syste
mai nt ai ni negprtahen tbhlacad er . I't also plays a
nervous syst@mangnjamdesGo) dPean,ph2004a i's s
expressed in the ©periphertayl pgneaivioius eeasxymrtae
i nfl uenced bmo ckipfiigeateit dprtsa,y s | nmpolregsanitn ne
outgrowth and stability, axonal transport,
interacts with various proteins involved i

DNA/ RNA processing, protein fol (Rommpm,noard m

2022%i mentin is found i n mesenchiymiaégacel y,s
participating i n cel |l mi grati on, prolif el
expressed in fibroblasts, enCovmgl iaald Goll |
200.4

Thet ype 'V includes nestin, neurofi(lament

Bodegraven aMiadn nEetvii ¢ .eNg s t2iI0M 0 i s transient |
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neuronal precursor cells during devel opmen

di fferernfGhiaantg oand Go ). Nmeaurr ,o f R DaérAeernmptesr aftoirv e

mai ntaining axonal cali bre and proper ner.
l ight, medium, and heavy chains, esg¥wman al
et al ),Sy2n0elnPi n is predominantly found 1in
muscle tissues, as wel |l as in neurons an
mai ntaining cellular integrity by integrat
whi ch supposrttasbicleilttwlanmd r esi | i en (Ce paeg aai nnaskt
et al )., I12Zn0ONMuscle cells, synemin is essent
cytoskeleton to the extraceidliwslcar amat miy,t e
junct (Camset anaki et naler,ne200@7 pl ays a cri
devel opment and maintenance of the nervous
in neurons of the central and peripheral
formation and stabili satinon foafc itlhiet anteiurr go npar
function and resilience against starseseanb | 1
with neurofil amen(tl otw,i pnheedti up oatnpd mbsd o¥Fgn c t
which are essential for maintaining neuron
assembly helps in the stabilisation of ax
transmissi on (@Gmidn op |l aarsd i,¥iueany, el 9 W8 . , 2006

The type V are | amins. Lamins are found i
support t o t he nucl ear envel ope and ar e
transcription, sandomuclTéday are@amdi vi ded int
di stinct rol es i n nucl ear mMPebhat cet amd .
Gruenbaum ef. adami ns00sshare structur al sin
i ntermedi ate filaments but form thinner fi
and contain a nucl daaed oxmd r&G@atmadn®.,s i2g0mR2a2l

Type VI ohaMWiFmsifilreemsli n. These are specific
contribute to the transparency and refrac
uni que <cytoskel et al net wor k esse(Cthiaanlg famrc
Gol dman), 2004
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1. 1A4ti n filaments

Actin fareamenobosein filcyoymposedpbymawo stran

of actin that interact with other protein
from their rol e i n cytokinesi s, cel | mo t
contractility to provide ImeAchtainn cfaiploasnemts:
flexibility and considerable strength, re

(Al bert 9., Ac2022 ami no acid sequences across

typically exhibit approximately 90% si mil a
acid composition can yield notable functio
possess t hrogandg caN,gieascslhfwi th slight wvari at
uni que rol es . WABpeaifisceaelxlcy usive tpdamdscl e
actins coexist-musche@tbelrallkl, RO 2

Actin filaments are | ineaacpiohymand ohefi
dependent upon t henoo o megel mothrual taicd n( r)fwi t hi n
(Wuan and RiAotri,n 2f0ill0am@ant opoliymear irapivdt po

resulting in the formation of-grpoowiang fh a rabne
and sigogwevi ng poienntdesd (However, cells have
tightly regulate actin filament dynamics |
monomerwi thin cells are sequesttehyrdoNsdarndbou
profiProhil inhadradeisti monomé@mwdnos the bar
i ncreasindgehpgwiatihhet t i mate resutthhe opoaledafc]
avail abl e $adri(Bkoluypmer iefScalaks 2e0tl 8al . , 2019
Nucl eation, the critical initial step in f

trimer or tetramer mi miRekgeud aboympayce xraesftea alea
as onuclceoanttorroslé,t he nucl eati on Tovid ygpeefaicn i ni |
fil amemd sf ormed byrmawmcheat drid arfeonrt mendeh bwo r
Arp2/ 3 Qamgpilmrear f il amentbybunodkiBesnschedméd |
net works are abundacamte dtamehe i lpoaldiummg of mi ¢

al so found at sites of endocytosis and org
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Il n contrast, el ongating | inear actin fil art

protruding from(Lapep dleaidn enng). eetdgael ., 2022

The Ar(pa2c-t3ehated poompéeers) compasddatefd Ppcto
Arp2 and Arp3 and five scaf f(dauti mgas udjiunalt
iI's activatedpbygmouchegatf af@dohsess KWNPE&) )iakle. ,t his

WASP and WAVE protein families. These NPF
activated by GTPRaesel asted &8 Batul i namdt o X
Cdc 4Ce | | di vision contruagl expoeetnd rdn®i mad oW
domai ns, which bind actin monBimelrisn ca nagt t ale
Lappal ainen).efThals. j n2@22action causes a con
all owing it to attach to an existing filar
branching is cruci al for the polarised gr
mi grati on an(¢L aepnpdad cayi thoesni).se t al ., 2022

Formins are homodi meric proteins that <cont
to filament barbed ends with their formirt
continuous actin monomer incorporation. Th
profadtianm¢cel erating f(Kdwarre nan d rRdiiolimer d, e2 0 @
2004 Formins can be activated by Rh&,-5GTP

bi sphosphate, and work with other protei
pol ysdri@ar el i k e, tRaanla.l ,i nyGInl eNa taaln.a,b e2 0elt0 a l
Lappal ainen).et al., 2022

Cell s exhibit three modes of protrusion,

mov e meOnte. mechani sm of plasma membrane pro
f or makky ocnont i nuous Arp2/ 3 complex branalgi nq
membrane tension to move théeahgl damael me plod:
flat structure that piot vadeégwm whnuve elaind | s U |
the third di mension depending on signallir
3D structuresffhésp bavéeedi mul ar actin tu
| amel | (Spmadila et ,Qdkes 280t02Rbtft n@018tRatlit ner2
and Scha,ks,hakGl1*t) al ., 2019
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t h
Th

co

ep
et

searercchani sm of plasma membrane protrusi
near bundles of actin filaments, known a
e membrane through filament polymerisat.
e spaces |loptowean fiundl es ar e t ynpei dciaatleyd
ntractile activity. Various types of th
namically protrusive and retractile fil
itheli alerceddis| iaandi rstc (Sahrlaenaerni h aeitSt a&dfefl el ns
al ., Wu2606alNi,c PaDd20oant r a and, JHhicggause,mez 0 Ce&

20

I1Bor nschl pRils, c h2e0rl1 3e,tScahla.k,s 201 %Al . , 2019

an

third mechanism is one that does (Phaoltu crhe (
d RazCchandd&8s and ).Paleu pH,asama0 e mbr ane of

i s

co
ac
20

attached to a thin actin cortex with co

eating hydr o€ thatrira s p red)s saBrl.,.ee b 2f0®@bmat i on

ripexasma membrane detachment or actin co
tivity, facilitatPian g cadamaealoCRdEzMmoaziOlla3dtd P
08chaks et). al ., 2019

Th

p o
20

e small GTPases Racl and RhoA are <cruci
l arity and directed movement (I sehppuagrh eth
I1dartin et, Malchac2@1l1@t]l sadgai 20mM0dP DanTuhsesirr,

Sp
mi

al

atiotempor al activities, studied wusing
croscopy, show differential pat@ eeppoat e
, ,Ma0rltSi n et Mathac2R16,l salg.a,i 2a0n0d9 P a rMhsoeAr

S i
R h

gnalling is enhanced at retraction sites
OA |l eading to (dabhasdealbl| et] sgolggtad m2aOn0dd Da n u ¢
ogai etParltz &t0,Blylr.ne 2e0t0,88d h g k 2 0élt§. al ., 2

ce
f a

my

wi de range of regulatory proteins enabl e
volved in cellular motility, cytokinesis
I Tul ar(Piohtl egrdi aywd (o lAdcnainn, 42 @laZmemad jsor p |

cilitatamge smovéments of vesicles and ca

osin motors during processes such as |l oc
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shafpreuan and RigMypskO1O0lai rkeeiyngacpgn ot ei n, i

actin filaments to generate the contracti
cellul ar (Paoahhxkes setsLalppal 20 n,krdgomd .an-® OR®
Lemonne) 2021

The actomyosin contractifuedmmehtabkrgyseem

various cellular processes, including musc
and tissue morphogenesi s. It relies on t
filaments and myogdgihmat movti ¢ d preo (aisntser s e e t n
201}.7

1. Myosin

Thmyosin superfamily is a | drh@ad amdtdiwnesr 3
40 known cl asses. 20fy otsh ens e, atstseerse t diragmdanrse
I ncl udaosn g smy , I, I T Vv, Vi, Walst elr X, eX,
201Foth et J)al whi @B 06&r e gendl=od |bayr 420l PO 2n® o s i
contain three -tdoemmaiimss ddhret &Nins a highly c

domai R1 0080k Da) where the actin binding an

domain is foll owedarbmdé ar ecgeinamr awi toH eoree t o
binds to either | ight chains (regulatory o
stabilise the Ftevremri n@adm.reghenCis ter med

cont 8&dhebicoatcedl regi ons ({Serl | cirmda $2900t03 ot
207

Myosins are a diverse family of mot or pr

proce3hbheagr.e involved in pl asma meemmbdroacnyet otsd
organi satcitfoiml sorhent s i n sneendsicantye ®aellolds t r an s |
i ntracel lul,aceltlr arhdn tligtaypatmot ochondri al 0

(Colucci)o, 2020

Cl ass | myosins are-amcmnecmaried memrarme ot e
with actin filaments to produce movement
me mbr ane tension regul ati on, e rcdeolcly t oen & .
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(Colucci,oMc I 2nd1lo& h, Huanhédhs have ei ghH) ,i swhioa
featurebandATNB motor dodbainm, nag Idiograte ncph amian
t ai l with a PH domai nBdllre meenth Hakenbdbdbards n
200.6

eletal mudd| evamyadasdiemti fied Eyénel)Dh®Swmdar
previoussiymmgpbed. Only many years | ater F

proposed sliding filament theory, i n whic
eacoht her | eading to (Fhwxslicé ) My&&ifmcltli omi | | b
in detail | ater .

My osi n [ proteins ar e predominantly f o
photoreceptors and inner seeaarcthani rf idelnesn.t s
protr Boavemset ,&Elc.h,ned@EIFI et Velrt,ebdZ@®@G@GG&s hav
for myosin I11: MYO3A and MYO@BB,|l |ess ent iadl.
Merritt et al ., 2012

Myosins V, including MYO5A, MYO5B, and MYO
are expressed i n a(Rmast galelz hunnrdp Chidalslgs ma €
i nteract with Rab GTPases, facilitating \
(Rol and et). alDefe2a0687in MYO5 |l ead to neur o
cholestasis, and cancer.

The MyoMY®6,Viuni que for moving toward the
functions as both a monomer and a di mer up
trafficking, Golgi mor@®eodll sget, Yaul de tc BB 9, mo

MYO6 mutations are |linked to car(Buemyepata
1998ahl ender et al ., 2005

Human myosin VII i sof or ms, MYO7A and MYO
mai nt enance of cel | structures. MYO7A mu

nonsyndr omi c MHeasiomg elt o)sssl MYO7B9 9fai nt ai ns
structure in (Epen het i,ali. cece¢?2 BB 6 2016
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MYO9A and MYO9B, class I X myosins, pl ay r
MYO9A deficiency |l eads to hyd@bouadmmaldusta
200.9 MYO9B is essential for macropagé emotei

al . ,)2010

The c¢class M¥Om§psiwmth a motor do+ain, nghi
domai ns, a nfd E RRM Mlyolmhadi n facilitates filop
mi gration by transporti (@ vintte gan dc sZheahegyo,t
et al .) 2004a

The cl ass M¥YWOW1mByYosisncritical for stereocili
the inner ear, necessa@By rfdorthBangngiOdad. b
Mutations in MYOl15A cause deEaforhesds eddndhlves

Cl ass XVI myosi ns, i ncluding MYO16A and M

brain and regulate actin dyn@anhersoma nat).call .l

Class XI X mgopechnal ly MY O19, i nteract wi t
mitochondri al dynamics, facilitating mito
(Quintero egRoadah. get2Y@a0d9, 2014

1. 2C1alsiy osin

The class Il myosins are hexamerkDa)onandtHt
pairs of |light chains (essd®0 aklMajntde rr se geutl
20)The classaté cypemrldes mol ecules that for

pl aying crucial roles in muscle c¢dmtrhaotaina

the myosin |1l can be divided into two mali

cardiac mustl eamgogadmconnoenri ¢ s moot hmumuwd el ¢

my oslifllher g et )al . |, 2001

These myosins are encoded by 15 genes in
MYH15. They mediate skeletal muscl e cont
MYHT7hb, MY HS8 , MYH1 3, and MYH15) , cardiac ml

and smooth muscMéHXTDbNntrwititclni § essenti al
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activities I i ke bl o6d mpmes ur Baelr.@ g alt9a9il o n

Marigo et,Calntj 200Mas.t,er2s00e8. al ., 2017

Class |1 myosins exhibit structur al and f
di ver s@Rergglieeasni  and BotStirmalleid, muGe8 es, i n
cardiac muscl es, show alternating |ight a
arrangement, with different myosin |1l isof

(Schiaffino andSRrRigafi fainmg). eB adl i ns2@hk e, s k
myosin 2X/ D i-swfiobaohdtypefaXtfibres,-twhidtl

oxidative glycolytic type 2AMAiftichr gd ycangt
fi bRessi et) alCar dkatO0 mu 9\ca nediceaxrpdrieascs ensy 0 S i n

Ncardiac myosin Il also known as sl ow skel
Smooth muscle myosins | ack the striated aj
t hei ralnoggpned contractile units. There are f

1T (SM1A, SM1B, SM2A, and SM2B) gelBedihedr
and Mee)., ReOQu7 ati on differs between muscl

contraction controlled by thin filament pr
smoot h muscl e contraction medi at ed by m"
(Colucci)oCl 292201 1 myosi ngnuakse mgobudel han
( MYH9, MYH1O0, and MYH14, respectively), e
they are involved in cytokinesi s, (Sdeanolnsmiec
al ., B€OmM9d et J)al The&860OMmMyosins function as
muscle myosin 2A), efficient f dhcae dh @lcd enyx
1), and s(NM&iINMMbdBReasprest , 81l oem2@G1and )Geev

NMI Il a is a motor protein that plays a cr
including cell di vision, adhesi on, mi gr at |
gener ates contractile forces wi t hin cel |l
contri bhwtitnlge mechani cal promemddelsh i aatgld e
cytoskel eton. It I's particularly important
hel ps to physically separate daughter cel |
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the formation of the | eading edge and rear

(Vi ceMamzanares et al ., 20009
NMIl a interacts with a variety of proteins
include interaction with actin filaments:

tension t hdreopuegnhd eMTtP mot or acti vity. Thi s i
fomati on of stress fibres and t h@/i mmamnmhneé e

Manzanar es gt ianlt.er az@0Dn with focal adhe:s

extracellul ar matri x via focal adhesi ons,

mechani cal properti e@Ved fCetnhhaiurc he)revi rad e ma Rt

with other NMI | i sakecembl eNMiIitad NMhIl boto
filament s, creating a gradient al ong t he
contractilipgpoyglsuiromggcatli on, (erdCewbokihes
2021

The mechani &m moft oNMlalcti vity involves the

provides the energyfoneet(Eogé&eeAT A sBimodtionrg :

binds to the ATPase domain of NMII, causin
NMI I frdJhuasarGesi 02 a et,Bai t p 208H7)SATLR aky 2r0@I0y
The hydrolysis of ATP into ADP and inorg
conformati onal change, prepari (BgiNMI lanfdorS

202®ower Stroke: The release of Pi trigger
neck domai n, generating a power stroke tt
accompanied by a rotation of the neck don

mechani cd@Holfnoersc)eADPO Rel eas e: The final ste

of ADP from the actin bound NMI | all owi n
gener ati ofJutaonCersegd @ 2Dtl1Bali t p and )Sousa, 202
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&________<: @ @ ATP hydrolysis

ADP

dependent £ {3————4{:;\+®

actin sliding

cycle %oge"" 2990000008

@ F-actin binding

POV oo

e ey, WORE

Fi gurZzSchematic mod-depdmdenNM actin AJFIPi dbiinmgdi ¢
di ssocildtreesn MMt i n ( & &Nly s irre | reddtsor)r .dhFeVaRle @ 2rie
attachaecst. (tB)he release of the phosphate (Pi) t
that promotes movement and power spdawet c)o.keT haec t
colourgd on corresponds to the portimotorf heédad
strongly bound to actin,47bhbi excbangéel el ADPYDb
the c@rceé et ed with Biorender. com)

The globular head domains of NMI | contain
foll owed by neck regions that interact wit
arms to amplify the head domai ns' rotatior

eneyr gint o mechani(kiad &.8)®ve ment
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Globular head domain
ELC
/ RLG Heavy chain
RLC phosphorylation
ﬁ

L I

T : LJ
' Coiled-coil rod domain ~ Non-helical tail

I MHC
phosphorylation

Actin filament

Fi gur3®omai n str uc tNworneu socfl eNMdylo.sin |1 exhibits
domai n s tcrhuao taserdeeyr if me mati on of a di mer throug
t hédhel i calcoddi Ireodd domai ns. The globul ar +Hhead
binding regions 23dMTdP aessrez ymuattarc dvogmai ns . The he
interact with essenti al Il ight chains (ELCs) &
ar ms, which serve as | inkers between the heac
phosphoryl atioa, coiMpadadt adopfter mattidoai t hr ougha
NM || mol ecul as foframéntpo® by interacting with
domai ns, and these filaments bind to actin th
activity induces a conformational change that
an apnatriafld *hi on, ultimately |l eading to the ass
fi breat connect actinCfeatbemndnwwst hoBebobhender . cc

Beyond the neck domai nUtheNMiclal f eceoti ureeds ca i ll
el ongat-sdapeod domai n responsi bl e for di me
chai ns, concluding wit-hehitcall attHeodermes )s hdQ G
NMIlT activity a&antdamesembhyei negul ated by t

regul atory | ight chain (RLC) on serine 19
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activates NMII's ATPase activity and prom
ability to gemarateaifnoceéVMasmder § eat¥iialen,t e2
Manzanar es ,eJtuaabeas, c?2®& 08t). al . , 2017

1. 2A2t omycomsiitm amdd Hien®egul dtyMlo@P/ ML CK

Cytoskeletal rearrangements adimgoan ni ti exgr a
contraction, i nextricably Ilinked to the g
changes in this tension profoundly i mpact
barriearti ewmldortlhyeliimI(Mastldrss (ECsgl ., 2017

The regul ati on of actomyosin c o n tdred d tcialt ie
equilibrium between myosin phosphoryl ati on
dephosphorylation by myosin )IHRA({(gghdd)edMyaisn np
l Tt ght c¢chain (MLC) phosphorylation is esse
cellul ar morphogenesi s, ncootnitlriatcyt,i oann da nsdmoi
foML@ehosphorML@tploasphoryl ati on ML Mche tcehr m
promotes act eomyiodsgien fcorronsast i on by phosphoryl
chains (RLCs) of myosi n, enhancing myesin'
myosi n-bcrdge f Crorhaet iaommd Wel €onhv2dosehyal M€
the dephosphorylation of t he RLCs, l eadi i
contractile activity i(Magther acejo malihse] m2ad @

bet ween MLCK and MLCP activity is critical

i ncluding contraction in smoomins cruescd el Icse
cyt oki(Hhaerstisshor ,lCeo,l €1 B&AW Wel sh, 2011

Rho cycles bet wdbeomunidn antdi vwe ud e A THPnes et a
201BWeasman and Rdadllleyand2Qlda8inct i &Milg t hr ot
effectors, +ikmnmaolasei, ngvhRlcdr di rect(lyhiphaliphet
1994 eung et ,aMat,suli99é&t , Amano 1886 pl . Thils9

phosphorylation is also regulated by myosi
and &sSRulb u (Fiitgsl.6)dAl es s i et Shilrazil9®tBhalmi,zul &
al . ) 1Rhbnase phosphorylates MYPT1,(Kiimuin d i
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et al .) anld98nhancing actomyosin contracit

phosphorylation and @Emasphat a)aé¢ Di, sROARDI oas

regul ation can | ead to conditions such as
smooth muscle contraction is implicated. F
MLC phosphorylation, mai nt ai ning enlimed hel
activation i s transient . Additional- p a

dephosphoryl ati on of my osi n phosphatase,
phosphorylation, highlighting itmeolfKwmthtkikma't
Kawano et)al ., 2012

Several signalling molecules and pat hways
MLCP andCMLEKuUmM shagsnaahi ngnessteamgereni ti at.
actomyosin contraction through MLCK acti va
bind t o cal modul i n, whi ch i n turn act.i
phosphoryl at i-myosamd e maaicrti inmmo s c lIneo-masadd el | s
(Hartshor,nSeomlly89%  nd SdMmkzyoo 20,0Coll.e, ahd0 8WVe
2031
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RELAXATION

|

‘ Myosin Il
o 8

MLCK “"{_ MLCP

AN

ROK

Actin Binding Central T697 Tas5

Myosin Binding Catalytic Site + Dumaln Insen
Domain ATP Bmdmg Site ?? @

C

[ ] 1 I—J
Calmodul|n+ Ca** Binding PhMuyNEKVKF é::::‘l; MYPT1 g;lx:lsr:z
Site
Calmodulin ’ \

Myosm I pLCy -S19
cAMP cGMP

o A

Actin

I PDE3 PDES

Actomyosin p-S19

ATP ATP + P

!

CONTRACTION

Fi gurdeMechani sm of regul at i onReovfe rnpyhabskipnh olriyd hatt
dephosphoryl ation of theg) roefgunyaasoirny Il1i.g hMy ocshian
( ML CK) is activat edCéigyal tmoa ulFijLd NI dcCa eadi ng ¢
phosphoryladti onelifiéh €t permits actin interact.i
ATPase activity and in -bhedgpe esgoakiengf #HTPL, ca
dephosphoryl ated by myosin |ight c¢chain phosph
MLCK and MLCP acti vi tli eosfopdhedseprhnoirnyel sa tti hoen laenvde f
in the st(€adwptedawweth Biorender. com)

I ntegrins, which are transmembrane recept
extracellul(laee matcihk @have been I mplicat ec
regul ati oo-mediategrisngnal |l ing can activate

contraCthirgmn-dMesikha c ka and Bur rTihkeg ee n glayy*xabne

ntegrins with the extracellular matrix tr

c

|l ti mately regul ate MLCK act i(Vi ¢ e¢Mdamzda macrt eo

et al .),Al2t0h0cQugh an i ncr eas?8i si nn eicnetsrsaacreyl | fu
activation, MLC20 can be-lphaspghainlaseed ]| by
i ncreasé*(Win | Cams eld). Lakewi @R 7 can i nhi bi
phosphoryl atinfdd®MYPARdoaghThhe activation c
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of PP1c, slu7c ha naddKPGsPEl et ,8un, eP0h®eng 260t 9a
200Rurt her mor e, Si gnaa#iKCg cmant hpwaoyssp hou oyH a-

affects the ability of PW:00Kditaot epdh opshpohsoprhyol r:
MLCK can also modul ate its activi t(Wi caenndt ei
Manzanares et al ., 2009

Research has also revealed the involvemer
actomyosin contractility and the MLCP/ MLCK

prot@i OWMZBP a component of the sarcomere
shown to moduhapbeomphoryl ation throCghsbhns
et al )., ARddi2ti onal ly, phosphorylation of
subunit 1 (MYPT1) at sPfaodféfbrcecdn eisnf Iswerhe
activity andcoadtranmntioguiieyKhr omov et). dahe, :
i nhibition of MYPT1 activity by ROCK1/ 2 an

sites, |l eads to the act?irwdteiacsre oafn dMLsQK,s eqy:

muscl e cell costmoadthi anused encre | | mi g-Ldati o
and -PHdan direct!| fHuidrsloinb iett , 34YPgii 2e0t1 Ydul .et 2
al ., )20 verodley ,n PRK)aansder oA e(i n PRPK)garsemadd ¢
the phosphoryl ati®n ah®dMBRFilchata Steirvates M
plays a role in regul atmwgc lIsemomwd Ih(Wafuwgrcditeidc
Sun, )@gd lgai.b)e.
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MLCP

ROCK

/\

T696 T853

.I 1030aa

- AR

My KVKF  Ankyrin MYPTT  seos $852

PhoNE Repeats r )< I

cAMP cGMP

/

PDE3 PDES

Figull2Phosphoryl ation sPhesphofr y M¥tPiTdn of MY
predominantl y®’dodudT¥® rvahi cThhrpl ays a crucial r ol
contract i emy oacnyd en omgkvheansennits e ftKharlo.mo v2 Oeltd aPKA =
and PKG promote the phos@h% raynl83?tSiedchn cohf aMYR viate
and thus plays a role in r enguuslcaltd mogeltilmmg ha nml
Sun, )eciBated with .Biorender. com)

45



1.2Myosin Light Chain Phosphatase (MLCP)

Myosin phosphdtiasdal(aMP)d warsom (Alhe £kienelgi alz.c
(Shi mi zu et)aald. | ate94 fro@hpragzibl aiyldaeallh.e,s e
i ndependent studies confirmed that MP/ MLCP

a protein ¢dhocsapthaaltyatsiec subunit (PP1lc) of ;
binding sub1388t kbé&d HRadOer defined as my o0 S

subuin(iMYPT1); and a small sub(m®itpyad)dKislso wett
al . ,)2MRD/ 21 is a protein of (Hakrntoswno rprhey se
200duappetao sibrevol ved in regul ati nbaknizawd ut
al ., RiOOLs3 et )al ., 2019

PP1cd
| - 1030
/ Qk}'rin repeats Leucine zipper
motif

3BKVKF®
(R/K-V/I-X-F/W motif)

Figuoe&ubunit structure of smoot hlinmuaudless MW |
c bindi ndVKipwhifcd(ski sii oirat he i nteraction of PP1
(myosin phodmphanti msad NI eme@hiD7 nroal isdandicsry)rd me at s
are also PPlc itmkemaltr@momets atle.s,, 2004

It was established that outll ofN/t@hx myele)ssag d |
mammal i an cells MYPT1 excl WNé Evceoldlytaai inrt ce r eatc t
201Ki ss et ).al ., 2019
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1.3. Myosin Phosphatase Targeting Subunit 1 (MYPTY)

1. 3MYPT family
MYPT1 is responsible for bringing PPlc in

chain. MYPT1 is a member of a | arger fami/|l
(Shimizu ef); aMYHEFIuUZIO8Ka ed; aMY.BSk3I1MM&Er and S
2001 protein phosphatase 1 myosin bindtng
N-i nhi bited,-asnmgeombiraned pr(taei at (F.1 MAPe 0f0d mi
members have been ascribed ®t®P1iRB12MYW Thy

PPP1I1R1I2WBYPPPPRP14R1BKMBSEBBP I=RAREC TI MAPLIRG6BSssSI e
et al ), 2011

A striking feature of all/l MY&@rrTmipm alt ea misy i is
(Hart shorne )etl ml MYPR2DOe&lach of the 7 or 8 r
with 20 conseglartds mersn @ y).eSte qaulecnocrep @0 4 son of

family members reveals high similarity in
the RVXF motif for PPécmifmwshii mRgbe ef dorl | tohnee d
ankyrin repeats that bind various proteins
i nteraction with myosi satdemonosft rRaR lecs nm eheer
(Terrak et) alCryst@GbD4structure studies sho
conserved central region vif(ar & shiedLRE(ExeFl Onaokt |
et al .,.,Ma2Doahdald and)awad s&n, K2DUKBF38 bindin

facilitates binding of the286pankgr@me hEBRE«
al ., ,2e0r0r0a k et). aMYRTR2O0®&Il4s 0 i nitemrand thay swiotf h Pi
specific ankyrin repeats, expl ai(Shd odlgtaar it 150 S
et al J)in2O60L0ing Tyr 305 @ned rTaykr 3edy arTehseir d2uOel:
two nuclear |l ocali sati omnt esrengi unedrBc)e(s2tiiedo ofa h a H
(8485 4) regi ons. These moti fs ar e respon:

di stributi dWu odt MY)P.T,T he00c5e nt r al region fo

repeats, containing conserved sequences,

through phosphorylation by various kinases:s
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T853 RPDCKs wenldler st ood, decreasing MLCP act
di ssoci ationad r raoens anryiolse nallo & R2gd.bB)gkeicrhu romn e |

al ., ,lloWikawa etVedlascol@9@uwurlanyi20t2Gradssi &€
et al )., Thz0lslequences arounMYHADBDO6r anembli8e 3t
seqguence in the viciwmittlps®bdtdocl9mbstomasl ame

i nhi bition ofwhlPePrlebyacghospglygrylT@8b8omestl tT
dockindisef region of MYPT1 into the RFMlec a
subst(Kat emov et) aMYPT200MYPT2, anteMBISRB &I

| eucine zi pper s eagtuieonnc easn df oprr odtiemenr ii nt er ac-

TI MAP hdawe ma nGdofcng i) or me mbaraghe€Ca mm get al
200Qeul emans eFuabnd Z@aeegy, 1999

