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Aspartic Acid Asp D
Glutamic Acid Glu E
Phenylalanine Phe F
Glycine Gly G
Histidine His H
Isoleucine Iso I

Lysine Lys K
Leucine Leu L
Methionine Met M
Asparagine Asp N
Proline Pro P
Glutamine Glu Q
Arginine Arg R
Serine Ser S
Threonine Thr T
Valine Val V
Tryptophan Try W
Tyrosine Tyr Y
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The International Agency for Research on Cancer, estimates that worldwide in 2020
there were over 19.3 million new cancer cases and almost 10 million cancer deaths
(Sung et al., 2021). Nearly half of these cancer cases were breast (11.7%), lung
(11.4%), corectal (10%), prostate (7.3%), and stomach (5.6%) cancers (Sung et al.,
2021). It is important to identify new biomarkers to improve early diagnosis, patient
stratification, and treatment of cancer. These biomarkers can be epigenetic (Herceg
and Hainaut, 2007), genetic (Calzone, 2012), metabolic (Aizpurua-Olaizola et al.,
2018), or proteomic. An example protein biomarker is the tumour supressing breast
cancer type 1 gene/protein (BRCAL), which displays reduced or undetectable
expression in the majoriy of high-grade ductal carcinomas (Rakha et al., 2008).

Another potential tumour suppressor protein linked to a range of different cancer types
is the Sprouty-2 protein (Spry2), which has been characterised as a negative
modulator of the mitogen-activated protein kinase/extracellular signal-regulated
kinase (MAPK/ERK) signalling pathway (Kawazoe and Taniguchi, 2019).
Dysregulation of this signalling pathway has been shown to lead to excess cellular
proliferation, differentiation, migration, and tumourigenesis (Dhillon et al., 2007).
Indeed, reduced Spry2 expression has been implicated in many cancer types
including lung adenocarcinoma (Walsh and Lazzara, 2013), hepatocarcinoma (Wang
et al., 2012), prostate cancer (Gao et al., 2019), and colon cancer (Feng et al., 2011).
It has also been suggested that Spry2 might be useful in predicting chemotheraputic
side-effects, such as the post-treatment (carbotaxol) development of ascites, which
correlates with a decreased expression of Spry2 in epithelial ovarian cancer patients
(Masoumi-Moghaddam et al., 2015a).

To understand how dysregulation of tumour suppressor proteins like Spry2 contribute
to disease, it is critical to investigate the normal function of the protein during common
cellular processes, such as cell growth. This includes investigating the various protein
interactions and post-translational modifications (PTMs) that influence the localisation
and function of the protein. Recent evidence, which could expand the understanding

of Spry2, revealed a previously unknown interaction between Spry2 and the



acyltransferase, zDHHC17, which mediates the S-acylation of Spry2 (Lemonidis et
al., 2017a). S-acylation is a post-translational form of lipidation involving the reversible

covalent attachment of fatty acids on to cysteine residues via thioester linkages.

1. 1Protlepndati on

The post-translational modification (PTM) of proteins is a major occurrence in
eukaryotic cells and involves chemical modification of amino acid side chains with a
diverse array of modifying groups (Ramazi and Zahiri, 2021). Common and well-
studied PTMs include phosphorylation, which involves the modification of serine,
threonine, and tyrosine residues with phoshate derived from ATP, which regulates a
broad range of cellular processes and pathways, most notably cell signalling (Lavoie
et al., 2020). Another well-studied PTM is ubiquitination, the attachment of the small
regulatory protein ubiquitin typically onto lysine residues of proteins (Song and Luo,
2019). Polyubquitin conjugation of proteins is typically involved in marking proteins for
ubiquitn-dependent degredation. This is seen, for example, in mouse double minute
2 homolog (MDM2) mediated ubiquitination of the tumour supressor p53 (Moll and
Petrenko, 2003). MDM2 is a RING-finger E3 ubquitin ligase that modulates p53
activity by targting the protein for 26S proteosomal degredation, thus limiting the

growth suppressive function of this protein (Love et al., 2013).

Lipidation refers to a group of different modifications involving the attachment of lipid
or lipid-like groups onto proteins. The modifying groups include fatty acids,
isoprenoids, phospholipids, and sterols. Lipidation can have a variety of functions
including increasing protein hydrophobicity, regulating protein traffiking, promoting
membrane attachment, or impacting protein stability, and structure (Chamberlain and
Shipston, 2015). For example, the attachemnt of the caprylic acid (octanoic, C8:0)
onto the fAihunger hormonedo ghrelin is r
and activate the ghrelin receptor; which subsequently results in the regulation of
appetite and energy homeostasis (Wang et al., 2021b). Common lipid modifications
include N-myristoylation, C-terminal prenylation, S-acylation, O-cholesterylation, and
glycosylphosphatidylinositol (GPI) anchoring (Jiang et al., 2018, Kallemeijn et al.,
2021).

equire



First discovered in 1978 in fungi (Rhodotorula toruloides) (Kamiya et al., 1978),
prenylation (also known as isoprenylation) is a ubiquitous form of lipidation involving
the transfer of either 20-carbon geranylgeranyl isoprenoid or a 15-carbon farnesyl
group onto cysteine residues of proteins (Wang and Casey, 2016). This process is
mediated by a family of prenyltransferase enzymes - farnesyltransferase (FTase) and
geranylgeranyl transferase (GGTase), which most commonly recognises a C-terminal
consensus motif known as a CaaX box. Where C is a cysteine residue, a is generally
an aliphatic/hydrophobic amino acid, and X is a specifc amino acid which governs
which prenyltransferease can recognise the substrate and therefore determines which
isoprenoid is attached to the protein. If X is alanine, glutamine, methionine, or serine,
then the protein will be farnesylated; whereas, if X is a isoleucine, leucine, or
phenylalanine residue it will be geranylgeranylated (Palsuledesai and Distefano,
2015). Alongside many other proteins, prenylation is a well-described modification of
the Ras family of GTPases. The C-terminal end of HRAS contains the CaaX box
(CVLS), which is recognised by FTase for the attachment of farnesyl chains.
Farnesylation is important for membrane association and activation of RAS, and
Tipifarnib, a potent and selective FTase inhibitor, reduces plasma membrane
association and the levels of GTP-bound HRAS, thus reducing signaling through
effector pathways (Odeniyide et al., 2022). Importantly, blocking prenylation is also
known to reduce the activity of oncogenic RAS proteins, and there is interest in
targeting this modifcation as a therapeutic strategy in RAS-driven cancers
(Palsuledesai and Distefano, 2015). The C-terminal end of HRAS contains the CaaX

box (CVLS), which is recognised by FTase for the attachment of farneysl chains.

N-myristoylation is another form of lipidation that involves the covalent irreversible
attachment of myristic acid (C14:0) via amide bonds onto glycine resides of proteins.
This process was first decsribed in 1982 (Aitken et al., 1982, Carr et al., 1982), and is
predominantly a co-translational modification mediated by a family of N-
myristoyltransferases (NMT1 and NMT2) (Wang et al., 2021a). Like prenylation,
myristoylation occurs on a consensus motif, MGXXXS/T (where M is the initiating
methionine and X is any amino acid) (Chamberlain and Shipston, 2015). As the
myristate chain is added to the amine group of Gly-2, N-myristoylation requires the
cleavage of the initaiting methionine residue (Giglione et al., 2004). It is interesting to
note that N-myristoylation can also occur post-translationally, specifically following the

caspase-mediated proteolytic cleavage of proteins during apoptosis where cryptic



myristoylation sequences can be exposed (Udenwobele et al., 2017, Martin et al.,
2011). N-myristoylation has also been shown to regulate protein localisation, and this
is seen for both co-translational and post-translational myristoylation, for example, in
the case of the pro-apoptotic protein, BH3-interacting-domain death agonist (Bid).
Following cleavage by caspase-8, a newly exposed glycine of c-terminal Bid (ctBid)
is myristoylated, resulting in ctBid translocation to mitochondria to signal cell death
(Martin et al., 2011). It was shown that preventing myristoylation of the glycine in ctBID
(by replacement with an alanine) led to a 30% reduction in mitochondrial association
and a 350% reduction in cytochrome-c activation efficacy compared to wild-type
myristoylated ctBID (Martin et al., 2011, Zha et al., 2000, Udenwobele et al., 2017)
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Table 1.3: Top BioGRID interactors of human zDHHC17

Interactor Description
1 HTT Huntingtin
2 SPRY2 Sprouty homolog 2 (Drosophila)
3 DNAJC5 (CSP) DnadJ (Hsp40) homolog, subfamily C, member 5
4 FAM135B Family with sequence similarity 135, member B
5 BSCL2 Berardinelli-Seip congenital lipodystrophy 2 (seipin)
6 NRG1 Neuregulin 1
7 TAF8 TAF8 RNA polymerase I, TATA box binding protein (TBP)-associated factor, 43kDa
8 SPRED1 Sprouty-related, EVH1 domain containing 1
9 C3AR1 Complement component 3a receptor 1
10 PLSCR4 Phospholipid scramblase 4
11 SPRED2 Sprouty-related, EVH1 domain containing 2
12 LPAR1 Lysophosphatidic acid receptor 1
Interactors in bold were also outputs from the protein-protein association network website, STRING (v11) - figure 1.3
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1. 5Protein deacyl ation
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into the (cWatrotpalkaset Deadcy | a2t0ilodn) i s medi ated
Aaut odeacyl at i(ovhadr taark eyt ART 2 201 APTRong at s
rever sadylyatSe d2 .0 nAmC ysSt alteif @ci ent mutant of APT
was shown to have weak membrane affinity an
ubiquitination/ proteosomal degredatiWh, and
(Abr ami ett Olver a2021) hese resul tSachyilgatliiogmt
andeacylaast iiomportant regulatory stepsnfdor AP°

functi on.

M p



Protein palmitoyl thioesterases (PPT)

Prior to the discovery of APT1 and APT2, t he
(pal mitoyl protein thioesterase 1), and t his
HRA$ Camp and Hof.mafhour 1year)s | ater , a rel at e
identified and cl onEe%o0 yYombtoh ea nsda mto fgWaoduipk e 1 9
APTs, PPT1 and PPT2 are targeted to | ysosome

are believed to play a role in the catalysis
degr ad(aChiaoomber | ain and Shipston, 2015PPVé&r kru
and PPT2 share 26%i@ominBr aatci al iigdrement , perc
bet ween PPT1_ _HUMAN (306 aa) & PPT2_ _HUMAN ( 3(C
a comparison between the crystal structures
actually structurally/ confyomanmaitci oancatlilvyi tcyo. n sSty

although PPT2mowane &lhimnkesdefatty acyl groups
small er/restricted binding groove within thi
pal migtraotueps from Abul kyo or br ampahaend t bg hds e
cysteine resi dlu®asl eorfo pertotaeli.n,s)200 3, Soyombo
Thereomes controversy about the intracellul ar

groups studying the functions (olfe htheoev ierntzay meet

2001, Ahti ainen et al . ,. 2100 3i, s Het inlolnewmn elt e &
|l ocalise to both the |Iysosomes and cytopl asr
cytosolic functions of the enzyme.

Analysis of knockout (KO) mouse model s have
fmctianthe ner &Kosteystaemm . YoFsohri ii,n s2t0aln9c)e , PF
been i mplicated in the infl(aknmneataorr yetalkabls. g at2il
of GABAergi(dBirdwer een,s &NIMDA 2@@4ptor dysregul a
dendritic spi(nkosmoerrpheotl ogglpd, ax0Gha) connect.i
( Chua Gr af f et. dlhe, i2npbG) ance of these actiwv
reduced | ifespan of PPT1/ PPT2 KO model s by
mortality rate for PPT1 KOs and( @Gu RtO& enord la.
2001, Swar bri.ckl rethwmrmhans ,20@W0t)ati ons in the P

neur onal ceroid | {Gopuacenosls, (REOL)ThVYess a
|l ysosomal storage di sorder has t he charact
autofluorescent storage materi al (61i pofusci



topic which wil!l be discussed |l ater in the t
affectedWonfaental ., 2018)

U/bydr ol ase domain proteins (ABHDs)

APTenzymes are members of the metabolic seri
family, whi c @/ fmyl dsroo lianscel uddeemai n ( ABHD) protei
than 50 different ABHD i sofor ms, which share
ABHD pr ot ei ncsanonoontidbipti ram| ase f ol d besadeanup of
with an abRtsitp amithseterlands f 6smeat cosuerlbunded
helices and | oopshb-swhriachhd sc o(nSneeec tf itghuer e 1 of L
Br own ((2Boln3gn)i et @he,eddPhes mediate their
a highly conserved catalytic triad compri se:
Asp) i nb5satnr aancdi di ¢ resi due ( @ 7wnadr aAshp)stafdt
residue afb8=xtrr armde. |Mesdt ABHDs al so exhibit a
to the conmg¥XAspd rHagi on (where X is any ami
making some ABHDs (such as ABHD5) Kdtomomyidr ol
et al ., 2021, Lord et al ., 2013)

ABHD17 proteins are of ptalrdri csudhbadi viinded eisnt ca
ABHD178B, and( ReEmMPhEaCg et lLuilka e®RtORdldses i dent
so far uhABRKHDg o dygogpmati &nt eartmitrheeli renMNd ( Won et

Zaballa and van der Goot , 2018) . ABHDBP17 pro
terminalricylstreegieonb coyndtaginnengr elsi dues, whi c|
t o becyd at edac yllhdatsi osh appears to be importar
ABHD1&s ah e Nmi nal truncati on mut ant of ABHI

cysteines displayed reduced plasma membrane
pr ot ein in( MaerLtai tednd .Cravatt, 2009)

ABHD17 proteins sh&%eamienoveaani d6i dentity (U
percentage identity between AB17A_HUMAN (311
and AB17C (a3n2dd AaBaHD1,7 A/ B/ C have been shown
substrates. Specifically, the proteins have
MAPG6Tort osa et P&SID9S5;RAHNRIEMs ber g et lan-7COX 021
cell s the deaAcSy lbyt IABMHDAf7 Was shown to redist

away from the plasRASmembraaceahofas No -t he me



acyl a(tliioon)and Coni bear, 2015 ThRems mdrsg restatadlo.

sparked interest in the potenti al of ABHD17
effect RABn I dlcalisation, as pl as ma me mbr ane
promote cell growt h/ signalling.andnt@aogreisha arg|

showed that ABHD17A was the most effective i
N-RAS and PSD95. ABHD17A w®sabbBodnRaptosltovali
endosomes, in addition (tloi nt haendp | @esmabldmermb r 2a
me mbanecal i sation of ABHD17 is <critical t o
proteins -teerdniam|I Ntruncation odcWIBHDAF Acy atck
was unable to act -BAJdiitnherndP ODNS Dmrarhfl 201 5 )
findings from this st uld/ybysdroow atsheatc altcatlhy tdrc a
appropriat e sBH®nnlroecqauli red f or the deacyl ati c

1. 6Effect-acylfatSi on on substrate proteins

A | arge body of published research over the

of eff eacctyd adfi oh on modi fi ed profaciynat i Dme hm@mre
on proteins is presumably an increase in hyt
association of the protein or specific prote
in hydrophobicity and me mbr ane association (
i nteractions, | ocal i s atChoanmb esrtlaabinl iatnyd, Sahnidp stt

Ssacylation of peripheral membr ane proteins

One of the most pracmil rmdntonefifse d tosaisosforcd eas @ ome
of solubl é . proteims ¢(hat | ack a QGytamssareinth r
proteins and/or intrinsically hydrophilic pr
cytoplasmic face of the pl asma membirmnfatvtiy
acidbese proteins are often signalling mol e
widely stuflamdtl petstmakesacydatofonSfor this pt
Ras family. Ras proteins are small GTPases
i nterldcul ar effector pathways acting as mol ec
and GDP Dbi ndiBugs gicedtesS)n dez and. TRd | par, o t2d0i2nly

key functions in cell di fferenti at(iDoann,i optrtoil i

My



et al ., angd01h)}deed hyperactivating Ras mutat:.
candeMurugan et latl .i,s 2t0L®Yyght t hat around 20%
mut ations in RAS, withonehebfpr moei nf beq ngn talmy
oncogdmHeodbbs et al . | 2016, PHe rom8medezaland 2T0r2i
202.1)I n humans, t hree RAS genesRADRAKSe- fKor f ¢
RAS4A, -RAB4KRAS i s encoded as two alternat:.
(Hobbs et. al ., 2016)

Peripheral membranacyrl att eidns stultdt asr kaS, oft
l' i pid modification where tIS@cpl paned nas! sao eN m
myristogt atpiremyl ati on. FeRras i maRlassd aa,nddiog b
prenyl ation (farnesyl at itoenr)midnuael t®a & X eb qx edsocer
Ssacyl ation of nei ghbouri nigercmisntes .neRasspdatee

undergo farnesyglabisoh ah | avhieng transient a

membranes including the cytosolic-tfeaam nafl t |
aaX motif is cleaved by the endopeptidase |
cyst eiersé due i s subsequently met hyl at ed by
met hyltransf{Pansettil centl mlt hi s20slt7gt e, Ras or

membrane affinity and cycles on and off memb
Ras to fAsampled cell membranes and when it
becomaxcy3 ated by resident zDHAE/ &6cP¢$RBapss HI i k
i s-aB8yl ated at both Cysl8Raasnds@¥al &4, awh eryes:

al one. This modification and increase in hyi
association of Ras and allows it tid mov e hien
pl asma membr amedbytwas {tDamiseptotrit et al ., 2017

200.6)Once at theRAS mbARAIEE hahe been observed
bet ween mémomhmanend soilmubil es pdamawlsdatoi oS and
acylation, (Resgecetvaly, 2010FRi gviaBgt .alk et al

Ssacyl ation of transmembrane proteins

Al t hough transmembrane proteins are -intrin:
acylation can have profound effect on their

(Chamberl ain and &Shirpsnemanz@l5pn recent stud
t haac$l at i plnamtd e pkiheafs @agel | in sensing 2 (FLS2

i's essenti al for I mmunity iagarequi macteoi sl



receptor interaction at the plasma membrane
et al ., 2023). Gpgdiaftii oal Isy,abFl $2sSthe inte
and BRbEbciratedhkimrase 1 (BAK1) at t he membr an
del ays endocytosis of activated ddrs22t ictourpil vee
active iHumreltl ienn.g &All t ho2@2h3)FLS2 is modified
j uxtraans membrane doma880c&B8E€gsnevhe(€y$FLS2 TN
V80I7T827), these residues were di s paecryslahtlieo nf.o
I nstead, two additional d o wins3t2r eh h@yss)y sit @i hlee
Cterminal end ofaltshoe sphroowaeciyno avtbeerdeSand r espon
FLSBRBAK4dt abilisation

I n addition toomo@i fmi @t i eaycsylteaitdieosn, cSan al so

ot her regions of transmembrane proteins. I n
ofteencyd ated in close proximity to the membr
a fatty acid chain may confer structur al con

the calicnidimg glinwecepracteéeing prodeylngt el e xXCwy
502 &-5C8Y s whi ch ar e just at t he end of

membranelcynoeamtgtati &n of calnexin on thes
suggested to modify the orientation of the

enhances the targeting ot rzmd Inexom ¢ ompHR x|
opposed to E®hdambbaeidlesid)n and Shipston,. 2015,
This type of membr anaec yplraotxiioma |wacsy sattetirnieb ust e d
zDHHC6 which is |(olcaal Kk ssreadj u oe tt hatle £R, 2 @1 2 cen
suggested that zDHHC6 may play a broad rol e
cysteines positioned at t(hSalcayuno seotl /arie.mb r2ain2e

TMD pr ot ei ns -accaynl aatlesdo abte iSnhtracel |l ul ar- 1l oops
pass domai ns. For Fancst ti avnact ee,d tphoet acsasli @Himu ntc h a n n
(al so knednl asr KBKUsatamrel) vol t ageh agmanelds K
essenti al for the regulation of sever al key
muscle tone and n(eYanogn aelt .eaxlRe stea20iH5i)tfyr om t he
group in 2010, showedathhat 8883ahag@yekks56a8r ewb
cytosolic I|linker region betweeheté&ecdnd sTMDO
(termef@dde&sflf)ri es .etl mmunof2@Wbl)escence anal ysi
substituti-@mayw!l atni arhesiStes (C53/54/56A) revea

i mportant for cell s ur faaccyel ad X porne sasti othh e sHeo we|i



appear to have any effect on single channel

sensi(tdefiftryi es.et al ., 2010)

't was subsequenaclyyl asth coomn otfh attheS BK channel
medi ated by zDHHC22 and zDHHC23, whereas de
(Tian et. aFur,t R&OrlmMg raec,y Iwaehteircemsi sS known to reg
cell surf ac(eleefxfprrieesss,ieomPall. de2a@y0pnti on of BK
al so suggested to be a critical checkpoint i
for cell surface expressi onac)yBloathi otnh ed eCf5i3c/i5e
WT channel showed accumbgatnebhwatkthaepdtradas:
membr ane associextpircers svefdé mMaPadldlet . all nt er®4R2i)ngl
alternatively spliced variant of the BK <cha
| acks t heegSutlragdsesd exon ( STREX) atedebtuti dbyalas
set of ezmHHCzZz<DOHHCs 3, 5, (T7Ti,a®, etandl 1371).2,00 8,
201.0)

Ssacyl ation in protein trafficking

Ssacyl ation can impact the trafficking of ©bot

includi-€@gchbmoki ne receptor type 5 (CCR5), w

Gprotein coupled receptor (GPCR), that funct
bl oodscdluring the human (iJafnlsaeermmaatnodr yB eraeusnped nl s
CCR5 inter acGbhsanwliota®t & he pl asma membrane anc
signalling3K,hrdAgghSTPAD,,whaincdh HAleGds to the ac
downstream &effector pat hways sydlhnasn ERKA/
Beaumel l e, CRQR22has been a focus of particul a
as ar ecoeptor for the host cel |l entry of hu
(Barmania and Pepper, 22bdaibDiyagiclabt adlRiO2ild
CCR5 has been implicated i n (diisaeca seet satlat,e s2 0Oi:
et al .and20b2rlgyi n i njukxogy (dat. eal,. ,st20OKR))

CCR5 #@asybBat ed32ln -T3Ws an82Lysnt ehmi rCal tail e
prot(eBilmnpain et al ., .20Mhec yKrafitonetofalkt hes20¢
essenti al for efficient trafficking and sec
being identified as candi datecyermazymes off orCC

(Boncompain .etThaetyy aeD@afA) of CCR5 is importan



protei nacayl santomd mutants are retainadyattede

CCR5 that reaches the plasma membrane i s rap
reason for this i-acwyhatieam appdadught & be i
associodt i @AR5 with cholesterol in plasma mer

pl ays a rokhadi oaeegtielnmdierd b6 c y(tJoasnissen and Beaum
2022, Boncompai nTere rRrédyced 1@mémbr aanecy aatsedi a

CCR5 affects its ability to inteflaetntwiyt lankHl
de nwwvous pr(oBdouncctoinmopnai n et Thils , oRHdrLOyati on |
i nterest imcybhageohngf SCCR5 as an effective
controlling viral entry and/ or other disease

Anot her exampl e of a transmembr arceg |l ptob@i n ¢
| i popretepebated prott®RiP® ®haGLRR&N. descri bed
the Wnt signalling pathway and more importar
the endocytosis of ant hr@Abrtaomii nest .iLaRtP.6, t @O !
undergaey | 8ti ot r ahsjpamiiraane cysteine residu
bl ocking this process through mutagenesis of
aggregation, and dengmadbt go)if Abwia@mi bes.i mé . | :
It was suggested that the retention of LRP®6
the | ong TMD (23 aa) of LRReéswilthnigheéent hihe E

of hydrophobic regions of the TMD with <c¢cha

subsequent aggregation of the protein. I n th
Ss-acyl ation of cysteines in progximithet membea
to minimise hydrophobic mismatch, allowing f
pl as ma ame@mbbrr a mi et. al., 2008hb)

Ssacyl ati on and protein targeting to Iipid ra

I n addition to targetiarny!|l @ER®D nt dh arsa fbte edho mpaiormn
mor e gener al signal for prroitcele ht tauolgedmaign
(Kordyukova .etlLiagi.d r2adblt9deraead d o maims found
me mbr anes t hat are thought t o be hi ghly d
sphi ngoaoalnidpirdesl,evant proteins. The proteins t
i ncl udaenc@Polr ed proteins but also acylated proc
chains (which have apaddlgerd arf dfitfiS¢etzrgd atr uerte s@h
201.7)Lipid rafts have been suggested to be



pat hways and neurotransmitt er -sreeglueecasst e ap a tohnw a

a closer interaction of i ntedwaicti chgv petot ai n;
One group of proteins tyviatth amraef tksndIERtEDs a s s
protein family, which play importantl!l udimrg

those pathways that medi atéraezuestetandlimett20

related SNARE ©proteins, SNAP25 and SNAP23,

pl as ma membr ane -adcuyel at oon hef Sa-ricemt rdaolmaicly s
Furthermore, -abglaxtentobftBis domain was st
control bBsegctheion witbShilpid eafaldomabDasa,
2005hb)

The cystehnaeomain (CRD) of o BINARRbHY ecpatadn:
resi dues: c85, c88, coo0, & C92; whereas th
cysteines: C79, @80 Gr €8Bes C8B, al&. |, 2010 a, V
199.9)I1 n PC12 <cell s, endogenous SNAP23 exhi |
det erignesnatl ubl e | ipid rafts, whereas SNAP25 o
(Sala¢gn et . alfThis 2®885bldan interesting observe

proteins share 61% WmiRhawbitaganimknt dempteirtcyen( ag
bet ween SNP25_ _HUMAN (206 aa)) & BhNPeBeSsHUMAYI y
point mutation anal ysis of79b omih hpirno tSeNiAP2 3r eamn
84 within SNAP25b are the <critical residues

associat-T9narnfdBdyBhaer e present at the same pos

SNAP25, respectivel y). Specificall y7,9 iitn was
SNAP23 with a Phe residue (to miimisoo | SdbAR2 34 )f
raft association to a similar | evel as seen

Phe84 in SNAP25b with a Cys residue (to mimi
raft association to a si(nsiallaare nl eevte laStars,i ls2ie0eOgbl b
the F84C mutant of SNAP25 waaSNAP&Faadtihe in
C79F mutant of SNAP23 was WIio(rSeal aaautni veet tahlan =2
These results suggest that the |l evel of raft
be determined bgcyheirohearertd oOhatS there is

bet ween raft association and functional acti



1.7Links betawgémtson and di sease

Cancer

There is growing -seowy ldetnicen |tiomkc agc éer , whi ct
surprising given that many cancer (dYfeisvtieng g
Vel asco et al ., 2015, AKopraeadi du scbogny, Id a2:0icloBig) s e €
i mportant in theofsigmall i ©gPasce¢ $( Besyw-letds R
Hern8ndez and. Ttnolha,ma2B821)X hree RAS genes ¢
pr ot e iRIASS,-RMHS ,-RAKS 4 A, BAG4 K-RAS i s encoded as
alternatively (sHodhbibcse deti.®anlD.0o,nozR106% of <cancer
exhibit mut ations in RAS, with the protein |
oncogenes, and the oncogenic muil atcik@ems atcy p iva
stat e, |l eading to enhanced onnfildomlabd i @eg ahd, c
Prior et al.;He2M&BMh,d eBu saqnuwetTsg i ol a, 2021)

I n addition, there is also evidence | inkin
including zDHHC14. This enzyme is ER/ Gol gi I
brain and female tissues (endometrium and br
the onlythkeDHHConttaeirmd nall CAIFdp ebi ndi ngX- domai n
hydr op@@O@®H)XOhno et al ., 2006, Sanders .et al .,
Within axons, zDHHC14 has -deywlnatsihorwnand «long
PSB®B3 and the adamiil gt pbtlksEiSamdehanreel :al .,
There is also evidence showing-actyhlaaft2z2 nlgHHC1
adrenergic receptors, vpirtoh epont ecrotuipd le di mrfelcieepn
(Adachi et dlowevedBdDl6YyDHHC14 has also been s
the devel opment of cancer and (Wietke¢e¢asgampe ettec
al ., ,2@k4) di(fYuereetntdlagan oo &1 ) mi gr(aQa oent and
al ., 2014)

Early evidence in 2011, found that zDHHC14
transl ocati on (tYu6 ;elt4)a(lgRibe 2gBi2Blak poi nt of t hi
transl ocation i swhoinclt haoonmtoasibrhee | tyhdep hBo ma/ | eu k a
B (BCL11B) gene, associated t(Waagute .lail pherd
QuantitativePCReaanatliynsee sRTshowed that zDHHC14
155 o0l d in |Ileukemic samp(¥s «tomplaFed2 @ bt oome r

same study showed that zDHHC14 overexpressi



(human i mmortalised myelogenous | eukaemia ¢c
30% decrease of CD61 expression (CDh61 i s
di fferentiation). Thi s observation suggeste
i fferentiati omn mpomhtiacrht iasspant considering
i fferentiation is an earl|l y( Mndetcrdlt.i,ca20 kl,e
l ., .2®ad)sequent work using si RNA knockdown
ancer cel l l i nes gave evidenceidorcandher i
rogression/invasion by Ome citatailn @ o n2e0klt4s)aldyh,e
hould also be noted however that zDHHC14 he
upprestaerti cml ar ger (mT &CGM)I, twhneoruer sevi dence
uggested that zDHHC14 is involved in apopt
aspdependent apopfvedeet pacddhwaey. aThi, s 29tludy
howedZDHhEWds downregulated in TGCT and pro
generation sequencing identified three diff
ZDHHCddne | inked to cancer. One was in TGCT
prostate <cancer cell s (CY8d/¥d &s cAo3 781tY.) al( LNC
I nterestingly both the L2115 and C181Y mut at
zDHHC14, whereas t he -tAS3r7mdiYnals cwittohplna stnmiec G ai

w O u u u T O 2 a o

X-i nkimd el | @icsa@aill ity (XLI D)

| n addition t o cancer, t here -acyl aatlisoon saenw
neurologicalThai serdeamgest Il i nk i s -lbient lweede n :
intell ectual disability (ZDHB@Pease gamnese mttha
condition. |In addZibHHGd&meée shaptdlomno obedrhes ho
XLI D but the evidence for involvement of thi
(Mansouri et al ., 2005As Raymdh22 etl @2 .genrRd9 7|

to 42 named XLID syndromes (where XLID occur
ot her parts of the body) and 27 numbered nc
condition is not associated( Swphwvharottzh eert salg.n,s
Mut ati 6DdH@m e rel atively common with 2% of
have | oss of functi onmBankuwetrateitomsl .i,n 2tOhli5s, ¢gSehn e
The substrate network of zDHHC9 is not <cl ear
role of this enzyme as an acyltransferase af
yeast zDHHC9 homol ogue (ERF2) wRaywmochdvet agh



2007, BtHeq me&stngd e z and Triol a, 2021, Lobo et
200.5)

The natwurally occurring variants in zDHHC9 i
amino acid substitutions R148W and P150S; th
DHHCRD of the enzyme. Purified zDHHCY9 enzym
P150S stuh®otnist were shown to have an altered
| owering enzy@atambeattwini and Shipston, A2015,
maj or breakthrough inofindet sbandDH#gCBowmut as s

cause XLI D was delivered by work from the Be
knockout of zDHHCY9 | ed to reduced dendritic
ot hermsf affShlibnel I et al ., 2.01Puyr tQuercrhored, atlhei
suggested that the |l oss of dendacyleatgh@amwt df w
RasAnot her interesting finding from this stu
exhibit increased seizur e (adctiimeiltly eanThlinse t Wac
was |l inked to a decrease in the activity of
Ssacylation of the smal/l GTPase TC10. Il nteres
feature seen in people with zDHHC9 phwtratiidns
this is also Ilinked to change(sBakie T Celt0 aln.d, s:.
The Bamji group al s oz DrHHCON tkinyo crke poourtt el de dt htaot
of oligodendrocyte mat ur(aHdlolnmaann de t mywaehl ii¢nh & @:
mi ght explain changes in the volume of the
connecting the two brain hemispheres) seen i
and zDHHCY9 knoOR&lart eni cael ., 2015, TKloas ktoaug ett h
the results of these studies suggest t hat X

mut ati ons may ari sacyduwd itom afl RASS @afndS TC10
effects on dendrite gr.awdhmasynapsendevebopm
(Shi mel | et al ., 20.19, Hol | man et al . | 2023)