Athd-t@r mi nalMYHParllf ba fflBdhs mMM2ZQU e tHiarlano 1e9t9 4a |
Johnson et)(dletweédfBA9amino acids 934 and 1
regul ating micr fakiud ewad yentaKmadcss , e t2 0,®I3GT P 2 (
bound ®haonAhra et ) alci di ¢ 9pdhobpboleitpipds.andl:C
arachido(®hc!| hAgi dt Gradssi € 996 al . , 2011
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Ankyrin repeats Phosphorylation Leucine
3 L .

inhibitory motif zipper motif
ThrEos
n 170 198 208
1 1007 4 e
MYPT1 | l ‘ ‘ ‘ ‘ 115 kDa
i =T iga 216 316 813 050 .
MYPT2 I:I o ! 110 kDa
Thrs&0
. P
i g0 10D 198 226 324 T 7o .
MBS85 [ﬂ: i I 85 kDa
CAAX
i 0 168 231 296 mtil

MYPT3 E@T:l - Sekoa

i 67  {6L 22823

TIMAP Em:lj ‘ |~ 84kDa

Fi gur7rfeDomain structure of mammal i RR1 MYWRPIiTn diamg |
indicated as bol d -tbe ramikn u § nfeddmad@mreidnhleyeN eat s i
rectangul ar boxes and a central sequence con
conserved in MYPT1, MYPT2 and MBS85. The | euc
MBS85 is | octagremdi rmaus tdree Ci nbdoixc a(tperde.n yA aGA A0 mo
terminus of MYPT3 and Tl MAP is s(hbwnets)abo] d2i

1. 3M¥PT1 structur e

MYPTclont ains sevematl i FssignuuBetThrea ldlr mi nal reg
common to all me mber s(Khorf o mchvwe ey BRanld.f & mx0 G%
described in theThe eowva otursals eicr-G@&)x hr bop g8 n

variability, this region undergoes alterna
the generation oThBEPrioattii fssheo @Qmaiesmipor t ant
t hehosphorylation of MBREI1 eme citdMaegdDom\@ DAKG
Wal sh,). T2hOelr8 ar e splice varianTheslphZkiengy at

i s subject t o devel opment al regul ati on,
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(rhythmically contracting) smooth muscl e
abundant in the tonic (continuously contr

arteries and is abse@itr ke mos,tP aayknlee re22 0,008 s u

Oslin et).8¢ver 2I02i2nt eractions involving tF
of MYPT1 have been identified. These int
bet ween the LZ -dropgdarfde notf kciGMaPs e (ScaGKE) eanec
1999 2) the binding of thel®DZrRredomaom mif ot
Cter mi nal 30 r egBadnuneesr tofetMYaPhTnd 2P 03 he i
bet ween aocoi ldodnai-inntier aRhoAg protein (ex
smooth muscl e) and t Barlksd mdafi.iafls ,0f20MBPT1

The MYREBI mMCnal regi on pliarytsi bai tcirnugc i MR  arcotl
phosphorylation. MYPT1 contains multiple ¢
and among them, p ho%fEmaor/ ywlf&{Tiharn hama Abdlrogu
numbering) |l eads to the inhibition of MP
MYPT1 regul ate the function of MP and its

modul ating actomyldss s eoharact?201i9y

N Terminal C Terminal
My Ankyrin Central
PhoNE KVKF Repeats Insert
I I I I
Cl LZ

FiguB88&8tructural domMY¥RI1lof s Md&vbBoitert | MR Elo@A @i (&0
aciregsi dues) the KVKF mot Afl ankg8oask printl ngpé
PP1Ehere ascahstpal insert andad hle¢e€cimse zi pper
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1. 3F83nctional studies of MYPT1

Previous studies have sMypvwnd & hmpdr ft dhremed olr
the regions of exesmeaudlilni amimige Kk oadabalirt ¥ i ic
region eafertmhemaN sequence o-bi MKIPAd mat itfhe(
resi daiBe84Had3 % shorne ,étt oalet, JaZhedrROMaAzygous ¢
were not det @&lcbt.ebd daaty s7 .05f (Okevrmolt ®p neeehtall h e

mechani sm(s) responsi blPe pflarimttahse | red rhail ri (tsy
identi fied. Evitdhenceviemdiactat £.s5 days of d
resorptdecndaewil | i ngs were found, thus the g
before 7.5 daysAlbtfhdegklbhpmenygosity was |
mal e and female mice (presented in equal f
MYPT1 expression | evels had no substanti al

bet ween heterozygouma@kamwi b det)yple. an2005

I n zebbDahieh ké@mickdown of both maternal an
ppplrulsZiang mor pholino anti seendse mbrgbantl! e
with hypercontractile ekesodedenayjocpept bpget hm
cell movement during gast reudtaenosbinofnhienpkr edi
mesod @&\ femser et,Da-Mu o209 )adonve2(glent i extaer
cellul ar process by which cells first mi g
embryo and subsequently intercalate betwe
overal l-vednotrrsaadl narrowing (codqphovstgenoe) | &md
(exsiean) of the ef(edyen)TTaZibiOLsmwed Hei ssenbe
LaFl amme ed. al ., 2018

I n a phosphoprot eomi csSesrt/ufpdyo stpth o ynlvatsit 0 it
regul ated by MYPT1l gene in the L6 skeletal
PPP1RIOZAe i ncreased overall phosphoryl at
knockdown also |l ed to changes in phosphor
295 phosphoproteins atsthemubasadt bosdehbdwim
t hat MYPT1 has several Ser/ Thr (Zehcpinogn se tt ha
20).4
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1. 3Régul ation of MLCP by phosphoryl ation
SomaspectMsLC®f regul ation by phosphoryl atic
sectli.o2oo0M¥PT1 interacts with PPlc and M20 t
and with phosphrayltastheod nmy da reln.h,ankt®9  hos

activity towards phosphorylated myosin. Th
can increase phosphatase activity to decre
throug'te€ansitisation. They can conversel.y

increase MLC phosphoryl ati ofh*sandi migarnil iyor
and Somlyo, 2003

MYPT1, a target of multiple protein kinas:e
sites, Wl RFS aftdbeli ng the most ext elRisd wreel \
1.55(MacDonal d and) Waherh, prRdtl8i n ki-nasesadtiik
protein Kki,nabsuet (nZohtP EMLKGKa whin rleysthosphoryl at e
aT69Y%uen et dal ., 2014

Botimhi bitory phosPhbondimrt é oinmme dieat el y pr e
sequence by s®tadam®°fheasi dnadx hanhte cddePnde nt
protein kinase (PKA and PKG) (@rhassihe reytl aatli.

The term consensus sequence refers to th

surrounding the site(s) phosphoryl ated by

essential for its recognitionKandebhgpsahor
199Phosphoryl ation byo $KIiAt easn di sP KiGe laite vtehd t
prevent t he i nhi bition of MLCP induced k
di si nh(Woiotl idom dge )et al ., 2004

52



1. Protein kinase A (PKA)

1. 4PKA

Protein kinase A (PKA) ,-deapesmnde&mtowmnr catse icny cl
enzyme essential for regubwptponheonti ateil h @l
from a wide rande napfr @Gl tiegiann dcso utphlaetd (Le e o
et al )J)in2&RkWdnyotsesa type of serinel/threoni
AMP (cAMP), and involved in numerous cel lu
expression, and (Tceeylllorp reot] Ti ef tetQaeast 3 @bha e t). al

The PKA holaaenzyamamp essed of two regul atory

( C) Ssubunits. The regulatory subunits bin
activation of the <catalytic subunits. Th
di fferent i sofor ms,s wdicgdcfre xalrleosve ifoonr atnids sfuuer

(Skal hegg and, Task®m , e t2.0lHeee, a¥XrE9 7 our regul
genes i n PMRAABRINS RKARIWBNc ®de WahredNRRdof or ms
respectRRIKARZAAP RKAR2 B nc otdhien giRInld NRIslof or ms
respec RUPRKWRI1IBAI qui t ously expressed and in

processes. Rllarad iloinmkeadh to Carney compdex,
by mul tipl gBoneoipS tasa thask)i RN PRRARIIB epd o mi nant
found in the brain, particularly the hipp

neur al s(Bgpamntdbnng) RAMIPRKAIR288s 0 ubi qui tously
and invdlouwuaed im a wide(Scanhgeed)f BNIPRKIARE B

I sripmarily expressed in adipose tissue an:
met abol i sm and (Ceuwrdo pahnyds i Mcl Kongifgeh tc,a t1a9 8ySt i c
genes IiPRKAICKHanc ®desUWithef( @uimhrie e), PRKACBI1
t hancedes Nt bef @hmer et )alamMRKIAESBG o dtihneg C

i sof or m, which is priignfaeeby ¢e¢budthanngl @Bhe a
200, 8mber g et)Allt.e,r n280tli7ve spl i cing of these

i soforms of both the regulatory and cataly
of PKA.
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1. 4R2gul ation and function of PKA
1. 4. Ruriction of PKA

The primary function of PKA is to mediate
c AMP. Il n response to extracellular signal s
adenyl ate cyclase is activated, |l eading t

| evelnsd t o the regul areswyldsumbmgni nsthfei PKA,
catalytic subunits andPKsAibsee)diegt oacei,vati
Tasken and Alandaicle, a2z d 4 at ed, PKA phospho

target proteins, including enzymes, ion ch
regulating their activity and function. P K
di verse cellul aas pmecabseslkissmsugéne expres.

proliferation, an@rrecricnell edilkgnma@Bitdg and
201)4

Al i sof oRsmusb uonfi ttsheof PKA share the same s
Di meri sation/ Docking (D/ D) domai n, a s mal
nucl evbiindeng (CNB) domai PAf mormefedmiamd@NB as
B( mor-eeCmindlh)e ratio of Type | and Type 11
ti ssues. Proliferating or di fferentiating
hol oenzymes, while terminally differentiat
hol oenghreechsung et )al ., 1995

The D/ D domain serves two critical rol es:

regul atory subunits and docks t he PKA h
compartments by bindillhgeltiock Emasmpanphohi o
(AKAB®) d et ,&lar ma2@®6.alThe 2s0pleOci fi city of
i's determined by amino adiddap)@édotlihdi nett hael .D/

enabling the compartmentalisation of PKA C
ThdalandqNi sof or ms of Type I and Typsepédédi fR
heterodi mer s, with no significant evidenc
and Type 11 R subunits. Ho |l o e nldaynnidRs studmuad i tt
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of t he san@griesiod ocatmCalr ] soh9 &5T aaslk.e,n 2e0t0, 3a |

adding a | ayer of regulation in PKA signal

ti ssues.
A)

Do;klngtswln cAMP-binding Domains

LY | " N» i ) are

Ric
IS

o "2

' a " M “m
RIB (I —p

Dimerization/
Docking Domain

B) *9.9
N7

9 ~
\$=

CNE (B)

Figur9eschematic representation dfADoPiaA nr eogrug aantio:
of PKA regul atlamg NRltlew mi hel Rdi meri sation and
foll owed by a I|inker region housing phosphory
box Il (uwequare)nhi bitor site (1 S)tdmrmidnalecdyanlgi &)
binding doWwaiansd-BEGEB bbon il lustration of Whe
di mer including AKAP binding site D/ D domain,
residues (red circles) in the Ilinker region fc
designat eAd aansd-BONBBlodi f (Tadg | oromt). al ., 2012
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The CNB Hameidsfferent affinistiitees efxohri bciAtMP
on and off rates. The CNB domains form a
cooperative activation of PKA Dbsyi tceAMPNn d uBkci:
conformational duhange tchAaMP me ntdengPhospher
of downstream PKA targets occurs only afte
di ssociation of C s ufiuniidatys fTrhem dR ssumweni tc:
of t-hhremdABtes in Type | and Type I R subut
the differences in cooperativity and sensi
hol oengGinbebss et ,Tadyl,orl 99Qi2Anbnd &0 9.8 , 2007

cAMP binding site cAMP binding site

.~”~‘.!

B @

. PKA "M,""" 'r

») R Catalytic gm R

subunit

<J R
=] T @

Regulatory Subunit

cAMP binding cAMP binding

@@ ;AMF.'Targe‘ A ) site A 2 ) site B
rotein

Fi gulrleOc AMmRRedi ated acti v®&KiAorhodtfoePK¥Ame is com
regulatory (R) and two catalytic subunits (C).

sites (A and B). When four cAMP molecules bind
subunits and result in PKA activation. (Creat ¢
Arecemretvi eBolbyg (HR&OsSL93ummari sed experi ment

mechani sm of PKA aicndwadd odioshd oK datMiPéaksA

wel | otalskrnes of t & wesitudgegriedsedt -CRt6SA b umiot sn ot fu
di ssofcniamdeP KExperi ments have shown that cA
RI' and RIIl accordiaolgr omacae apbexic hala.g,é i 1n9i°
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t o caseepihm(Reseanann et)aald. ,c AMP7 (RAiglalr® set, al
Corbin et), atexelluds’/i80o n ¢ h (Eornha tcohngrmaanp hef u md n ,
et al .), d®d 2sucrose gradi eHof mdrim aethtadi f

Furt her i n bvyi tsmaldlagaayx scafVt @il nget ), ala.n,d
Al phaScreen @xpeér ieme paile , | i2W0ed 6¢c e | | FRBEO® e x
photon fluorescence | ifetFiLmdW)ilnmaogientg, ami\,r «
cr olsisn KWanlgkGerray et J)alprroO0mi7rty (Simgdthi @) &as$ s ¢

and bioluminescence resonance enBobhly etam
200bsensee ejswmgpaort2o0dBass®&EKAateR Gipom &KK
bi nding. I nt hswEp csrsto cndd ad\VAMP-i mmunopreci pit
with eith®i(BRAKARP 78t ,Arhi.t,h 28tl Barl . AK-RRBLE t h

et al .),compl&xes I S noh@aedercerdgibcy recept

i sopr otRhysqiodl ogi cal agoni sts cause the di
hol oenzymes in <cell s. However, there i s |
phosphoryl ataican vbayt ecdAMPht act type I I PKA hc
(l sensee ejtGodld.,,). 22001198

PKA role in cell wleaiotseslklmdwnh i Smn ¢ tsi mns . P
glucose and | ipid metabolism in various t

muscllendon et). allt, md@dad ates the activity

met abolic pathways, influencing processes
| i pol ysiiss. e sPsKeAntta all e g inig@amaéex mr eodisti opmhosphory
transcription factors, s-bchdasgcpMBtree sipdIC
to the activation of edVengs it o | oT, h r2odulgpre t

mechani sm, PKA infl uences cellul ar pr oce
devel opment, and synaptic plasticity. PKA
mechani sms. I n addition to CcAMP synthesi s
phpbeodi esterases ( PDEs) , whi ch hydrol yse
(Francis e¢gKrals.hnaZ2ulrlt hy et al ., 2014
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1. 4. QoMpartmentalisationKioha®P&AAsSBSChornil hg
( AKAPs

Early st(dadayes o&ty BHhyeslB¥79ahd, | a@atkxtlmyn an

Bruntonprd988ed initial i ndirect evidence
cAMP signals in whole tissues and cell pre
| ater, direct evidence emer ged, substant

subcell ul ar ceA/MPtssi.gnPailolniefg@aricnongl workdb)ozz
andNi kKol aev ejreailnf,orz®@6 t he modededofc AMBT

signalling, establishing i (D3 dBreinteideedlt or celte

Zaccolo and Pozzan, 2002

The advent of molecular tools inaptibhe wift d
i ntactcdlilvda nngar ked a significant dRerarnereanee
al ., @008l | chen ,taabherP0Dhwer eali nst2@ment

ar d. Thesa tFd wlos ewstcielnice Re s onan-chea skende r

reg
probes sensitive to cAMP and PKb/s,i grneav dBiyntg
| everaging the cAMP b{Zrmndicmd od @®@maZiantsc pil i2 ORH
Pozzan)omOdORange protein BPAPwatsedemy ed AMP
Ni kol aev 8t tahese 29dmsors achieved high sp

cruci al for detecting physi olBoegiincgal g ecnheatni
encoded, these probes could be targeted to
reali me detection of c AMP at di stresxdl uitn tc
capabilities of these probes demonosft raactteido
through the precise orgmanmesadtcaharof caompo
compl ex 0signal osomeso | ocat edStaatngdhefr il mec
Zaccol 9., 2012

Compartmentalisation of c AMP i S pri mar.i |
phosphodi esterases (PDEs), which are enzynm
l'imiting the spread of cAMP within the cel

di stinctrecgeilolnusl,arcreating microdomains wit
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Baillie et Bhis 12OODlI i sation is further ro

as-kAnase anchoring proteins (AKAPs), whi

mol ecules to specific |l ocations within the
and cAMP soursese AKAPscANMP signals can b
transdWocmegd and S)kott, 2004

Additionally, the distriCoutiwhi oh adetnhéeygl

ATP, contributes to the compartmentalisat:i
i n various cellular | ocations, such as the
i n mitochondri a, generatingpboscsal t®oedppacol
(Dessaue), ThGG®G9 spati al organi sation is ke

downstream eff eecPPAOCO &nd i kyc IPiKa,tneudc |ieoont icdhea n 1

Moreovetrypeelli fic expression of PDEs, ACs

the compartmentalisation of c¢cAMP. For ins:
regul ation of CAMP signalling is essenti e
contrastrengt h. Di sruptions I n cAMP comp

pat hol ogi cal conditions, highlighting the
(Lef ki mmi atis and Zaccol o, 2014

AKAPs are characterised by the presence of
as t-khenAse anchoring¢@gidgaomai(Shc o(tAKADnNd Sant ar

Thi s domain facilitates the intersadbdtuinon sb

PKA, enabling the assembly of PKA hol oenz
(Feliciell oSetotdl .and2®@m@nhtana, 2010
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Subcellular Localis‘ay

Phosphodiesterase)

-

Phosphorylation
of substrate

Kinase

Dephosphorylation
of substrates

&
&

Fi gulrlelProperties AKAPAKARSgul ate the subcell ul
generating substrate specificity fqriAPKa&ans &l Ve
PKA anchori 680 dosataiionn signals to direct AKAP
|l ocati®nhmst;teraction with other signalling mol e
phosphatases, and kiGhrdseoysekdaptad .fr 118
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AKAPs I ntegrate signal transducti on proc
Depending on their subcellular | ocalizatio
AKAP can regul at e (Deunhat ieptl ex p@arnt havaympile i s WA

|l ocated at the actin cytoskeleton in neur
(Soderling etlal breae®07cabhces ceVbbyeWAVE

of cellul ar protrusions, f aci I(Hrtuagttinnige tc eel t
20)5 leukaemi &ds,-1 WAYEfound at mitochondr i
apopt(dang et Jal Apno2b&® notable examptle ,i s

which is best known for its role i nsedntta o
mi t ochdhrdazzaa et,Sa@alnhg, e20@6 AddRoOD6B6bhahay, bOe
suggested to function as an-i AHAPednVopotetd
| ocated on |(Hipdoduxdreoth|laditosye 2@l t hi s i nternp
contestedl masy Opaave been detected on | ipic
ont amiBneanetn guer and P€hhegrical, AKBAPS3 i nt e
meerdi -tNer mi nal D/ D dBmabosi s PKAough t he
conservedbiAnd#di mgs@AKB) domai ns. & easnei nAK Ba c

o

in Il ength and form amphipathic helices. Th
into a hydrophobic pocket(Nédwlr one de tb,yNaeltwH e nD9?
et al ), ThamWwlgh these interactions, AKAPs e
activity and os$ihgmapadismogaiyst,edcontri buting
contr ol of cellular processes. The ability
proteins santdo |wearailaus cel |l ul ar compartment
i n cesilghalylnanfpesa et unl ., 2015

AKAPs exhibit di stinct subcell ul ar | ocal i
signalling by directing PKA to specific s
all ows for precise and efficient phosphory
|l ocad i st o t he pl as ma me mbr ane and i s i
phosphodi esterases, and ot her si(Ogenlall'lAcnggu a
al ., ),2002 bPDEI4S, troegul ating cAMP |l evels an
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(Bauman et ). alT.hji s20dn& eraction provide-s$uaeme

cAMRedi ated signalling pathways.

AKAPs are involved in numerous physiolog
regul ator of synaptic plasticity and memor
N-met hDyals par tNaMDeAr e(c ept orAsGgs oantdhe postsynapt

facilitating t he phosphoryl ati on of syna
str effbDgetlh " Acqua )etAKAPRPs 4al998B have a rol e i
mi gration. AKAP12 (Gravin) acts as a si g
contributes to the regul ati o@ewnt eel Bl mot
Dysregul at incerd i aaft eAIKAR gnal ling has been i m
Al terations in AKAP signalling have been
neurodegenerative disorder s, cancer progr
di sr uptAiIKAmre dif at ed PKA signalling contri but
and arr hyt (Hudgreeneesti )s IAHLAROMEdI ates the act
and the small GTPase Ras, whi ch(Disi &nmii tet
2004 By organising PKA and Rreosd udiagreal Itihneg,!
response of cardiac myocytes. AKAP dysr e¢

neurodegenerative diseases such as Al zhei

dysfunctioneandkefcaeag@atgidbmcand Das B&oer jae e

comprehensive account on AKAPs ©pl eashey,ref
(Omar and Skott, 2020

While the majority-Rfs uMbKumHSt sr evcirauiat cFhkKaA a c
helix that engages with the D/D domain, s
of i nteracti on.caEmxampdels AKAMsoni(DcvViuaei pet
2000 REKlat urvedi )etnedr.qgclembanm et), at ubul2i0
(Kurosu &et), addRiiva0rodd et), adhdd nt2@mMimn et al .,

These proteins tRntwirtahcotutwiitnhv oRKWA ngoant bep
D/ D domai-R(DefmaPlEA »nl . , 2015

The critical role of AKAPs in cellular siog

therapeutic targetdse.peMacewnltatsiigghaAKARhg may
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for developing targeted therapies.-pfFotreiim

i nteractions t hrough smal | mol ecul es or
pat hol ogi cal signalling pathways.-mEdnwuated
signallingmgloay ed bteo restore nor mal cel |l ul

(Bucko and PBcott, 2021

1. 9he vascul ature

Theasvwul ature refers to the intricate net:
encompassing arteries, veins, and capill a

bl ood througholun tthe IHhwmdan vascul dyoaej c

interplay between platelets, endothelial <c
rol e i n mai nt ai ning vascul ar homeostasi s
proceBisegsR)dSena et J)al ., 2013

Platelet inhibition Platelets
Thrombosis
Endothelial
e Cells
Permeability

Inflammation/Oedema

Contractility /

'

Smooth
Muscle
Cells

Hypertension
Fi gurleSi gnalling interaction between smooth m
pl at eMedisf.i edof rom et) al ., 2012

63



e cardi pCByoculearfiig stthenuanlctor gan

rtebr

ate devel opment .

trients, and
d organi @dagr ewt hAs, t B61&@mbryo dev

SO becomes

i mmunol

~+

l'ts primary

system

funct

remove waste from tissues,

ogi cal

i ntegr al

t o Il ymph

el

ops

regul at

surveill ancmreammahdt hienfC¥d mma

mpriseshambeoemwed hear

terie

s and veins, do

ree mai n systems: ar

Shi

heart to ti

ssues,

mo)dan,d 2adnmba | i c al

- 2 o0 < |@
c (0]

—
o T o

Af
ti
re
Ve
p |
re
Th

sel s
ot he
per
ni ca
mo d e |
at re
ndi ti

i liosi

ter vessel

Sssue

crui-t

manage
l'ial cel
i cytes.
advent.
l ing of

main act

i nterst
' s for mi
Larger

tia, pr

the vas

t connected to

t he

rsal aorta, and

Sint

teri es, veins,r amd

veins retur n (Suroeosdh
dMu rdp hcyi )r c2atnCal® il @ m$p h

Ptioal fluid.

ng the inner |

oviding stabil

i n

it

cul ature invol ve

ive throughout 1|ife to

ons. Advances i

n understanding

ng variou@dwuer teebjadt e MBOAS| s

homeost

f or mati on

ladap

Vessel

|
1

i ng
vessels haca addi ai

y

vV a

(

c

t hes

and remodel |l ing

asi s becomes essenti al

ing mur al cell s

sselRowaslalnt a

, whi ch smooth

nd )HBuwa rndy, maleud att h eolni al

at-eéetved

c e pNoor mur al

cel |l pr e

ese precur sor s t hen
(ANGPT1), which binds

Cbh202B (cluste
formati ormceodf adhlesi ons
(Li ndahl etSaatlo. ,etl O®IU/r |

gr owt h Bf(akc@®@FHB) s u bwhniicth b

ar ¢

Th

mu s c |

i n

cel
ds

cursors, promoting

engage in reci

t

proca

to tnfle rBEk pt®ce@tl s
r of di fferentiation 202B))

and mur al cel
2995 | Muyr all9 9c6e |

64

as !

di

f



i's dependent on endotheli al contact, gapnvol
junction protein alpha 1 (GJA1l), also known
gamma 1 (GJC1l), known rash sd aymrroawign N BasE - &dn)d
signaHI r saghi etKraulg.e,r 2e0t0Galr.vial 271@0 ®E)t ¥essel
homeostasis disruption is sregquUANGRTLDODTEKRNSG

Mur al cells maintain vessel integrity, Wi
endot hel i al cell s t o regul at e bl ood fl ow
contribute to functional heterogenngei Vv ari ev
TGFB1l re@Wpamses )l ., 2013

Organ homeostasis i's critically dependent
hi erarchically branched vessel net wor ks: 1
vasculature. The blood vascul ature operate
of arternses, amd interconnecting capillari
transportation of gases, nutrients, met abo
paracrine signalling molecules to surroun

system ¢ teecdh arya i-¢ sdéd i amdd uni directional

l ymphatic vessel s, l ymph nodes, and assoc
vascular system’ i's integrally connected
return of exteaadasatcted mblecdl|l es back into
Furthermore, |l ymphatic vessels play cruci a

cl earance and i mmuAhspelednd tetRbdlenkeda@hel Ma
207

Focusing on bl oodooda svceuslsagtiusraet,e bf r om t he
embryonic | ayer. The devel opment of embryc
mi ddl e of the thiridn welerwa osh, geest alt i oinr cul a
around the eighth week. Bl ood vessels ori
| ay(ucker et). al ., 2024

Bl ood vessel formation occurs through two
angi ogemesgiud ogenesis refers to the process

embryo. This process is driven by interact
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growth factors, |l eading to cellular diffe
responfsiebrtoobl ast grFoGR2h di adteorenamangi obtl as

Thesamhngi obl ast s, u p ovna sicrutl earr a cetni doont hveil ti ha |
(VEGF further di fferentiate into endotheld]
aggregate to form the initial holl ow bl ooc
vasculogenesis include the dolrns aclo natorratsat ,a n

vascud aiturt he human body f o(Pwost etnli reo vagnhd avia
207

Angiogenesis is the process by which new
| ayer -eoXfi sptrieng vessels. Thi s ipnrtoecreascst,i opnrsi m
VEGF, is the predomi nsmnt ofnorrm @afdunddsvadangl
for expanding the wvascul ar net wor k beyond
vasculogenesis, supporting growth, and frees
(Potente and Makckhem,et0dl7. , 2024

1. 5Bllcod vessel structure

1.5.Ar.tleri es

Artepiagy a cruci al role in delivering o0XYy(
organs. Dueptessihre hcgmdi ti ons, they endur
tissue and possess relatively I ess smooth

artealkeews these vessels to expand and co

dynamic changes in blood flow. As arteries
small er vesssetdsbghiamaceéea@ased smooth muscl e
| eaglino a decrease in blood flow velocity.
bl ood volume resides within the arterial ¢
pressure and | ow vol ume. There are two p
muscul ars.arNMwgdwl ar arteries, such as the
arteries, contain a higher proportion of s
to elastic arteries. El astic arteries, I nc
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| ocated proxi mal to the heart and have a
structural feature enables elastic arterie
despite the heart' fluckretri reu wd .puBd@i2niig

1. 5.Ar.t2er i ol es

Arteriol es, primarily composed of amdoahe
significantly influenced by the autonomi c
respond to the metabolic demands of ti ssue
Due to their minimal elastic tissue, arter
resistance. They range from 8 to 60 micror
i nto met aGaesri ,d02Xxer et) al ., 2024
1.5. CaBillaries

Capillaries, the smallest and thinnest Dbl «
cel |l | ayer, facilitating the exchange of I
(Tucker et). al., 20214

1.5. Mertul es

Venul es are smal/l veins that coll ect bl oo
exchange of oxygen, nutrients, a-wal wadt an
susceptible to rupture under excessive vol
i ntorl aaregens, which, | ike art(@GaoesZuzdasi s
al . ,)2024

1. 5.\Meib5ns

However, veins have | ower pressure, thinne
veins to accommodate a | arge volume of b |
capacitance. Appsf oxir maseloyf tthhreeeci rcul ati

containetdthei venaoaus -swagteml vésein veins en:

bl ood flow toward the heart, ai ded-i bgdume dc

pressur e(Gabangeg?2
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1. 5SMmooth muscle cell s

I n arteries, smooth muscle cells are | ocat
and are responsible for regulating vascul :
signals from platelets and endothelial cel
modul ate blood flow and maintai n pbrleosoedn tp rhei
elasticcogtrthaeaye to vascular repair proce
in response to injury or growth factoss r
(Sena et nl ., 2013

1. 5P8&ricytes

Pericytes are | ocated aroundmotdefycapheéel!l an
di ameter, regul ate the amount of bl ood f I
functional Rgpecpeeamsaare cruci al componen
playing a significant role in vessel mat ur
along the endothelial cells of capillaries
flow, contri bubedation tbhaer ri er , and ai d T
mai ntenance of the extracellular matri x.

cel |I's t hrough direct cont act and paracr
devel opment and remodel |l ing. Their dy s f u
pathol ogi es, i ncluding di abetic r(At anopat
Martinez et al ., 2021

1. 5P4atel ets

Pl atelets are not part of the physical \
regeneration of Dbl ood v ePRslsaetlesl eatfst earr ev assncaul
cel |l fragments that become activated wupon

adherne t he vesselompiothendfs, EGaach as von Wil |

a pri mary haemostatic pl ug. Pl atel et s al
chemokines, which recruit other platelets
or i nfl ammaetavoenr., Mol at el et s i nteract wi t |
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adhesi on mol ecul es, contributing t o Vas
dysfun®emanet )al ., 2013

1. 5Endot hel i al cell s

Endot hel IEX)s, call$4e Known as the endotheliur
bl ood and | ym@lRaitSiydi Sv & s/Re)lag THe/rSe/ Zamermrar i «
about the origin of endot hel i al cell s, b
generate an endothel i al cel | progenitor (
haematopoietic cells and endothelérmim icel bs
of the three germinal |l ayer s, the others
forms in the third week of the embryonic

gastrul_ &t N¥Yh S)Yi(¢ d#®X dNhmMF VR )h3IF 6+ HAmy

Endot helial specification into arterial an
compl ete bl ood vessel structures and appesze
and subsequent transdird PSSV 0S all vy B 5 eodgiz@aiEmiin g
VR h3l ¢ CKMYIWMSE | VR. D2NR2Yy S HAMY

Depending on the type of vessel or organ
amount of heterogeneity shown through the
properties. This specialisation is import
functiors wammelgr di stributed(Paei oset)l ROnkeun

example of this is the variance among the
example, ECs establish the highly selectiyv
neurons from pathogens by having tighteer |
ECs. Compare this to the EC structure and
ki dney, which is |l ess selective (Paontde ne aes iaer
Maki nen, 2017

To reach this specialised morphology and

endot hel i al cel | promgeni aorenthati undeagloi
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we |l | di fferentiated state. Endot hel i al pr
marr ow, peripher al bl ood and umbi |l i cal
transdifferentiation from various sources

suitable fori fefnedrod mteil a tail o nd The four pha

include differentiation, proliferation, m
tub&shopra et ) alThe 201l8in of t he EPCs anc
di fferentiated heterogenous endothel i al ce
The ECs have sever al functions. The main
scul ar endot hel iaasle rteell d cst, i vaéroeb atnoa clkea mo |
transport across the vessel wal | . ECs res
rearrangeamesmt scan be selective effdetg. o
phosphoryl a&taiddhhrerof, VEi t hout actandcgtbobiel
or inhibition of contractile machinery, w
barrier disropt®ilee nEEty)aspo 2018
Nor mal adul t ECs remai n | argely quiescen
activated in response to injury or patholc
bl ood supply is required to facilitate del
progessall ed angiogenesi s, generates three
tip cells, which guide the growing vascul a
cells which proliferate and elongate the

i dent i fhieeidr bcyo btbil st ®ln@pe, which are prese

and function to regulate vascul ar homeost

(Wong et ABi.er RRaOnls/l e t al ., 2017

These modifications to the ECs occur whil e
to prevent | eakage from vessels. Thidehi gt
adhesions is mediated through the Jjunctic

mediea@t by vascul ar endatalddhlerathed adtiber eng V]
and ojtlhhmreacti onale.mr oPtEeCANSQ,Nn nNtelcat j uncti ons w

cytoskel eton. The Il mportance of t hese i n
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demonstrated by early-caxdxperi mewtas wieere ed
(Car mel i et eGorYyaur el 939,alr.esull9%99ng i n embr
due to defects i n(Swdsg aunedr amalt YGeomrmiomg 20 1 ¢

Cekclel | adhesions are the more critical p a
function of t he bIl-oaodhewasnculatkheg. cVBpoON
junctions can be regulated by a range of f
hemodynameesf all of which guide (Figabs® abi
(Schi mmel and )Gordon, 2018

A Vasculogenesis B Angiogenesis KP\A/‘/W ko
\ f [ =) -cadherin

e \ { | lised
= O | inemalised

w  Actin

¥ VEGF-A/histamine

Leukocyte

C Permeability D Leukocyte transmigration

=2
=

(S o5 if? : = |

Fi gulrleSAdhesi on withinCéehk adhésiwan |l pl ays a ¢
devel opment of t he vasculAdwasswus beg@B)e srgeag ualtaet
angi oge(n&hseisspponsi bl e for the va(slgut aangmirgreatb
| eukocytes across (Sltehivmaeedelanwa)Go.r dlerngam 2018
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1. 5Ea6dot hel i al cell s and di sease

The disease types impacting ECs are not |
associated with disease can cause a second
cancer to cardiovascular disease and Tdleesi
are several cardiovascul ar diseases that &
and hypercholesterolemia; ischemic disease
di ssection and pul monarrye pheyrpfeurstieonns i (oln/oR)I si

ti ssue damage that occurs after Dblood supp

i njury i s often accompanied by oxidative
oxygen species (ROS), whi ch damage endot
endotlhedcaddll] junctions | eading t o if¥iucarno vaansdc

Rigor). 2010

Solid tumours require a reliable and | arge
the tumour vasculature is characterised by
are tortuous and have a discontinuous EC
pecyte coverage, causing the vessels -to
angiogenic genes to a higher degree than n
and are resistant-indusedumap®@pawsasgbncol ys
produclttiaen.reported recently that tumour E!
with nor mal ECs from the same organ and di
the pentose phosphate pathway serine bi os
synt hbeesiinsg one of t he eenmaestoanbso | fi «r rtal e foifg
(Bi erhansl|l et al ., 2017
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1. &nowl edge gaps, hypothesis and ai

Regul ati on odriaweam myorstirnacti on i s critical
the cardiovascul ar system, i ncluding smoot
of endot hel i al cel | monol ayers and plate

princigpmalatmey mechani sm of these processes
dephosphorylation of MLC, catal (Maedomny | ML G
Wal sh,, A 20 B8t os et) @tther 2Ki2Zases al so phi
ROCK and PKC both play cruci al roles in t

( MLC) , i mpacting cellul ar functions |ike

phosphorylates MLC and i nhitby,t sl aeydisn g tpd

MLC phosphorylation and enhanced contract

Rho/ ROCK signalling pathway, i nfluencing
phosphorylates MLC in responsektdecadt aiym e
and cel | motility. Both this (KanakKkaewanda reet
al ., )20th2erefore, MLC constitutes a cruci a
activatory and inhibitofynstiomli towards

The relevance of antagonistic regulation c
widely recogwaigeapd oaorigMR s endot hel i al cel |
I ntegird ttyhe most potent endogenous mechan
funcandnis also an i mportant medi(Wdolrdoifdg
et al .,,Ab2004na et, Aasll.am 2e0tl 3aBla.t,or 20 1lelt ). al

Understandabl MYPThei nosmoofh muscle contr e
studied and i st &a@vBelr epdal pbeyrpsmad MR tssi gmai bi 0
mor phol ogi cal kyhaamgeéynamiowememodel |l ing of

by targeting t Mle CPRhp & t#(AQEOK /ma et ).alMaqgr e?2
specifically, PKA phosphoryl ates RhoA and
activatio@@i afo ROCHMA .se 2003 conducted on Pl
using the terms "MYPT1" and "endotheli al

focused on studies involving endotheli al C
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Thei®vidence for CAMP signalling compart:H

moesi n, the first functionally validated
l i pi dRraf g et). aBecal9d 5MYPT1 i s part of a
that includes PP1lc, ki nases, and ot h(§fr sen z

et al ),, a20plr%vious study investigated whett
(Khal il).,l nBORh8D t hesis from Dri RmurpopBseci pbt
affinity-dcoAMAP aphudlclabi sati owenppueadieads i rm
i nteraction of-RM¥RDLnahd aPKHdAmagt ehet s nt er
region to a central F7re0gpid ol shhfowMdPTha(ada hb
i nteracts direct-RysubEmiat 8 ¢). TWO®BR 8BKAer vat i
begeneralised to endothelial and pesdillgy t
hypot hesis that

MYPT1 and PKA subunits interact directly i
To address this hypothesis, this thesis co

1. To usien asmnhd ®PRLTR approach to determine t
ofPPP1RiIl2Acell s of the vasculature.

2. To verify the existence of protein com
vVivo and detelronc ali $dteii on cit@andsiitnu er act i

3.To determine the i nR eguwmkxuniotns san eMYRT 1P K
which residues are important for the in
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Chapteatzri als and Met h

2. Materi al s

2. 1LaAboratory materials and reagents

Common | aboratory reagents were obtained f
Bi oRad, FIl uka, l nvitrogen, Mel ford Labor at
Consumabl es dak2lsh8wercialised r eagenltasb laend

22t dab2%

Tab2.tConsumables used in this. study and th

Name Sour ce

6-we | | pl at es Nunc
T75 FIl asks Nunc
Serol ogi cal pi pettes: 5 ml|Sarstedt
Cell scraper 25 c¢cm Sarstedt
PCR reaction tubes: 0.2 ml|VWR
Filter €&m, 00 @5 Millipore
Fal con tubes: 15 ml, 50 ml|Starsted

Eppendorf tubes: 0.5 ml, Eppendor f
Pipette tips @10, 200, 100|Starl ab, St ar
Parafil m Pechiney
Cryotubes 2 ml Nunc
Bi-Rad, GE Hea
Life Sciences
Hyperfilm ECL 18x24 c¢cm GE_HeaIthcare
Sciences

Pipet t1e08:,-2100 , -220000 undl @O® |[Gi | son

Ol |—

PVDF transfer me mbr ane

Needl es BD Pl astipak
Syringes BD Pl astipak
Filter@Gn 0. 22 Sartorius

Tab22l nhi bitors wused in this study

Phenyl methyl sulfonyl fluoride Si gma
Protease | nhi bictOanrp | EeCtoecMkitnaii,df r ERoc h e
Protease I nhibitor Cocktail

PhosSTOP Roche
LatrunRBul in Cal bi o
Sodium orthowd@adate (Na Si gma
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Tab2&8Antii

biotics

Na me | Source
Ampicilin Si gma
Kanamycin Mel ford Lalt
Penicillin/ §Gibco
Tab2€Mol echil @aFfrogy enzymes used in
. Name __________Source_
Q5 High fidelity |New Engl angd
Pfu DNA polymer agNew Engl angd
OneTaq DNA polymgNew Engl ang
Ri bonucl ease A (HFMacheNagel
GoScEieverse trarnPromega
T4 DNA ligase Pr omega
Shri mp al kaline fgRoche

Tab?®Transfecti.on

reagent

ETamheéec|lnvitBEogaer m

Ol'i gof e
Reagent

Scientific

this st

Tab2eMol ecul ar Weight Markers
Name Si zes Sour c
EZRuf Fi sher
Prestainl170/130/95/ 72/ 55/ 43/ 34/ 26 )
) Sci ent
protein
Precisiodd
protein s50/150/100/75/50/37/25/ 2Bi-Rad
standar o
(Dual Co
1 kb I:u|10000/8000/6000/5000/4000New
1000/ 900/ 800/ 700/ 600/ |[Engl an
DNA Ladd .
b p Bi ol a
100 bp |1517/ 1200/ 1000/ 900/ 8E§W|ar
DNA Ladd400/ 300/ 200/ 100 bp Bigla
1500/ 1200/ 1000/ 900/ 8/ PCR
DNA Ladd400/ 350 / 300/ 250/ 200/|Bi osy g
DN A LaddlSOO/1000/900/800/700/600P.CR
bp Bi 0sys
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Tab?22Kit s

Name Sour ce

pGEM easy cloning KPromega
Hi gh Pure plasmid
mi ni prep)

Nucl eoSpin gel and |[Macherey Nagel
PierceE BCA proteinPierTcheer(moScienti fi

Roche

ECL Bi oRad
DynabBERdetein A |l nvitrogen (Ther mof
mi r VEmiaRN A |50|ati0|nvitrogen (Ther mof
phenol

Duol inkE sted star| ..ok

mouse/ rabbit (Merck

2. 1A2ti bodies and fluorescent dyes wused

Al'l antibodies and fluor escenceT ab28sT aubsl eed
29and@ab2%k0
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Tab2&Pr i

and

Ant i

b ¢

mar 'y
western

bl

HostConcent:t

B I
WB

ansedHofloesi
ot ti

ng.

oc ki
| F

mmu

nof

uorescence

Source

Rabb ) 5% |10 % _ Cell Sign
l gG1 mAap | 3134 digly” Igg |NIA 1:80 "Da1E) #3
Rabb ) 5% [10% 1: 1001, . Cell Sign
MYPTLI(lmap |83 T/ ™Mby ips |s5% Bs|t 89 (pec1) #s
Mo u s . 5% 10% . Santa Cru
MYPTL1 | O p 00 ig/1p” Ips |N/A 1:40 14261
Rabb R} 5 % 1:100 Mer k Mi Il
MYPT1 | ")y 00 jg/dy’ INCA T T INTA T
Rabb . 5 % R Mer k Mi | |
MYPT1 | ")y 00 g/ iy’ [N/ A[L1:500| N/ A | Bcl,oc
Mo u s . 5% |10% . BD Bi oSci
Il g G meAb 00 ug/rMiI DS N/ A 1.10557351
PKA calMous|,gg o [5% [10%1:100, 5, BD BioSci
subuni|mAb 9 Mi | |DS |2%BSA| " 610980
Mo u s . 5% [10% 1: 100(, . BD BioSci
PKA RINnap |2%0 1970y ps |2uBsAa|t °%610166
Mo us . 5% 10% . BD Bi oSci
Pa® 1 1hap |900 0o/ gy |ps [N/ A 110555568
Mo u s . 5% [10% 1: 100(, . BD BioSci
PKAURTL A S0/ mb il |ps |2wBsall ®0612243
Mo u s . 5% |10%|1: 100 . BD Bi oSci
PKANRIL A 50 W9/ twii|ps |2wBsa|t ®%6106256
Cal bi oche
0 .
GAPDH ngs .6 mg /‘;’MA’I N/Aé('y6(|\)/|i0 N/ A | (Ei nlCBrd)
0 500UG (6C
[ Mous 5 % 1: 300
NACt'nmAb .1 mg /Mil N/Ain S%N/A Abcam (Ab
Advanced
0 .
GAPDH MZESN/A ‘:’MA’I N/Ail'nlgg/ N/ A |I mmunoche
0 2-RGM?2 |
Angel i ka
0,
GST Rabb\, A 5% N/ Al1:500(N/A |[Noegel (U
pAb Mi |
Col ogne)
No#s MC |[WI 0 10 % _ Novus Bio
myosin/Lyg|t 0 M INI A5 T INTA 1:10 \BedoOS83
. HRB 6005
- - ) . ’
Sr(;ln'SuHrl\T/lth)ij" ong |/ nfm/"l N/Ail'nlgz)/ N/A |[Proteinte
1 ug ° ( 1 B5)G
Bl ocking s®dlIvetnitonVl® .1 % BBl Tocking sol ut-0.oh%sob
sol vent WB0O .=1 %;BSDiTl uent sol vent I F = 2 %0 Dbonrkk
serum;ondM/nA appl i tadYRT1l anti body wused in this

78



Tab2@Secondary antibodies used in this
. Diluti ol
Anti bod Hos't Concent 1 WB | E Source
. Goat -an 1: 200
HRJ%onjuga,vIouse N/ A 50 Mi N/ A DAK&P O447
. Go aatn+ | 1: 200
HRJ%onjugaRabbit N/ A 5% Mi N/ A DAKd@P 0448
l gG Light . .
Goat -an 1:100 Novus Bi o
SpecHRPc I pappit |N/A in 5% N A |NBPR5935
conjugate
l gG Light i . Jackson
Speci fic fﬂgﬂ;ea”o.s mg 513cy2(|3/||0 N/ A | mmunoRes
conjugate 0 11-23-575
Al exa Fl u Donkey 1: 6040 .
(Green) Mous e 2 mg [/ §N/A > 0 DSInV|troge
Al exa Fl u Donkey 1: 6040 .
(Red) Rabbit 2 mg [/ n1N/A > o I:)SInV|troge
Diluent sol venrOt. 1WHB | uehBS sBl vent Il F = 2% Dodr
Donkey ser um;
Tab2tOFl uorescent dyes
VECTASHI ELDE Antifade Moun2bscientifi
Phal | oT RIli hC Si gha9851
Phal | oA IdT O Sigma P5282

Il nvi trogen-

Al exa EBl4worPhal l oi din Ther mofi she
Scientific
TRI TC Tetramethylrhodami ne; BFI TGotuhbir @

| sot hi

ocyanate
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2. 108igonucl eotides

Ol'igonucl eotides used in this sAluldyprairmerssh

custom made by Eurofins Genomics (Col ogne,

Tab2®810l i gonucl eotides f ®w tidrdt orna stgr ipautripmrs ee

are underlined, start, or stop codons are
to the reading frame in both forward and
that anneals with MYPT1; in blue, added se

PCR ampl Forward pri mer Reverse pri mer
Hs MYFC21 |aattcCharngtbt gcajlgccgCTagatAgCgt t ga a

Extendedlacc g
Tab2®20l i gonucl eotides for seqguencing
Vector Forward prim
p GE X GGGCTGGCAAGCCAC(
pQE CCCGAAAAGTGCCACC(
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Tab®2&30l igonucl eoti de

subsequently

re gi
ndi c a
hat t
ncodi
heir
sed e
CR rm

cycl es

standard

as -rfeovrewasred
t hat the
he pri mers
ng the FL
respecti ve
xclusively
m.ti E19 and

ven
t es

MYPT1

for

PCR
a l

for t he re

SO

t hhi seds

wer e

E260
PCRsepgarcat @enRBRT
ons
i ndi

pai rrBCR sreala Rtoironeo.np & i
((btoa pt)o m) .

pri mers

var.i

testi

acti

wer e

wer e

ant

ng

ar
Cca

t he

used
Anneal
e |

I n

as a

t he
tested
tested PUPSR1INR)L @aAi pahta
templ at
amp|l i90Ao0 nPsr i amweer ss hhonwnb liune Fci
ot her-

ng

am
usi

me m
comb
tem
cat ed

b SequeneSecN))(SAr.anI PCR condit
al S| zZz e

EE1L |[ATCTGCCCTGTAGAG(Q63Rg)|55. 4ATGCenr i c
TTCACCTGGTCTTCTGQ buf #BMSO

E1H1 |GGATACTGGAAGTCT(26649)|55. 4AAGECenr i c
TTCACCTGGTCTTCTGQ buf #BMSO

ETl 1 |[AGGGGCTAAGAGAAA(JL1589)|58AL2x
CACAAACAGACAATGC

ENTE2 |[ATGAAATGGCGGACG({326p)|60AT5 X
GGTATCCAGCCTTCAT

E471 EQCGGCATGCAAAATCTG466p)|52AT5x
TCCTTCTTCTTCTTCA

E468 |[TACAGCACTTCACGTT446p)|61AT5x
TCCTTCTTCTTCTTCA

ES8T E]lAGACGTTGATTATTGA46(p)|58AT5X
GGGACTTGAAGCTGAA

ITE9 |TGTTTGGTGGGGAAAT52B9)|58AL2x
CCTTACTGGGCACAAG

E1E14 TGCACCTACAATACCA410 (|56UC, 35X
CAGGAATGGTCACTGQC

E121 EAGGAGAAAATGGGAAGQ706p)|56AT5 x
CTCATCATACGTTCTG

E21T EAGAAAACCTTACAGCA316p)|56AT5x
TCAAGGCCCCATTTTQ(

E1LIE26 CAGACACAGAAGAGG(G46Bp)|56AT5 x
ATAACTCTGATCAAGG

MYPFHATSBAATGGCGGACGCE109 (|60UC, 35X

E1 TTCACCTTGGTCTTCT

MYPTHATSBAATGGCGGACGCE325 (|60UC, 35X

E2 GGTATCCAGCCTTCAT

81



Tab2®40!1 i gonucpeeiorssefdo@ TFPCReact iPo n sparnarrgei ven
adorwardmpeve(flet t Dhmgosi dbftdmer i nppeariansé xpect ed
ampl i fc@anascvhar iaarreth oiwlkr i g B4 @Fi gBdd2Fi gd.L8 i gur e
3.14 I n primers spanning exon boundari es
under |Annneedatl e mmger andumbefcycl etshE@WReacti ons

i ndi

Pr i npeari

cated.

Seque(®30)

Vari dgampl i

PCR
condi t

ATCTGCCCTGTAGAGAC
TTCACTTGGTCTTCTAQG

si zelsp)
ELi 0447)
EloutoO)

55 AZ5 x

GGATACTGGAAGTCTQC
TTCACTTGGTCTTCTAQG

ElL 6 481)
EoutO)

56 AT5 x

AGGGGCTAAGAGAAACQC
GGTATCCAGCCTTCAT

E1i 61509)
EloutO)

55 AZ5 x

E41 ES8

CGGCATGCAAAATCTQG
TCCTTCTTCTTCTTCA

Ed (465)
EGuit389)

52 AZ5 x

ESTELO

AGACGTTGATTATTGA
GGGACTTGAAGCTGAA

E9 (578)
E9out461)

58 AT5 x

EST'EQ

AGACGTTGATTATTGA
CCTTACTGGGCACAAQ

E9 (381)
E9out0)

58 AL2 x

E1-E14

TGCACCTACAATACCA
CAGGAATGGTCACTGC

E13-Elh4 i n (
E13b-Eilmt i n
E13a-BL4 in
E13 -Eutd n

(
(

59C 375

E121 E16

AGGAGAAAATGGGAAGATGATC
CTCATCATACGTTCTQ(G

E13 inl
E13b
El1Gut
E1Bnl
Elgut

[
E14 i
TE14
EQ 837)
¢528)
il

54 AT5 x

E211 E26

AGAAAACCTTACAGCA
TCAAGGCCCCATTTTAQC

E22
E22
E2i2n
E2Qut

E
E

8
5
%360 |
2
2
a3
@

—(SI s 5 —(SI —
i ——R M

)
®211]

58 AT5 x

E4061 E5.

TACAGCACTTCACGTT
CCGTTTTTCACTACTGAQG

E6 1§ 0)
Eut211)

61AL2x

E111 E12

TGCACCTACAATACCA
GCTTGGAACACTRATGRAMN

E1i316 0)
E13hbt181)

53 AL2 x

E191 E21

CAGACACAGAAGAGGQ(G
CAGCAAATCTTTCAITG

E2i216 0)
E2@ut210)

55AL£2 x

E23. 241

GAAAAARITGBGACCGGCA

ATAACTCTGATCAAGG

E2416159)
E24ibg141)

56 AL2 x

8 2



2. 1 P4 asmids

Pl asmids in this study are shown in table

TabPRe&5P| asmiscesdt hs$ udiyh.el ofedagmamdsrrespond
ami acipdsi asvernals heectbarc k baorngei viemhteab Aktlags
arel aagahet &Nr mi nus of the protein of intere

Hs PKMRI [1-381 |GST |pGEXX |Phar maGEeal t hc a
Hs PKANRI [1-418 |[GST |[pGEXX |[Muni @ér, many)

Hs PKNMRI [1-381 |His |[pQE32 | . _

Hs PKANRI [1418 |His |[pQE32 |Qagen( Hi | @emmany
Novag#MD Mil |l i po¢(

MyeTt Clao780/His |[pET40E(Hertfordshire,
Ki ngdom)

2. 1Hbman cebhstandal strains
Humearel | s and bacterial straiinsmabbed2i h6t hi
Tab2.&6Mammal i an cel | sanadn db accetlelr ilailnesst r ai ns
study

Na me Ori gi Descripti (
HUVECs o
(@a2208, 1ot Ho mo Human wumbilic
Promocell, Hegsapienendothelial ¢
YERUIOFRE Ce ™ many)
cel | | Ho mo Human sapheno
HS-8 MC sapiensmoomuhscl e ce
Pl atel ets Homp Human pl atel e
sapien
XL-Bl ue ESCherFor routine c
col i
Bacteri EscherfFor gener al p
) BL21 : .
Strains col i expression
Ros ed d mi EscherEnhanced_expr
col i eukaryotic pr
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2.1lL@aboratory equi pnmnetnutdyuused i n this

Equi pment Source

Autocl ave PresMediecal
Thermocycl er Techne Pri me
Thermocycl er Bi o Rad
Thermocycl er Applied Bios
Laminar Fl ow Cl gEsco
Chemi Doc Bi o Rad
Sonicator Hi l scher
Tec®hate Reader [Tecan I nfini
Shaking incubatagStuart SI1500
Shaking incubataglnnova 40
Zeiss LSM confocdZei ss
Nanodrop Ther mofisher
Ultracentrifuge [SorvabB RC
VersabDoc 10¢@risgaBi o Rad
French Press Custom made
2. 1STerilisation
Gl asswar e, buffers, agar, and media were ¢
I f sterilisation was not possi bl e, 0.22
media were always filtered before use with

8 4



2.2n sahakgpses

2.2Stqguence databases
DataihorsahatcypsRREBPIRUIR2ANnscri pts was obtaine
(https:// www. ncbi.nl)m. nih.gov/ genbankEnsemb
(https:// www. ensembl . Gegotmpgsesxueht BiX BT E & $hiec
proj eotr thalt ps: / / www. gt expaqgrtahdortgh/leho he kb Vi
(https:// www. ncbi.nlm.nih.gov/ | EFEB/ Recse\airew |

coll ates all public mMRNA sequences: MRNA'Ss
c DNA sequences from dbEST and Trace and de
Segmce Read Archive (SRA) and GéaneMEypr&msd
Thi eMireyg,). 2006 was | ast updated in October

tissue specific gene expression and regul ¢

di seased tissue sites acCorssormteiarh,pPad@O0ID r

the release V8 of August 2019 was wused.