Hunt i nglt erdse (HD)

Hunt i nditsoenabsse ( HD) i s typicaddloyi aanon&adulted
neurodegenerative disorder caused by mutatic
has a prevail&8ncie imfdi ¥0 .d&wals per 100 000 in v
associatedi wethlecbgnet mpd md @S wdhuirdtamice ssy

(McCol gan and . Talheilgzein,e 200n1 89ghr omosome 4 cont



(encoding glutamine) repeat sequence, whi ch
mut ant protein with an expanded pol ygl utami:
termiiMe€ol gan and. Tadlhrei pio)] yDROX&)Yyi on causes ¢
abnor mal trafficking, aggregation, toxicity
(Sutton et lat .ha o0oliu&én challenging to unders
HD as the protein has been report edGaeohlienrt er
et al .., 2004)

The first connectiacybatweanchBheahdo® a stu
t hat HRTyilat®d on a si2nlgd)e bcyy sz HHE@L 7( Cayrsd t |
i mportant for the nor mal trafficking-of HTT
acylatiosar wased for mu(YYanaiHTelt. (aflH €T )e2 0f0i6n)di r
suggested that cahawnlgaetsi om mHJAt Scontri bute t
of the mutant protein. Surprisinglysfyapesubse
HTT, but not MHT Ta c elndtainc@re sa d thie H3 g n @ f e tz DddIH «

201L1)Further mor e, t he same study showed t h
interact itHC fiSuUbhtabdD et dhis 2bs&yvation suc
decreased activity of zDHHC17 (due to | oss

contribute to some of the features of HD. I
shown to develop neuropathol ogi cealc oanmnsdi sht eehnaty
with features seen in HD. These ingluhded de
i nhibition, adnedp ehnidpepnat ¢ asnppaatli a | (Sartniomg edanadl
2013, Chamberl ain andh&hphbenonyp0d5) the zD
mice is consistent with the notion that a | c

contribute to S 0ome of t he features of HD a

i nvestigati on. Of inter&3T, bindisegcuoredHHZ1
regul ate enzyme activity, not | east because

zDHHC17 was suggested to be similar to other

(Lemonidis et al., 2015a, Huang et al ., 2011
2011)

Neur onal ceroid |ipofuscinosi s

Neur onal ceroid |ipofuscinoses (NCL) are a
disorders that characteristically exhibit an

in neurons and otheébi memndtsi odnd hWi Fdadatmse n 2



di fferent genes have been genetically Ilinked

age of onset, NCLs are classed as early inf
(Henderson et al ., 20.16Qn eGroefa vtehse ebte satl .c, h a2r0al
of NCL is infantile NCL (I NCL), which is cau
enzyme, which mediates protei hbHarderyd an i enh

201.6)I NCL is associated with rapid neurodeger
4 years o0old) and there is (8i hooani caneé Wil
2022nterestingly, amnRaoctyhleart iloinn ka nbde tNMCeLe nc aSne  wii
studies that reported mutations iomstelte NOIENAJ C
(ANCLHender son et al ., 2016, Mol e and Cot man

DNAJC5 e nrmycotdeisne sthC@R)whi chewas first descr
as a synaptic vesicl e |I(oBuarlg osyende cahnadp eMomgaa ng
Zinsmaier et al ., 1990, Chamilérrel alion8 aanad pSrhc
regul ates exocytosi s -chhyapfewmantei ofnoirngt haes SN AR
SNAP25 (descri blado mtbaoivres -miCGyPs met nfe consi st i
acylated cysteines witih3ifnBuar dbyma amrdiMaoar d am
CSPhas been shown to i-ateratceéedHWHF hzdn dwedlel Sa
zBIHG, 7,( Grd&yes et ANCL i201lcZa)Jused by mutati c
ami no acids i-rni cthh ed ocnyasitne,i nsep eqlilflibec alAlnyal Y 1 5F
t hese mut ant proteins showed t hat t hey unec
aggregates are visible o0nggSDeSg agteelss .weFruer tshheorwn
dependendcyolnat3 on and perhaps formegl duéeono
status of the(@®Guéeawnespepbtelns 2009, Noskovs§

al ., 2011, Vel inovDieotn aelt. ,al2Arldza 0 1C3a de Bei uexz . ,

I nterestingly, a subsequent study identified
| NCL and ANCL, respectively. UAfdI5Rglidsl 69f mu
cortex homogenates, reveal ed t hat PPT1 mR N
dramatic increase -fodl thepnpdreorxsiomma testl yal9.®ou?2 @1 &
interestéxpgl ore if this increase in PPT1 | ev
mut ant CSP during its degradation in |Iysosom

acyl ated peptide aggregates as a possble cau

HY



1.8Sacyl ationCof2 SARS

Sacylation is a highly <conser voendlyibniotleodgi tc @ |
mammal i an proteinacwuhnat isymstlkeans. alSso been de
(Hurst and Hepmeohteigtue€45s)asf ewelbacatser i al pro
are likely (BwotbhoazxdyHsk&ktaedkt al ., 2017, Chamber
l ndeed, t-ehey | faitresdt pS otein to be identified
vesicul ar st Gmodtmitdits awnidr . h | Mosrien greeg g e nlt9l7y9 )t h
beenuapar avoleumel of resear cdv eacautreeumidn antgo rt yh €
syndr cmeonavirusCo2)(,SAWRS ch has bDeangtebpbns
pandemic and the devel opment of the associ a
di sease 20M19) ME&ONOD et. aWwher e20g2130)b 21% ¢ as o
Novemi&r2 3, there7hayve7 ein8r med cask%, of C
incl 6di97gd eDRt3h s, rtehpdOt € dvVotrd d Heal t h 3Or gani s

SARE02 is a -spmnsiet irsviengheéed RNA virus withir
Coronavtihraitdaies contagioes. ph262MandMagEBE.N

The genome-Cof2 SsSRSSArranged into 14 open read
encode 31 proteins, grouped into four struct
( E), N (nucl eesctarpuscitdu)r,all 6prmanrei ns, s@mgdirkl ac
5.,0 adapted from Re)dAd ntdhoo uegth atlh.er e( 2h0a2vle) been
of studies inwaeygliagaemnaglfdhdaeaeBuot etn,alby 202

f atrhrmost intensive researcyh ah a spif lod ug et ®inn .S
order f €Cro2SARS enter the bospratediln (tvmhei cvhi r
transmembrane gl ycoprotein) mu st interact

angi otceomsvier ti ng enzyme 2 (A@ERE. pFolEBowi ng t
by transmembrane serine protease 2 ( TMPRSS
membrfmomei on capacity (or endocytosis). Vira
released into itjhec kesyd lotssotha camidnenr y t o initi at
SAREo0¥ genome. Assembl y of N-Ewy ssyntchesias
components takesERGalcgi winthe mmeadi at e compar |
which subsequently forms into an exocytotic
(Mal one et al ., 2022)

ERGI C assembpiykreoft etihne cr eates tri mers which
me mbr anespERerhmomer is composed of two subuni

subunit (which binds ACE2) and a transmembr

H o



Thea&yl ation of viral proteins is known to b
fusi on, andvui reftecatli.dshpe2@®@2dtf)ei n has 10 cystei
within the first 20 amenmiaaidsaof ,tmakdiwntgos
cyst-eiob proteins enco@fbdsogyi aai el alvirugesgl
al ., ,2@a&dpi otin exchange HERBE)Teassawsi hg FI
t agesepdpkreot ein have shown t-aayl ahedvaraiteproy

,_,.
D

rmingdWueed al .Wu 20r2d)col |l eagues fsuritkheer s
otein i nteractacylwat é&d zZbHHCB GleG87 compl ex.
rtrhermorest udhye msameal edpitBhaeecty | altti emi msquppr e
i-keedi ated membrane f usi eCoNanpds d@thcko winrtug iorft

-

1 s. Thi s was ac heixepvreeds su snign gl elnuc ivfi erruassees p

DT O w M O
® T <

thespWadeot ei n-t er mian aC truncated mutant | a
resi dues. The entry of t heexsper epdddEiioWa $ us e s
inferred via KWai eerase, aORL)ty

=}

Ot her studies have also concl ud+eadN2t hsapti kteh e

protein is the destpegrkembiragefactdfi ¢birng, I o
enhancement of(lHliuséetonalevare? & 03-teg ronfi ntubse ai d S
acyl atd pinkeo fS€RBR® infection is |ikely to be
coronaviruses, as wor k 0 ACotVvh ea | sroe csuhreswoerd vtih
acyl ati onemmi nals domain wa-Bndmpetdda alalt | ffwgi on
(Petit et dahis 2007)study made use of Africa
cel l monol ayers transf ectfedtgawigepi BEER2e irne c e |
foll owed by i mmunohistochemical detection wu

i mportaacyg |l dfPednt et Alli.gspPpdwReEjgoénces from o
human (SARS, MERS, 0C43, 5HKU1BCNIV6-3M&V229E)
MHYV 2, I BV, TGEV, FI PV, RATG13) coronavirus:

conser-vedmCnal cyt-osohicegiyehei ne

I n additi orGOLGAZDHHWGESh er zDHHC enzymes have
acylsapiekrecl udi ng zDHHC2, 3, 4 5,wh8 ,c h9 ,welle,
identified thrEeuighe®BERI!| das dagd&d2a)i on, an ear|l
cl ichlke mi str yachyalsaetdi ocSn assays identified zDHHC
24, as being sadhiovitege Pang diemwteet i.l Aetf uvarlt.h,er2 0s
from 2022 identified zDHECDaas ngs pinargareaionf or
(Ramadan et al ., 2022)



Added to this, a study from the | ab of Gi sou
20 tacyd ati omiperéottenien and subsequentsehhaeceim
These enzymes were identified °H-palamiatl ytsé ngn
ectopicall wpeéepprtes sned in HelLa <cells which
ZzDHHC enzywmieRNsnilnigke ot her studies discussed
by Mesqgtuistlaggested th-atytaei mai agsPyphreo tf @irn t h
is zDHHC20, but that this is fol(Mwsdubyafat

al ., .2®>%E)i fically, it was propossegi ehat z D
acyl ati on at t he ER, and tahcayt| esrpB EHG9N s ubs
translocation to Gol gi compartments. I nteres

waspreviously -aepbhemadgt at BrfilrueAh z@Gavdiarlulsa et
al ., .2M28)uita and colleagues (2022)°Hwere at
pal mit aae-dpabee apprsopaickeaclydtati on i s mediat e
spitkreansfected HelLa cell s. However, similar
are @wasedost cell s f,ordigsrpolwaiynegd vnior ussiegsni f i can
from spike protepindkeacnyfleartriionng ntihgahtt be abse
during-Cs8®RI nf éMesgnita et Ualder 2Mm2k)e condit

deacyl ation of other cellular proteins was s
APTs are stildl active. slpti pwaseisrugmaygt ek ftrh
segregated from APTs during early Golgi viri

not occur during simple HelL@Meaesdui tta aemts f &lc.t,i
As ‘ax yl ati epi@reottéhien i s a critical -CeMture f
this segregation from APTs may be (®Braidteirc a&lt f
al., 2022, Sant.opolo et al., 2021)

The same study by Mesquita and col {Cedgues (2
membrane | ipid orgagiabhéednmabeéeoagl aonadgprpamioc
and membr anes c obnp¥% i sdeédpalonfi:t oyl phosphatidy
dilinoleyl phosphatidylcholine, and 20% chol e
acyl ati ont eofmi thlad @mpd kmedt eeihne | eads to the ¢
cytoplasmic tails (in subunit 2), which ther
to the spike protein transmembrahel doimacme § &
in |l ocal acyl chainmabthoernof athohesahedhohbsphb
l' i ke doMasgsita et al ., 2021l pcye kmmeneien was,
al so detectedesnsdamnter ggembr anes ( DRMs) whi c

previously to suggest the associahidnpbt p



domai ns. zDHHC20 si RNA (but not 2zDHHC9) knoc
obpigkreot eins to thecMdMePRM tsaretcTaullreenrs 2d@dt) her
studi es i-0ad® ShARSesdcyhats pdhksofi nvol ved i n
assembly, membrane .Hughbhnghtarcd/diatt i eons imarc hi ne
Y

otenbrdgbtrs the devel opmenttr odt.mehretrapeutic dr

[ERN

9Specificity of zDHHC substrate intera

Understanding how zDHHC enzymes recoghnise an
an i mportant step in the devel opment of spec

esearch i-snnthlwstzDddtHEC speci ficity has proven t

-

areanwdstii gati on. Many zDHHC enzymes exhibit
for t heir substrates. For exampl e, zDHHC3 ar
high activity/l ow specificity enzymes, wher e
suggested t o waictty /ahsi glho ws peecftLieimoni @i eney mad . ,

ZzDHHC enzymes-awiyththiogha®tivity are thought
by being able to transfer their acyl chai ns
cysteine in CLemenipdiosxieni tagl ., 2017b)

The mechanisms that define higher specificit
and specific substr adeefsi(nMsdl gapoemanidy. Lnlond e we |
most reported cases these interactions are n
amino acid motifs or conserved regions pres
i nstance, aside from the DHHC domai n, t hree
bet weBHHC enzymes which contain motifs/ highl
reported. These -Br-@! y)h ¢mvdtRiG heAdp,ett hael . T T 200
(THAHhxGl u) MMittidhell ,etamd .the0P&ECCT (pal mitc
conser-vedmiCna(lGo mpo@dimzor o et alh. al202ODHHC e n:
these three motifs are predicted to be cytos
the DHHC domai n, and the TTxE and -tParC@iTn anlot i
cytoplasmic end( Mda&l gahpeo eanrzdy nmeidn d daro,u gh0 2 h)e s e
have been suggested to structurally stabilis
k

nown about t he(iMalegtaapca damudhcltiinder, 2021)

I n addition to these conserved domai ns, sev

reported to contain other domains that mi g h



zDHHC3, ,5,147, 1&, 17, 20, and 21, -Pavdibesn
| argd/ 2@®DZ) domains. These domains arie commo
90 aa cons6ibstirmmdadfUa® di(BMaelsgapo and Linder,
Mur phy and Banerjee, 2022Thdsese RDA d&dhmaigns 20
t he |l argest cl-mrsaetesi nofi npreotaecitn on (PPI) do!
proteome, and since their discovery in the e
been identified in 1F5TChdi sttiemste nh ¥wibaZra bp rnadt2 éid
domains are classified i ateor mimrade moytp ef ss h ahsad
t otype SI/-X-Q-COOHy pei qQ-X--COOH, tamai DA-E-Q-COOH,
(where X is anygliamiamgyg &agidd ogpikehbyonceasedual . |,
zDHHC1 4 -C(O03\ contains a type | PDZ binding
zDHHCs that contain PDZ binding mot ilfSs, t hey
COOH and zDHIHHRO®DH] t should be noted that no:
adhere strictly to these rules, and al so t he
one PDZ domaglrutsaumah easnéeeeptcoi ng protein (GR
seven PDZ (demaiamsd Zheng, 2010, Kalyoncu et a