RNAseg data from GenBank was collected frc¢
of PRP1RAdEmMe page (updatBec&uAprithe2@22p. fr
GTEx and GenBank do not overlap, they wer e
of alternative splicing of exons of intere

2.2T2anscription factor binding site ide
PROMO (http:// al ggen.

bin/ promo_v3/promo/promoinit.cgi?dirDB=TF_

binding site identificatioiMessiemgauevergsi ah .

2. 2S8qguence database searches

The -nedundant , EST dat abase wa s i nterrc

(https://blast.ncbi )Jynwmthi hheoqUBIgsstequygen:«
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corresponding figure or table | egend wusi-t

ot her wi se.

2. 2Géneration of multiple alignments

Mul tiple alignments were generated wusing

(htt ps: / / www. uni prot-abrghmehpsésequence

2.2Chl culation of the frequency of splic

The frequency of exon usage or skipping an

calcul ated as(Qirmpamtde dZh)lwigt,h 2s0olntfe modi f i ¢

described here.

To account for the fact that I n many <case
uni formlyPRRPAaRdAR2MAe cal cul ati ons were made
where splicing events take place. Codcsinder

be alternatively spliced.

For each region, first the average numbe

junctions was calculated using the foll owi

N [EB+ oE&E vhk) +Et BR) dE]E 4

whersBi E the number of r gaanmdds, BEapnadn nsion go ne x ovnas

the above formula were used for alternati\

8 6



regions involving splicing of more than

percentage) of skipepisngadrcud pltiedi rmag:in of

%Splicing et N 100 * E

%Splicing[(éEn+t 140 2K

To calculate the frequency (expressed as |
only one exon is alternatively spliced in
PPP1RUA&ZrAi ants resulting from simultaneous
than E13+E14. Thwevafrrieapuesnowasoft alkzn as t he
i n of ®B24 apdzZ Bb24b T(htez frequency) owfaralint s
cal cul ated r elLaat-iLve) .t oFo(rl 0eOx amp | e, t DE€el 4f r e

vari ant wad aal cul at

WE14 = %SplicingAabbt) E1400 (100
Finally, the frequency of the FL wvariant
frequencies of all other wvariants.
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2. Mol ecul ar biology met hods

The mol ecular biology techniques wused to |

study are described bel ow.

2. 3DNA extraction

HUVECs were |yEeBeageéemt TRdblzlbbwi ng the manu
The | ysate was mi xedcewittrh falleayf @fto rl@ , &Dd u t
4UC The aqueous phase was discarded, and
et hanol by centrgf bugadtmbn at 20CO0OxThe DNA
in sodium citrate/ethanol solvUlviemhg@d®ollM g
and centrifuged again for 30 min at 4U0C.
pell et was resuspevildedledd mbw. eThandDNA( was
again agf 02060 m@mdat he pell et was air dried
in -waemed( T€E€ Buffer (10mM Tris, 1mM EDTA

and quality of DNA samples were assessed w

2. 3RNA extraction
Total RNA was acqguEmierdVEamaRNgA |l rswil tarta goenn Ki t

The cells were washed with PBS and |Iysed d
were scraped and recovered to a 1.5 mL tub
to the manufactureros insntramrcdiqoali tTyheof

samples were assessed with a NanoDrop 1000

2. 3D&termination of DNA and RNA concentr

For quantification of DNA and RNA concentr
using a Thermofi sher Nanodrop 1R 0=0 nZnon0s T h e n
purity of the DNA sample was evaluated by

and 2806 nmtio approaching 1.8 indicates t
significantly | ower ratio suggests contam
t hat exhibit strong ahblswe &aaud ¢ aar el n drIN2A3 0
DNA and si RNAs were measur ed-50siamgd QRINEAI r s
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2. 3DNA agarose gel el ectrophoresis

Agarose gel electrophoresis is used H+fE&Rres

or restriction endonucl ease di ges+t2%wn/(9v. Ge

agarose in TAE buffer. Once the gel was c«
concentr@tli)an Tshe gel was poured in a <cas
appropriate size of combs. After agarose
submerged in a horizontal electrophoresis

were mixed with Mogtdyoerbluffr 10W306r omophe

the reaction was separated by gel el ectr
ethidium bromide. The sizes of amplicons o
usi ng gel el ectrophoresdeasr .an@elas sweirteabid &
bromophenol bl ue dy e -lporaedsienngt biunf f ehe hBNA

appropriate distance through t heRagdelV e rTshaeD
1000 i maging system.

DNA |l oading
30% (v/v) Glyce
0. 26w/ v) Br omop
AddOHup to 10 m

TAE buffer

40 mM Tri s
mM EDTA (p

2. 3Recovery and purification of PCR ampl

To clean the PCR product, from the agarose
Nucl ebMspt naction Kit was used. A UV transi
desired DNA fragment. The fragment was <cut
scalpel. The excised piece otfubgeerht aviasi ng ahb
(200 OT1 buffer/ 100 mg of gel) and was hea
tubes were vortexed several times to ensur
mel tedi gl buffer was | oagped oil utmm avi R®GR 1c |5e
tube before spigfmirng30ats elclo, nrbddsO » uTghhe walso wd i
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and the DNA bound column was washed three
t he col umn was dri ed at 70UC for 2 mi nut
concentration were tested by NanoDrop 1000

runni2ngjlhefalti guot on an agarose gel

2. 3cC®OHNA synthesis for reverse transcript
(rRCR)

The tot al RNAUseH ifoy wWDNA synt héResveusier
Transcriptase kit from Promega, foll owing
shown Tab2k® the PCR mix per each reaction
condi ti ons -PUGRe dwhfaddieBaTM @ab2206 how the PCR m
PCR conditions t hat wer e used for the Q

pur poses) .

Tab287PCR mi x per reaction.

Reagent Amount per

5X One TaqE Standard Re|l5 10

10 mM deoxynucleotide t|{0.5 O

5 pnbfldrward primer 0.3 O

5 pnbl keverse primer 0.5 O

One TagqE Polymerase 0.125 O
Purified water 17.375 O
cDNA templ at e 110

l nactivation of reverse transcriptase was
heating in a bEatr HI50 ok nautt e50 cDNA 28&@pl e
before use. Negative <control reactions u
transcriptase reaction as a templ ate.

Both reactions were performed to create a
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Tab2.28RTFPCR conditions.

us

Step TemperaTi me
Il nitial Den9s5UC 2 minut
g5UC 30 secaqg
Cycl e4226yg45% 8UC |30 seco
68UC 1 minut
Final Exten6s8ucC 5 minut
Hol d 4UC )
For cloning purposes specific Tagq
composed by:
Tab2®29PCR mix and conditions or
Reagent Vol ume per
5x Q5E RRuwfcftéron 101 O
10 mM deoxynucleotide|110
5 pnbl| forward pri mer 510
5 pnbl feverse pri mer 510
Q5E Hhighel ity DNA polyl0.53 O
Nucl eFaseee wat er to &0
Templ at e 110
Tab2.20Thermocycler Progr am.
Step Temper aTi me
| ni ti al Den9s8uC 30 secon
9gucC 10 secon
Cycl e4226yd56072U0C 30 secon
72UC 30 secon
Fi nal Exten72UC 2 minut e
Hol d 40C b
2. 3DNAequencing
Newly generated plasmids and most
sequencing wi t h speci fic pri mers.
Genomi cs.

of

ng

t he
DNA
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2. 3D&@phosphorylation -efndsl asmi d DNA 5E
Linearised plasmid DNA was deéphgaspbarwahdt &

l igation of the insert. 1U of shrimp al kal
ultrapure water were added to the |ineari:
of @O The reaction was mixed gently and

reaction was stopped by heat inactivating

10x SAP bu
0.5 MHCOIr, spH
10 mMMgcCl

2.3L9gation of wvector and insert

After the dephosphoryl atipanidfi edh®NAI &3 @ig
added. T4 DNA | igase, T4 DNA | igase buffe
|l i gation reaction was gently mixed, left f
sticky ends overnight at room t edpdédiya thuerae
i nactivation of the enzyme by heating at

mi nutes and transform the reaction with th

Ligation Reacti

Linearised plasnll10
Purifidd a@hknt 141 O
T4 DNA ligase 2 10
10x T4 DNA ligag2 10
ATP (100 mM) 110
Ul trapOre H Up t @

10x Ligase |

O mMHQOIr,i spH
mM MgCl 2
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2. 3. Pbeparation oE.cmédi tmr kor

The LB (Luria Bertani) medium is a nutriti

prepared with deionised water, then autoc
cooled down (<55UC), ampicillin (0. adcdgdml
(Sambrook e} al ., 1989

For LB agar pl ates, 1.5% of agar was adde:q

at 120UC. The medium was cooled down to ap
(specific to the resistant gene that the v
i n Petshiesd

LB medi um H)(3afmbraboB76é
1% (w/ viirBatoboe

0.5 % (w/v) Yeast Extract
0.5 % (w/v) NaCcCl

Add @ H o make 1 litre

LB amlaat es pH 7.

% ( w/ vt)r yBpa cothoe
.5 % (w/v) Yeas
.5 % (w/v) NaCcCl
.5 % (wdgar Agar
dd .0dH o make 1 |

1
0
0
1
A

2. 3. Mrtansfor mAationl iof

XEl blue competent cells (1200 il ) werehtha\
|l i gation2mdt &wad (added to the <cell suspen:
incubating on ice for 1 hour. A 42U0UC heat
for2 Imi nut es. | mmedi ately after the heat s

for 2 minutes.mlSudbfwepgroee dt by 323 WEenf OBOCMAI
with Catabol)tmedepmewasondded to the mixt
hour at 37UC with shaking at 200 r pmgfoerf or
1 mi nut e. The maj ority afi sddaradeddy ped hat a
resuspended i n 50 1iIThoifs rrneemwa isnuisnpge mseida nu nwa s

to aaglaBr pl ate, -popaeveduwiyhpe®e (lgopropygl3-D-&-a c h
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thiogalactopyranoside) ( 1 M) -Gaanld (X 0 mg/ ml stock i n DMI
i ncubating at 37UC overnight.

SOC medium (pH 7 at

(Autocl avAd aantd 1f2 1
(Sambrook e} al

2 % ( w/ vt)r yBoat cotno

0.5 % (w/v) Yeast Extract

10 mM NaCcCl

2.5 mM KCI
20 mM*(Mg 1 .81g0&aind Mg B3O

20nM gl ucose

2. 3P1asmid I solation

To obtangoahigh plasmid DNA for sequenci neg
commercially availabl e Hi gh Pursed.Pl As il d
containing 5 mupdl e meald uwm t h anti biotic
bacterial suspension or a glycerol stock o
and 200 rpm. The following day, the ofveer ni
2 minutes at 4AC, resulting in the format

then resuspé@ndefd sns 2béMsi on buffer contain

~

d of lysis buffer were added, and the mix
fox¥ minutes. To neut rCal o Bceoiltdd eb ilnydsi antge ,b u3f 5 e
and allowed to sit on ice for 5 minutes,

>15, g0®x 10 minutes at 4AC. The supernatan
passedgh ha ofuilter column containing a sil:@

buffer 11 containing etha@olo,f arditfiioma Ibluy |
u

50 mM-HTH i, s
10 mM EDTA
100 /Gnl RNase
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0.2 M N
1%SDS

Binding buffer
4 M guanidine
0.5 M potassiu

lwash buffer |
5M guanidine h
20mM -HCI s

20 ml absolute

Wash buffer [

5M guamiydirome hl
2 mM JHCil s
20mM Na Cl
Add 40 ml absol

10mM -HCEI s

2.3C»l ony PCR

After transformation, colony PCR was i mpl e
determine the incorporatthe nplods mind.erd0 DiNIA
with the appropriate antibiotic was added
Single colonies were picked up with a-mic!
prepared tubes. The tubes wWeQG eFalnlcouvbiange dt Hf

reaction of each colony was pr efppabrRe&d as de
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Tab221Col oP\CyR (i mpl ement ed on.bacteri al col

Col oPnJR Mi x

10x PCR buffer i
25 mMa2MgCl

10 mM dNTPs
Forward pri
Reverse pr
Tagq pol yme
Puri f0ed H
Templ at e (

go|o1| o1 = 01

PP OOIOIOIFLIN

The tubes were transferred to a thermocycl
foll owing parameters:

Col oPnJR progr i

95AC min |l cyc
95AC5 secq
55AC5 seq30 cy
72AC min
72A6 min|l cyc
4 AcC hol d

EachijlOof PCR reaction was mixed with 2 L
agargesle. Subsequentl vy, t he gel was exami ne

the colonies displaying positive results

substanti al guantity of LB medium suppl e me
was done attee faadiiltiitonal analysis or subseq!
2. 3PB3eparation of glycerol stocks

An overnight culture was mixed with 87 % g
in a 1.5 ml tube clearly | abelled with dat
before s8@Cedoatrecover bacteria from glyc
was scratched on the surface of the froze]

LB medium containing appropriate antibioti
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2. Protein biochemistry

2. 4EXxpression and purificatagpgaedfprraetceoimbs

A starter of LB medium containing ampkEcil]
CoOXKKE blue strainptcasmyidndgoa p&HBXession of
of i nterest. The medium was grown overnig
was added to fresh LB mediumsesonOalni maqgdas
allowed to grow at 37UC t osose &c h .anl hd pst icous
i nduced with I PTG (0.5 riM) haonudr si nactu b2aQ @d.
i nducti on theentef i &uogwed @0 K 30 mi nUCt eBh ea't
supernatdiinstc awacsd dt he pel |l et was bysaf8ab@me
Cells were resuspended in |ysis buf fceorl dan
Fre
ef f

mi n

=]

ch press or a sonicator. For the Frenc

cient bacterial l ' ysi s. To ern s ud ec yecflfe s
te at 0.5 amplitude and foll owed by 3
The tgeat epedtwwvgBdg fOOrOx30 mi nutes at 4

o C

use

i nsoluble from soluble proteins. Pedilemg @

(@)

the process. The supernatemiui wadr anedbat
Sepharose bead slurry for 1 hour at 4UC on

GST fusion proteins. After 1 hour the beac

timewith |ysis buffer. The proteins were
reduced glutathione. The el utiimam,d ttehpe wealsu
were inserted into dialysis tubing and d

reduced geut Stamipd es kept for monitoring t

suppl emented with 2x Laemmli Buffer and bo

Lysis buffer (and washing buffer

y
O mM-HTCHdi £ pH variabl e, depending
0

2

300 mM NaCl

0. 5% T+li0OtOon X

10 mM DTT (add fresh)
1 mM PMSF (add fresh)
PI'C (added fresh)
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El uti on buffer\
50 mMM-HTHdi,s pH vV
100 mM NaCl

10 mM reduced

Dialysis Buffer

20mM -HE€I srHi abl
100m NaCcCl

2. 4 E.pression and purification of recomb

l nocul ati on, i nducti on, and |ysis w2zr4. Ipe
The bacteri al pell et was reconstituted wit
(to minimise nonspecific binding) and | ef
mi nutes. Subsequently, the cell suspensi on
ad the resulting lysate was centrifuged t

supernatant was miexgeaid |wibtN& Pae 05e0BPHl psrleur ry an
for 1 hour at 40C on a rotati ngtawhgeeedl fauts
protei beaibewere subsequently washed thre
the proteins that had bound to the beads
el ution step wastirnegsem ttelde selvieatads wer e i n
tubing and dghtydsed emseirei removal of I mi
monitoring the purification process were s
boiled for 5 minutes at 95U0C.

Lysis buff |

y
5 M NR B

300 mM NacCcC
10 mM i mid

Wash buffer] Elution buff

I
50 mM2PNpa H 50 mM2PNga H
300 mM NacCl 300 mM NacCl
20 mM i mi da 250 mM i mi da
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2. 4Dt ermination of protein concentratio

The protein concentration was-cohenpear mibd ed P
BCA protein assay kit, whiclbhowsybatedIlTohn si

colorimetric assay involves two distinct s

reacti on, proteins tiedwucecuewpmpodys iinmimsa |((iCuk

environment, resulting in the formation o
the second step, bicinchoninic acid (BCA)
i ntense purple colour that is solublance w
at 562 nm. The change in | ight absorption
Various concentrations (100, 200, 40Pl ) 601
bovine serum al bumin (BSA) were prepared
standards. Si multaneousl!l vy, an aliquot of
same | yesri.s Pwrf fquanti fication purposes, th
1: 2, 1:5, @ndofl:ela0c.h 1p0r ot ein standard and |

to the corresponwelng Nwenlc smiocfr oap 19a6t@ . oS ub &
BCA reaigdenwasn added to each well, foll owe

shaker for 30 seconds. The microplate was

The plate was then cooled to room temperat
at 562 nm using a Tecan ©plate reader. A
absorption values from the protein stand:

calcul ated fe.om the cur

2.4]1 snmunoprecipitation

| mmunoprecipitation (1 P) i's a widely -acce
protein interactions and i(tamsAmwdaealel Wyt walec
uses a specific antibody that binds to t
separated, along with the attached i mmune

coupled to maRginge2tijec beads (



@ ® ® ® ®

Cell lysates Antigen-antibody Antigen-antibody- Antigen-antibody- Elution of protein complex
(total protein) complex complex bead complex and Western blot Analysis
(with other proteins) (no other proteins) (no other proteins)
< L Ar s s &
® v N or g Y .
‘ * L, ., o o
[il Pre cleaning Removal of Elution

unbound proteins

protein {
Bait
protein

interest protein

magnetic
bead

Fi g®rlé mmunoprecipitafThenswhekftow of i mmunopr
this work to evaluate. l gG was useld a@a®lisctyp
protein |ysate. Before reach the complex with
pr-el ean the | ysate with 2 i g ofclieaemuinmog |sopluilti n
each t2u beadd MYPT1 and/ o3, lagl@ darytniathedy;s to

i mmunocompl eyxnadbretaidipodyt ein (dynabeads coated w
MYPT1 or | g, austtiiobno doife sp;r ot ei ns b o uenlde cdtor d phteo rde
on $SPRASE. (Created with Biorender. com)

T75 flasks with HUVEQGS %celohs |l growe Baodaho

platelets (1x109/ ml) were |lysed with ice c
mM THCI pH 7.4, 150 mM NacCl, 5 -40M EcDolAt, a ilri
protease aantdasphoaosnphhi bi Eamsl PhBmIROPE ke / Mer ¢
Dorset, UK) , 1 mM sodium mphdarmplvmentaldyalt ul g
fluoride and incubated for 30 min on ice.

Cel | | ysaderst rwdtueg d8g 000 x 15mi n. The super
transferred to a fresh sterilised 1.5 ml

deter mi ned. Lysatel €806dijby wdegiepgéi socym
anti bod§ (f>dr0 evigfly plr.o0t edlneanRrnedepr doweae 30
mi nutes at 4UC on a r oteagtuiin g bwhaeteeEP albyt neaDbne g
G bead slurry (20 ijl) were added to captu
were removed by magidteiam efdorsaueg.er hhmd amrte wa ¢
di freeat tubes &o owhiccahp tlu.rGe @gn toifb ocdoyn torro I1 . a0r
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were added, respectivel y. Both tubes were
rotation wheel at 10 r pm. Fresh beads wer ¢
as described before. Each control and C a
transferred intohtwashed bbamads wand were | ¢
on a rotation wheel at 10 rpm. The next de
with |lysis buffer. An aliquot of 2x reduci
PBS were added to achievela fedaki ognsamp
The samples were heated at 70UC for 10 n
separated from the beads, transf-20U€dunoi l

analysi ®ABE §BS.

Buf fers for

Sol

Tri s/ HCI pH

ubi |

mmunobl otting,

i sation Buf

7.4 (10mM

3

NaCl (150mM)

Stock sol

EDTA (5mM)

St ock

sol ut

Gl ycer ol

(10 %)

(bidist

Sodium azide

(0, 02%) ¢

Distilled

water

Tot al Vol ume

i mmunoprecipit

Lysis Buff Vol ul

Solubilisati|840

NP40

10%

100

PMSF

(0.1

M)

10

i

Vanadat e

(20

10

Protease

nh

40

i

|
|
1
ij |
1

Tot al

Vol

ume

1

mL
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2. 4cAMP pull down assay

HUVEC <cells and human washed -pbladel g5 s w
supplemented with PIC aeadt rPiMSFgle3d0Y Daxt egs fvoe

The supernatant was coll ect edNeahdeppuialnisbfreart
B(@mi nohexyadden idi)-08cl i c monophlds pANBRJAMP ( 8
agarose abdadcool (ethanol amist@8) olhgagyr ode f &
Il nstitute,slGerrrmaensy )wer e | nkQu@atcefd Iwigeat e35
overnight with rotation at 10 rpm. Bea@axs w
washed twice with |lysis buffer and boil ed

The teeldu proteins wRAGE raimd oanaIlDySsed by wes
sect2i.odn.8 pmocedure i s depi cRiegla&Bsec hemati cal

1- Protein Lysate

CATP binding site ‘ — 2 - Ethanolamide Control
o ; \ )+ j I 3 - cAMP Binding Protein
L D 7 \ @ ‘
[; PKA \ ( i‘i Marker 1 2 3
4 “ee”  Catalytic < v Y =
) subunit a 4 -
K::’ N “\\/v Supernatant) ﬂ -_—
] & — . — ———--- PKA
4 ' ) | 05:0000 S
L \/ ce ©
Regulatory Subunit ' :

Protein lysate Beads were Beads Beads boiled Analysis of eluded
added to pre collected by ~Wwashed twice in 2X Laemmli proteins by SDS-PAGE
equilibrated centrifugation ~ With lysis buffer at 95°C

agarose beads at 500xg buffer for 5 minutes

CcAMP Target 3", 5- cyclic monophosphate @ Agarose gel Collected Beads Wash
Protein immobilized as an affinity bead \ 7
e ol ligand. ¥

FigerPrinciple edfownAMSesedawimati ¢ showing the var
in the MmetHAKoAbt ei ns are on it3 fPergeei Bt btatoanl
with beads -C@amt aiomiexgaldeemnmior8di}og'cl i ¢ mono pAHAs p h a
CcAMBJRt hanol ami-Ne3b(eatd®H ar e 4cobkadstedrbe Wwaathe da
boiled to facilitate t he 6dlhwet icompdfe xRRIKSKA afrfeo m nt
PAGE.re(ated with Biorender. com)
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2. 4S®dium dodec-pbl gyatphbhbemedeéerogeho-resis
PAGE)

Sodium dodec-pbl ysauclrpyhlaatnei d e gel -RAGE)XTroph

technique employed to separate proteins ba

influence of an electric current. Pol yacry
of acr ylnamibhdces yd ami de monomer s, initiated
(APS)Shi and Jackowsakid, chI@a8 ysed -by

tetramethyl ethylenediamine (TEMED). Dur i ng

sizes are corresponded to the percentage
separation of proteins within thei vmei xcthuarreg.
SDS i s added t o tShhea pirroa ee)tn anki fxd awwlrde®@ 21y co

i nherent net charge of the proteins. Furt
agent -hhérkea@®t oet hanol serves to disrupt di
proteins, thereby facilitatehyg othemol sepha

2. 4 PBrdcedur ePAGE SDS

I n al |l experiments conducted for this th
el ectrophor es ROTE®SNG t(aBAR@ ) &#nd a di scont
system. This particular buf f ¢lraesgmynd ti & m,1 Si7H
commonly uti-PAGEd Ilith BdDSessitates the incl

both the gel and el ectrophoresis tank. For
a thickness of 1.5 mm were prepared, agmpr

from2® and a stacking gel (pH 6.8) consi st

The gels were I|-9adendedvi photaeipmel adder and

frome@P. These | oaded gels were then plac
whi ch contained running buffer i n both
El ectrophorreiseids owats actaran initial voltage
foll owed by an increase in voltage to 12

depending on the size of the protein und
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electrophoresis, the resolved proteins wer

by western blotting, depending on the spec

10X Ghiysine (1 litre)
Tris (23®. 2ndg

Gl ycine di¥4.492 5M)

Di ssolve and add up t®

1X Running Buf

Tr-iGd y calmed ml
SDS (oL ®%)mI
H. 068 90 ml
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Separation Gel (Lower G
H20 4.97
Acryl amide/ bi sal2. 33

7%Tris 1.5M (pH=82.5 r~n
SDS 10% 100 O
APS (ammonium p/100 O
TEMED 101 O
H.O 4., 83
Acryl amide 30% |2. 67

8%Tris 1.5M (pH=82.5 m
SDS 10% 100 O
APS (amnpoenrisuum f {100 O
TEMED 101 O
H20 4. 17
Acryl amide 30% |3. 33

10‘Tris 1.5M (pH=82.5 m
SDS 10% 100 O
APS (ammonium p100 O
TEMED 101 O
H20 3.5 m
Acrylamide 30% |4 ml

12‘Tris 1.5M (pH=82.5 m
SDS 10% 100 O
APS (ammonium p100 O
TEMED 101 O

Stacking Gel ( 4 %)

H0 2.817

Acryl amide/ bi sa|0. 833

Tris 0.5 M (pH=|1.25

SDS 10% 501 O

APS (ammonium p|501 O

TEMED 5 LO
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2. 4Cbomassiset abilnuieng of polyacryl amide gel

Foll owi PAGESDS3 ransfer-Bri CBbamat sR250 stain
i mpl emented to provide visualisation of p

concentrati onBrifl-ElomentaRZ5® added to a prot e

0. 1% to 00f5% h(ew/tvo)t al sampl e volume and was
being analysed and the desirability of the
was all owed to proceed overnight at room t
The following day, the gel was subjected t

shaking using a destaining solution or ©bo
mi crowave until the protein bands became
wasi teher i maged wusing an Odys-€ey, CGerr inanmay

scanned with a flatbed scanner.

Coomassie Staining Sol

0. 05%Coomassie -Bx(0. 5
10% Acetic acid 100
50% Met hanol 500
40 %0OH 400

Coomassi e Destaining
10% Acetic acid{100 m
50% Met hanol (0[{500 m
40 %0H 400 m
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Th
us
cCo
b o
de
qgu
s h
0cC
of
we

co

2.4 . AFrdteuanti fication from acryl amide g

e determination of F¢Teacgo nphriontaenitn QT iatnyd wWH
ing Image J software. This software all
l umns. The expected protein size was qua
xblack), while the rest of the peaks (ba
gradation products as FhgwBk.i nTshidse nbeotxh
antification was performed forPAGHE gelcn.n
ow on phBAing®B8etBo ogfuanti fy each protein it
cupied all are where the eluted proteins:s
interest and its degraded products the
re determinedi @a@83&.hokvmomnt hi s quantific

nsidered as % of i1 Appendipxo-Baplpeesido wn Ta

8.-BanAppendi B8.-Babl e
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.- . -
-

PKA-RIB PKA-RIIB

kDa E1+E2 E3+E4 E1 E2+E3 EA+ES5+E6

C

| Mndtle 0 x|
Gt 1) paen bt '8
bl Rl adand
1 ]

Fi g2B3@rotepumity detesimhgalt mage (JABsof eiwarel uat e
run on -PABESBSd stained with Coonparsostieei ns toafi niir

was | ozmadtend 7(2BRepPaesentation of how protein
recombinant proteins. A rectd€imteenmnsist yrpaevak $
protein intensity inside each rectangle. The |
while the others are degraded protein product :
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2. 4Western Blotting

Western blotting is a tec@mmotqaliens sext ntac de.
This method utilises the transfer and i mmc
an PASGSE gel ont o an adhesive support m &

polyvinylidene fluoride (PVDF) membngnegpec
primary antibodies which form protein ant
Foll owing the primary antibody incubation
that targets the primary antibody iR guules
2.4) .

@ Prepare Gel @ Prepare and load samples @ Run standard SDS-PAGE

Prepare polyacrylamide gel

Load prepared cell lysate Separate protein samples
and add to mold samples into each well of the by molecular weight
gel

|

@ Electrotransfer @ Antibody Probing @ Chemi-doc Imaging

Substrate  Signal

®
5 L HRP
. —_—)
Transfer at 4°C at 175 mA §2§§?§aw
for 2 hours primary #/ \V antibody
mE antibody H
| |
;Y Antigen —@ Chemiluminescent bands

indicate protein of interest
PVDF membrane

Fi gu2.4 Schematic of t he Western bl ot t-PAGE, pr |
el ectrotransfer and i MmulRodp @atat ingn safepgel s
percentage of acrylamide (sectiomR 2pdepasepiao
| oading of sampl3s riumtnaPmAghES &ell | st; 4UC 120V (
el ectrotransfer done aft, 4[iJrCe\/li7(:5usmAtofoirnc2uhboautris
primary antibody block with 5% milk overnight
HRP ant6, baoChye;mi | umi nescent bands due t(oCrtehaet erde
wi t h Biroacecm)de
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Detecti on mol ecul es, such as horseradi sh

conjugated to secondary antibodies to ena

during 1 maging. Throughout this thesis HF
l umi nol , c oamaixl © & thied HRP | i nked secondar
the emission of |ight (425 -many ftihlamm @rana b@c

2.4 Wesdsltern Blotting methodol ogy

After separ-BAGEN pyoS®Sns were transferred

an electrotran®faer | aporamo( Bes, Hertfords
constant amperadd (h7% hmAs) met heéd, filter
gel maertdh anol @ /tDiFv amteemdb r asnueb meerrgeed i n tran

bef ore arranged i n theadortrmremnts faerrderp sinng et, h
bot tdoombl e western blotting filter paper s
onn op of the membrane followed doubl e wes:
osandwi choO or deedver si t &lklisyulpipeotdto tghree d wi t h
the white part of the grid. The grid is ir
buffer.

1X Transfer Bu‘
Tr-iGd y cdlmed ml
Met had26D ml

H 06700 ml

Care was taken not to trap any air bubbl es
these conditions, proteins migrating towar
me mbr ane. Foll owi ng transfer, me mbr anes

temperature wiBSA/ IBSOrw/ %% (wkv)mmead mimi | k/
depending on the primary anti body -stpoechd i u

anti body binding. After blocking, membrane
diluted primar yT amdn tbaoiBB AN n2ZB8r 5% mi | k (
at 4AC with gentle agitation. After incub
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were rinsed tWwifcer w8 tmi TBWi th gentle agiteé
with-ctHhRH ugated secondary antibodies.

2. 4Po9nceau Red staining of PVDF membrane

Proteins transferred to PVDEF me mbr anes W €

following by distaining with distilled wa
protein transfer after the blotting. TFThe s
T.

0.1% Pon:

1% Acet i |

2. 4.310r.i ppingr amidngeof PVDF membranes

Membranes were whsh@dlwWw) tthhT8& ti mes for 8
with 10 mlERPUUReWdstreer n Bl ot Stripping for
with continued shacki ngr enmdwenddt rtihpp inregnbl wafr
washed with TBS for 8 minutes, fTo | (I o.wle%d) , |
mi nutes each. I f membriaoneldbenrmugioi ng wWas e
before allowed to dry. Stripped membranes
anti body.

10x TBS (p
Tr 244 g

NaG88 g
Water up t

1 TBS
Tr 00 |
00 |

1
9

1x TBS(O0. 1%)
1x TBS 1000
Tween 2/1ml
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2. 4. Péptide Array

Peptide array experiments were conducted
(Brown et )al Bri f0lly, peptides-7@0anhi MyYPIT&s
synthesised using autForneantk ,cAbSaPeCPTe Isyy ndheasli .

Synthesis was performed on continuous- cel
fluorenyl methyl oxycarbonyl chemistry (Fmo
Cologne, Germany). Pr i eac ttiov autseed, iamr raabysso Iwme
then blotkhke®%wdehydrated milk in TBST for
Foll owing blocking, MYPT1 arrays were incu
Hi-tsagge dRNPPKA RHNADi | uted in a buffer cont ai
glycerol, and 5PK®RMbTmids ngHt 8. MYPT1 pepti
i ncubating the array for-cdnijhwoaga tteHitsa dathiC i W
(1: 2000, Si gma, A7058) i n TBST, foll owte
chemil uminescence. Thr oughamutantdh e neg x peordiyme
steps were <conducted under gentl e agitat
i ncubation stithpsenexKeTBB&Emftesr wmed eat Prof e
Bailliedsi chsgawolUmgi ver sity)

2.4.QRranti fication of Bl ots

| mmunobl ot s wer e i maged using a Ch-Bad Do c
Laboratories, Wat CORdAd , OdyKyreyr Clax LIl i€aOgRi n g
Bi osciences, Lincoln, USA) . | mages were acf
the |linear rang®rotefhebahngdgnadkrds iwtiters | vmaarge
softwafRad( Biadbor atories, Watford, UK)

2.4.QBanti fi pall dmwrm f

The depletion ratios for the cAMP affinit
i mmunoprecipitation. Pull downs were <cal cu
eluate | anes dicvtndedadnttemesi by of the resfy

the total |l ysat e
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2.4.Quanti fication of | P

To calculate I mmunoprecipitation degpalcettiinon
nor madbiand i n -bdaedgpolsgysates were oaload at e
density in the | ysatMYPITAdc uabnattiebdo dwi twha sa ndti
nor maddiensity in the |ysate incubated with
1 to produce the depl et-i mmumapgri ec i priot actailocr
band i ntensities of t he i mmuonronpardei @i pti i eit |

respective |l g6aligihNexammedadiiabugs for the |
MYPT1 | amedsd eaded et he val ue of each | ane was
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2. el l bi ol ogy met hods

2.5.Clel I cultivation

2.5. Mafhmal i an cell culture
Human umbilical vein endb22@8, allotced4d4 882720715
Hei del berg, Germany) were grown at 37U0C i
5% LOThe cells were grown in endothelial c
with 5% (v/v) foetal bovine serum, 5 ng/ mL

fibroblast growth f dadtker ,gr20at,rhg0f nahc tmogrismll i v
endot hewtlalf ggectoor 165, 1 ijg/ mL ascorbic ac
(Promocel keygHeiGeeimhny) . The cells were gr
i ncubator suppadied with 5% CO

HSVSMCs were provided by fel(ProomM efsodnd r@af mer
groupCentre fo). BHEMEMWMCesi were i solated fror
consenting subjects undergoing coronary al
approval by the NHS Health Research Autho
170899), and cultiwvatced |i mromwa dht memdu uenl 2 =
5% (v/v) foetal bovine serum, 0.5 ng/ mL e
fibrobl ast @mawtbh ifgdaenttoti nsul in (Promocell,
integrity was verified by the presende of
actin and the absence of the endotheli al
mai ntained at 37U0C ihera kwomitdi miimdg &Oomdvp \

2.5.Lh&wing of mammalian cell stocks
A cryovi al containing frozen mammalian ce
storage and i mmediately thawed in a 37UC w
to 10 mlwaofmepr suppl emented endotheli al C €

centrifuggegdratd3 M5t es. The me vageneld, ntahtea ncte Iwa

was resuspended in fresh me’ilmmkand transf
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2. 5. SuBcul t vhruimagne b ff s

HUVEWer e grown?filnasak 76ntcim t9bety croend d hueech c®Q
was removed from the f1l ask awmar nteed | BB Sve rTeh
was then removed, and a volume of trypsin
was transferred to-2timeutiensc.ub@e¢lolr det aclhme
under a microscope. A volume PBS was adde:t

15 ml coni cceelnttruiafeu gdpgRdB x r oom t emper ature fo

supernat ameamowas dt he cel | pel |l et carefull
supplemented endothel i al cel | growth medi
haemocytometer under an inverted microscop
particul ar experi ment I n and repmbé méabegl loev

medium and incubated at 37UC, 5% CO

2.5.Qr.Mopreserhvuamacmeh | of

To prepare mammalian cells for cCryops%se
confluedAt] &aslcmwvas tewnpsiahrudgedesuspended in
solution containing 90% FBS and 10% DMSO.
cryopreservative solution was transferred
were then placed into a cryowiatctkk i(Napgrgemaen
and | e8fotUCatoverni gthay hEokrgwitonpes were tra

nitrogen for storage until further wuse.

2. 5. Ard&paration of human washed pl atel et

Bl ood extraction occurredubytplievei-rgpgugé nt
sterile butterfly needle mounted on 20cm
plastic syringe preloaded with the antico
rati o5 ofdnml: of ACD to 20ml blood). ACD is |

filter. The first 4 mli of bl ood was discar
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ti ssue factors and trace thrombin to preve
is then decanted into a 50ml gfoonri clad niurbuwet

room temper-whume.TyPoeeods buffer with 0.0

i ncubator. The top |l ayechcphasmas (BRP),l a
carefully transferred into a 15 ml coni cze
diwrtbi ng the blood | ayers. To separate the

(20 /@l of PRB®)twapraddrt platelet activati
at 0O0Ox 12 minutes at room temperature. Pl
removed then discarded, and the platelet |
wash buffer then an additional 4ml gbbr waé®h

mi nut es . The supernatant was removed, and
the desired concentration i n -orsondo tfiice dp hToysr|
buffer).

Pl atelet counting was <carried out using a

combini ngf5platelet suspension to 10 ml o]
Coulter Accuvette. The mmiclhliible tamewarstus | ©@
electrical resistance of cell@mpastuhey ®iI ¢
were then allowed to rest at 37AC for 30 n
Human bl ood was taken after i nfforreme dv clownrste
under approval of the Hull Yor k Medical S

volunteers confirmed they had not t aken

activitywngudbhhsasamines two weeks prior to ¢

2. 51 Mmmunofl uorescence

HUVECS wer e processed for i mmunofl uoresc
(Ni kitenko pt HUIV.ECs2 Wk& e sleCe,dk0 ade |5,sG 0pe r
wel |l pl aBElesbhegBdNun€ChamiESy sSleimje Ther mofi sher)
for 48 hours. For acetone met hanol (A/ M) f
we | | was washed with PBS and the buffer d
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(2:3) were added to each well . Af &m0 va8nddmi n
the slide allowed to air dry for 30 min. |
performed right, t h20®a iared waesf ts ttoor etdh aaww a-

for 5 minutes before washing with PBS. Fo
well s were washed as above and 4% of PFA w
mi nut es. Ther € mr ascerddr et heaswel | s wer e washed

added tol & hendvetthe sl i d@nwad sutsered at 4

Before primary antibody incubation, the we
in -FB$0. 1%) for 30 min at roomditlempedTait mr
(0.1%) containing 2% donkey serum with th

wells and the plate was placed in a hWidi
overnight. Next day the -we(ld.sl%)eraendvaseicean (
al so diPBE e(dOwan&%) added to each well for 45
away from the 1|ight. Th¥e wied €5 iaavled € a wa s me

medi um containing DAPI (2B&Ssi adtdedi cA Kodl
pl aced on top, and the 8UGwhly 6Frbdettvas | |
I maged.

Thi s protocol was al so empl oyed for dual
i ncubation of two primary antibodies deri
t wo secondary antibodies | abelled with flu

speci ftiocdltlsy respective species.

Compositieln (dOf. 1IPB§ pH 7. 45

NaCl 140mM

KClI 2.68 mM

NaHP£® and 2:P®M|10. 0 mM

Add 500 ijj-LO0O0itonr XKaanlmlO0O.cb%cent
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2.5.2mdge acquisition and processing

SIl'ides were imaged with a ZEI'SS LSM710 co
and 20k/ O:NEOECRIA®RN obj ective f (ZEI SS, Ca

processed with ZEI SS Zen software.

2.5.Quanti fi caltawal iofatcioon i mages
For-loeali sation analysi s, regions of inter
doubl e staining i mages and were used to
coefficient with thegBdlntaegeandl| GQgri)the WiAC®dPs |
i mages in which one of the channels was ro

2.5.12n 3pirtoxi mity | igation assay (Duolink
I n rouxi mity | igation assays (PLAs) were ¢
starter kit mouse/ rabbit ( Mer c k, D o8wseel t1,
chambers were fixed with 4% PFA, per meabi l
sect2o0m. 2Cell s were then incubated with m
rel evant primary antibody or i sotype spec

pairs (@Asedtgdaep. This was foll owed-mbwusenand
antriabbit probes and f-mrodtulte ndg | ueraeds ¢ ®emc

manufacturerdos instructions.

Briefly, PLUS and MINUS PLA probes werie odni

X100 O. 2Pa i(tPoBng . Upon removing the primar
slides, two washes of 5 miInutes wéreoperte
The prebesadded to each well and t hhee astleidd e

humi dity chamber for 1 hour at 37AC. Prob
washed 2x 5 mindltras osmmacah irrmoPMB3 emper atur e
with PBS. Li gatliuanre db ulf:f5e ri nwahsi ghi purity wa
at a final 1:40 dilution. The solution wa
i ncubated-hieat @ad phemi dity chamber for 30

sol uti on wa s removed, t 1I58r iwtedd sanwdhsRPB& %)
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Amplification buffer was diluted 1:5 in hi
at a 1:80 dilutiadded@héeosbohet wehl waand the
i n ahe@ated humidity chamber Fiigm@be00 minut e

Once the polymerase reaction was compl eted
each in 1x Wash Buffer B at room temperatu
Buffer B. The samples were incubated with
phadiaifor 30 min prior to mounting with V
containing DAPI (2BScientific, Kidlington,

the previous section. Fluorescence density
high dehsidbys made <counting i mpractical
background subtracted intensity was nor ma

expressed as arbitrary units.

Two epitope Incubate with PLA probes (plus and Connector DNA strands
proteins interact target specific ) bind to primary bind PLA probe oligos
primary antibady
e A E P":ar:;lbodms DNA oligos }PLA b Connector DNA strand
+ robe .
rzoer:'lnplex antibody secondar’y antibody P Ligase )
> >  ———
P
I
Hybridization of fluorescently labeled Rolling circular PCR amplification Hybridized DNA strand is
oligo probes hy DNA polymerase ligated into circular DNA

Fluorescent

Fluorescent Concatemeric DNA molecule

foci in cell prabes Circular DNA
— -—
e
=
FigwrSéPrinciiphegpiooxi mity | i8ahewmat i acsagf proxi

assay technique .udlsvd iepitbpessobdy wdl pcob &t nc
with target specific primary an3tPiLbAo pired efsr ¢ Mi c
Pl us) bind to prdiGoanrnye cd rotri bDONdA esst;r ands bbnd t

Hybridi sed DNA strand i $Roilgamnmgd ciimtcal arr ®CIRa
DNA ponr?ieHryabsre ;di sation of fluoresdémedtyed awie
Bi orender . com).
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2. 5. Quantification of proximity I|igation

Fluorescence density was(vdal5Bwpleathaid eu gihreg
densaftgal escent dots makes countingOotl ini
were drawn ar aured eaaadh imdlelgr ated density v
sever al adjacent background region out si
fluorescence was calculated as the integr
divided by its area. Theornreodsadncceor(re€C€@r)d f

a

was calcul ated as foll ows:

TCCF

i nt egd(aaareeda dke nmaarny background fluor

Theesult was expressBldCheyaeb)i arary2abédts

2.5.G%ne silencing

The RNA interference (RNAI) met hod has be
analysis in basic cell bi ol ogi cal researc
met h ¢Adgsr a wa | etf). aSmal 120i0m@t erfering RNA (si

acid that is wused for gene seidgemgrningi.ngd ta
and antisense strand. Once in the cytopl as
(RNAi ) enzymes, during which the passenger

i nduced silencing complex (RI SC) f oranfs .
degradi ng mMRNAsetdh abty itsh er egfuaggreeia sd r amal). Ros s i

Prior t o perform the knockdown experi men
spectrophpopNamedr gp) . si RNAs were brought wu
20 ijM. 75,000 HUVEC cells were seeded in e
with 1 ml of full medi um containing 1% pe
reactimastea mix (MM1)-MEBanhdi siimNAOmtii gor
(500nM) and a second master -MEExandMM2Q %
Ol i gof eEweame ngrepared at .r o0dm gtod nepce raarti unree \
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into tHMEM@ptihout touching the tube walls

temperature for 10 minutes.

A set of master mixes 3 (MM3) was preparec

half volume of for each si RNA with an aliog
at room temperature. 200 iyl of medium were
MM3 wer d, addereach a final concentration o
After 4 hours 0.5 mL of full medi um cont
added gently to each well, avoiding stres

including MMI1, MM2 and MM3 were repeated.
medi um waed,r etmMoev cel |l s were washed with 1

mi of trypsin for 1 min at 37UC. Trypsini

were colleentetdiabnggpPddx 3 min and cell pell e
i n 1ml of «commpcloentteaimeidnigu 1% penicillin/str.
were seeded in a new six wel/l cel | cul tur
preparation and eight wel!/l slide for 1 mmu
well ). 24 hoursse edfithgr, tthhe I8asmel | sl ides w
processed for i mmurRo Ht.,2i andg c¢mpkéet en medi
penicillin/streptomycin was added to the ¢
well plates were washed with PBS anéd. Whyded

Lysates were quanti f2etiThobh28BCArkor (®septiba

western blotting analysi s.
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2. ®dtatistical analysis

Al l analyses were performed using R (versi
Al data wasnotmatetdy fdrstri but-Wiolnk utse s1tg, t
subsequent par gmetarmecd rancd tneosnt s wer e appl i e
For normally distributed dat a, p a rpaamerterdi ct

test awrayomeal ysies (AAINOWAr i awvid h Tukeyds pos
For -mamamet ri c -Whittane yMah,n Wi |l coxon Signed

Rank sum tests were used. Statisvaktaét ef gt
or 5 %, calcul ated at9@:a%.colmdrn dgnaphil ealel r e
statistical resul ts, the statistical soft

significance addedSuusdiinog. aDnaatlay sairse ferxopm eRs s
and third quartile of the distribution unl
Complete output tables derived from8stat
Appenadaingd. Rppendi x B
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Chaptdamahscriptional pr
PPP1Rf2Ae Iin cells of t
system

3.1ntroducti on

The gene enc®PiPAgRIMAPTIMmMans) consists of at
exons i n vl®i pelod alt easn d Fi sM¥eRT 1 2i0sloifaor ms
described as the grypcucal tefrnatabssettsplici

regions, the central part (often ref-ended
of the transcript (({Divd&lswinngeiasagdne 2&t0 082 4)
Oslin et,Kahla.t,r i202Haéeét  eRP0®br de2a021,Lalr.t,ey?
et al ,Shi2dilbu etTwadmey 1e9t9,R2dyne 20t PalSk,i p2p0i0

of E24 results intenmisafoltmuwihé ai Eper

inclusion of the exon causes a reading fra

result i s a @dMBarhthdarc kiss otfhoer .. Z mot i f and i s
oXxi@eppold and )Fi Th-epllZd2Z@®14@ariant is subj e
regul ation, i's predominantly expressed in
muscle cells |like in the bl adder but i S

contracted) smooth |Ilmugel eardelrlieesofantdhe s a
ti s qiersk sen etPaaylne et00@sl in2806aln, chdzZzXke

rodents, E24 variants have been extensivel
physi ¢Diopgpyol d and [FKIsahterri, tQH#lbt, e20m1 | n
humans, -wairei danZt , al though not annotated in
the smooth muscl ebloafd dd b,od(Osréssm e les , Daolr.d,e a2 (
et al ,Lark0dy et). al ., 2016

Cl splice variants were initially reporte

was fThasbsed&hiimi zu e}, alnd, sudDSBSLquent!l y in
and E14) and human &elal st ( iafwa mennoght R3 )

Five rat Cl vari anttsypar iaslitreg nhhyi casselie
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alternative splicing acceliorrk sseint eestP hagln.e, &

et al ), Q@l0oO0Ovariants have not been extensi
relevance is uncl ear -meéditataed opea s g haahey dod t
been reported in the c¢hi{(Yukein eits ¢adlmad, ma2s0klulm g

i soform skipping E13 was proposed t(Ki imaet

al ., yeomRaredf ubéndtslof or m. PNOP1lRMI®ReATI ant s h
been reported other than a splice variant
found absent I n HelLa and vascul ar &nadnotelte
al . ,).20In2 adMdicthii @dm, etamal.y s(e2d0 OtlheP PR 1 RilealgA o
aortic smooth muscle and experimentally de
(Machida e?®%. al ., 2001

The existence of alterhRRBP1Ra&Rd& pdritch anlgo gvoaur si
we l | document ed. However, i nspection of

dat abiarskkiscates a to date unappreciated tra
GenBank reporPtPsPlRaoL#ANn$scrviepts encoding fou
wher €Emsembl e (accession number ENSGO0000O0C
informatomnEST and mMRNAt eul2@i stsriaonnsscr i pt s
protein codi-mgdi antoends eches@d r et as @ e d3 .pHit g wrne
3.2). | n adnduicthi conf, t he publ i sthRRI1 Rdfgo remati ioon

transcription variants has been obtained f

and tissues, which consist of a mixture of
cell types are scaré aard @Ki.rm iea?i0 0aé dv gsmoRofple:
et al )., WReOrly0 | ittl e has been done to fully

of t he PhPPMaRy & Me . The purpose of this charg
knowl edge gap.
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Ai nosf t his: chapter

1. To wusien amapprco@ach to iIinterrogate public
transcriptionraPIPl\RAE@Wantds eokrifying the
transcript predictions, in particular t

2. To set up andPORI|apmrteaah RfTor i denti fic

vari aPP®1l&fLM Ahuman RNA sampl es.

3.To use -RGR apIlproach to identify transcr
the vasculature in which MYPT1 is know
endot hel i al cell s (represented by HU)\

(represented by HRHSGRSMCs) using RT
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3.2. Insilico analysis of PPP1R12Atranscription variants

3.2M¥Y¥PT1 transcripts and isofor ms

PPP1Rd&me e nsceovdetl3aHT1 i sof or ms. Ki mura et e
MYPT1 gene to the | ong @rmK&@fmuahhr cerhp t8d e 1

expressed i n many t il gsiuessmoomdgTtmbkaalbhiamda ntet

199 77The gene has 25%i netxtoonnfsheanlddoc2us 21 KRNA c
pseudogenes, 3 anti sénde ngende niyraaRMdsARNIAEBL. S

(Fi gg.ne.
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79950 K 7990 K

Genas, MANE Projact (release v1.1)

|79910K

79840 K

|T9830K |79820K  |79810K

PPPIR12A-AS2

PPPIR12A
% 1 0024003} > ot it ot =$5-108 1P_O0247 1
NCBI RefSeq Annotation GCF_000001405.40-RS_2023 0
PPPIR1ZA
NM_001244992.1} P> - 4 i B e F ettt NP_(01231921.1
HM_001244990.2 4 > + t B H-t HHt =t b8 1NP_001231910.1
NM_0011438852 4 - - = + e e S oot =ttt NP_001137357 1
NM 002480 3 } s = t } man H-—+ -t =ttt NNP_002471.1
sdlaci > f f ottt —HH -8 NP _001137358
PPP1R12A-AS1 RNASSP383 | LOC124802974
| NR_146533.1 | XR_007063387 1 |
=] NR_146534 1

=] NR_146525.1

Figur3ek Features
ncbhi

(https:/ / www.

of
nl

m.

t PEP1LROUBhA US i n GlemdBaam k. wa s
ni h.)y.ovT e nd /ndid &ctBrtee@q Or6d RI0OQRXIP PtPrlaRM AT ¢ px (©ff

greemidi dahteesal ternative splicing

itnrdai nc3actaandp it seamSewe | Po &

t aken

(in

from

bl ack)
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MYPT1 iisoforms have been descrtiyopal alst erhre
splicPPBlRBiXRAns at two regions, the centra
centr al i nsert-endcl| f andet heamddcri pt (i nvo
affecting tHhHRi LkKs @m matP@adylin.e, e20, @@ |. i, n 2810 6a l
Khatri etHtadt ,et20@dr dealOfi,Lalrtey2@13hi mi za:
et al . Twambydy et ,bhyne2@10.alGenBaOOKd report
PPP1RUR2&nscripts encoding suggesprogetimats

transcriptional c ompelfd xeicttye dmayn ndite tchuus e
prompting to examine the available infor me
(Saldanha et al., 2022

The Ensembl e dat abase coll ates t he seque

PPP1RilRtAo 23 transcripts distributed into
medi ated decay and&digelanidaddEmtbBERPP1R12A
transcripts and protein variants a)s. aFmmuwrt
transcripts predict exons not annotated i
t hatr eweend&e 2 "TF9E2m©®d *E2i2n order to preserve t
commonly wused i mppladl ix8 ¢ gudeangcri pts ir
(PPP1R1ZaMnd "H2P2PP1RDBA are annot aimedi ated
decay, whereas tr amnPPPILROD A rdniRiP EDRP B3B2 ar ¢

annotated as protein coding. However, - car
209 is more | i-keed iya tae dn odnescednys etaruasres csrpil gtci n
additional exon causes a frame .shift and r
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Transcript ID Name bp | Protein | Biotype CCDS UniProt Match = RefSeq Match Flags

ENST00000450142.7  PPP1R12A-203 | 5620 | 1030aa | | Protein coding CCDS44947& | Q149741 MM_002480.3¢% = MANE Select Ensembl Canonical GENCODE basic  APPRISP3  TSL:1
ENST00000261207.9 PPP1R12A-201 | 5582 | 1030aa CCDS44947| Q149741 - GENCODE basic APPRISP3 TSL:5
ENST00000437004.6 PPP1R12A-202 4639 | 995aa CCDS58260 e 0149742 - [

ENST00000546369.5 PPP1R12A-204 | 2577 | 943aa CCD344948 % 0149745 - 2
ENST00000550107.5 PPP1R12A-213 | 2925 | 974aa CCDS58259e | 014974-36 -

ENST00000547330.5 PPP1R12A-208 2275 | 692aa FBVZNS = -

ENST00000650220.1 PPP1R12A-223 | 1143 | 381aa ADA3B3ISHA & -

ENST00000553081.5 PPP1R12A-221 1101 | 367aa HOYHI8E -

ENST00000547131.1 PPP1R12A-206 1 897 | 299aa HOYIS4e -

ENST00000550299.5 PPP1R12A-214 | 683 188aa HOYIM2 g2 -

ENST00000550510.5 PPP1R12A-216 631 210aa HOYHLE & -

ENST00000548318.1 | PPP1R12A-209 | 582 S7aa FBVWW28 i -

ENST00000634739.1 PPP1R124-222 560 100aa ADADUIRQZ1 & -

ENST00000546762.5 PPP1R12A-205 | 1257 | 234aa | | Nonsense mediated decay HOYIS3E -

ENSTO0000550903.5 | PPP1R12A-217 | 959 161aa | | Nonsense mediated decay HOYIL V& -

ENST00000548908.3 PPP1R12A-210 3064 No protein | Retained intron . -
ENST0D0000552852 1 PPP1R124-220 | 2277 | No protein
ENST00000550351.5 PPP1R12A-215 | 738 | No protein
ENST0D0000547253 5 PPP1R12A4-207 | 676 | No protein
ENST0D0000550001.1 PPP1R12A-211 | 631 | No protein
ENST00000551781.2  PPP1R12A-219 | 629 | No protein
ENSTD0000551191.1 | PPP1R12A-218 | 602 | No protein
ENST00000550007.1 PPP1R12A-212 | 443 | No protein