PDzZ domains are often founRISD®nasdgpP&sBROENg p

typically recognise PDZ bindingedmmai nef pt act

proteins (i.e., in zDHHC émazymespnt ePbDBedama
receptor proteins in the membrane to cytosk:
and oseganignal ling compl exe(sCharti scteelnlsuelnaretmeanl
Lee and Zhen@f ©0&402DHHC enzymes which cont a
Cterminal end, z,hbdM@5be&n ameé Mmdbst well stud

shown t htagr mihemalC ends of zDHHCS5 and-hybDHH@A8 bi
screen)-aa@ayldatSe -ivatai naycdcylexchange (ABE) assay
domain/ moti(fThomasi mg . alBot h2DHHCS5 and z DHFE
i mportant f or n(eluhrmmad etegalll.a,t i2Ml 2 ,and@oltlhweri a
Ssacyl ation of siG®RWMm1 bt awagseutb st hia$ & odpernodtreiitni c

endosomes, all owing GRIP1b to Ilink fThese en
zDHHGd Sy | anteidorat ed | ocalisation of GRI P1bDb p
favourabl e positi odepeondmeadi aAMPAa ateicwipttyor t
recydlTihrognas et. aAMPA 20CIcZ)pt ors are ionotropi

that play a major role in excitatory neurotr
can |l ead to excitotoxicity, i mpaired neur
degr ad(aMdroemt t o and Passafaro,. 2Gil8en Zahestr o



zDHHCS5 and zDHHCS, it i's perhaps not sur pri
expressed in neurons and are associated to
pat hol ogy of errant neuroexcitatory activit)y
andpil €épbiymel | et al ., 2021let Malk.a,i 21 &, .Tha
al ., .2012)

zDHHC14 interaatcyl wiebh 8609% (also known as
membraseoci ated guanylate Kkitypee |t HPDtZ adlogma i
(through which it ifgtSangdetrs witt REDDBRORDR k
postsynaptic multimeric scaffold protein tha
clustering of receptor s, ion channel s, and
Thereby g epnoesrt astyinnagp t i ¢ signatonngolretnvigacr € g n
transm{(&so0o0oaet alThe 2020 study by Sanders et
of zDHHC14 in the clustering topgk PSDO@Ba@erd al
potassium (Kvl) channels at the axon initial
zDHHC14 or the | mpaacrynieantti oonf dASDOU3ptSEd t he t

axon initial segment s. This effecseloyn Kivfle ctt
vol tgaagteed channel activity and/or impair acti
present phenot ylpeirc adfl yneuwr od omuro a l condi ti on
neur onal hyperexci t(aandetrys (eit. eBbr ,eepd 8 @fp)sey,)

i mpairment of KVl channels has been shown t
episodic ataxiaanhgpeollggiwhailc hdiissor der i nvol

episodi cBavtawmxé aet al ., 1994, | mbr i ci et al .,

Alternative mechaunbsmseaté gP#HICficity have ¢
or exampl e, although zDHHCS5 interacts with
nzyme has been shown to also have an alter

F

e

substrate -KaAOPaspuN@dlacessougiPtholsphol e mman
(PLMLM (also known as FXYD1l) is one of seven
t

he FXYD family of ion transport regul ator s
termi nalbedyd maiitnhg an FXYD a(miinm eatc iRl Mngta2md? 1)
ot he¥D FpXr ot ei ns) has been shown to co-l ocali s

pumps in car d(i GQlhce umygo ceytt. easlTh e &YslrOe gl @p i on o
proteins has been |inked to a wide variety
seizur es, oncogenesi s, (Bnondar iecdusaalcar RI0ORAat

Del pire, I2a0mp0s) have been shown to be regul at



phosphoryl ati on whHRucnhp aacnt di-avait Meas$ it chre wWWhi ch 1 nl
NapumpHowi e et al ., 20.18UsiPi@itnr enc atli.qgn 2mMRt03
zDHHC5 it was shown ttheartmitnhad irretgri aocne lolfulzaDH H
N218 and T334) was required for the interac
bet ween S37 Hoomdi eR7e2)Aas!l pre20dbaxsl y 4nemtmi améd,
end zDHHC5 <containgerwmonabnmetvéd CTTXE and

PDZ binding domai n, however these were not
PLM interaction. Il nstead, a n daenmpthii fpiaet dh i tch ahte |
to thReumPs ubunit, and notPltad nPLeM dal rneocdt2l0y2 v s
therpbgposed in which zBdHWMCHBtes PlaM| i & o ars

recruitment of the substreouenpshbhbangh. biThdsn
complex formed-teRetmvean tkRkegi 6n o fp uznipH H Gbo ua ndd
pl ace PLM in a ftaov cawrcaebslse tphoes ictaitaand yti ¢ DHHC
t hen -abcey ISEPEdin et al., 2020, .Malgapo and Li

I n addition t o t he af or e mesnuthisotnreadt e e xsapnepcl i ef si
zDHHC17 and zDHHC13 are two other zDHHC en
specificit(tyChambeméain and Shsi ppsrt e@wi, o u2sOlly5 ) me |
zDHHC13 and zDHHC17 are distinct among the z
terminal ankyrin (Ank) repeat domai n. Thi s

i mportant for the sul{fstimatae arjaceNARAIamd 20T 2H
CSP(Lemonidis et Haweye2pld4)though zDHHC13 is

be natheadD HHC13 was not found to be catalyti

substrates, | ikely duceontfoo rtnnien gp rDeGH crmreo toiff ,a i
typical DHHEmonwitdifs .etFuwrlt. her20amMagl yses of tF
t hese Ssubstrates wi t h zDHHC17 identified

(VI AP) (VI T) XXQP t hat( Lienmoenri adcitss ewiTtaR .ARIQIOA D@
of ehbxapemotiidre t he sdbstcuasear.abtdvlie (I 1 TEQP)
SNAP25b (VVASQBP( VARQ®P)CSHhis consensus seque
the AzDHHC eprlayribmndi ng motifo (zDABM) and i

a cytosolic unstructured regi on (dfenohne dprso teet
al ., .2015a)

The identification of the zDABM was further
wer e tadbé reer at @ ess ohiugh on cryst al structure of

SNAP25b peptide fragment CoOV¥ASARYM 20he z D,



zDABM is u(QUYerardedet Tal s, s2oady) further show
N100O and W130 within ANK17 were critical for
proposed to be established via the aromatic
the critical proline rM soifduSeNAPRBIbh ewi twh it in tNH
in ANK17 forming hydr ddheDABMnd$s EiNLeR 25 bdli3 eitn
al ., .2@&dd) tionally, E89 and D122 in ANK17 e
Ql16 in the SNAP25b peptide, and Y67 of ANK]
via van der Wa(aVMesr arndiereatc talons 2017)

Building on the specificity of this new re
Lemonidis and coll eagues predicted and val.i
di fferent proteins t ha(tL echnoounidd ibsi nedt Ttlaok yz, DMEHOEL7
able to achieve tairirsaybys curseenngi npge ptto deex ami ne
AR of zDHHC17 to potenti al ZzDABMs present in
identi fied to contain a zDABM, t 4 eamtdi rtevof a
of the thryrededaSpdoSPRED proteins (SPRED1/ 2) \
does not contain h.5)DABM)t h(oRuigghurteher e wer e
substrates of zDHHC17/ 13 identified in thi:s
considehgdowofwurther investigation as a #fAbic
that endogenous Spry2 and zDHHQCL7I formtaakon
The proteins are of additional interest due
terminal cysteine rich Sprouty (SPR) domain
Further more, Spry/ SPRED proteins have been |
t umoswrppr es s o(rMaascaMiongihtayddam et. alln ,ge&rerdal), t |
l'ittle knowacylbaotuitorn hef-rSsailc hprcytsd ien sn,e howeve
now been shown to i neyaat edvi tbly( MaisdoHiGB7 S
Moghaddam et al ., 2014b, Locatel i et al ., 2



zDABM

WBRXXQP
Spryl RSPPTRPVPGHRSERAIRTQPKQ-LIVD---DLKGS 169
Spry2 SSFSSGPVA----DGIIRVQPKSELKPG---ELKPL 166
Spry3 SITPS----- PSGQSIIRTQPGAGVHPKADGALKGE 132
Spry4 HMAPP-PVADQASPRAVRIQPKVVHCQ--PLDLKGP 146
SPRED1 TKLSSP----- KDSVVFKTQPSSLKIKKS-KRRKED 329

SPRED2 SDFGLGEDPKGRGGSVIKTQPSR---GKS—-RRRKED 303
SPRED3 APLTEAAPPAPPARPPPGPGPSS---APA-KASPEA 291

W = Val, lle, Ala, or Pro; B = Val, lle, or Thr; XX = any two residues; Q = GIn and P = Pro

Fi gube Al.i gnment of zDABM withiPm oSeriyw & ejRIRED
alignment of hSpryl, hSpry2, hSpry3, hSpryi4,
Generated using the align tool from UniProt

repeat binding motif (zDABM) regionsenof the
with the critical QP dipeptide embol dened a

does not contain a zDABM, but an aligned p
reference HXXOQBM vdGh efraed | | e, M &al or |l Peo; or Th
= any two residues; Q = Gln, and P = Pro).



1.10he Sprouty/ SPRED family of proteins

Sprouty proteins wer e originall yDrodssesplhbivlea e
branchl efsbr ¢ Blndagt/t growth factor (FGF) signal
Drosophiakthaeal branchi (@up atetrd ram df et matli.qn 19 ¢

al ., .19%8)t he absence of Sprouty to inhibit
reported an excessive occurrence of tracheal
from primary apical stal ks: (hHanccoeh e rh ee.td easli.g,n
At that ti me, Hacohen and coll eagues (1998)

expressed sequence tag database (DdboBESTp)hitlhar e
Sprouty grpatoalitry:l hHSPpowly2, ahdicmy d2uty (Spry3)
fourth homplrogpgue,4 H Spry4) was identified in
mi dede Maxi my ebndat hen 1(BLBe%hkusmmaan et ahi s RIOOLE ]
family was further expanded -rtenragidegtihbo mhendi sc
containing proteins (SPREDs) f orSPWREDh atnhder e
h-SPRED2 were isolated from an osteoclast ¢ omj
t woybr i d (sWasktieonk a e tanadiSBREDBO Was cl oned by t
aut hors twd Kyader setl.atler, 2003)

SPR domai n

Sprouty protei ns3la% eaabeitrweleean Rt818, whereas SF
bet wee#441@a | ong. The defining feature of
highly conserved Sprouty (SPR) domai n, whi cl
cyst-eiaob moM@RD) (figuré&prnysd)jswhildhaanin |
contains 26 cysteine residues. The SPR regio
al pha helices which flank a centr al di sorde
shown to be henplhettamd/ddadomodi mér Spry /(XRRED pr
et al .and0a0l5s)o f oiTh d soec afd ri cstaeiimsn.ar e most ¢ omn
to the plasma membrane, often translocating
(Lorenzo and Mc.CSearcnyilcakt,i o020 20f) Spry2 has bece
i mportant to anchor thel mpageanset botbe mémb

et al ., 2020, LorenzoasagwptdaMcGar mi cEPRED20) s
to be | mpohdeb@mati i Sat i on of this protein as r¢
to -mbsalisation. I nteredt mogl §y, faoddi tkiRAAIS4 8f

oy



farned)yloantteo t he SPRED1 mutant | acking the Si
recover plasma membrane aststoeci abiiloint yboaof a$SRBI
reducei redsFced Ras activation and inhibit ERK

pri mary -amyleatoiforS as a membr a(nSet oawec heotr aflo.r, X

N- I[ [] [T [ SPR (CRD) ] ]-c nspryrwr
1I 3:5
N [ [ SPR (CRD) ] ]-c nspryawr
II 2?5
(z\?lgIB’;V(IVIT)XXQP n- | [] ( SPR (CRD) ] ]-c nspryawr

1 299
D KBD | |

N [T [ SPR (CRD) ] ] ¢ nspryawr

4 444
« T 1] [ sPRero) - nspreotwr

1 418

N- m [ ] M1 SPR (CRD) ]]I.c hSPRED2 WT

1 410

|
N- m [] [ SPR (CRD) ]| - nspreD3 wT

Figuree &$chematic diagram of the domain stru
prot eAfichematic representation of hSpryl (31
(288 aa), hSpry4 (299 aa), hSPRED1 (444 aa),
(410 aa) (light green). Schemat itce rrneipnraels eenntda
EVH1 Ena/ \eA&PI| e(d/ v assta dmull aatt cerd p htomsoH ommryot i n
doma-ian so known as, WHAd4Yr i8WAIBEPr gmiddtsekiont)t homol o
1 domain (dark greeamByriziDABMIH § MIDAP)@BOVI T) XXQF
(orange)Ki KBIbi; n&@se binding domain (dalgshot bl u
designatedcyaseriicBhD;domain (yell ow) .



Sproprtot ei ns

Sprouty proteins (Spry) are key negative re€
pat hwMgsoMaonghaddam et, adnd RaOvVedAbheen i mplicat
of embryonic, developmental, and physiologic
of theg Hawsrhgsmot o ,etefa8bk.i,n 2e0t] 2a)l i wWa@ @9 1adapd Beck
201,4)and brain/ fdHrawcws tsyntde Kl i .maTshcehreewsiksi ,a |2s
|l arge body of evidence that describes the er
cange&krawazoe and Taniwhwealei ,t hZ21%)ave been i mp
di fferent cancer typemwBdBmagtldudi ngngl aWgnoanc
(Tennis et pltostapRddtalncetr, abreaOHS8adtenl . ,
201,6)and | i hepatcanelelrul(dSicavatmraomaksorn et

The prevalence gprobhangesi nnc&pcer often mal
prognostic olfi amasreesresi nst ance, epithelial 0\
one of the most common causes of fwdmal enogytna

patients wunable to be diagnosed wuntil | at e
widespread abdomiAradr amedta sdAa.sriesv2i0e2n8 )f rom 202
popul ations, estimated that in 2020 there we

with the estimated number of deat hs at 13, 94
cancer cases and -yeeerr er eMaast iavbes osouarl Vi AdaBh.r % t e
et al ., A2623)dy from 2015 showed that Spry1l
EOC ti §MasoManghaddam et . alT.h,i s2 ®bSkke)rvati on

previous research from the same group which

i nhi bi't ERK activation and that there was

expression and EOC cell prolifer @adMasoummi gr
Moghaddam et .Talg.et h2014&)i s data provides evi
(and Spry proteins in general) as independe
therapeutic assessment.

Al t hough commonly associated with cancer, as
also have a key role in organogenesis and d

which util'j s&Sd'rdgpurbi®mi ce i mplicated these p
nor mal devel opment of (nCohusney eextt ekl nparl e2gielodi)s ad t
using transgenic Spry2 mice also provided e
indirect regul ation ofChmal et sa&lIx.nd rey@0s@)d enrgd /i
studies suggested thBGRtelgaurlatwas &lgndrhmalSpr



|l eading to uncharacAerasfturct oegaeoxagmmles,] sana
DNA f rtohne p e kbil pohoedr als ampbrgenitmdgonadotropi
hy pogonadi sm ( CHH) p aSpiregndtnse i(db8uptt)yrkat db & ihreg
mut ated in CHHIiirmdiuvi ccuadabH. | s2setitappcaleséent
i ncompl ete sexual mat uration by t-hel agsi o§ !
hor mone ( GnRH) deficiency and/ or resistance
hypot hglidmiidc dypuagi €)t. alln ,tR&12013 study, a
mut ations were identified in individuals: S2
V281M, V3041, and (i Mitrea@ewit ientgC&0 L,2i0D0WWBY hi n |
domain of Spry4 and a mutation atactyhiags i nasi
although this would need to be investigatec
described Spry4 variants have dwhfifcehr emrn e spehret
wi t h parti al or absent puberty but there i
with/without hearing | oss, dent al abnor mal
individuals present with none of these addit
prseent with dent al abnor maviirtaioaud eaennd alloaw Rdrle

SPRE® ot ei ns

SPRED proteins, |l i ke Spry proteins, are al
growth factor mediated ERK activation and t}
SPRED ©proteins i s t hought to be achieved t
neurofi brotm nsumprless the phosphoryl ation art
having a role in the modul ation( Kdwahee sanad |
Taniguch.i , SPRED®)proteins have been implicat
including (IPaslkaeami aet @&lsteod Mi &pmad i e,t al .,

prostate (Kankreaso et, amel, afgZ@mAHhR) n et, al .,

carcinoma/ adenh®kcamrma nemaadnd MB®drlé&.) A study f
utilised The Genotype Tissue Expression (GTE
profiling for(SPREDz@raneéi NMe Colrhnei cskt,u dy0 2 0o)u n
although SPRED1/ 2 wer e widely expressed ac
expression was | imited to the brain, breast,
proteins al stoercrmintaali nSPAR Gomain (simrénmasr to

these SPREDs ar e al-tseor mikavidesl Elnpa bd fe dd W AP h o mol
1) domai n, akidti addemgt dalmbo ne(KB8Dand McCor mi c



Th&EaVHHdomain primarily functions as an intel
proteins via #biincdh nsge qtuoe nperddf Hémweeint i manyg pr ot
also being involved in act(iPetkbresdnng@gndnd/op
200.9)However, tdhees cmao Pte dwe Inlt er aEVidd omdi nt hies SF
NF 1, which does not (cPoenttearisno na apnrdo | VioN Bklmmams, i &2 (
tumour suppressor prot-achi wattiimg mrsotaei GT Rahs

regul ates the MAPK pathway activity by promo

SPRED1 have been linked t o a compl ex mu |
neurofi bsrolma(¢akbso known as von Recklinghaus
clinical characteristadcgaitnombodi eg; meut opl &
gliomas, chronic pain, |l earning disabilities
di sor(dSeprusr  ock et al ., 2009, Lehtonen et al .,
et al .., 2023)

The KBD of SPRED proteins is ~50 aa in | enc

binding odntechgempe ot @ecept orKitty.r oFsiirnset kd ensacsrei, b €

c-Ki t is found on hematopoietic stem cells atl
(Yarden et al ., 1987 nSméeckh &PRED2, wa®e22pun
regul-Kitte, cand to inhibit MAPK and ther-eby re
gon-meé sonephGonsg et al ., 2020, Lor.enEor amtdh évirc
cancer types, such as malignant mel anoma, 1in
are mutant BRAF( PiRpAeSk aentd &KIInT,e r2e0s2t3i)ngl vy, 37%
mel anomas examined in a 2018 study also show

cases of SPRED1 | oss;KIJ0% |l dledtmltawmisbi tlattl. ¢
should also be noted that most <cases of me |
SPRED1 in the 2018 sypey aweoma st n(iiplee , witlhd s e
NRAS and NF1 arBRAMFqQt NRWiSantand NF1 all pl ay a
of t he MAPK signalling pathway, t almidg hreusttat i «
oncogenic factor wit(hAiinpenke leatn oama. ,t uznlo2u3,s Gup
Al together this wider association points toc
SPREDL-KRT interactions in the promotion of N
(Abl ain et al., 2018)

The SRPRREProtein -QEMIROot EKBREBI_sHUdMAMpr i sed of
aa residues with a mol ecuSiami Iweeri gtha alfl 4dt. 6e
the Spry/ SPRED family SPRED3 ciodn0t7a)i.n sS PaR EIDRBR



al so contaemmi rmanl NEVH1/ WHB) damai mn( unfunct.i
region (244)196Kato et al ., 2003) . Ot her not
regions 4datt58aé&l1932 as well as a prol28de ric
(Figure.I)6 &inilar to Spry/ SPRED proteins,
peripheral pl asma memb(8nel asdoet atnaed, pRrOtLEI

2003, Lorenzo and. M_L@ersmiicsk , c u2rOor2eOn)t | vy known
(compared to other Spry/ SPREDs) , and over al
interactions and efficacy. For i nstance, SPR

(< 20% with SPRED1), 2dd alesoplaoé aohsaacGiy
247 residue thakKiti sbirredtiung eadnd oirndceed SPREDS3
or be phosphe&KritLartredzbdby antd Mc.CoAdndedk , t 2020

although SPRED3 <can also inhibit ERK, i ts

SPREDI1 and SPRED2,; a suspected consequence
(Lorenzo and McCdmumitthler mdo02Q) unli ke the othe
which were identified to contain a consensus

binding, SPRED3 does not contain a zDABM ( Le
in the year previotistthe zDDABIMJe SPIREDS8at aon &
actually shown to -amyleataed Wy BhbDHAHGHDet Sal . ,



A hSpry2

" ¢ (315)

Model Confidence:

[l Very high (pLDDT > 90)
Confident (90 > pLDDT > 70}
Low (70 > pLDDT > 50)

| Very low (pLDDT < 50)

Fi gur7e Al phatFrodcdt ur al pr ediodSPoRE Btorf u cS purrye .
( AAl phaFold structur al prediction model of S
-SPY2_HUMAN). Schematic indicating the appro

domai nzDABWKNd the N/ C teAmphaFoldadstr g8&8)ur al
model of SPRED3 (Homo s a{SiPRES3; HWMAMN) at :Sc@zZxWk
indicating the approximate spatkEVMH{ WHI)at i on
domai n, and the N/C terminal resdsueAlcpmd k dle
score (pLDDT-)JOObetSwemeen<BO®gipdemDPT may be unstru
i sol ation. pr At pthralrottladtr @b as e devel oped by De e
European Mol ecul ar-EBropegy Bablomrs&tadmgtei c(SEMB
EBI()Varadi et al., 2022, Jumper et al ., 2021)



1.1The SpLoptrytein

The Sp2opn¢tSer(ylni Pro4 X®B97, SPY2 HUMAN) is co
3ldaaesidues with a mol ecullairk evedlglhto tolfe r3 4mebrt
the Spry family, Spry2 c&€mtlgi whia hSRR sbo malicro

the CRD doma3d3 hifj(aar el 718. 6 and 1. 7). There ar
regions including a phosphsoerryilnaet erde gilydrhg s(i anae
and a cryptic pr é8l0i9ne rUamdgioan uhaaeB®4 only a
Spry2 str uebtlyr eh a(sh aseoB 6frakrstoth ve&uagyh cxr yst al l ogr

which comes from £Bséttyctosia@meofki nlasecbindi n:
with a phosphorylated Y55 Spry2 pepttihcke. Ho
Al phaFol d Al based protein sd4deagtauarasltrpceéedr
Spry/ SPRED proteins have been predicted (fioc
protein that has been reported to | ocsalise t
the plasma (mheomnkantand i, ecdavadhbompaaginzatt)i el | o et a

as wel | as microtubul(elsi nanedt nmeelmb,r a2n0e0 2r,u fLfil ne s

I nteractiong @fro$Smrnanuty

The nuanced nature of Spry2 regulation is re
it has been reported to engage in (Figure 1.
has been | daeemagdtiiede arsegul at or of mul tiple
including fibroblast growth factor (FGF), e |
growth factor (NGF). However, it should be m

Spry2 as a posiBGF esirgengaulllaitnogr ioff Wonmgnmeat i anh .
200.2)Spry2 can indirectly promotecaRTK-asi ®nal
linage | ymphoma proteiunbi @PBb) ri 6BL iigasanc&f
ubiquitinating receptor tyrosine kinases (R
reduced growth factor signalling. Spry2 inte
tyrosine (Y55) , l eading t o t he degradati on
ubiquitinati ¢NWbdggreadadli Ohh@0OO02dx ot eins such
phosphatase 2A (PP2A) have been suggested t
Y55 in Spry2. This compet i tCiBLe bbinmddinmgg wa wlm
Spry2 stability butmedn attuerdn E GhFoRa gudidsigmugi mC B L

Moghaddam et. aTlhnet e2@8&@&bT8BN1) scaffold protei



the S@PBLly2i nteraction and therebyOpuomete aEG
201.2)I TSN1 has also previousdagybaeead shownei mo:
as SNAPQKkamoto et. dIT.SN11%DINds Spry2 via it
sequence -taegr mihnealC emd hpi @Birwd® ( &80 13@Bur et
al ., .2012)

Thi s prrioclhi nreegi on is also the tdptrewah fWwhcctcaol
recepvobaond prGrthf2iLm o2 et al Grb20Bivaygs to the ph
ki nase domain of RTKs t ot hfeamai loift aSteev etnH e2 s& c tp
(SOyand subsequently RAS activation at t he
canonical action of Spry2 to sequester Gr b
prevents t he propagati(oegodofr mMARK .esti Ghidhs I, i n
sequestering action yipy odled emrsv & d 0i, n saitcthe ra sS [BSry
been suggested to supr essdovwAPSKt rbeya nb ionfd i Sipgr yt 2
(Sasaki et. aMu.l,t i pO0OE3 i multaneous binding i1
reported, such as in the case of a suspect e
hepatoc
(METTL13) was -ismmuwmm ptreccpi t atasswict At ¢ thebiGmnd
n

1 (GABl1l) and Spry?2. I't was suggested

yte gr owt h f acmet hyslitgrnaan skfeenrgais gt e h wa

protei
associated with mutations in GARBLJ] awietdh b®p we
affected people and t has e nisn -anehai echfovabnhte a GAS1L
al ., .2018)

Cel | stimulation has been shown to result i1
Spry2 (in addition to-sYeérbi)ne Trha gi d m ddIFWJgSEpsr yt 2h
the function of which is not wel/l undatr st ood
the stability of Spry2 caancthev ad eitdre rkel enaacstleiyn gt

kinase 1 (MnK1l) mediated phosphotrryilceht idommad fn
of Spbg3ilva et Tdli s, sadn@i6rpeo Iryegi on has al so L
in ubiquitin regulation, separate to -that o
proteinneluirppdseprecxkpesestkead!l étp madowmegyl at ed

proteieddy lt&Ns been shown to bind to S112/121
to its degBdwdatebnalln ,addiltdi)on to this, recer
given evidence for one mechani sm of Spry.
phosphorylation of S112( Marpioweziat kahase2d2



Taking al/l this information into account a ¢
whereby upon FGF stimul atioefm, Stonc2apbhdAphory
binding. Once bound, PP2A can dephosphoryl a

terminal proline site. This then allows the
activation. Thi s process i s t hen modul at ed
phosphor yt @t ipoevent conf ormati onal change b
degradati on INeddBL tahred phosphoryl ation site
respectively (figure 1.8). Aside from these
mechani sm of Spryd yadtoi dore itshealpd aslmak membr ar
the protein due to the higbNNygrawsetvald. SPRI

et al .., 2002)

Growth factor mediated Spry2 translocation

Theeminal study that reported the discovery
that Spry proteins can associate-lwoceahisheipt
wi t h t he transmembr alnkacprmhetne i ent,, aNI@TRBGEH P9I 8t) «
Ssubsequent i nterest in how this contributes
growt h f act(oYri gsziagm ealtl iang , 20H4dwe¥dw] ntleée pt e

mechanism of translocation/trafficking of Sp

Spry2 is a c¢cytosolic protein which has bee
analysis to translocate to the plag¢gma mmembr a
al ., .200@) researchers were -labhenkey skiodwm eyn
anHEKRO93cTel |l s that following EGF stimulation,
ruffles. The team was also able to identify
pl asma membrane tra@8Rbcmteobnaldlshisa0ihg mal r
is within the -ZPR) domada i tnhHOUQRD I(tl 7i8s wor t h n
this safméeissmtedyalt.he 2®06Earchers also suggest
cosl cells, -l B8payRsesxx with mi crotubul es bef

membrane ruffles upon EGF stimulati on.

Foll owing on from their 2000 study, the Lim
to the plasma membrane upon growth factor S
phosphatidybisplsos$pha(tdei 5 PdtP23a !l Fuyr t2l00r2mor e,

i dentified @efeanshvec poibpmn RBALONH showed by



i mmunobl otEtRIKngi nofPCal2 <cell s (rat pheochr omoc
mut ant failed to inhibit MAPK phosphoryl atio
coll eagues is -anylleatdi corofec$pr Yyv2 may functi ol
hydhopicity of Spry2 to facilitate appropri
supported by the €fti a2ioRdg@y , o fwhl o da-asehyolwa ttihoant t
defect VNe&C2@GBA5 mut ant of Spry2 exhibits reduc
me mbme i n P Q1L20 ccaetlellsl i. et al ., 2020)

I n addition to the reports suggesting a role
me mbr ane, other researchers have suggested t
with c-Advddlpivnnn perinuclear and vesicular st
me mbr aonfe endot hdllimplagecat isl | o Empagnati 200 b)

coll eagues al so suggest eacc yd art @ loait iammdsolciapa t b eot!
and that Spry proteins associate with 1|ipid
Again, this is an interesting memdasry,n ashievis
and those by Locatellii, show occurrences of

during confocal i mhalgli nagf otfhiPsC1t20 gceetlhesr. i n t h

|l ipid raft/ caveol ae/plasmeanomembfe@eaef targeeim

acyl dtSeeagin et al., 2017, Sala¢n et al ., 200

ny
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1.168rowth factor signalling

There is a wide variety of known growth f ac
fibroblast, (FGF) and nerve growth factors (
growth factor receptor (GFR). Growth factor s
uponl cleadr di visi on, di fferentiati on, gr owt h,
i nvol ved i n oncogeni c processes, t hus ma K i
( Nor manno et al., 2006, Tiash and C®FRvdahnud vy,
NGF were two of the first growth factors t
respectivel vy, whereas FGfLeMmisit dl scovenmnad iBro
1960, Cohen, 1962, Gospodarowi cz et al ., 197
RTKare a major class of <celll receptor that r
such as growth factors. The discovery and cl

since the 1960s, with a total of 58 RTKs, co
si mil ar yet (diesntmomc tanfdorSmshl essinger, RJIOKO, S
signalling begins with extracellular |ligand
turn -pawts@horyl ation of the cytoplasmic prot
phosphorylation allows the propagati3ckn of S
AKT, JAKINSAT AMAPK cascade, for which Epuy2 is
and Lovly, 2018)

The MAPK pathway (mitogen-activated protein kinases pathway; also known as the
MAPK/ERK pathway or the Ras-Raf-MEK-ERK pathway) has been identified in
mammals to have three distinct groups of MAPK modules including ERK, JNK, and
P38 kinase; all of which have further subset modes e.g., ERK1 & ERK2, or JNK1,
JNK2, & JNK3 (Dhillon et al., 2007). MAPK signalling is comprised of a three-teir
system of phosphorylating kinases: a MAPK kinase kinase (MAP3K), a MAPK kinase
(MAP2K), and a MAPK (Kim and Choi, 2010). Upon RTK activation, dimerisation, and
autophosphorylation, the exposed C-terminal end of the receptor facilitates the
binding of GRB2 via Src homology 2 (SH2) domains. The SH3 domains on the N-
terminal region of GRB2 subsequently allows the binding of SOS, which is a guanine
exchange factor for the GTP loading of the membrane bound small-GTPase, Ras.
The activated membrane bound Ras-GTP can either act as a dimer or a nanocluster
to recruit, bind and activate RAF or RAF/MEK heterodimers at the plasma membrane
(the MAPK3 step in the cascade). The activated RAF/MEK proteins can then

assemble as transient tetramers which facilitate RAF activation through back to back



dimerisation. The MEK proteins can then dock to the RAF dimers to form face-to-face
dimers which are turned on by RAF. The activated MEK (which is the MAP2K) can
then phosphorylate ERK1/2 (which is a MAPK) and propagate and generate further
signalling for cell growth and transcription factors such as c-myc and c-fos (figure 1.9)
(Degirmenci et al., 2020).

\ Aowth factor receptor Extracellular

| ‘ Cytoplasm

SHP-2 GRB2 SOS I‘
::'[ SPRED |
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o Transcription factors I »> Ao

N
1 Nucleus Y

Fi gume Gener al action of Sprouty/ SPRED prot e
Schematic diagram of Spry/ SPRED action on

activation of growth fadowosteaetmpatoren | efad
homol-2ggomraoint ai ni ng protein -2t y(r@&9dmRnewtghhosp!
factor -becreptmmrot eisonn 8 W eGRBe2s)s, prmateisar Cdm™ma) ;
GTPase (rRAISOlI;y accelerated filbrosaecomat &dne
protein ki nase exXtirnmacsel | (rvdlKg t; 8 d g nkailnas e ( ERFK

subsequent transcription factors.



1. 13BFummary

Sacylation is a form of I|ipidation typically

onto cysteine resadwleat iodn pirotmédisat &d by a

acyltransferase enzymes, where dysfunction o
l ked to the progression of many diseases. Z
i sof or ms, primarily dde4ertmd nahe ARrdsemnaca whi a
shown to be involved in substrate recruitmen

recent!l y aisd esnutbisftireadd es of zDHHC17 due to th
Spry/ SPRED proteins share a highly conservec
shown to dacyhabedSand functionally iamgortan
i mportantsorfegulwtleatMAPK growth factor pathway
pat hway is known to | ead to oncaogylnaetsiiccn aRx
i mportant for the stability and plasma membr
of-agylation im Spsyaotumbetihoretxtpd omerde, t he r
of Spry/ SPRED proteinseddarztBiHddm@y ede ¥y eme mi ne

canoni cal modes oofr riefc aghesimbp idsod r eexnigytinet r at e

inter,@acti oinfdhheed e ar e di f fSeprraymad e S PilRdeddf woer enms .