Figu32Ensembl e Genome PRPdWRSlgeAneoft r anlsmadet d.aken from ensembl e
(https:/ / www. ensembl . org/ Homo sapiens/ Genel/ Spl i79e9B3dMbAd rdaa;t ahEN RGO
|l i $she alternative splicing transansehdprebonseapndaesmedpased decay
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TabB&ePPP1R1T2ANnscripts and protein variant :
and GenMBlanktranscripts are supported by ES
the protein coding variants also by RNAse
PPP1RA2A, which is only supTphoer twar ibayntR NcAos
canoni cal in Uniprot wuse's &PK @eaodi Rgoe@soIl:

nonsemesde at ed decay*t rEZmWsdciE2R2Ts agE2r i-2G9 PP
i's annotated as protein codingediuat eids dnec
transcript. Mo st Ens eombp lee tter aannsdc rh ot s laeg eer
showmwmi g8Btto calculate the predicted protei
Ensembl (ex Splicin
transcri redict
enBank
PPP1R2DA Protein cod Canonical,"|FL (1030)
(NM_0011438 (i soform a)
variant 2)
PPP1R2DA Protein codE22 out, 'st|{jE22 (995)
(NM_0012449 (i soform c¢)
variant 4)
PPP1R2DAR Protein cod Canonical, FL (1030)
(NM_002480. (isoform a)
variant 1)
PPP1R2DA Protein cod/ Start* at EI1/JN (943)
(NM_0011438 (isoform b)
variant 3)
PPP1R2DA Nons emesdei at ¢ E2'2 n
decay
PPP1R2DA Protein cod E13+E14 out|jE13+14 (91
PPP1R2DK Ret ained in
PPP1R2DR Protein codE14 out JE14 (971)
PPP1R2DA Protein cod E2in
(Nons-medieat
decay)
PPP1R22A Ret ained in
PPP1R22A Ret ained in
PPP1R22AR Ret ained in
PPP1R22R Protein codE13 out JE13 (974)
(NM_00124149 (isoform d)
variant 5)
PPP1RP21A Protein cod E24 in (31 |[L#Za (1005)
PPP1RP22A Ret ained in
PPP1R22A Protein codE6 out JE6 (1005)
PPP1R2AK Nons emesdei at ¢ E2'0 n
decay
PPP1RP22R Ret ained in
PPP1RP22A Ret ained in
PPP1R22A Retained in
PPP1R22A Protein codAlternativeE13b (1018)
acceptom &£il
PPP1R22R Protein codE24 in (13 |[L®H (999)
PPP1R22A Protein codE9 n E9+ (1062)
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Taking into consideration only praoaivwa @ coc
identified, each encoding a predicted MYPT
protein coding transcript and tHhieg B13.eprAopa

mul tiple alignment of al | Fgrge3didchtee di nifsoorfnoar
available in GenBank does not support t h
carrying more than one alternatively splic

iI's restricted to just 14 mRNA or cDNAgseq
regi ocPlPPdfR12TMese include complete coding r
J N and al most complete for JE14. No mRNA
J] E1L3+21a,ant® MAriants. There is evidence of
the FL and JE22 variantregibotbyhetouse o0f al
b

e ruled out.
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1~ 1 1" 2 2 3 4 5 6 7 8 9 9 10 11 12 13 14 15 16 17 18 19 20 20* 21 22 22* 23 24 25 26 T1 T2
P1 [ P1 P2

Transcript Protein

length
HH—HHH
. i FL 1030
L L1 1
‘|U|—l—l+H—|—|—D—.—|—|_l—l—|_._H|| H IUIIj AN 943
H- o L
L 1 .
L L1
AHH—HHHHHHH R R T es oma
AE14 971

AE13+14 915

AE22 995

ili

LZ a 1005

g EE IIIIIIID.IIIII.IIII 11 WLZ_b 999

Figureid3gB8re | egend following on the next page.
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FigBB3@&ranscripti omPRERITRAt $ 0pf i s a schemat PPPl&Rfe2\s ema ¢ d omn od utt
of data from Ense®Onhnlg axednGemBa&nldepi cted at scal e. White boxes

boxes represent translated regi ons. -nkalindrmr db adxesa ya rte aenxsacrrs pftosu n dT
and E24 indicate a&@lptercratsivesacGepteoir and red circles indicate tr
denote promoter and terminator regions. Transcripts are tsgsuingcmt e
particul aromproemmmerss to specific transcripts. The scheme does

alternatively spliced exonéadéaptredahicbodm(Skdgdearnéhsa2 reffr. sachp p o r2t0 2 2
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El MyPhone KVKF motif E2

FL MQMADAKQKRIEQLKRIGSETDLEPPVVKRQKRVKODGAVFLAACSSGDTDEVLKLLHRGADINYANVDGLTALHQACIDDNVDMVKFLVENGANINQPDNEGWIPLHAAAZTGYL
DN MVKFLVENGANINQPDNEGWIPLHAAASCGYI[33

DE6 MKMADAKQKNEQLKRIGSETDLEPPVVKRQKAVKFDDGAVFLAACSSGDTDEVLKLLHRGADINYANVDGLTALHQACIDDNVDMVKFLVENGANINQPDNEGWIPLHAAAZTGYL
E9+ MKMADAKQKIEQLKRIGSETDLEPPVVKRQKRAVKDDGAVFLAACSSGDTDEVLKLLHRGADINYANVDGLTALHQACIDDNVDMVKFLVENGANINQPDNEGWIPLHAAAZTGYL
DE13 MKMADAKQKNEQLKRIGSETDLEPPVVKRQKRAVKRDDGAVFLAACSSGDTDEVLKLLHRGADINYANVDGLTALHQACIDDNVDMVKFLVENGANINQPDNEGWIPLHAAAZTGYL
E13b MKMADAKQHNEQLKRIGSETDLEPPVVKRQKRVKODGAVFLAACSSGDTDEVLKLLHRGADINYANVDGLTALHQACIDDNVDMVKFLVENGANINQPDNEGWIPLHAAAZTGYL
DE14 MKMADAKQKNEQLKRIGSETDLEPPVVKRQKRVKAODGAVFLAACSSGDTDEVLKLLHRGADINYANVDGLTALHQACIDDNVDMVKFLVENGANINQPDNEGWIPLHAAAZTGYL
DE13+14 MKMADAKQKIEQLKRIGSETDLEPPVVKRQKKVKRDDGAVFLAACSSGDTDEVLKLLHRGADINYANVDGLTALHQACIDDNVDMVKFLVENGANINQPDNEGWIPLHAAAZT GYL
DE22 MKMADAKQKNEQLKRIGSETDLEPPVVKRQKRAVKRDDGAVFLAACSSGDTDEVLKLLHRGADINYANVDGLTALHQACIDDNVDMVKFLVENGANINQPDNEGWIPLHAAAZTGYL
LZ-a MKMADAKQKIEQKRWGSETDLEPPVVKRQKRVKIDDGAVFLAACSSGDTDEVLKLLHRGADINYANVDGLTALHQACIDDNVDMVKFLVENGANINQPDNEGWIPLHAAAZTGYL
LZ-b MKMADAKQWIEQLKRIGSETDLEPPVVKRQKRAVKDDGAVFLAACSSGDTDEVLKLLHRGADINYANVDGLTALHQACIDDNVDMVKFLVENGANINQPDNEGWIPLHAAAZTGYL

E3 E4 Ankyrin repeats E5

FL IAEFLIGQGAHVGAVNSEGDTPLDIAEEEAMEELLQNEVNRQGVDIEAARKEEERIMLRDARQWLNSGHINDVRHAKSGGTALHVAAAKGYTEVLKLLIQAGYDVNIKDYX3WTPLI
DN IAEFLIGQGAHVGAVNSEGDTPLDIAEEEAMEELLQNEVNRQGVDIEAARKEEERIMLRDARQWLNSGHINDVRHAKSGGTALHVAAAKGYTEVLKLLIQAGYDVNIKDY DMG®/TPL|
DE6 IAEFLIGQGAHVGAVNSEGDTPLDIAEEEAMEELLQNEVNRQGVDIEAARKEEERIMLRDARQWLNSGHINDVRHAKSGGTALHVAAAKGYTEVLKLLIQAGYDVNIKDYR4Q/TPLI
E9+ IAEFLIGQGAHVGAVNSEGDTPLDIAEEEAMEELLQNEVNRQGVDIEAARKEEERIMLRDARQWLNSGHINDVRHAKSGGTALHVAAAKGYTEVLKLLIQAGYDVNIKDYX3WTPLI
DE13 IAEFLIGQGAHVGAVNSEGDTPLDIAEEEAMEELLQNEVNRQGVDIEAARKEEERIMLRDARQWLNSGHINDVRHAKSGGTALHVAAAKGY TEVLKLLIQABMDVRILKIZAAR40

E13b IAEFLIGQGAHVGAVNSEGDTPLDIAEEEAMEELLQNEVNRQGVDIEAARKEEERIMLRDARQWLNSGHINDVRHAKSGGTALHVAAAKGYTEVLKLLIQAGYDVNIKDYX@WTPLI
DE14 IAEFLIGQGAHVGAVNSEGDTPLDIAEEEAMEELLQNEVNRQGVDIEAARKEEERIMLRDARQWLNSGHINDVRHAKSGGTALHVAAAKIQATEXDWINIKDYDGWTPLHAA240

DE13+14 |IAEFLIGQGAHVGAVNSEGDTPLDIAEEEAMEELLQNEVNRQGVDIEAARKEEERIMLRDARQWLNSGHINDVRHAKSGGTALHVAAAKGYTEVLKLLIQAGYDVNIKDYRX3WTPL!
DE22 IAEFLIGQGAHVGAVNSEGDTPLDIAEEEAMEELLQNEVNRQGVDIEAARKEEERIMLRDARQWLNSGHINDVRHAKSGGTALHVAAAKGYTEVLKLLIQAGYDVNIKDYX3Q/TPLI
LZ-a IAEFLIGQGAHVGAVNSEGDTPLDIAEEEAMEELLQNEVNRQGVDIEAARKEEERIMLRDARQWLNSGHINDVRHAKSGGTALHVAAAKGYTEVLKLLIQAGYDVNIKDY X3/ TPLI
LZ-b IAEFLIGQGAHVGAVNSEGDTPLDIAEEEAMEELLQNEVNRQGVDIEAARKEEERIMLRDARQWLNSGHINDVRHAKSGGTALHVAAAKGY TEVLKLLIQABMUVRILKIZAAR40
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E6 E7 E8

FL HWGKEEACRILVDNLCDMINKVGQTAFDVADEDILGYLEELQKKQNLLHSEKRDKKSPLIESTANMDNNQSQKTFKNKETLIIEPEKNASRIESLEQEKVDEEEEGKKDESHUSSEE
DN HWGKEEACRILVDNLCDMANKVGQTAFDVADEDILGYLEELQKKQNLLHSEKRDKKSPLIESTANMDNNQSQKTFKNKETLIEPEKNASRIESLEQEKVDEEEEGKKDESSBSSEE
DE6 HWGKEEARGLVDNLCDMEMNKW-----mnmnmemmmmeemo e LHSEKRDKKSPLIESTANMDNNQSQKTFKNKETLIIEPEKNASRIESLEQEKVDEEEEGKKDESSCSSEED
E9+ HWGKEEACRILVDNLCDMINKVGQTAFDVADEDILGYLEELQKKQNLLHSEKRDKKSPLIESTANMDNNQSQKTFKNKETLIIEPEKNASRIESLEQEKVDEEEEGKKDESHUSSEE
DE13 HWGKEEACRILVDNLCDMANKVGQTAFDVADEDILGYLEELQKKQNLLHSEKRDKKSPLIESTANMDNNQSQKTFKNKETLIEPEKNASRIESLEQEKVDEEEEGKKDESSDSSEE
E13b HWGKEEAGLVDNLCDMEMNKVGQTAFDVADEDILGYLEELQKKQNLLHSEKRDKKSPLIESTANMDNNQSQKTFKNKETLIIEPEKNASRIESLEQEKVDEEEEGKKDESSUSSEE
DE14 HWGKEEACRILVDNLCDMANKVGQTAFDVADEDILGYLEELQKKQNLLHSEKRDKKSPLIESTANMDNNQSQKTFKNKETLIEPEKNASRIESLEQEKVDEEEEGKKDESSDSSEE
DE13+14 HWGKEEACRILVDNLCDMANKVGQTAFDVADEDILGYLEELQKKQNLLHSEKRDKKSPLIESTANMDNNQSQKTFKNKETLIEPEKNASRIESLEQEKVDEEEEGKKDESSDSSEE
DE22 HWGKEEACRILVDNLCDMANKVGQTAFDVADEDILGYLEELQKKQNLLHSEKRDKKSPLIESTANMDNNQSQKTFKNKETLIEPEKNASRIESLEQEKVDEEEEGKKDESEDSSEE
LZ-a HWGKEEACRILVDNLCDMINKVGQTAFDVADEDILGYLEELQKKQNLLHSEKRDKKSPLIESTANMDNNQSQKTFKNKETLIIEPEKNASRIESLEQEKVDEEEEGKKDESSUSSEE
LZ-b HWGKEEAGLVDNLCDMEMNKVGQTAFDVADEDILGYLEELQKKQNLLHSEKRDKKSPLIESTANMDNNQSQKTFKNKETLIIEPEKNASRIESLEQEKVDEEEEGKKDESHUSSEE
E9 E9+ E10

FL EEDDSESEAETDKTKPLASVTNANTSSTQAAPVAVTTPTVSSGQATPTSRiKK FPTTATKISPKEEERKDESPATWRLGLRKTGSY&8

DN EEDDSESEAETDKTKPLASVTNANTSSTQAAPVAVTTPTVSSGQATPTSRiKK FPTTATKISPKEEERKDESPATWRLGLRKTG2Y361

DE6 EEDDSESEAETDKTKPLASVTNANTSSTQAAPVAVTTPTVSSGQATPTSRIKK FPTTATKISPKEEERKDESPATWRLGLRKTGSY&8

E9+ EEDDSESEAETDKTKPLASVTNANTSSTQAAPVAVTTPTVSSGQATPTBIPMKESVDPASWRQGLRTKGIVLVPSKGEHRIWATKISPKEEERKDESPATWRLGLRKTGS Y&
DE13 EEDDSESEAETDKTKPLASVTNANTSSTQAAPVAVTTPTVSSGQATPTSRiKK FPTTATKISPKEEERKDESPATWRLGLRKTGS Y&/
E13b EEDDSESEAETDKTKPLASVTNANTSSTQAAPVAVTTPTVSSGQATPTSRHKK FPTTATKISPKEEERKDESPATWRLGLRKTGSY&I8
DE14 EEDDSESEAETDKTKPLASVTNANTSSTQAAPVAVTTPTVSSGQATPTSRIKK FPTTATKISPKEEERKDESRTWRLGLRKTGSYGM8
DE13+14 EEDDSESEAETDKTKPLASVTNANTSSTQAAPVAVTTPTVSSGQATPTSRIKK FPTTATKISPKEEERKDESPATWRLGLRKTGS Y&
DE22 EEDDSESEAETDKTKPLASVTNANTSSTQAAPVAVTTPTVSSGQATPTSRiKK FPTTATKISPKEEERKDESPATWRLGLRKTGSY&#8
LZ-a EEDDSESEAETDKTKPLASVTNANTSSTQAAPVAVTTPTVSSGQATPTSRIKK FPTTATKISPKEEERKDESPATWRLGLRKTGSY&I8
LZ-b EEDDSESEAETDKTKPLASVTNANTSSTQAAPVAVTTPTVSSGQATPTSRiKK FPTTATKISPKEEERKDESPATWRLGLRKTGS Y&
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FL
DN
DE6
E9+
DE13
E13b
DE14
DE13+14
DE22
LZ-a
LZ-b

FL
DN
DE6
E9+
DE13
E13b
DE14
DE13+14
DE22
LZ-a
LZ-b

FL
DN
DE6
E9+
DE13
E13b
DE14
DE13+14
DE22
LZ-a
LZ-b

El1 E12 E13 E13b
LAEITASKEGQKEKDTAGVTRSASSPRLSEMNKEKKDSKGTRLAYVAPTIPRRLASTSDIEEKENRDSSSLRTSSSYTRRKWEDDLKKNSSVNEGESBHIRRQDDLISSSVE68
LAEITASKEGQKEKDTAGVTRSASSPRLSEMNKEKEKDSKGTRLAYVAPTIPRRLASTSDIEEKENRDSSSLRTSSSYTRRKWEDDLKKNSSVNEESFGRRQDDLISSSVA81

LAEITASKEGQKEKDTAGVTRSASSPRLSEMNKEKEKDSKGTRLAYVAPTIPRRLASTSDIEEKENRDSSSLRTSSSYTRRKWEDDLKKNSSVNBESFGRRQDDLISSSVB43
LAEITASKEGQKEKDTAGVTRSASSPRLSSSLDNEKBSKGTRLAYVAPTIPRRLASTSDIEEKENRDSSSLRTSSSYTRRKWEDDLKKNSSVNEGSBFRIIRRQDDLISSSVB00
LAEITASKEGQKEKDTAGVTRSASSPRLSEMNKEKEKDSKGTRLAYVAPTIPRRLASTSDIEEKENRDSSSLRTSSSYTRRKWEDDLKKNSSVNEGSTYHK---- 551
LAEITASKEGQKEKDTAGVTRSASSPRLSEMNKEKEKDSKGTRLAYVAPTIPRRLASTSDIEEKENRDSSSLRTSSSYTRRKWEDDLKKNSSVNEGSTYHK SSSVP 556
LAEITASKEGQKEKDTAGVTRSASSPRLSEMNKEKEKDSKGTRLAYVAPTIPRRLASTSDIEEKENRDSSSLRTSSSYTRRKWEDDLKKNSSVNBESFGRRQDDLISSSVE68
LAEITASKEGQKEKDTAGVTRSASSPRLSEMNKEKEKDSKGTRLAYVAPTIPRRLASTSDIEEKENRDSSSLRTSSSYTRRKWEDDLKKNSSVNEGSTYHK---- 551
LAEITASKEGQKEKDTAGVTRSASSPRLSEMNKEKEKDSKGTRLAYVAPTIPRRLASTSDIEEKENRDSSSLRTSSSYTRRKWEDDLKKNSSVNBESFGRRQDDLISSSVE68
LAEITASKEGQKEKDTAGVTRSASSPRLSEMNKEKEKDSKGTRLAYVAPTIPRRLASTSDIEEKENRDSSSLRTSSSYTRRKWEDDLKKNSSVNEESFEHRRQDDLISSSVE68
LAEITASKEGQKEKDTAGVTRSASSPRLSEMNKEKEKDSKGTRLAYVAPTIPRRLASTSDIEEKENRDSSSLRTSSSYTRRKWEDDLKKNSSVNEBESFEHRRQDDLISSSVE68

E14 Central insert E15
STTSTPTVTSAAGLQKSLLSSTSTTTKITTGEGSAGTQSSTSNRLWAEDSTEKEKDSVPTAVTIPVAPTVVNAAASTTTLTTTTAGTVSSTTIRSRERRVRDEESESQRKARSRG8
STTSTPTVTSAAGLQKSLLSSTSTTTKITTEGSAGTQSSTSNRLWAEDSTEKEKDSVPTAVTIPVAPTVVNAAASTTTLTTTTAGTVSSTTEHRSRHERRVRDEESESQRKARSRQ1
STTSTPTVTSAAGLQKSLLSSTSTTTKITTEGSAGTQSSTSNRLWAEDSTEKEKDSVPTAVTIPVAPTVVNAAASTTTLTTTTAGTVSSTTEHRSRHERRVRDEESESQRKARSRG3
STTSTPTVTSAAGLQKSLLSSTSTTTKITTGSSSAGTQSSTSNRLWAEDSTEKEKDSVPTAVTIPVAPTVVNAAASTTTLTTTTAGTVSSTREVEHRRRDEESESQRKARSRQ0

------- STSNRLWAEDSTEKEKDSVPTAVTIPVAPTVVNAAASTTTLTTTTAGTVSSTTE\RSRRPVRDEESESQRKARSRQ2
STTSTPTVTSAAGLQKSLLSSTSTTTKITTGSAGTQSSTSNRLWAEDSTEKEKDSVPTAVTIPVAPTVVNAAASTTTLTTTTAGTVSSTTEIRGHARVRDEESESQRKARSRQ@6

STTSTPTVTSAAGLQKSLLSSTI TKITTGSSSAGTQS RSYLTPVRDEESESQRKARSRQ9
RSYLTPVRDEESESQRKARSRQ@3

STTSTPTVTSAAGLQKSLLSSTSTTTKITTGEGSAGTQSSTSNRLWAEDSTEKEKDSVPTAVTIPVAPTVVNAAASTTTLTTTTAGTVSSTTIRGRHERRVRDEESESQRKARSRG8
STTSTPTVTSAAGLQKSLLSSTSTTTKITTGSAGTQSSTSNRLWAEDSTEKEKDSVPTAVTIPVAPTVVNAAASTTTLTTTTAGTVSSTTEIRGHRRVRDEESESQRKARSRB8
STTSTPTVTSAAGLQKSLLSSTSTTTKITTGSAGTQSSTSNRLWAEDSTEKEKDSVPTAVTIPVAPTVVNAAASTTTLTTTTAGTVSSTTIRGHRRVRDEESESQRKARSR@8

E16 E17
ARQSRRSTGVTLTDLQEAEKTIGRSRSTRTRQENEEKEKEEKEKQDKEKQEEKKESETSREDEYKQKY SRIQRERPVSTSSSTTPSSSLSTMSSSLYASSQLNRPNSLVGU8

ARQSRRSTQVILTDLQEAEKTIGRSRSTRTEQENEEKEKEEKEKQDKEKQEEKKESETSREDEYKQKYSRTYDETYQRYRPVSTSSSTTPSSSLSTMSSSLYASSQLNRAE$S
ARQSRRSTQVILTDLQEAEKTIGRSRSTRTEQENEEKEKEEKEKQDKEKQEEKKESETSREDEYKQKYSRTYDETYQRYRPVSTSSSTTPSSSLSTMSSSLYASSQLNRMHES

LVGI
LVGI

ARQSRRSTQVILTDLQEAEKTIGRSRSTRTREQENEEKEKEEKEKQDKEKQEEKKESETSREDEYKQKYSRTYDETYQRYRPVSTSSSTTPSSSLSTMSSSLYASSQLNBANSLYV

ARQSRRSTQVILTDLQEAEKTIGRSRSTRTERQENEEKEKEEKEKQDKEKQEEKKESETSREDEYKQKYSRTYDETYQRYRPVSTSSSTTPSSSLSTMSSSLYASSQLNRANS3
ARQSRRSTGVILTDLQEAEKTIGRSRSTRTRQENEEKEKEEKEKQDKEKQEEKKESETSREDEYKQKYSRTYDETYQRYRPVSTSSSTTPSSSLSTMSSSLYASSQLNRFAN6
ARQSRRSTGVILTDLQEAEKTIGRSRSTRTRQENEEKEKEEKEKQDKEKQEEKKESETSREDEYKQKYSRTYDETYQRYRPVSTSSSTTPSSSIYSBSSESIRPNSLVGITS749
ARQSRRSTGVILTDLQEAEKTIGRSRSTRTRQENEEKEKEEKEKQDKEKQEEKKESETSREDEYKQKYSRTYDETYQRYRPVSTSSSTTPSSSLSTMSSSLYASSQLNRRISS
ARQSRRSTQVILTDLQEAEKTIGRSRSTRTERQENEEKEKEEKEKQDKEKQEEKKESETSREDEYKQKYSRTYDETYQRYRPVSTSSSTTPSSSLSTMSSSLYASSQLNRBNS
ARQSRRSTGVTLTDLQEAEKTIGRSRSTRTRQENEEKEKEEKEKQDKEKQEEKKESETSREDEYKQKYSRTYDETYQRYRPVSTSSSTTPSSSLSTMSSSLYASSQLNRBES
ARQSRRSTGVILTDLQEAEKTIGRSRSTRTRQENEEKEKEEKEKQDKEKQEEKKESETSREDEYKQKYSRTYDETYQRYRPVSTSSSTTPSSSLSTMSSSLYASSQLNRRBYS

LVGI
LVGI

LVGI

LVGI
LVGI
LVGI
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FL
DN
DE6
E9+
DE13
E13b
DE14
DE13+14
DE22
LZ-a
LZ-b

FL
DN
DE6
E9+
DE13
E13b
DE14
DE13+14
DE22
LZ-a
LZ-b

E18 E19 E20 E21

AYSRGITKENEREGEKREEEKEGEDKSQPRERRRPREKRRSTGVSFWTQDSDENEQEQQSDTEEGSNKKETQTDSISRYETRSDSAGERSGSYSYLEERKPYSSRLEKBZS

AYSRGITKENEREGEKREEEKEGEDKSQMERRRPREKRRSTGVSFWTQDSDENEQEQQSDTEEGSNKKETQTDSISRYETSSTSAGDRYDSLLGRSGSYSYLEERKRBY3ESRLE
AYSRGITKENEREGEKREEEKEGEDKSQMERRRPREKRRSTGVSFWTQDSDENEQEQQSDTEEGSNKKETQTDSISRYETSSTSAGDRYDSLLGRSGSYSYLEERBMPOSSRLE
AYSRGITKENEREGEKREEEKEGEDKSQPKSIRERRRPREKRRSTGVSFWTQDSDENEQEQQSDTEEGSNKKETQTDSISRYETSSTSAGDRYDSLLGRSGSYSYLEEFKRPYSE
AYSRGITKENEREGEKREEEKEGEDKSQHERRRPREKRRSTGVSFWTQDSDENEQEQQSDTEEGSNKKETQTDSISRYETSSTSAGDRYDSLLGRSGSYSYLEERKRB73SRLE
AYSRGITKENEREGEKREEEKEGEDKSQMMFRRRPREKRRSTGVSFWTQDSDENEQEQQSDTEEGSNKKETQTDSISRYETSSTSAGDRYDSLLGRSGSYSYLEERKPMSSRLE
AYSRGITKENEREGEKREEEKEGEDKSQMERRRPREKRRSTGVSFWTQDSDENEQEQQSDTEEGSNKKETQTDSISRYETSSTSAGDRYDSMLEER&BYSSRLEKDIB69

AYSRGITKENEREGEKREEEKEGEDKSQMEIFRRRPREKRRSTGVSFWTQDSDENEQEQQSDTEEGSNKKETQTDSISRYETSSTSAGDRYDSLLGRSGSYSYLEERKRBISSRLE

AYSRGITKENEREGEKREEEKEGEDKSQMERRRPREKRRSTGVSFWTQDSDENEQEQQSDTEEGSNKKETQTDSISRYETSSTSAGDRYDSLLGRSGSYSYLEERKP28SRLE
AYSRGITKENEREGEKREEEKEGEDKSQMMFRRRPREKRRSTGVSFWTQDSDENEQEQQSDTEEGSNKKETQTDSISRYETSSTSAGDRYDSLLGRSGSYSYLEERKM28SRLE
AYSRGITKENEREEKREEEKEGEDKSQPKBERRRPREKRRSTGVSFWTQDSDENEQEQQSDTEEGSNKKETQTDSISRYETSSTSAGDRYDSLLGRSGSYSYLEERKM28SRLE

E22 E23 E25 E26 LZ domain
STDFKKLYEQILAENEKLKAQLHDTNMELTHKUQLEKATQRQERFADRSLLEMEKRERRALERRISEMEBRBINKADNQRLKDENGALIRVISKLSK 030
STDFKKLYEQILAENEKLKAQLHDTNMELTHKUQLEKATQRQERFADRSLLEMEKRERRALERRISEMEBERBIMADNQRLKDENGALIRVISKLSKR43

STDFKKLYEQILAENEKLKAQLHDTNMELTHKUQLEKATQRQERFADRSLLEMEKRERRALERRISEMEBERBIMADNQRLKDENGALIRVISKLSK005
STDFKKLYEQILAENEKLKAQLHDTNMELTDLKLQLEKATQRQERFADRSLLEMEKRERRALERRISEMPEEKKPNQRLKDENGALIRVISKLSK062

STDFKKLYEQILAENEKLKAQLHDTNMELTKUQLEKATQRQERFADRSLLEMEKRERRALERRISEMEBRBIMKADNQRLKDENGALIRVISKLSKO74
STDFKKLYEQILAENEKLKAQLHDTNMELTHKUQLEKATQRQERFADRSLLEMEKRERRALERRISEMEBBENBINKADNQRLKDENGALIRVISKLSK 018

STDFKKLYEQILAENEKLKAQLHDTNMELTHKUQLEKATQRQERFADRSLLEMEKRERRALERRISEMEBERBIMKADNQRLKDENGALIRVISKLSIO71
STDFKKLYEQILAENEKLKAQLBTNMELTDKLQLEKATQRQERFADRSLLEMEKRERRALERRISEMEBERBINKADNQRLKDENGALIRVISKLSI915

STDFKK-m-mmmmmmmmmmmemmememene e RQERFADRSLLEMEKRERRALERRISEMEEEBIEKM KADNQRLKDENGALIRVISKLSK95
STDFKKLYEQILAENEKLKAQLHDTNMELTHKUQLEKATQRQERFADRSLLEMEKRVTGKSQYLLGGTKSSRKKMN}---------------- 1005
STDFKKLYEQILAENEKLKAQLHDTNMELTHKUQLEKATQRQERFADRSLLEMEKRVFGK- RTKSSRKKNk-----m-mmmmmemmmeeee 999