1.1Aim d&yppot hesi s

't is still | arcgydlay i wmcladdrecheow SPry/ SPRED pr
changes in Spry/ SPRED |l ocal i sat(iKoanwawpcen agrdo
Tani guch,i ,t h2e0 l@r)esence of an extensive SPR/C
zDHHC17 as a new binding partner/acylating e
the study of these proteins an exciting di
presents itselifnter eéesei mp candi datwerfkorhaisnve
shown +fakgtl aBi on of Spry2 by zDHHC17 is impo
and stoatbhd ipryot ei(r. oscualt setlrl at eeMo rael .s,pe2cQi2f0i)cal |y
study showed that the turnover of Spry2 wa:
acylated by zDHHC17 and that Spry2 was unabl
me mbr ane -avdhyelnatSi on is i mpaired. déhtsfygtudptw
Ssacyl ation of Spry2 by 2zDHHC1G@ sit<riesipemnas®nt
(C265/7268) within the SPR anN21lolr/ Dx2hlr4ellels 2s2u3r)r o
within the (SWPORc adtoenhaliin eTogdt.her20t2l0ggse f i ndi n



i mportance-acfyl @gr yoa ,aSstehsipse cRTaM liys wi del y i mpl
protein stabil ity (athhda ncheel rllualianr a nodc ad hiispasttioonn,

Subsequenftr owodtkite or al thesis of Dr Carolina
although Spry2 contains a consensus zDABM, t
| oss -aicyl 8ti on when thi 6L oceagti eolnlFiu,rst Br@®thatr ed
mutation of the zDABM binding pocket in zDH
Ver aertdyjiall 2L Ep) had no efafcegdtatdam nSpirnlydc@8ieC1 7 ,
2021)Thi s rebaemwtadonoonf wBaANKtllYe imDABMcti on i s
is currently wunique to Spry2, whereas SNAP25
and residues N10O/ Wl3@acylna(t@ipehdlC&3 €br ab. ,

Lemonidis et 8PRED204Bb)he other hand, does
moti f, but surprisinglyciyd adteidl |b yaBmlIbDeH HtGd 7 beitn
al ., .2C€Cu4Yyent findings suggest that Spry/ SPF
zDHHC17 interaction sictyd atth atn i(sanadd wpl eod htea

Therefore, the overarching hypothesis is that S-acylation is a critical feature that
influences the trafficking, stability, and function of Spry/SPRED proteins in their
regulation of growth factor signalling pathways. It is proposed that Spry/SPRED
proteins contain a novel mechanism of recognition by zDHHC17 that is coupled to S-
acylation and/or function and that is independent of the known zDABM interaction.
Further to this, it is hypothesised that as SPRED3 does not contain a zDABM, that
this protein would rely on an alternative and conserved interaction site for S-acylation
by zDHHC17. The overall aim of this study is to investigate the interactions of
Spry/SPRED proteins with zDHHC17, to further elucidate how these substrates are
recognised and subsequently S-acylated, and to compare this to the known substrate-
enzyme recognition mechanism already established for SNAP25-zDHHC17 involving

zDABM sequences. Specifically, this thesis will:

Progress knowledge of Spry/SPRED protein S-acylation by zDHHC17 and
develop an improved understanding of the mechanism of interaction that is linked

to the efficient S-acylation of these proteins.
| . Explore the functional rel acygmhadeitam ATpri yoon .

Examine the role of Spry2/SPRED proteins in regulating the stability of the Orf3d
protein from the SARS-CoV-2 virus.



CHAPTER 2

MATERI ALS AND METHODS



ChaptéMaterials and met hods

2.1 Cel | cul ture

Humaembr ydkindeey 293T-208ITl, s ATBEK#CREANBRIla6nd, UK
were maint ai Afeldasikns T(7SogeihWigkE ch Company Ltd.
UK) with Dulbecco's Modified Edygddakci aMedGiubnc o,lI
LifeTech Mol dg,j eBRai sl ey, UK) sfaptbdblinsee uend wi t
(Gibco, Lif&TedadhnolPmgledldys, WeK)e. mai nt ai ned i
at mospheiCé 58f,iC®7a Ther mo BB15 incubator (The
Leicester shirrecel UK)pagsagge, nafctud9t3ull ec,ce | HEBBK wer
briefly washewamp htads pthla ftnELe rofd s aldines d ®PiB&bt) e da
from the flask for 3 mi nut es usi ng 2.5 mL
LifeTechbtdgjedfPaiTsHeyf | &JKXKW . was gently tapp:
adhered cells and 7.5 mL of fresh medlilas was
were <collected into a 15 mL falcon tube ant
Mul ti ftRje a3 9250 x gHEK>® 3cBelnrisn uweerse. resuspend
mL of media and seed%fd aisnkt oata aneda |Tu7t5 ocnm o f

volume of rl@®@xmlerHBEi®OB8Jel(lbet ween p-aékarge 20

diluted to 1:50 with DMEM media and 0-5 mL o
Dl ysine coated 24 wkilg+#ddraiters CdoCopanyyglEt d.

Ratpheochromocytoma cell s-1AZPIC1EnglATe€, #CR)L v
mai nt ai ned?filmsk35 (SngAhngkEch Company Ltd.,

wi achvanced RPMI (Roswell Park Msmowmuimalmeldm sitmi |
(Gibco, Lif&MLdadhnolPoagisdsey, UK) darppareument ed
(Gibco, Li f Mletcdh.n,ol Pgi es®et@mWKNe B®Brum (Gib
LifeTechotld.g,i eBai sl elyy,| utKafnGanbed 01 %Li f BMTec hnol
Ltd., PaiCel é¢g, weK)e. mai nt aatnmas phe’@e h&omnC®7 f i e
in a Thermo BB1l5 incubator (Ther moFdri shelrl Sc
passage, PC12 cell s wer edagy oiwmt é@rnv asluss,p emncli loen
mL falcon tubes and pelleted by-Rgemttr ilf510g axt i
for 3 nmiendtedse.d cell s were dissociated by in
express reagent (Gietod. Li PaTdt erydli dbkidees at i
reaction was inactivated by addifngl [RoPMeld nbeyd

PP



centrifugation at Cle3d sx werfeort h rmiurghtl /s .r e s u ¢
RPMI media and seedédaisk atnaeawdTT7Thtcmn of 1:
(final volume oForl2e xle mpieme ritlmestkReCd 2 pwaed d &g e
50were diluted to 1:50 with RPMI Dddisa n&nd

coated 24 well pl ates,S{ §g#Adldrperh Welmp:angorLnidn
UK)For i mmunofl uorescence and confocal mi cr
diluted to 1: 100 with RPMI; aibd yIs i mle ocfo vceerlsll:

(Corning#l 8frgmh Company Ltd-coabedse®, weK) ip
(StaBl akel ands, UK

For growth factor experiments: 48 hours aft.e
serdfimee meeéehioaurfsar fdol |-miwewdt ébystai MWl at i on wi tF
sergmnt ai ni bd mgdimd epfi deirgmawwfalct or ; I EIGF

EG/ Cdoff) br oprlocavdatbt or b a3 B8 8RB/FAFPal | fgaowdths used
were recombinant rat i sof orms pur chafsteedr fro
stimul ati on, cells were washed in PBS and |y
containindgt BbotmiMr;8BPSa&R (FOTsTher , UK) , phospha

cocktai [PB044: $00nmand UKr)ot ease i nhim83b0d cock
5, SigmaigagmplKgs wer e °Ch efactredl Ot omi9nSut es bef ore e
or stoR2®P.e at

2.2 Pl asmi ds

Al l ZzDHHC enzymes ( meBusSdA v¢ oweamts ipm opE&ed

Professor Mas aki Fukatadawd Faukathaated amut an2t0
ZzDHHC17 WT6320nKlha - 832Z9dndC (a®d®69) mutants we
previously cl onefdletchmou @lyyGqdtlemway rogen Ltd.,
Ki mon Lemonidis (Uni;vetosnmtdyi sofet Stad ®HIMHCUG L)
mutant plasmids encoding for W130A (critical
catalytically i nactive), or C467S (DHHS, c
synthesised within thediChambed!| amun ad ae sviisa
zDHH1I 7 BBOFRHA plasmid from Professor Masaki F



Murine WT and mutant constructs of Spry2 (WT
and SPRED2 (WweB&kePpBdW)ously -CRomedt onsot pEG
GateWwd@gchnol ogy (Il'nvitrogen Ltd. ,. KPaniosnl ey,
Lemonidis (Univer ©OttherofSpylamhit¢clandesdG2cl oned
that were used (Spry2 N211/ D214/ K223A (NDK)
previously obt adinreac tt hmwtuadie nseGhieso |R QR KWy c@Art
(University of Strathclyde) and | r iSpa yRousa
was also previously L26W| oeredoit h@at eighyer ry
Technology system (Il nviTheogahi di dy, oPaifleey,
confirmedv(iGeTbhbyseErur ofi ns Genomics, Wol ver he

SPRED1 Chi mermacust@RREBEDIS WEVH1I1Ndomain (encodi
12442 of mouse SPRED1) was subcloed)(asntaoe:
PEGF®2 from mSPEBEREDWTwith Sp83%y¥2 eeadce&€@0O9dig ac:
442 of SPRED3215% afa 8Prny2 adddadcrtmi nS8PREDHY , C
SPRED1 with Spry2 nli7ded ]| (ee nrceogdilotng akalabbB 3 6 f
SPRED1, wi t3B3aaf3ISPRED1 repltlaadteSpfrwi2t)h, awae rlet
cloned i nt o -NedGIFNPA3Vv & ¢ ttderrami rf aNl t aqded) pthy
(GenScript Biotech (UK) Ltd, Oxford, UK).

Spry2eNmi nal t r u nnoautsesdp rnyw2t3alBtOs( e(ncodB83nd aa 1
of Spry2) 31Fpr(ye2nclo2doB o § ab SA Oy 23)1,5 g pernyc2o dili 4n0g
aa BB of Spry?2),385nd( &mpa yRi3nld Sod 1ISHT y 2) w
cloned i Nt o -NeedGIFNPA3v & ¢ ttgerrami rf aNl tagged) by

(GenScript Biotech (UK) Ltd, Oxford, UK).

Hu man WT and/ or mut ant construct s of Spr
(NM_005842), Spry3 (NM_001304990) , Spryd (
(NM_005(8l4i25)t ed bel ow) wer e Nedrded biyntGe nBc D N /
(GenScript Biotech (UK) Ltd, Oxford, UK).

pT



Spry2 alaninhemmo)atidns hSGpry2 WT with speci
P154, Y176, T298), WMR2t9Pt e&d Q30 0al ani ne i n dif
Constructs were cl oNe@FPnby @Ee®DSARBL At +) Gen Sc
(UK) Ltd, Oxford, UK) .

- hSpry2 alanine mutant constructs:
(2) P154A, (3) Y176A, (4) T298/V299/C300A, (5) L43/146A, (6) P154/Y176A,
(7) P154/T298/V299/C300A, (8) Y176/T298/V299/C300A,
(9) P154/Y176A/T298/V299/C300A, (10) L43/146/P154A, (11) L43/146/Y176A,
(12) L43/146/P154/Y176A, (13) L43/146/T298/V299/C300A,
(14) L43/146/P154/T298/V299/C300A, (15) L43/146/Y176/T298/\V299/C300A,
(16) L43/146/P154/Y176/T298/V299/C300A.

SPRED3 truncatiman)mut QRIRIEBD3( elncodi ng-14d®i no a
of human SPRED3)194 SPRERDdAdiINg -AMd nof adiudna n
SPRED3) , SRPREID3( elncoding -2adnbho hamads SPRED3)
SPRED295 (encoding-28®mi o6 hamds SPRED3) and S
410 (encoding d&mioOnwfadiuvda RIGNREDI )n.t o -pc DNA3
N-e GFP by GenScript (GenScript Biotech (UK) L

SPRED3 al anine s chumminnlga nmwunteangsan(ni ng mut ag
residues in t,hewhSRR deoantahi nmud h ns e gwerrstt irallct s e
10 aa substituted by alanine (excluding cy:
SPRED3 SPR mWOt:amnt s388,2263 &, 3.8 2a&%, 349 aa 32
340, 5.-33h, 36.13&%A, 35.23 A%, 3B &E, 39.43 A%, 38BC.

aa 4H40L0Anot her set of mutant s shasde qtuheen ta lad n isnee
of 20 aa (excludumrg)cyIhesmewees named SPRED
E: A. -2a4a829B.-346, 3C9-3638, 3D1-386, 3B4-440) 387
Cloned into-Nec@APA3.yl (Ge)nScript (GenScript Bidc
UkK) .

py



SPRED3t Eymwet arht marcy st eriensei d€vieghin the SPR dom
SPRED3 were replaced by alanine in gr.oups o
SPRcysteine mut ant s wer e c-N-e GE B bpt cGe pEONA
(GenScript Biotech (UK) Ltd, Oxford, UK).:

- Cys M1 (C297A/C300A/C315A); Cys M2 (C331A/C334A/C342A);
Cys M3 (C354A/C356A/379A); Cys M4 (C381A/C382A/C389A);
Cys M5 (C396A/C398A/C401A).

SNAP25b constructs (rat) wer-€2pwvevcitousli(¥reh
and Chamberl ai n, 2006 ; Greaves et al ., 20009)

WT SABRS&Y2Or f8dnstruct t-aggendnalilt Bwdlregg pur c hac
from Addgene (Addgen£€F1lMdADXHSSIAR RE2-@rLfX3/b

| REBSur o plasmids (Plasmid #141384) (The Or f:q
since been redes(ilwnmgredi sasedtOmdIBrdot KB82-1 PODT G(
ORF3D_SARS2) .

WT SAR&Y2Or f8dnd WT -GAROr f-83dt agged ewimi m-aC My c

Hi s were previously subcloned by ®CR d&m@plif
(Clontech, Takar a Bi-bF 1@r-2pxh)-$ A RESrod20 r B XV

| REFSur o by Dr. Christine Salaun (University

Cysteine mutant constructs (alaniaAersnamatl it
Strlelp ¢®@@8/ 7/ 10M22-1C3;3/ 36/ 4454 /M35A) were ofr i ¢
synthesised and purchased from GenScript (Ge
These constructs were subsequently subcl oned
(Clontech, Takara Bio Group) by Dr. Christin

Theequence of pl asmid DNA was <confirmed by
Eurofins genetic sequencing service ( GATC
Wol ver hampt on, UK) or by sequencing perfor mg
( MRC I PPU, School ofi velrisfiet y Scofen®asndeeyn
www. dnaseq. co. uk) usi ng-DApplVieed 3Bilo scyhsetnei ngst r

Applied Biosystems model 3730 automated capi

p ¢



2.3 Transfection of cell s

PEI transfe2930ondtHé&iRIM¥BEK cell s were transfect
seedingpougenpyl endil mianAS8BBWBI® ck sol ution at
in water, pH 7, sterile fil-2@ratd, aataguoted
1 Og totalFop!| exmimgt|mamsifnecti ons involving
Og of plasmid encoding the substrate protei
zDHHC enzyme Bvetrle pls@sdmi d and PEI were dil ut
50 OL seeemDMEM +™MGlwadratMeAxXed, and incubated a
for 20 minutes before 50 OL-wedas$ pdhed.t Ceéa

used 24 htomnassfpocsti on.

Lipofectamshect i-2093Df HHIRIKSIT cell s were tran:
h o
Pai

wa

s after seeding using Lipofevi amiodyeli 20
l ey, UK) at a ratio of 2 OLLLippéfedtaammnine

c
—

(7))

s used for transfections in the Orf3d Cys
pl asmi ds; s o, 0.33 Og of each pflraseni DMBEMSs+ a
Gl ut aMAKpofectamine was mixed separately and
OL of -fsreeau MDMEM ut™¥MAXer 5 minutes, the Lipof

—

was added to the plasmid mixture, gently in
minutes before 100 OL wasvedddeodat@.e £eh | we lwle
hour st passfection.