E24/E24b  E25

FigwrdeMul t i pl e alignment of predictedThamalni guymernt pwad ec¢ oin 9 tsrod ctr
programExadétn Unopmaodari es are indicated on twoar iodnttsh,e tah atg nan

Ome g a
botto
red.

m. Phase 0O exons (between codons are | abell ed

)
Domains and motifs a(Eigbow@Gal indmbaf elrent. colO6@Rs

n

blm)c ki mnd
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3.2.T2.anscri PPPDODRL®Adri ven by three promo

ThEnsemhht abase suggests the existence of t
PPP1RilRAaddition to tNecbnearetpdtgadddb@p901)

ThEST dati aalh @3 evaatsi oenx a mg ateldet ai | ed i nf or mat

promoter. Trheegiaonasi gdviist h t he transcmmeptdbsabel
upstream of the first €00d3 nag de X2 .( EAl )B,L ARSPI
the UTR of the 208 transcript (267 bp) r e\
i n support of this transcription dFtiagrGiéer eg
A). Transcription start si2t6e6s bapc cupnsulraetaem io0

coao
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E1" E1

-121 t A tacttcacgacctatcctccatteccattcaaat ctcecgecce tagct 0

E1- 1 g TGCCC CTTGCGGTTCCACTGCTGGCCTCC! CC CCCCAGCCCGACAGGACAACCTTCCTTCCCCGCTTCCTCCTTTCCAGgtctgtcccage 20
121 ccecegetge ttcecctetggtg cagttcgcg ttcc tggtc 240

241 cg gatct gttacgttagattgg g g gccgtgetgggggcgggaggg -.r.ctgtgg" gaggtccgeteg g 360

361 cccagtgctctgtgggat t tct gcgtcgge gggt g tcctetgg g ata g cccetcet ctcege 480

481 ¢ t: ACCCGGCGGC 'GGACGCGAAGCAGAAGCGGAACGAGCAGCTGAAACGCTGGATCGGCTCCGAGACGGACCT 600

E1l 601 CGAGCCTCC AGCGCCAGAAGACCA TCGAC GCCGTCTTCCTGGCTGCTTGCTCCAGCGGCGACACGGAC! CTCAAGCTGCTGCACCGCGGCGC 720
721 CGACATCAATTACGCCAATGTGGACGGACTCACTGCCCTGCACCAGgtctgt gg gaggg gtcgg tgc g gt 840

6240 l gatttatttacagagaatatttatattataaaagctacaaagtaggaattttattctattgatgtattatttggagtgttaattcgtattttttccaatcttgctttctgttttgttttt 62520
E2 62521 agGCTTGC TTC ATCAACC ATGAA CACTACATGCAGCAGCTTCC 62640

62641 TTGATATTGCAGAgtaagccagttctgtgttttcattttattctaatactgtttgacagacctgaatgtttattgaagtgataaagataaatgagtgaactcttatattactttaattca 62760

121 tgcctgg ttccctctgg gagcgctettectggggeggg gcg gg gg 240

241 cgectcccagtccggatctcgcGAAGTTACGT 'CGCCGGTGAC CGTGCT! A 'TTC CGCTCGGCCGGGETECECCGT 360

361 CCCAGTGCTCTGTGGGATACTGGAAGTCTCGAGCGTCGGCTCCGGGTTCCCAGCCCTCCTCTGGCCCGCACTCATAGAAACATTCACACACCCCCTGCCTCCCCTCTCTTCCCTCTCCGC 480

E1l 481 CTCCCCCTTCCCCCCCTCGCGATAAGAAGACCCGGCGGC GGACGCGAAGCAGAAGCGGAACGAGCAGCTGAAACGC GGCTCCGAGACGGACCT 600
601 CGAGCCTCC AGCGCCAGAAGACCA TCGAC GCCGTCTTCCTGGCTGCTTGCTCCAGCGGCGACACGGACH CTCAAGCTGCTGCACCGCGGCGC 720

721 CGACATCAATTACGCCAATGTGGACGGACTCACTGCCCTGCACCAGgtctgt ccgg gaggg gtcggectectget tgccctcagt 840

62/:01 gatttatttacagagaatatttatattataaaagctacaaagtaggaattttattctattgatgtattatttggaqtgttaattcgtu‘.u_|. ttgctttctgttttgttttt 62520

E 62521 agGCTTGC. CA. AGTTTC CAA. ATCAACCTGATAATGAAGGCTGGATACCACTACATGCAGCAGCTTCCTGTGGATATC (2640

62641 TTGATATTGCAGAgtaagccagttctgtgttttcattttattctaatactgtttgacagacctgaatgtttattgaagtgataaagataaatgagtgaactcttatattactttaattca 62760

21361 taacccattacattccaacataaatattatgcttatgaaaaatagatgtattttacgaaacaa ttttacatttttggaaatttttttaaatgtcttaattaagaca 21480
El+ 21481 gctgaattctcatatccacttctgcatctagectattgtgatgtcacat tect tCcCATC Ly AGAGA. ACC TTC AG 21600
21601 GGGCTAAGAGAAACACTGAGCTAAATA 'TCATGGCTTGAAAGACTGTAAgtattgt tgttctt t tttaat tccaa 21720
21721 acaaaatcccagatatgtgtgcattgtctgtttgtgtatgcatgtgtgaaaaatggtaaattgatat agt tt tg 21840
62401 gatttatttacagagaatatttatattataaaagctacaaagtaggaattttattctattgatgtattatttggaqtgttaattcgtu\.u.-. ttgctttetgttttgttttt 62520
E2 62521 agGCTTGC! CA AGTTTC CAA ATCAACC ATGAA CCACTACATGCAGCAGCTTCC 62640
62641 TTGATATTGCAGAgtaagccagttctgtgttttcattttattctaatactgt tgaatgtttattgaagtgataaagataaatgagtgaactcttatattactttaattca 62760

stRARR1RL B A4)Seme matfi ¢

Figud3® Predicttreadnscriptio
i Bsc(rP)ptha@asnedstamt Ens
)

representation of t hree g
Di stances between exons ar e demd cHl df art ol
Bl ack and white boxes represent translated or
arising from each promoter i 6BTrnadnisccartiepdt iionn ast
Plregion as per tr-20%can@ CRrOaPnPsPcIrR1p2tAl on st art s
as per transcR2DptanfBmFDBLBATri ption start at t
trans ®rPiliRtk DA . Transcribed DNA appears in uppe
i s highlighted in turgq ise and wuntransl ated
h -haedd side redict t t codons are hig
s are framed an [ red fonts. Arrows:
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ed | i ke the i mmedi at el y
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PLRAR@AFi gur e(Sal
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S e d
col o p
PPP1 0

Three clusters of transcripts starting 96
i ndicate the presence of three alternati ve
(Fig86&ganHBi g36B® Transcript-20PPROBR12BA2 start
E1. This wadeno nmidil@&(tien order to preserve th

commonly wused i)nitsheplliitcerdatimte E1, | eavin

139



and using the same transl at 200n3 satnafiritgd GaBse (t r
©. A BLASTn smglauch2Wiblbpm &fl thdrEr UTBNneboO
documenteéexigst @ece of an infrequently (<0.1
(Fi gad.6B C Aapnpdendi B .-Ma btlweas a mePdc Of note, th
comprisamadgy PPIL overl aps with tranBRRIPAZA of
that can be distinguishedPBRI1RAR8NTCc omapelosni gt
noncodi ogn&RNA)udi es havéend&Ndélsetratedgul a
expression through their |1 mpact (Poenl etcrhaannsoc re
Steinmet®Zyf 2004B1 1 ,ledt @as$ . et ,F&@.D,i h210 leAS cdle.i ,n
et al )., t20hlas been de&mares tnr sttt etdd ldotly i (s2 Calnét)i s
gentunctions asshar t SIINEtUdhwu €@ eeh eencecnotnt ai ni r

translugptegul)atiom shuman cel | s, Il ncreasing t
PPP1RMRMA his study has also shown that thi
hi ghest |l evel s in blood cell s andwanse ufroau n c

within particsluagg eaeélplotteynp e al rghué iam oey
20)6Thusbt shouleduhed outuhi $hanti sense gene
regul at orPyP 1rRoElXep roens si onPidr i ven by
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A

Distribution of the top 141 Blast Hits on 141 subject sequences

B

Distribution of the top 10 Blast Hits on 10 subject sequences
! T | Query . . #
1 50 100 150 200 250 1 30 60 90 120 150
4
|

C

Distribution of the top 10 Blast Hits on 10 subject sequences
E1° —E1—
A

60 80

100 120

D

Distribution of tlégl top 180 Blast Hits on 13% subject sequences
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100 150 200 250

=

Figuméegdend on the foll

owing page
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I gudrtbeResul t s of BLASTn searches for ESTs in
PLRIHHXA i zont al bars represent the extent of
the query sequemdedabmy swiondmod agemen from h
WeGRAEST support for a transcription start
terrwigtalh edhe sequences corresponding to-the
BArrows indicate predicted transcri pig@best a
B and << UppoST for a transcri.pr(ipgmesthamanv &

__ OS5 oo T-

atabase was wiirnthertrhoeg asteequence 'ddram&«emo rod/i 2 t
enomic/intron sequence. The arrowheads indic
its read towards the righse@umanecencompasse on|
pposite direction and correspormrPdPPilRARIal )v er
he human EST databavid hwda s ei rstegruremgatse anod r2e0s p
bases of E1 as per-2@tanfheilpitt PPRLIKRICAe same
top ones correspond to'&sd sploimee EHat tb@ent aish
t PPPLRAQKX DPupport for a transcritptTlhhe Istman
dat abase was winthernrmeg steegdi e nc e s ‘&20 rfrleasnpkoendd i nyg
of genomic/intron "sefhie ncwet pbwetf ohr s Edeen tr unc:

F
p
t

|

[
2
C
d
g
h
(6}
t

two top hits correspond t0OOESTEST onleat ttiast eris
flanked by intron sequences and may corresponid
DNAFi gur e (S22 diaanohma  eY) al . , 2022

The -FPPIt egi onrich G&ZEnd harbours an accumul at
(Ensembl e Genome Browser). Spl kas hb egem mol
region and two Spl bi ndMancghisdiat eest). Thdele.e,g ii 20e0r
was scwihhlkedt he-PRDODBGENebsite for Spl sites
four sites with a percentage of dissimil al
previousl!l y rMaccohg ndias eedt, ddd c h i(d2a 0€lt). aThes e 0Di
are eachappraoceidm&tOe Ibyausge®t ream of one of tI
start sitePsl irrefgtilpedBbRIC) .

TranscRARPBPLIRARA indicates a transcription
approximately 21 kb downstream ofcoHLNngTlkIK:
(t hwa s a ndeE 3 t hat spl i<cleisf tiinntgo tEh2e, st art C
downstream of the common start and produci
87 r esoifdutenseemgt h pFigBb®ONTHhe name for this
pr otiesionfisfMm BA ASTn search with the se'qumence
E2 revealed only two EST clones supportin
promoter rwags adndP 2Fi@gB.6andppendi ¥ .-Tabrlei ke
the-PPlMegi on, the DNA i mmedisatmedtyc@@®@stream
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3. 2.PPP1IR12At r anscri pt-camwomnihc alonexons

FowrPPlRtlRaAnscripts in the Ensembl dat abas:e
GenBank iwittrhoinns 2, Thed@ an dnnan?evde reex,onls9 E 2

E2(and *E2Bn order to preserve the exon non

| i t er ésteucrteBo h .T2a,b 134, Fi g u36g . Transcripts i n
(PPP1R1ZaANd *H2P2PP1RDBA are annot aitmedi ased
decay. TranscripPptBPP1ARXO2uM i a'g(dPPEPA-RD2 3 A ar e

annotated as protein c¢oe2d0091 gal shoo wree/\ee a{PePdP 1
medi ated decay transcript, as exXpEaodeH2be
are very ra2e€3 BWPP1IRDbD2Aconsi dered in the n

exons.

Transcri pt2®PPPslRIli2Aes t he RNIBLABSTeaxscraEZh wit |
correspondi hgn & JF IERB7H2 evaalsi ngle ESTs, BP2
i ncludes the*whdidiet i 9naESTES2 in the search
Ensemble identifies a start codon in E3 't
interprets the sequences upstream as UTR.
on the single BP27 %6 2.0l acblloyn & ,n cwohmpcd het e. |
that the incl usfiwonlaf ctaltueseexat s&wai B2 t o t he
i ntroducing a premature stop codon, t her e
medi ated decay mRNA.

PPP1RA2PA i s a transcript thattaqigl icaas eisn at
shift and a premature stop. To identify ES
sear ch wB2BR'E2D. Here E19 was included due
insufficient for significant alignments. T
i n "ERB g \BI7 8, asterisks). One <c| 6 (Fa guBhraBt on
arrowhead) contains intron sequences upstr

may correspond to an intron retain clone.

PPP1RA@®A splices in thand5cadyseesxoan fEr2&2me
premature stop. AE2s2 A3 chomwi EBT E&28B8pport r
sequence, BG180627"(Ri,g®i&t diimisntg hE22 wi t h
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second hit marked with an asterisk iIin the
(BF980059. 1) with anomaE®@WBs bopulnidairryg atn et
appears to *FnglBweEee &2Leri sk at bottom) tul
sequence and two mor € (FtilpaB7€onbhyr cwheadE)2 2
i ntron sequences upstream and downstream

i ntron retain transcriopts.
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Distribution of the top 190 Blas+t Hits on 100 subject sequences Distribution of the top 132 Blast Hits on 81 subject sequences
E2 E2 E3 E22 -E22%- E23

L, ey T

1 70 140 210 280 350 . 1 30 60 90 120 150

* ¥
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«
Distribution of the top 107 Blast Hits on 74 subject sequences

—E19+E20— — — E22

1

60 120 180 240 300 A

Figurm&i gure Legend on the following page
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Fi gu3t7eResul ts of BLASTn isemasuaoppertioof ESGManscr

canonicalHoexamoait al bars represent the extent
sequences to the quer yceskagd emy espdomrday.d rge ceh of
hi ghest tSoeplaovwaeast .al i gned regions on the same

by a thin(42Y dumpeart for a splici n’d rvaanrsicarnitp
PPP1RA@A) The EST dat abasw twast Hentssaqguwegmcdesd cor |
EXZE3. The search was | imited to 100 Aidgisnaglna &
(@sterisk) suppofBBST hd wsppgoratnsfcari pa splicihg Ve
(PPP1RA2A) Thi saesers a frame shi ftT han d Sal pdraet naabtat
interrwigfhhetdhe sequences &EE2H2XE2pondéeng EDI9 EWAs

due to the small size of E20, . nBhiifd isdarndah froe
clones that *6épbterdska) E20he clone indicated
may correspond to anfCi8Trounppetti hoclangplici!

exon " (EPP1RA@RA) Thi saesers a frame shi f tThaen dh uamapnr
EST database wawsi tihnttehrer oggead leelnc e s d& @'&Er2e3s. p oThhdii
search revealed a singl(et oemqhiietncwi tclonarmi as tnar il
appears to correspond to a clonéE3thoamdaay o
clone that appednfatt ohenblotdemE22sterisk) cor
seqguence and two mor'g atriraotwheemldys )c anagyr cBHB22 es po
trans¢Fipgus e (Sa3l darnmohma et al . 2022

3. 2 PRPIR12Apr ot-edchi ng transcripts

Ne xt i 4 o uwgahst to revise the supporRPPfloR1 2tAr
involving codingE&é&8ponEl1EB6, EEQ and E24, m (

received attention before. Al l t hese spli
down to the stop codon in EZ26.

E6 i s spiln cterdaiRuett RPR A, resulting in the |
amino acids. To find EST support for this
correspondE7Fg(gtBaB8AEBbBas per.fTowdn®@ts i n which
spliceereut déAptpiefnideid8 .-Ma.blAe furt her BLASTN
sequences corresegdndidregptt 0i €& one of t he
indicating that splicing out of E6 is very

Transcript2 PPPsSIRIli2ZcAes in the 117 bp exon E
a protein that is 39 amino acids |l onger th
sequences correspamdi rEgL0t o ekE® al Ei@g BGdd cCc |
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arrowhead) apparently l acking mo st of E1l
revealed that this clone contains 24 bp an
of E10, but no canonical splicing sites
absencestofofma he exon. This apparently anon

shift. A furtherrseqaencbewaltbanéehtaEBed to r

sequence in support of splicing in of thi
RNAseqg dawaghalt i s captured oftlay diamhtahet
2022
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Distribution of the top 84 Blast Hits on 57 subject sequences Distribution of the top 81 Blast Hits on 67 subject sequences Distribution of the top 144 Blast Hits on 98 subject sequences
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FiguBé&i gure Legend on the following page
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Fi gBBResults of BLASTniseauphpbestfof EBBTernati\
Separate aligned regions on the same database
Vertical tick marks indicate interveningl ASlequ
SplicinghefEEHB.dat abasewwads itheesegganee@sdcorr
E7The boundary between E5 and E7 is placed at
was spli(aesd ed(uB§kpb) ci ng of U7 abnpP PePKlqRi 2B\ . T he
EST datwiabsasient emwrn ¢ dpattehde sequenceéewn FHEHLUO.spOhe
sequence marked with an arrowhead( C3lpowed ngn @rm:
The EST database wiatsh itnhteerseoqgude redes d&EAATr e sThheer
boundbaertyween E12 and E14 is placed at bp 105.
was spli(eesttediDAksgl.ternative splicing acceptor
was i ntewirtolyatleel sequences corresponding to EL1
The boundary between E12 and E13b is placed a
of this(asatrdraiB§SgbE) ci ndglr hef EBIT4 dat abase wivad itmt
sequences correlSpdo9ndiThg boumlEda®8ry bestweénce&ds3a
168. One EST was found i awhtehSpH]L4 iwags dsfipdE 1c3e
EST database was tihntérer sgatued c e s Eddr. r eTshpeo mdium
bet ween E12 and E15 is placed at bp 105. Four
splicedgetdtiast e iGSE)ci nghef EBETJ2dat abasewivah i
the sequences cofE28s2pho n diihneg btoou nEH2alr y bet ween E
at bp 136. Note the ahbsmgnomatofE2RST Tdleo rcd so nsep In
arrowheadanomatl ousnt ai ns E21 anfsagmentf usepc
E23+E24+E25 plus part of the coding region of
arrow heads splice in the 31 bp( WSaprliiacnitn go fo fE 2E
EST database wastihntdrer cegaguecices 28 2= spoing n
31 bp variant of &B24 n( nucel gataipcheds 4dhhspection
reveal ed tt hirnecd utdrea t he 31 bp variant and three
18 bp difference is too short to be displayed
E24 at the bottom of the graph (irnetgariene nnyyt @rroab
(PPP1RA2® or( FA W) e (sS4l dfarmohna €)Yt al ., 2022

I n transcr i-2plt3 PEPIPZ1I R1s2 A pl i ced out conservit
in a protein that | acks a central stretch
this varBBASTn search with the seHlueen@Gerse c
38Cwas per.forlmeBSTs weute of0dgMFpdncdcidx8.-Ma,bl e
indicating that splicing out of E13 is rel

it i n.
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ranscript2PPPdRiAt2aAi ns a shortwasadhdELld8b)
hat results from the usage of 3abn bapl tienrtnoa
he predicted protein | acks 12A asneianroc ha cwidt:
|l us the truncated E13 revealed a total o]
ari Bng 388 . The use of this alternative a
hanges in the reading frame and the resul
n traPBRIRDPEREL4 i s sprlescueldt ionugt ,in a predi

acks a central stretch of 59 amino aci d:
orrespondeEhHFi @8B8EB13 denti fied a single ES
h

at splicing out of E14 is rare.

n transcr i-p6 PWPPAPtIRIRIA3 and E14 are splice

esulting protein the reading frame is con
entr al stretch of 115 amino acids. To fi
erach with the sequencesBlZFiogBeBwasdpeg.f bom
OWErSTs bridging Ew8reE&Elddpot  ndifedt3i ng t hat
ariant i sAppmémneig8eDabl e

n transcr i-2p0t2 PEP2P2L R1s2 A pl i ced out conservir

in a protein that | acker&Wbnamind B8tA&Inas
sequences correBEpB2sdi dgdtootE24how any EST
OoutEBFi(@B88® . EST clonE23abouhdaEg1all con
compl etpedrytioally. A search in the nucleoti
where E22 is spliced out: NM_001244990. 1 (
c in GenBank based on alignments) and AF4
submi ssion pf mBNAG68B8dAdom | iver for whi ch n
avail abl e. Splicing of E22 appears to be ¢
from the BLAST output graphi aés@ bllac& apl
However, upon <c¢cl ose inspection its sequen
fragment composed of E23+E24+E25 pl us pa

a

ntisense. Two c¢cl ones, BAVI6ERBRE O r damad am3 (
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out in the graph for containing additiona

are discussed bel ow.

I n most trans®PPAtRER4Mri asnd sl oded out. Howe!
transcript s2,14P MR 1IPPP2L,R12Mi s exon 1 s spli
frameshift that results in a premature st
domai ni s(oLfZor ms ) . E24 can be spliced in in
a 31 bp exon (transcript 214) or a 13 bp
for these variants a BLASTn sear ch-EwiBt26 t h

was pemefdousi ng the 31 bpFvagBBl)nt Ilonfs ptehcet ieoxr
six clones with sequences matching E24 rev
and three that include tAhtea bll3el iBp. dlB.8 kail asnot

shows that ESTs in which E24 is spliced ¢
mat ching al most only E24 at the bottom of

to iwteta@an ning trans2lrO pars 22P0PP.1R12A

3.2Fpequen®PePsl RAfRAnscripts
I n addition to expl oApmgndih . -Wabbil edvattd md £«

RNAseq information from GenBank, AceView a
alternative splicing involving protein cod
11 transcri PtPPUR(IRaAbRanB8ppendi B.-Ha.bl @ obal
the most frequent wvariant is FL, account i
Variants that splice E13 or FE154%)aoutSoamree vra
are rarfep2%ERE5 %) and E13b (4%) jaAn&l-d4 her
JE22) , al |l \baerlioamnt 5%.t hat splice E24 i n a

uncommon: 1.98%)thadl Ong5kbkrkheashant . (LZ
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Tab3.2FrequenPcPyP loORFL R Ans cTrigontsscri pt frequency
from combined RNAseq data from AceVi ew, (
section 2.2.5. Splicing in of E9+4+ is only
of this wvariant was calculated relative t
anal ysioswnahigmp emdi 8 .-Aabl e

FL 103 56 . 5
N 943 0.13
jE6 1005 2.01
EQ 1069 5.06
E13b |1018 4.00
jE13 974 13. 43
jE14 971 14.87
fE13+1915 0.66
JE2 2 995 0. 74
L & 1005 1.98
L % 999 0.55

3.3. Transcription variants of PPP1R12Ain cells of the vasculature

To dissect thEPPPbRepRpArxastsyi omof i n t he héeocasl :
was ditewbheds cell types where MYPT1 is kn
endot hel(Kam eel Bbb.and20sln2oot h(Pmysel et g.alol s

anal yse theamnramppbcoaepdiecssrer se tr anRBRC&n paDMA
prepared from cul tur edwakUWuEREesdl .iamed WEACSR/ SIMQG s
consi derteod udnuaev ai | abiBprtob eosf tToaqgsManmdy tr an

ti meonsuming priomes s mbfsat i cErGrweietnh SYBR

Prior to being used on <c¢DNA, pri merfsr owe r
HUVELCrs on a plasmid containing the c(ocdDNAg
sequence of 18BOMBAGMBO08469, GenBa)nkt:lhaBtCkisl 1
E24 seqliUebk®3 n seztlsolows the pri mer pair
ampl isdaxzersd the condPQR amsacotfi oonhseof Thacbopir it
pair on the PPPR12A genEi gB88A&ADNA dreestd esmina
pri merfswd EEAE®9) an auxiliarynpadmacewhsi dées
PCR reactions yielded a Fiag@i® Bdf) ,t had | eoxwwg en

proceed with their use in retrotranscribed
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Eli E1 E1% 11 19i E9* E1TE2 E4iE8 E8/E10 E12iE16 E21i E26
265 158 498 326 464 " 461 705 316

1T 1 |1_’|

inl Nt ]
632

E17 E1 E4'i E8 E19i E26'

EL% 11 ELITE2

C G

E4TES 19i E9*

E12i E16 E21i E26 E197E26'

FigumOé&i gure Legend on the following page
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FigBOdest PCR r @PPtLIR@RAMEABOoSsi ti on and expect

products. On the |l eft, scheme of the’,gahomiec as
bl ack boxes represent untranslated and transl a
region of t PEPtREPAV@aAal ant (lacking E24),; e X
alternating black and grey:reRPermer spguegacena
expected PCR products are indicat.®€di ameoveseagne
and PCR conditions2.3al(BL)Réowint § nofTaPCR reacti on
combinations of the top panel. G, reactions w

reactions were run using a pl asmi dP PcPalrRVirAn @ nt |
as templ ateol Creaoni on wil% owft eecempl 2ai eijl rea
on 1. 5% ag(aFriogsuer eg(&sk5s dfarnohmra_e)xr. al ., 2022

To determine PRRPRLILROAR&AS oir i pts are pr ePsCGRt e
reactions were performed using the primer
2.1T3ab2k4 PCR reactions addressing the thi
indicate that the transcription st aRitg uorne
310 . The PCR reaction targeting alternat.
correspondi ng tFo gEdiEB) ,v awhiearetass (t he PCR r e
alternative "9omlliyciyngladffdE® he banrdutcowareisg
(Fi geg.ie .
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E21
[

El-E2

E12 E16

E26
<«

EI-E2

E12-E16

E8-E10 E21-E26
Fi gu320PPP1RLtZANSCTIripts i n HUVEE®ECLRTdheet edit adr a
accompanying each panel depict the expected s
possible alternatively spliced variants sorte
untransl ated and transl ated exons, r e stpieocnt i o/fe
ri mer pairs is i n@AREGR erde asccthieommast itcaarlgleyt.i ng al
tart sites. A transcription star{BpQ@QR Erle acst it

QO -~ un - —*+0»wo

argetin
eaction
plicing

ever se
ondi tio
el &igur

g EG®6

targeting
variants. PCR rea
transcriptase (I an
nNs are2sidwml %i

e(Sal imama e

al .,

cti

e 2)

2022

or

of Taltkd A5

wer e run

ij |

c DNA

react.i
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The PCR te@agtitomg splicing variants of E ]
(Fi gBrlé&D) . The top approximately 700 bp ba
abundant variants including E13 and E114
bott om, slightly above 500 bpjE1Bangmidds ¢
Sequencing of this amplicon wultijpElt3el yT hce
mi ddl e, approxi mately 650 bp, band is com
However, sequencing of this amplicon retur
mi x of E13in and EEBgQBUAAPCRTphpred6&0OSs bp ba
arose by hybridisation of the top and bott
PCR reaction wit#lSamaipriumemgE®B2 mi xtur e
full |l ength and E13out MYRTQB.is#R)guences as

A

CTT. ‘ T A TTGAT EL3
CAAOGTATCATAAAAGTTA%crc AAATgG’I'ﬁ‘_GI_éTAGA‘Ggg}GACGAT

E12 Al C B4
B
E12 E16
b > «
P R,
700 .
600 hybrid
500 = &

537

Fi gB8BrldHybridisation of PCR produabhd EBfi4r A0t an
Fragment of the sequencing reaction chromatogr
of the PCR reactionEmMFi@Gaep®) Mee bwubri €1Band w:
from an agarose gel and sequenced with E12 for
in yell ow. I't is followed by mixed sequences
the band is a hybrid dffragm&iBlgyhnddEd8buon DNA
E13o0ut amplicons in a PCR reaction using pl asn
(no templ ate); l ane 2, plasmid containing ful
pl asmid containing an MYPIT3 asDNtAe mplaagtnmee;ntl d rnaec
pl asmi ds a(@Fitgumpée bt dfarnohna e}t . al ., 2022
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FinaFilygB1O®Eshows the result of the PCR re
splicing of E22 and E24. The single band

sequencing to correspond to an E22in/ E24o0u

3.3Lbw abunRPBIRE2Av ari ants in HUVEC

The approached used in the previous sect
variants that would yield too smal.l amour
agarosed ngeolrsder to capturePRRIRA Z2&macconvdars &
pri merweradeerss gned where one of the pridmers
exon boundary -ub vargehtexoor to an exon

targeti nexwari ants) and increabBahlR&4h es encut mbo
2. ).3 PCR reactions using a frEelv ebrosuen dparriymeyri
relatively faint band of the expélkE®aFidg usriez
3.12) . Il n contrast, PCR reactions wusiweg ea

negati ve, supportingvahebBonpa@g&c.e DI iacni nEH9
E13b variant of exon 13 was addresse€1®i th
boundary and the PCR reactions yielded a f
expression offigBd€C) varTioaretxp( or efE@Rpraesive
pri mer spandki2ig bolhvewmdB2% was used. This res
bp, which was significantly | &rigeBri€bDh.an