Lipofecttamsfhecti on of cRGU2Z2 cweelrles :t rPatls2f ect ed
using LipofectamineE ROWVOtLrtedpg e nPtai(s2 2e0y9 7 7UK,)
of 2 OL LipofectamineFprle®gmpbeahépeasmodsD
Og of pl asmid encoding substrate protein an
enzyme was added tage®0 RPIMILd fmeddemtmmi ne was
separately and incubated fforee5 DWMEWM t+é"%Gliunt a5v¥
Af ter 5 miinpuotfeesc,t atnhieneL mi xt ure was added to
inverted, and incubated at room for 20 minut
of awel 1 pl at e. Cell s we-t e anusfe®@otr 2 ocnomd wrcsa |
microscopy experiments, 0.2 C@d | perwepleasaminegr [

the -pbyycoated coverslips-wiehle@pPéhalt wmeiver ef uae

48 hours after transfection.



2.4 Primer design

For -slubning into the multipleCX,] omi inmerss twe
designed using t he onl inmegt sofit wariemePBipmeirs

bin/dev/priymam3plwi s . hcdgihe addition PRPrfi merpg opr

were manufactured by MegHWOkf amdarsesoskheadeden
100 OM as per the Respplpieed edlatpa s med®teC.wer e st

Tabl eSPRED1 wiEtViIHIN@ omai n chi meri ¢ mut

(encodi ngd 4a2a o0lf24mMSPRED1)

Pri mer nam¢Di gesti on Sequencd806()56

S124 SPRED]J]EcoR1 (GAA/gggGAATTCtctctag

S124 SPRED]BamH1 ( GGA|GggGGATCCtcaccca

2. 5Polymerase chain reaction (PCR)

Using the desired primers, the region of int
wet hermal cycler (Life TPER, rhpgtBiomsmi arce
2 OL of 10 OM forward/reverse primers-with 1
C2 plasmid dreagdihnSpfryl2l WT) , 1 OL of 2 mM d
buffer (M774A, Pr,amelgal, ONNAPfRUBAY mél7d $ &\,

Pr omega, wil USA) ; made up togH&D.Fampllesvolu
underwent PCR cycling with °€nfioni 2i smi ndehat U
35 cycdersatodratCi droma;tl @mne alCi igratd. 4 mi n; el ¢
at °@2f or 2 min per kb DNA template. -Mhese <cy
i ncubat PCoan betf o"22 “Golmt Blgcoeees 4 f ul PCR amplifi
confirmed by gel electrophoresis (See 2.6) u
2 OL 10 x digestion dye¢H@reen) made up to 2


https://primer3plus.com/cgi-bin/dev/primer3plus.cgi
https://primer3plus.com/cgi-bin/dev/primer3plus.cgi

2.6 Agarose gel electrophoresis

PCR products or DNA Fragment s wer e separ at
purified bylegdrrogdnogpzisinc.i pl e, an electric

buf-§ebmerged agar ose ngali nwintgh sMb» |1 es | oaded
geDue to the intrinsically negative phospha
mass/ charge ratio, this results in the migra

charged anode through agarose matrix at wvari
smal lzeer nsigr ates faster, and DNA 1of%I| @w/gwe) :
agarose (Bioli meuf btetr i BOXX ZMETris base (Fi
50 mM EDTA (Sigma, ak,tacked1l 3V WR dClhaamiaxlal s, UK
was used to make gels, supplemented with SYB
Il nvitrogen, UK) at a dilution 1: 10, 806 . Ge l
samplwesr e prepared by adding | oadi nRe lbgifdm) &
a dilution rSatmperaf ran5at 130 V for 30 min
Bi oRad, USA) alongside a 1 kb DNA | adder (G5
of DNA size. After electrophoresis, the DNA
by an l-Byegpénes Bio UV Babbomiaaedr camdra (S
Syng&ekvue, GVM30).

2.7 Sufgl oning of plasmids

Digestion

Products were dig€stusdnford51Oh ans8it (PCR
EcoR1 digestion enzyme (FDO0274, Ther mo Sci e
enzyme (FDOO54, Ther mo Scientific);02&4(~1L, 10x
Thermo Scientific), H@Mmatde dpsioed0p®dlaswitdhvec
(pPEGEP) wusedclfomi mggbwas digested using the s
using 1 OL of 1 Og/OL backbone, 1 OL EcoR1 di
enzyme, 2 OL bluofxf edri, g emsatdieo gHpO.t o 20 OL wi t h



Puri fication

Digested DNA products were resolved using ag
45 mMDNA.bands were visualised by UV il l umina
4000) , excised fcbmabhhsecgkepelusand pl aced int
tubd@sde DNA was purified from the gel slice

qui g&lext r akitti oasnapaf acitnusrtersucti ons (K220001,

Scienb0®Li cof. gel solubilisation buffer (L3)
the DNA slices and placed into a 50AICYy heat

bat h) unti |l deke dissolvedomel s containing th
qui gekkex t r acotlivoomms and centrifuged at 12,000 X
the tffhroowvugbl, wEGbUffer (W1l) was added and two
maxi mum speed (corresponding to 16 x 000 g)

recoveryH@Bowals aodded followed by centrifugat
Eluted DNA was storedr mi-p0A@tthomm@g.AC short

Ligation

Purified DNA was |ligated into the desired d
insert DNA, 2 OL backbone plasmid DNA, 1 OL
W, USAY 1.4 liGgatliom buffer (C126HB, gBtemega
products were transformed into bacteri al ce

DNA (Seeiga9prd plasmid constructs were confi
gel el ectrophoresi s. Successfully Iligated ¢

bacterial cal forandhecuywlrteaner ampl i fication ¢

2. 8Preparation of cBsntpheetreioothcidgaOP & 0

A 100 OL aliquot EBf Celmpst ewmas TORWEd on ice
200 OL of sterile Luria Broth (LB) [1 % Try
(S/ 3160/ 60,, FaOsdb&r ,yedk)t extract (LPO0O0O21, Ox
and incubated in a shakiCgf drn cduSBaacdnre it (ie230. 0v err pe
spread on LB agar plL&8tesillwinholhermamdi $cioént



broth with 1.5 % agar powder (LPOO1y°CAOxo0i d,

single colony was then picked and used to in
was then incubated in a &$hmkioffj thtcabatubt uf(é
to inoculate 100 mL of LB &nd ow8s-Rburshemt.i
OD600 reached a rea@G.h?2d( ROlWARtearo f Onfe g2a , B MC

Once achihevedil ture was chilled on ice for 1
i nto twobebsO amld tpuel | et ed by centrifugation at
The supernatant was discarded, and each bact
of -dacled steri h€elbDl 4 WMelCaCincubated on ice fo

before being centrifuged at 3,300 x g for

supernatant, gechspelnldetd w-as 13d ndt eorfi liec e0. 1

containing Tbh®% gbyeaeenedd. 6 mL dfF okeotemita WS
aliquots a#d® AtCofed &t to 6 mont hs.

2.9 Transformation of bacteri al cells and cul

pl asmid DNA

Pl asmid construct s (or compl et ed | i gation
Eppendorf tube cont aiEni ncgeldosmpaentde ntth alwepd 1dn
mi rF.or |l igation reactions, 10 OL was added t

plasmid transformations 0.2 Og wd&ol adwedgt o

i ncubation on ice, the transfor m&t ifomr rmi xmg
and were then returt®dOlt oofi cet groirl € LmB nhr ot h
the transfthesmbtif@om et being incubated in a she

37C for TMhéroturansf ormati on mi xes were then spg
Ther mo Scientific, UK) [10 mL LB broth with
contai nify /edatnhaenty ci n-5GK4 GA@Ghai ch, Aot | ; or 1
Ampi ci | | i-2n5 G, A 9 1g8hrai c h , UK) ], and i°clinkeat ed c
foll owing day, single colonies were careful
grown over°@i gaoOmte@iByher 3 mL LB broth/antib
150 mL LB broth/ antTihbei obtaicct efrdral micduil pruerpes .wa s

protocol i n eit hXrr at hpel adund IdéMopBuwrpidfeipc a(t K210 0
Il nvitrogen, Ther moBicdiemnndp c¢c ki tUKY) 1 9NJa8glel O, 1 , )
Ger many) . DNA concentration was measur ed u



spectrophot ometer (Thermo Fisher Scientific,
was confirmed by sequencing performed by G/
service (GATC service by Eurofins Genomics,

performed by WNA&S8quehcées (MRC | PPU, Scho
University of Dundee, Scotl and, www. d-naseq. C
Dye Ver 3.1 chemistry on an Applied Biosyst
DNA sequences.

2.1ARnalysis of protein expression

Expression of protein after DNA transfectior
2.133 hoursg amessftecti on, cells were washed onc
of I1Xs@amplwef { 6r 4 % bromophenol bl ue, 200 mM
glycerol ,wi8t 6 25D 30Ws DiTels wer e scraped from we
Eppendorf tubes and t he°Cs amdloasx vweri en gh g &etseod v
SDPAGE and examined by Western Blotting (sec

2. 1Fatty acid azide |l abelling and click chen

Cl i-AKk800 dye

Twenftoyur ho-tiranpbélERi%9INT, c 1 | media was aspir
cells were metabolically |l abelled byeincubat
per wel |l off rweae mMmedeirwm c o nft ati tny nege vlidsendgy end. b
al bumi A7 613000 G, Si gma, UdéM paandni 1i06© ac- d azi

azide DMSO Stock 50 mM, 500X) (synthesised |
Uni versity oAf tSearr a4t hhco uyrdse,) .cel | s wleorfeoonmas hed
temperature PBS and | ysed on ice byHaé@ding

0.5% SDS) containing proteas-B,i B8hgmat oUKrot &
wel8l0. OL of <click chemistry 0eachMohBTA xan® 2
al kyne dye) was then added to each |ysate fol
(A15613, Al f Sampstes, wWKe. i ncubat eadv drmd 1 ho
rotation at r oorm OtLe nopfe rdaxt uS S s abmpmephehber

bl ue, 27d smMH 6.8, 40 % glycerol, 8 % SDS) w



a final concentSraanpil ers onver 25 t mMOh fhoera t5e dmitnou t 9
before anal-FSGE. by SDS

The al kyne reporter molecule Aclickso with t
in the | abelling mix, causingtpleaR80Q ogh an real
visseall iby i mmunoblotting analysis.

Cl i-RKGytliao n

An alternative method which -wasj wgadtldacseld Kkl
monomet hoxy pol yetPEGEMEESS K] e &y ne, Al dri ch,
reporter instead Fof BSBREeyAKEOOnNndyeapefraurent s,
hour s-t pasasfection, cel | medi a was aspirated

abelled by incubating theLcpét swélbrk df hwar s

free medium conthav nseagahlbumg/hmU( faeey -§&A4ir6@30
100G, Sigma, UK) and either 100 OM of #dcol dbo
(one well per sampl e), or 100 OM of palmitiec
in DMSO Stock BOt=mM, 450 0X)Yes ,wacsehlelds owlc e wi t h
room temperature PBS and |ysed on ice by add

8, 0.5% SDS) containing proteabs,e dinghmab,i tWbWK)
each 8®IDOL of click chemistagy Or.e2aaortM OB TrAi » n(:
OM al-REGereporter dissolved in DMSO) was the
by 20 OL of 40 mM ascorbi c Saanpd e(sAWea 3 ,i nkluft
for 1 houaovewmdhrendti on at 670 ®mh todé mpXp BOEr e .
buffer br(Omaoip i o e |, 200 mM Tris pH 6.8, 40 % g
added together with DTT toSampl eal weobpaceheéenal
to°®@5for 5 minutes bePAGBE. analysis by SDS

The al kyneoltepolréeeficlickso with the azide gr
in the | abelling mix, causing an increase in
results in a band shift which is visualized



2. 1GFPIrapgdki mmunoprecipitation

TransflekEkR @28Tel | s were aspirated and washed ir
resuspended in 200 OL |lysi-sO(Bufmar |UT@BS7 O.
added protease i nh[Sbgmar ])ET8hGekK Ocaeilll, 11ly:sli0sO r e a
incubated on ice for 30 minutes3wDt®LgehtPBS
was then added to each I-yGG®Gteonome mti rvaet iaorf i ;mfa
The diluted |ysate was centrifuged at 14, 000C
coll et e@®L of the supernatant was retained
remaining supernatant being mixed with 10
i mmunoprecipitati2d®dn [Cdhhadsno Tegt aGmb HL,he Ger ma
supernatant/ agarose bead mixture wA&aC winchubat

endvemd rotation.

After incubation, the agarose beads were pel
min and the supernahanbewds Wweseatded. washed
PBS (by resuspension and centrifugation) an
sample buffer containing 100 mM DYCTThaend hee
agarose beads were then pelleted by centri fu
supernatant (containing i mmunoprecipitated

collected for Bsbbg¢eRA®Btamhalmmunobl otting.

2.1l ick chemistry using imsmunoprecipitated

For AK&RO@ye experi mentiisandf8e cthtoiuams (phPGLE2 cel |
was aspirated and the cells were metabolical
hours at 3&L AGri nweld 00 offr ewearme dsiewrnunc ont ai ni n
bovisee uambumi n (-fa@d&dPIADOIGd Si gma, edKpalamidt i1® 0
acid azi-adzi deCD8MSO Stock 50 mM, 500 X) (syn:
Ni chol as Tomkinson, UrFiow e rmsPiRtGY Baaft | Stnr setxpelryi d
24 ours-tpanssfection cell medi a was aspirated
|l abell ed by incubating theLcpét swéblrkr df howar m
free medium condoaii seierugnblu Mmgn/ n{f ;;dF 9 A & OiGd

Si gma, UK)eM afidel®@bGer-apiadeni 6 cpalmidti c acid
Stock 50 mM, 500X).



Af ter 4 hour s, cell s we#r g owans t eednpem ade uwiet P B
being resuspended in 200 OL {19¢$6isgmauf]fTe8r7 8(7P I
with added protease [Shimhi t])®IBh3ed Gcogdtilesi Ir,e alc:t 1 Q
was incubated on ice for 30 minut8&890widLhogen
PBS was then added to each-1I0¥s atosmctemt giat é oa
% vikhke diluted |Ilysate was centrifuged at 14,
was cold45c@ledaf the supernatant was retained
remaining supernatant being mixed with 10
i mmunoprecipitati2d®dn IChhadsno Tegt aGmbH,he Ger ma
super nat anbte/aadg amioxsteur e was incubate@ Wwot hno |

endvemd rotation.

After incubation, the agarose beads were pel
min and the supernahanbewds Wweseatded. washed
PBS (by resuspension and centrifugation, 300
in 100 OL of PBS codAt0&ioniOlLg oF. X |% cTkr ictheermiX t r
(2 mM Lu®02 mM TBTAl hpde 2d%e Gifirk y2fEDG)OMva s
then added to each resuspended precipitate
acid (Al1l5613UK)RAdmM@ml A swerre i ncubat-edermhdr 1 h
rotation at rédbmerempeuvbttien, t he beads wer
containing 010 % by it®@ssuxXpensi on and centrif
min), before being resuspended in 50 OL of 2
and heated for 2COThm nagdarsosat b%bads were t he
centrifugation at 3,000 X g for 3 mi nut e:
i mmunoprecipitated proteinsl|l acctleedasedr fsoims
anal ysi sPAGE Sansd i mmunobl otting.