I nspection of the amplicon sequence reveal
had anneal ed t o and amplified t hrough E
i nconclusive. Fi navlalryi,a netxsp rweasss iaodnd roefs sLeZd wi

spanning-ERAeb&AdBdary that should reveal ar
(Fi ga.de . PCR reactions yielded an unexpec
i ntronic sequences and may correspond -to t
210.
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E11 E12.13b
- &=

E4'-E5.7 E8 - E9+ E11-E12.13b

E19-E21.23 E23.24 - E26'
Fi gwrleRarRPP1IRI2ANscripts in HUVECRTRe ediadr &
accompanying each panel depict the expected s
alternatively spliced variants i f present. Whi
transl ated exons, respectivel y. Exomer apa&i rds |

indicated scMO@Rtr eadtliyon DE @ rsgpeltiicnignBP 6\VRa Ir iearctt .i
targetingpthei E§ CGHLRi aretacti on targeting (tbhhe E
PCR reaction DE2R2getpilngimBRECRar rrieaanctt.i o n” stpd ri gcd tnig

variants. Asterisks indicate unexpected PCR |
templ ate (Il ane 1), negative contr ol for rever
templ ates. Pri mer sequences dabd2PB4LAR % oonfd ietaicohn s
reaction was | oaded( Bingdr. &3% lafljma s ee)lg.ed Is. |, 20 72
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3.3.TZrranscripti oRPRARLBAHSVSMCs

Simi |l-BCRR@analysis as used in HUVECs was p
t he patRRARNRtloZXAnscri pti on variants in these
and cultivated by GQelsaspoermu P B b hvarnabteotrbyh bler ¢ £ n
for Biomedicine, HY MS. PCR reactions addr
sites indicated that, |i ke in HUVECs, the
by HSV $FM@sBriE8A) . Like C8d nt HUVEt he PCR reac
alternative splicing of E6 only vyi elFdegd rteh
318), whereas the PCR reaction tfamdetiyngla
t he band cor r éosupto nvda Fnigg Gtio8C) K9

The PCR reaction targeting splicing varian
of tbaeds ohserHWEVER @aB8.1(@D) , with the differ
uppermost band was clearly more intense t

700 bp band was verified by sequencing to
including E13 and E14 whereas 't hlkeanbdot wa sr
confirmed to jEdBreJpendiddl e, approxi mat el
to correspond to a hybrid of E13in and E13

Figddi&8shows the result of the PCR reactio
E22 and E24. The single band slightly abov

correspond to an E22in/ E24o0ut transcriopt.
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Fi gudle3PPP1RY2ANnscripts in human saphenous ve
determi nedCRIyheRTdi agrams accompanying each par

of PCR products corresponding to al/l possi bl e
White and bl ack boxes represent untransl ated ¢
depicted at scal e. Position of priABPER peaeBrcsi

targeting alternative transcription start site
by HSVSMCs. PCR r(eBED6¢ CEOn(sDEtL8r ga ¢ EHR2424 ,and E24 s

variants. PCR reactions were run using no ten
transcriptase (lane 2) or c¢cDNA (lane 3) as te
are shown2.iX4&irTghbte (SSa7l darnohma et . al ., 2022

3.3L3®%w abunRPBRIRE2v ari ants in HSVSMCs

Thesame approach usseademphoiH&dV/ EGenti fy | ow
PPP1RUW&Ai ants in HSVSMCs. PCR reactions us
ESE7 boundary yielded a 200 bp produ¢EG6 t ha
vari bing 3.4 éA) . I n contrast, PCR reactions us

on *wW@ére negative, support'vagi Bhgl@&d8sence ¢

Splicing of the E13b variant of exon 13 wa
t he ENLRb boundary and the PCR reactions yi
si ze, confirming expFieg®iLléh. oReabi sdE&RZ i al

variant produced an i nconFclgudsiidv)e result as
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E4'-E5.7 E8-E9’ E11-E12.13b

E23.24 E26'
N e
E19 E21.23 ' ' 159
- =

E19-E21.23 E23.24-E26'

FigurlelFi3gure Legend on the following page
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Fi gBrledRarPelPP1RLRANSsScripts in human saphenous v
determi necBCRI\heRTi agrams accompanying each pan
of PCR products corresponding to the rare al¢t
boxes represent untransl ated and transl ated e
scal e. Position of pri mer pairs is itmaig¢ Athed
] EQ.BB9(CB13b (aDf&E22 splicing variants The ast
PCR pr¢ERCR .reactionsphaigenigngakZants Bamds ¢
amplicons, band ¢ corresponds to the 159 bp
template (lane 1), negative contr ol for rever
templ at es. Pri mer sequences amhab?P@RFicpwnrde t$® n
(Saldanha e}. al ., 2022

PCR reactirovasi AnotsLYielded three products
i ntermedi ate >500 bp product and a Fvieruy ef
3.1 4F) . The 900 bp product was found to co
correspond to the retainedl0Onasohoutmaeédnisecr H
>150 bp amplicon was confiramadi botcoSeqgspe
the >500 bp amplicon returned a chromatogr
and >150 bp PERg WA uctsug(gesting that [
hybridisation of the top and bottom PCR p
using the >500 bp aFnpgddcB®)n as templ ate (
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CI'AGAGCTCTI'(B'IT@Gm T CT GACT 'ITGCIZGGTCAC E24

5 TAGAT AG TAC AATGTTAGTTA 124
B
bp
E23.24 E26'
1000 %
H - I%G 879
500 — hybrid
E23.24 E26'
N e
100

Fi gBrl&é-Hybridi sation of PCR product s( Afr atghmee n1t e
of the sequencing reaction chromatogram of a
PCReaction with pd&Ei268Br @hdEr) . E2ZTh.e24hybri d band
from an agarose gel and sequenced with 26038 r ey
n vyvell ow. It is followed by mixed sequences
he band is a hybred iorft EQnri DNABHyrbar @ darstas.i on
159 bp) and a retained intron (879 bp) DNA
empl ate (l ane 2). Lane 1 is a negative contr
p and the 879 bp along i pho(druisgniarl el (SS9 df arnohma o £

., )2022

Uf—FAf—F—'

QD

I n conctlhuRIP&€R, anal ysis revealed that in b
maimMPP1RA&AI ants QJE®R3 .FlLE6Geaand the E13b var
abundant but can be detected i njB202t hv acreilali
wer e notarilants were not detected in HUVECSs

variants in HSVSMCs.
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3.4. Knockdown of PPP1R12Atranscripts in HUVECs

The resul t-BCRfandhe RTsilico analyses of 't hi
the most abundant MYPT1 isoforms in HUVEC
E13. They most | ikely correspond, respect.i
MYPTdbubl et described in the 140 kDa regio
Wuen et aXi.a et01pan Ki2n) 05t 3J( s md Fd lgad.R)e.

Based on thi,$ hienfappmasmiutgrhwag o set up a ge

smal | interfering RNA (si RNA) with the ain

functi onal studi es.

3.4Design of silencingPPAIRIo2vACc!] eoti des

Thr ese | emd ii @ n u cweeroet iddegssitgpMoe d o t ar get speci
JE13 isoforms and one Fi g dd&rigleus tarlalt eiss ohfoow
ol igonucl eoti des were designed. si RNA E13
express E13, therefore predominantly the F
by DharEisé ®ESI GN Center) (Horizon Discover
E12.14 spaB$4tbeumd@2ry and was designed t ¢
not express E13. si RNA E22. 23 wa sP PdPelsR 1g2nAe
transcripts.
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L]

12 713 7~ 14 715

é?

_////\\\__
1!\/!\% 22723 24 25

£12 Bl E14 E12 El4 E22 E23 E24in E2§
AGATTCTTCAAGT TTGCGAACAA AGATTCTTCAAGTTTGCGAACAAG ~ CTTTATGAACAAATTCTAGCTGAAAA
GTAGTTCATATACAAGGAGAARA TAGTTCATATACAAGGAGARAATG  TGAAAAGCTGAAGGCACAGCTACATG
TGGGAAGATGATCTTAARARARR GGAAGATGATCTTARARARRATAG ~ ATACAAATATGGAACTAARCAGATCTT

TAGCTCAGTTAATGAAGGATCAA
CCGTATCATAAARC]

CTCAGTTAATGAAGGATCAACGTA

AAATTACAGTTGGAAAAGGCCACCCA

GTG
ACCGGCAAGAGTCAGTATCTTCTGGG
C

ATTACAACGGGTTCTTC!

ICATAAAAG

sSiRNA E13 - GATTACAACGGGTTCTTC

siRNA E12.E14 - [@NEVvRVE
SiRNA E22.E23 - [¢

Fi gu3xle6Design of oligonucl eotiPPPsLIRitZrAAaNnkoptc ks
HUVECsSxons are colour coded as indicated. Th
specifically the transcripts that have exon 1
thjeEl3 transcript. The oligo si RNA E22.E23 (ri

3.4 Khockdo®WRPDRLR2Anscripts in HUVEC

Apil ot silenciumg hgYpgR€as mpat fold meavi ng t he
detail ed i5 33wekdaamfnl Renempéblyediwabée upt ak
of si RNiAgI vy di n@i vceenl Itshat mul tiple si RNA co
dividing cell, this will | ead to an increa
of interest. Ensurupa g RNAmrit tsTalt & | ecxed d rsi mearkte
si RNA oligonucl eotides targeti nfgorGAPDeH saic
experimental agr ovteddadagsetn g ( NT) ol igonucl
contanodmack transfection (without oligonucl
and/ or toxighttycdametfrmom the tO@laingdfeecl)t ami
anwasonductoende oenxperi ment witbhpel@bsassteshn
efficacy of the si RNA technique, protein
western blotting. Alternatively, i1 f opti mi

confirm mRNA downregul ati on.

166



AsshownFiignBd &C anequénti fi datgidd@® ,Eii nt here i
trend towards both MYPT1 bands having | es
when si RNA E22.23 was used. The other si |

appear to cause any noticeable alter@aheon

si RNA for GAPDH, utilised as a positive ¢
successful due to an overall sThencesgl per
compl emented by i mmunostaining-MYPTI aannstfiebc

(Fi gwBn1éaG) DAPI was used to stain-pball oindicth ¢
empl oyed tacxc t@tppiemdk x8.KA Bafere drawing int
from the 1 mmunofl uoreslaéthee sBeEebadhtsaptbitanlt
perform consistent and r eprMovdPurcli bé& et itbiotdr
i mmunofluarlesceqnncrmmalrtyhououghpr el i miexgprey i men
demonstrated moderate silencing with si RN/
no distinct effect is observed with the si
i nvestigati on i s required to refine MYPT
functitaaleé hggosi ti ve control to cadmnfdi mmtsiyR

the desired results.

167



o

kDa  NT E1214 E13 E22.23 GAPDH Mock
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E13

Fi guwrlerKnockdown of MYPTXC)MY¥P  HUVERsckdown expe
HUVECs performed with the three si RMNACIHSI ®INNM)
FigBloéCelss kencing waswipeefoathhed@habhhdr s@ddisng
were harvested after 72 hours of first si-l enc
PAGE gels and blotted onto PVDF membrane.- GAP
targeting (NT) oligonucl eotides wele oe®fdtas
MERMand Ol i goB)elct pmi natiersd eoff e mmdheent i esx psehroidvie Mty
|l ysates were | ogd@uWanti fiachdt weh !l andf reld att éives e
nor mal i satfNaont (aBQaiamsti fi cati on and relative ex|
nor mal i sed (aFfaiorcsktd owh. percentage of MYPT1 and
, B and Cot asri ReNtAs Ed |3l MYPT1 isoforms with EZ13
sof orms that do not have E13. s(iGBeAZZ2.s2Rttadric
i mmunostainings of si RNAceaaX pee rbid®nteahtOsi ijing) .wasV EfCes
sing a rMYRTl am@ABDHY (gl ycephdsadphygtde Behydr c
actin, beta actin.

A
|

|

u

N.
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3. I scussion

The presence of alternative splicing vari
recegdhn early studies and the functional r
has been investi(Dappepd| @ xaeeads, MV shkgsre,n 201 4aa
Khatri etHaét , e2Q&8lAyne2@?21D.alHo, we2v0elr4, previ
have been restricted to few organs and ti s
the transcriptiomMPPH1IRI1I22pabchi tsesmpdbrtant t
specific cellular roles of MYPT1l i gafper msa
comprehensive examination of t hRPRIrRgl®sAer i p

with a focusodhngrotawasr iupntdlehrd me&keuml t s h
reveal ed auprecsaduimplyex transcriptional re
PPP1RdemAat ot al of wdReerohahbad2d shifedwhi ch are
encoding a minimum of 11 predictdidf fperroetne
proportions across pure cell types and or
nonsemesde ated decay transcripts. Additional
to generate trawPPlRAER APUYVECE esHBVYSMCs and
up to 10 transcripts expressed (Saltdcdamuma qaite

202TZhesiendhawes ovivdhéd abl e i nfodensbfmemnct omont
studies targeting MYPT1l isofor ms. Il n fact,
been put to good use in the design of si RI
PPP1Rtlr2aAnscr i pt s.

RTPCR, both congwanti iotnatli vven,d has been ¢ ommc
the presence and relatvaeaei aPRPORD®2ALI 0f et h
202Khat ri et, Dolr.d,ea20ltl, barteyv0d4B8) aland 2 @]
frequent!l y (KQlm veatr igabntrsk 2 4 2e tTwaolme y 2e0t0O0al . ,
Payne et )alWhi 200t i | | wi dely used, such
complexity of the tP®FPIdKRADPatritoincaull asrtlayt uwsh eor

the function of MYPT1 in a part iPCRI arp paelal
used reveals some caveats i f one intends t
PPP1RUARZrAi dmtes.e itnhcel undeeed t o design and tes
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reaction conditions for a number of pri mer

that are expressedl tagr ovpeastealkcawd d eoverd sander

approach based on RNAseq data as a tool fo
pi ct uRRP ORVU&ZrAi ants in a tissue or cell type
is available or can be generated.

MYPT1 plays important roles in the circul a

smoot h muscl e contract {(Eltiot yanids Kwetlalz demsat,tahy

endothelium MYPT1 is important fo(imaient emh
201Rol ozsvari , BRat arli. ,et2M0slll2am €0 18d v Kcadz @l @t
al ., ),20whéereas in platelets it regulates s
st abiAbiutryi ma et, Adlur,i mao 7). aThe EORBPL1LRs2A
transcripts in HUVECs and HSVSMCs are very
variant f ol JJECIvBe dv abryi atnte. Curi ousl vy, HSVSMC.

|l evel svafi &zt s. However, -shudia@s sonnMYRTD
muscl e, where these variants have reported
out in r(Baymne ssuedhatri2086Palyyne 800Zhang2(
and Fi sheara,t h20 072 han in cultivated smooth

variants account foBalbda®mhaofekt ralnggepPpkAg

similar to what has been described for sn

signalling might play an i mportant modul at

Accor di magnalesyepoil ®ead danha et MYPTI 2i02&@f)or m
t he CI region are ubiqui(S@aludcdamma et @lt.imesd

tissues and cell types, ClI varjEIn3t sbearneg fuos
the predominant CI variant. Notably, in he
organpEltdhevariant is not only the main CI

variant s, clearly sugjEest iinng tshpoescei fciecl Irsol

relative abundance, ClI vari andEs3 hjEnd rad coei
with a E13b equivalent and an even shorter
ra@i r ksen et Payne t0O0aDi.r, kszeh0O4et usaed 4420C

approach to determine the relative proport
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or gghisr ksen ejt hmdt. ,ar2e00iOn good agreement w
RNAseq (Sdaaltdaanha e} El1.3, anh@2dr E14 wvariant

various vertebrates, indicating they are
known about the consequences of CI del et i
where FEl1anare the main variants, silencin:
both are i mportant for dephosphoryl ati on

cytoskeleton architecture, with oMiya seub tall
200.5 One obvious consequence would be the r
proteins, as ijE1l1Bheepastedfytbbhowing | ow b

(Kim et al .Ano2tOhle2r possi bl e consequence i s

to regulation of MLCP activity by phosphor
vicinity of the CI. Although not fully <con
rat e, bxtte mto,t-nefdi PAkKG d phobs phohrays abteieonn r ep o
t hjfege12 chi ckévhacvhardiaannet). al . , 2001

LZi soforms of MYPT1 have been extensively
rodent model s, and more recently this kno
where E24 is not an@otdetedetnaanlkaBROK 3et
20)6sed gquant-PCRttwve dBmMonstvaatant henLpPIl ac

myometri al arteries and I n uterine smoot
extensive eattuadly2@22) n et)uasle.d, a2 xDd2nbi nat i or
mouse model s, human ti ssues, and publ i c

characterise the axapriaandi.ond noft hteheanoluzde t hi
in smooth muscle isolated from various org
reported in (tf@amamnthias i ekdd we v &10,2 ZrLax a roisa rotf ¢

i n i solated murine smooth muscle cannot Dbe
from RNAseq data of human tissues and orga
(smooth muscl e, endot hel i al , fibrobl ast,

adi pocytes, iemancunn ewictehl list)s PPRWhl Rpla2tAti edlmint siod

nteresting to note twani drhte wixtitstae nlt® g

not been previously d®teatrad.ntThiss | xlsar tfer
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| ongear viaZr i ant but i s expected (Saol dbaen hfau nectt
2022

As well adlemefwl edgge about QGlhianladrdc wras o lainc
the existence of a JE22 variant *andheseotwvlkk

variants bring about the deletion or addi-t

35 residues) and are infrequent, although
functional relevance i caspeti biecroédleldopaorp:
three rare*vyaemante,b&9phyl ogenetically <co

and txlhoem @ s annotated and supported by rat

ltnoseworthy that the majority of previous
conducted i n soutchhehmiss@Peaiksen e)lraOiL ppa@albDOdoa
Fisher )arRdile{dt et et )al Di prpge®@bodt thetdh e mammal i
MYPT1 ogemsi 86 sespblmeihmrge e oafl ttenrenmat i vely spli
and )ERidppol d and )fTbeaernskgthda gathered i

provided clarity on which exons might wunde

to characterise all/l potential coding prote

I n thistkd alpn eawb e utgPeR FhleRplr2cAmo t e rw ar se gei xotheyn d e ¢

identifying a total of four predicted trar
binding site, one prfomdteer imea@i mmvsehoPtll y 1
frequently used P1 promoter region. The th
region appear to be used equally frequent |
the site-riengitohne iPS1 rarely used. Very |itt!l
reug ati eRPDR1 2bAuU t It I S nPOPtPElWVRAIZIAh Y hé hgene

overlaps with tHhRP1RA 2eArgo deas odn anti sense
functions as -aegua@slhoait hoat)upThe ROVU&SI i ant
MYPT1 seems to arise from a traRPBPILRthiRdAton
reads 1 ntho AlxtomouwrEgth t his variant i s gl obal
one f ouPrPtPhl Rlf2aAnscr i pts in testis, the onl
(Sal danha ot What Q&RRI2 type(s) withNnvarmiean

and what role it plays W IVvarrieagruti ries i movte sd
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rodents (GenBank) , wher e MYPT1 has bCe. e n

el eganpotenti al splice variant t hat | acks
ortholog functions normally in the sper mat
(Wi ssmann e Oal. poiea9®i al consemgmiemal oél
the ablation of the ability of-bMN@Thagtoedg
woul d be mi ssing: t he K35VKF38 mot i f t he
interaction, the MyPaAaoKN¥Er mofoépeert dke rfaikO
et al )., 12Zm0&@ddition to that, nucl ear 4 oca
terminal reg@lieornr askr eet| Waslt.et 20,041 i xX®0UYS r esul
protein that i's unable to translocate to

regul ate genlki egxpetesalion 2019

MYPT1, initially known for i ts rol e i n
contractility, has been found in both the
cell types, extending its r dfiesdegtonal Onyet 2
of its unconventional nuclear substrates i

as a repressor of-lgenpérociyhnheoldvdd erentli at i
Through its interaction with HDACT7, MYPT1
at tenuating NuPaT rexeprtpepsiddn200mal |y, MYPT
subcel |l usadrn ohowodl ithe Nkx2.5 transcriptior

cardi omyogeni c di fferentiati on. MYPT1" s [
exclusion from the nucl eus, i @hinailtii reg, iatl s
Savage et,Rylan, e200Ki.s;s 2G1)3Mlor eox@t9 MYPT1

with wvarious other proteins involved in t
helicase and protein phosphatase 1B. These
modul ating gene expression andMYBInledli art el
dephosphoryl ati on i nhibits the activity C
(PRMT5), altering the expression of genes
and met abiopos met, Kails.s, ezt0)larlh.y,r o2 @1 hor mone s
|l eading to the phosphorylation of MYPT1 a

site via the ROCK signalling pathway, res:
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in osteoblasts, further underscorelKohtde dt
al ., Ri0sls3 et )al ., 2019

The gsatiiloin of HUVECs and HSVSMC is pivotal
di stinct characteristiesnvaBUVECY, obfarne
research due to their expression of endot/l
| i ke Weail baeddlei ebso, smooth muscle actomyosi ns,
Jaffe et ,dlaffel®i3Mei beldDTRB®Y2acemanted
di splay essenti al e nsd ogtnhaehld li anlgu me s k ¢ s kadd
homeos@Ba®irsna et ,@dni, uWiOr6 eKo cahle.r,o v2a0 166t a l

HUVECS al so exhibit responsi veness t o st

di fferentiated into 3D spher oiKdsc hfearovad\wa

209 However, | imitations such as | oss of ¢

heterogeneidtonpommpan@ti ons can affect expert

repr oduioltihleirtowa e$t att on e.18&1 . 20009

HSVSMC, as venous smooth muscle cells, cor
due to their arrangement in thinner | ayers
veins | ess musc (Blcahrwatriht &zn edA atddkrji,oeest 9 @0 d, Ni |
Il ntengan and )Schhéifrigre206€d di stensibilit
to accommodate changes in blood vol ume wif
I n contrast, arterial smooth muscle cell s

within the tunteasmedsadafwidh,meprloavd tdiec st r e
el asticity t o wi t hst(@8olkdwaprutlzs ae¢ i Aall kpjreeeir® 9 &
Ni |l ssonl,nt2déddan and )Sc hAISIMCrsi ne,x h2 (b0 1 hi gh
relaxation in response to various stimuli i,
presgucrhewart z e,tAadlkj.,ae¥9 Bt d, INntlesnsgain a2md 5S

200.1 Comparing venous versus arterial smoo:
i nsights, particularly regarding the expr
have demonstrated high expres@®ii@moilmd minade F
201, Pmyne et Radyne200pdii et &t0 04! . , 2021
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I n summbhegs wlfttlsi s caxatpemrd t he knowl edge ab
patterns of tRRMRITIME Acteiloins ooff t he circul at
t i ssluteesk.pedthati nhosmation will contribute

the specific roles of understudied MYPT1 i
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Chaptdmt4eracti on otfheMYF

regul atory subunits of

4. 1 ntroduction

The regul ati ondroifveanctoaorytorsamti on i s essen
functions within the <cardiovascul ar syste
smooth muscle tone, modul ating the per mea

and famgl ptlatiel et shape change and sprea

mechani sm underl ying t hese processes I n
dephosphoryl aak Danmpbdést hel ROregul atory | igh
a critical node tdhatecitst dprtat eesctarwvdatory

towards the modulfautnicoon oonfs nbyboGspionsddaofprat ¢
phosphatase catalytic sulbNuimsioff of PikIDca,a myy @&d il
phosphatase targeting subunit 1 -k(DMVY PsTulb)u naini
unknown physiol(dai cahorfmune c&ii sal et , B0 pHpolLO
and Fisheorbut20tlMeb data so far sSug-égdeRsho t h;

as sociprteetdeiimase ( ROCK) dependent i nhi bitol
(t heaspecMYPT i soform) in cardiomyocytes r
act i (Sihtiy hi et). aData26a8 also shown that
regul ating micr (ltakkh wlaevad yerntkindls. set2)®®d3 , 201

MYPT1 functions as a s @afofxodnid tRyPhae tHa@aciitsgt
The precise aeptrioietiyn, imrteoetreaicn | d oxsatl a@fd s
myosin |ight chain phosphatase (MLCP) are
status of MYPT1, which serves as a target

than 30 phosphorylation sites have been i
oneisncl utde 698 8% ané3(MacDonal d and ). WaTlé,
phosphorylation of these sites, mediated b
c AMP/ cdceMPe nden't protein kinases (PKA and
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activityMaéDMh&IPd and. Wadp erh,a Qt0ilvBat-¢c omplod d
receptors by various agedepentM¥RT1l1pbodphagt

T696and?®5T | eading to an autoinhibitory me
phosphatase act(Khkr omovof etMLIEIPr any2008t). al

Conversely, phosp’RangbP@Bitti @enn gy RPKA &Snd PKG
counteract or prevent the inhibitory effec
referred to as a di(Wowmlhdbiidage®netmealhani 300 4

CAMP si gmalmloitege endot hel i al imdalelgamdityg | &t ly e |
most potent endogenous mechanism adwomnd it heak
an i mportant medi at or of (Womlod hi dnyues cé¢ te a
Aburi ma et,Aalam 2018&t ori200. aThe mMRASIY i myg
effector of ThbAMPensyRMmMKAIi s a heterotetramer
(PKRY and two catalytic (PRAv@aipapnsthgBRENi ¢

Rhlor NRtlHat are differentially expressed a
di stinct bi ochemical properties and subce
redundant roles in the (Gegdl p®2i04a® of cell

PKA i soforms are tethered to different sub
of PKA substrates by binding to A kinase
di stinct signalling compartments amd + ass

Quesada et). AaKKAPs 2tOylp7i cal ly possess an amph

the interactiomerwsalli omeki ng ( DD)}t edrontmani uns a
PK-R sub(Prnidtoslux and J).&@Pgk®n,0ous30Rsisu cayn ke , al
has sbowdence for CcAMP signalling compart

moesin functions as an AKAP tPRaslaamedt).talp.e
It has been hypotKéesi s &)dt h@m@adBisoiunsillyar | vy,
function as an AKAP to target PKA to the

phosphoryl ates MYPT1 and potentially other

I n the worKhalfi IKh(@ddillliBQu e swa ss ou tttivdairaeral y s e
MYPT1 amino acid sequence for the presenct

charactkeyi seoekci fic structur al featur es.
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potenti al for amphipathic helix formation
based on various criteria. After exc288i ng
and ah200846) dernetsdlieeadt ed as potenti al(KhRkanlpihli [
20)8 Furthermore, the physicochemical propce

amphi pathic character akin to known AKAP

model s. These findi hgssupmproauvi dteh ee vni odteinocne t
function as an AKAP with hypothetical amph
on the potenti al role of MYPT1 in mediati:
actin rghdlaitl).,o WZiotlB8 t hi sKhianlfiol rpnga@tDiddBnne d af
pull stowoonfirm the interactianmd lsetomaeedn GMY
fused recomRisabouniPK® woulMy-oliYlPtTadr gdtul wi tlle

S
Cterminal) proaes hHEKr e2d0e3lTN® i nt er acti on wa
bet waveymMYP T 1t g rNmianm® K-R subuni t s .unTdoe rfstthagnhde

i nteraction, 4 h&t egmelnalseldfed C1, CRer eC3,
transfledK 293T cel |la&nalSudise guemh@=2 ofwrna g rhear
presemitg@hller i nt amoint i ncauirbdad i on wi-Rhs ukuaoimt

than other Appague x8 D (ualei )., MTMiIlsB st udy al
i mmunoprecipitatiomnddfffiinnittyydopwMPRl @didiwnp er

with platelets |lysates.
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