2.14Lycl oheximide chase to examine protein tu

Twe nftoyu r houtrrsanpbettion, cell s wer e i ncuba
cycl ohexi mi-d&e9 §,CHXi; g ga , UK) for di f-f8Berhearmst ti
depending on tCed lesx paetr iemaecrht .t i me point were W
| ysed 8Ln of001 X SDS buf fLeyrsatzs mwMrRBT B)c.r aped f
transferred to Eppendorf t ubes °Canbdeftolree shaemml
examined by Wester nEBprogddingn (sfeer €l.ee®gnt pr

cy



zDHHC17 04St reejpf 3mh s quanti fied at each ti me

correspondi ng t(osteael .2p.rlo8t)ei n st ain

2. 1%3timulation of the MAPK pat hway

Cells were transfe<4tagd pwdiW8h eSiptriyer, BDGFEP Spry
or -tcroansfectdadcagwiedh zBAHC17 Twe nfzouHHCh7our s p o s
transfection, cell s were seiffumes 8&edwfende d or f
media was then removed and replaced with 0.5
growth factor for a #H@d ingnGus®wt H ifmect(drypi csad
either fibrobl astecgrnbwhohnafha cFtGoFr b(alsGRE B1L 46 aa,
R&D Systems, UK) or epidrecombihgmatwt BEGFac2d®6
EG, R&D SystAdmeyr WK s time period, t he medi
were washed in PBS and | ysed i nL)SD&Et essanmpd ree
scraped f raoms fwerlrlesd, ttoor Eppendorf tubes and t
985C before being analysed by Weeee2nl®)otting

2.16ncubation of cells with salt compounds

24 houryg amoessftecti on, cell s were wdo4reldowmse |
in DMEM (+ serum) 1WiOMhot healatddi ¢iitomewof Sodi urt
(S/ 3160/ 60; Fi sher Scientifizx, (MK)PEOMagdeskFi
Scientific, UK) , 2)Zi(nZ/ 0@IbI0d r5i3d e F({ Zmelr Sci ent
Sul phate¢ ((N&267 Fi sher Scientific, UK)), Ma g n
(M/ 1050/ 53) ; Fisher Scientisf i €10DKY;, AmalZzaRc
Chemical s Afttde,r WhKi)c.ch cel leg wer 2@ XI g$DD8dbufnf &0C
mM DTT) and scraped from wetbs Eppéonder fheti a
Samples were “Geaneédr ¢ 0 19%be PAGEr amgh e@2%i ned
Western Blotting (see 2.19).

c o



2. 1Bo0di dodecsyl ph-potleyacr yyeaahiede roplf &EDSs i s

PAGE)

Gel s were cast usicogpbwot@dohésokwningepol yacr
(45% acrylamide) aacryhembdet ¢l [ 40 %esar, MA
100 OL of 438 mM ammonium persulfate (APS, S
(Si gma, UKandT 952 8ril) of resolving buffer (30 1
S/ P530153), 4 mM EDTA (SigmaseUKFi EB&B4) UK7 5T
pH 8A9pplyacryl amide stacking gel was then a
comb [ 0.9 aolk ydfa(ndlaféa Aesar, MA , USA, J60868)
APS (Sigma, UK, A3678), 10 Oland 4T EMME Do f( Ssitgant
buffer (30 mM (w/v) SDS (Fisher, UK, S/ P5301
250 mMbaTsrei s( Fi sher, UK, HD6Bampl epHwWwEr 8 limade
gel | anes apBoddiudond e swlémbppt @ acr yé Bl neicdker ophor esi
( SDBAGE) in SDS running buffer (250 mM Tri s
g ycine (Fisher,anndK, 152 08MO0 /S®®) ( F3i0slh5e3r),) , UK,
alongside a molecul ar 590 RER'pmer aemeod 8PB 601
mar ker, Fishe™ BiKo)Re aGepdmrst svere typically run
by 150 V for 60 min (based on &Af1le@rPS®Esol vir
protein transfer to nitrocellulose membranes
Rad TBhosE SD -Raed |L a(bBoiroat or Fes, t hns, WK)roc

sheets were positioned on top of gel s and

compotnenpoaked in transfer buffer) before b
cassette. Transfer was then performed at 12/
buffer [ 48PasmM ( Friisher, UK, gITyodi6r6e , ( Bi9Dh emM

G/ 0800/mMWM)SD® (Fisher, ,8Kd 30P5%3QV¥3%) Methar
Chemicals, UK)].

2. 180t al protein stain

Nitrocellul ose membranes were renolpleadséirmom t
were staineeORsIiREY) ERpa histian n -KOMBi pskkci ences
UK Ltd, CambAs dpe,r UWK)e. manufacturerds prot

me mbr anes wer e O eafnldy t hiemsedciubat ed with RE



stain for 5 minut eTshi swiwahs gfeonltl|oew &dh ableyic m gndbs w a
each) with wash solution (67% (v/ vilOgl aci al
Me mbr anes were then scanned uUGOR gOdyhses &y 09 h2n(
I R I ma¢gerR BLlosci ences UK LAfdt, erCagnban rdigreg, UKI
was completely removed from the membrane by
REVERT reversal solution for no |l onger t han
briefl yHsQO rbseef dd rhenrf wrs e .

2.19 mmunoblotting (Western blotting)

For i mmunoblotting analysis, membranes were
defatted mil kT(dRBSitceedntiani n(AB&YO @ 1 B171% TSviegema ,
UK)Membr anes were then washd8d5tmieaetesmesr us
Membr anes were then incubated for 2 hours w
(tabl di RuRédT MeamiPB&nes wer e again wasThed t hr
before being incubated for 1 hour(twibtlle &pR2r)c
Me mbr anes were washed f-0r @whfeeatlti méemef asi Bgl
before being scanned wusing the 700C@R and
Odyssey 9120 I-QRORI mBaigeesrci elnlc e s UK L.tAlI,I  Camb

i ncubations were performed at room temperatu



Table 2.2. Antibodies involved in the immunodetection of proteins

Antibody Species Clonality Source Cat. Code Dilution

Primary antibodies

Monoclonal, | Clontech,
GFP (JL8) Mouse 632381 1:4,000
19G Takara
. Monoclonal,
U-HA (3F10) Rat oG Roche 11867423001 | 1:1,000
g
Monoclonal,
p-ERK (E-4) Mouse 4G Santa Cruz SC-7383 1:200
g
) Polyclonal,
ERK 1/2 (H-72) Rabbit oG Santa Cruz | SC-292838 1:200
g
Strep-ll Monoclonal, _
. Mouse GenScript A01732 1:2,000
(THEE NWSHPQFEK) 1gG1
Monoclonal, )
MYC (9E10) Mouse oG Sigma M5546 1: 1,000
g

Secondary antibodies

IR DYE 680RD Donkey Licor Inc,
_ 19G 926-68072 1:20,000
anti-mouse USA
IR DYE 800CW Donkey Licor Inc,
_ 19G 926-32212 1:20,000
anti-mouse USA
_ Licor Inc,
IR DYE 680RD Goat anti-rat [s]€] USA 926-68076 1:20,000
_ Licor Inc,
IR DYE 800CW Goat anti-rat [s]€] USA 926-32219 1:20,000
IR DYE 680CW Donkey Licor Inc,
_ _ 19G 926-68073 1:20,000
anti-rabbit USA




2.2@onfocal mi croscopy

For confocal mi croscopy experimenD$ysiPCd2 ¢
coatcoedrer sl ips as described abovet r(asnesef €c tli)o re
The <coverslips were washed twice with PBS

formal dehyde (™2 8M0er, moPikirscheer Scientific, L
room t empTehreatcuorveer sl i ps/ cell s were then wash
wi tHhO before being air dried f®aovEelr shhours aater
mounted on microscope slides (7101, Sailing

mounting reagent anddermnurlkeaf orves rima igiG o moa irisafr e
required. Cel |l s wer e i maged using a TCS S

mi croscope (Leica, UK) .

2.2Bioinformatics

Pl asmid design

DNA sequences were obtained and/ or confirmed
Nati onal Centre for Biotechnology I nformatic
Medi ci ne; Nati onal I nstitutes of Heal t h; u.
Serviboesps: (/ www. nEDNAnsequéehcegoshpl asmid con

visualised and designed using ApE, A Plasmid
M. (2022)) .

Mul ti pl e sequence alignment

Al'ignments of multiple protein sequences wer
t ool (https:// wwwOhimaipmed . or madgés gnyer e su

annotated/ edited in Microsoft Power Poi nt .

Al phaFol d and Google Col abFol d

3D protein structure predictiaocncseswerAd pbltFali

Protein Structure Database delkB(l Jounepde rbye tD eeaelf


https://www.ncbi.nlm.nih.gov/

2021, Var adiFoert parlot,ei2m 2s2t)r uct ures not avail a
acid sequences of interest were uploaded 1in
Col abFol d Al phaFol d2 (Pheni x ver sion) ( Mi
(https:// github. com/Oudkpruyt st ome/r @o | parboFdoulcde d a s
subsequently visualised using the RESIBn&®Irot e
et al ...Ob2ea2hbhepd images were subsequently ani

Power Poi nt .

PSI PRED

Predictions of protein secondary structures,
topol ogy schemabiaced &dndcfeanupeedi ctions of
|l ocalisation were produced Amimg adied PSé PRI
were uploaded in text for mat to the UCL bi
anal ysi s wbt kpehthio(inf.rs. u@bt.aaicneudk / psmagres

subsequently annotated/edited in Microsoft P

N ewh e e |

To determine the arrangement of ami no aci d:¢
proteins, amino sequences were uploaded in t
(http:/ /1 bgp.unb.tbor/ pledotVvbheel shiel i cadObt wheed p
i mages were subsequently annotated/edited in

Hydropathy pl ot

To evaluate hydrophilicity and hydrophobicit
a hydropathy pl ot was generated tuhsBiwmig st he

bi oi nf orematupars al |, ExPASY (WHykropaehyapl pt 18
on the Kyt déy & dOpaotl { Kydealasmd Dool i ttl e, 1982)


https://github.com/sokrypton/ColabFold
http://bioinf.cs.ucl.ac.uk/psipred
http://lbqp.unb.br/NetWheels/

2.2Data and statistical analysis

Densitometry and quantification of al | i mmu
| mage BitlLu ddefot waiCORELI nc . Al IUSA)gures were cre
Mi crosoft PowerSPaitntst s cfal wameal ysi s was cond.
Prism 8.0 (San Diatgowa€AandE&EHR}E edwauys iAMNGOVERA t h e
or wayg ANOVA foll owed by Tukeyodrs amu |l unr ppdier ecdc
test (correcting for mul t i pSlied a & o nrpea rhiosdo nwh e
appropMeaneyYal ueselNr st amdarke mean (N SEM) w

number of replicates was iFfodri csaitgendi fiinc atnhte rfei
denotes P < 0.0001, *** P < 0.001, *r P o<
signiflmageed software (National I nstitutes
process confocal mi cr os clogpaatliiinnang easn aal nyds icso.n d u
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ChapteCharacterisation and functional e

proteins

Introducti on

For zDHHC13/ 17, imavelg snobhstfr ateceogni sed by
(AR) domain of the enzymelsewansi ¢r € vdisuallgy, i 2G
alanine scanning mutagenesis and bioinfor mat
these two enzymes recognises -aVhARpOEPT) HXQF
(named t heanikzybHHFGi ng moti f o or izDABMO f or
SNAP25 is critical foracytatiohebgctziDHMHCWIi7t K
al ., 2010b; Lemberiaedz,s, arScan€hamber | ai n, 201
esearch by Lemoniudi $pieaptdl dceo larerabgyurebshat ypi edi
nd validatiret eDddHOMBYMs fr om 90 d(ifdmarindi spreot
l ., ZZhEe7@o)oteins identified to contain a zI
hepr&nd SPRED families, howeverSpsRREPREDac |

® @ =

—

proteins were considered worthy of further

study identified that endogenous Spry2 and
suggesting that the intera(cHutotnl iins epthTyaséi.o,l 02
proteins are of additional interestedwmentad t |
cyst-ei 8BRlomaindn gener al , t here i s-alciytltalte okin @w
such cystcehi lqper ot ei ns. Furthermore, Spry/ SPREI
various cancers in their role as negative

signalling pathwagn $Spbow@a,t & aisn nh eawvcaytl ea twei d hb ya
zDHHC@MasoMaonghaddam et al ., 2014b, Locatel |l
Subsequent analysis has identified specific
zDHHC1G265 and C268. I n addition, an NDK mo

requir eac yfloart i®®Sn (LocaTled | § amdb yatlluadoya2 @20) . et
(202ZQ@y ther characterised the rol eaoyl athHHC1
mut ants of Spry2 have delkoealsiesatpil @as mandieambr
proteinAstaenkiopyed above, SPRED3 does not ¢
yet has been showacybabeddbwayndDBECSE7 (Butl at
This suggests that SPRRDSPREND pproostseiibnlsy) ontahye

alternative zDHHC17 interactyilani®inte that is



The aims of this chapter were-atgl @it) oaxami o é
Spragnd SPRED protein families with zDHHC17;
Ssacyl atp@wp onf i s function in growth factor ¢

Resul ts
3.1 Sacylation of endogenous Spry2 in PCl2 ce

Variability in mRNA expression between <celll

variable expression of zDHHCPremmwziyaness vamrdk tihn

Chamber !l ain l ab has shown that zDHHC17 sub
effectacglpt &d 1in PC12 <cells (rat pheochro
expression of recqmobiecmayrts abKMHQh7amhes !l aisn,
furthered i n ex@aeralmema sL doatlerl | i whi-ch al s
acylation of Spry2 in PCl2 -explrlessedt z®dHHCI1
(Locatelli.letitalal, i2@2@)XX i gati on and opti mis

acylation of Spry2 was conducTwda dinf ft hreesret nte
of c¢click chemistry anadggleati(omfrwerd wWyedot
theacdcyl ation st 8bud metISpdy2are kadead ysedco
azi-alekyne <c¢cycloaddition (CuAAC) click chemi.
conjugation between aziden arhd s ailocgkoysgep bmmalt eeadt
pal mitic acid synthediesemolted ul rclcwothg ugat ag
mol ecul e attacheidnftroareeid hleR8 0a0 nfelawor escent d
glycol mol ecnPlIE&G)of 5 kDa (

FigurgsBaws the effective detection of i mmun
fluorescentThiye met hod . f oc u saecsy loant it hre ofv etrhad |
where the intensity of the dye-a¢RAKE&8IOMdPn.cor
i mmunopurified Spry2 samples t hdraggied &pgiy®n
Sacyl atioomwheaead to that of the EIGFIFIBRI one n
Figur@sBows the effective detection of i mmun

acyl ati omnmet tpad . ztiide aics di ncarcydradti et , viad k!

MPEGS5 Knogomet pbokyethyl ene glycol, , 6hekRad)y ca
i ncreasing protein mass by approxWhatrelayy 5 k
t he | R800 dye met hod discussed -axchydvae i foog u ste

MPE@cyl ati on met hod f ocusbse-adwlret iprmecafsebyp



cysteine residues (i .e., th-acyyumb,n etetidees tnecirnee r
bands thatomrteheiismmbhredmmonppurified Spry2 s
a reduct laccny lian etloar GER Spry2 at ~65 kDa, but
acyl ated aBGER Spry2 at botiur 8.5C/ ®&Hnd whenk D& e
samples are cIlmMPEIGS5®Rhti B ahkKiyonates the presenc

cysteines that are specifically PEGyl ated.

Al t hough both methods have their strengths,
to be wused in this thesis, as Spry2 is kno
PEGyl ation method of click chemistry anal ysi

hi gumber of modified cysteines or to give re

A
Input Immunoprecipitation
kDa EGFP Spry2 EGFP Spry2
85—
- q
B
150
Spry2 S-acylation '-E. —
(AK-IR800) Q_E
36— % & 100+ ——
85 5d '
e I N Y E 8
— =% 50
oX
?Z
. EGFP 0
(IR680) 0 ’ .
EGFP Spry2
; TPS
. +| (IR680)
2
C D
Input Immunoprecipitation
kDa - + - + AK-PEG
186
"85 i, ; 100
5 = : ;o B ”‘.‘ EGFP-Spry2 &a s
N o (IR800) =8 -
65 —{ie o i o = O OO B s iy 58
e e whan e T e L Qu. 60_
o ST n O
47 — - gw 40
— o P o i H
"1EEEES 5 20 ' »
Lol B R 0 I‘-I ; e B plag
1“9 71 1 ¥ T T T T T T
- ——— .? TPS(IR680) - + - + - + AK-PEG
= e mr M = 65 75 85 ~kDa
- s " ! : : Protein band
paml 1 5 5 3 3

TP



Figure 3. 1. Det eacctyiloant ioofn Spnr yRP2C 1S2c lceerhil sst ruys i n

coupled i mmunopreci pi(tAdt iPohl 2t eccehinlisq uweer.e tr a

pl asmids encodiamgedoSpE@RPor EGFEehl sheveas
i ncubat edeMviptanh mMiad ¢ ac-dadi de) déof C2826:h0 and s

i ncubated with agarose beads conj bLadtedd etdo ¢

an

d

i mmunoprecipitated proteins wed0k mmacte

Representative i mag&ascyphawi o RBODOPFt aAll esubst
EGFP expression |l evels (middl-iemmudmRé@BrOgcidpittea:

sampl es on the sAameotianhmupnroobtleoitn. stain (TPS)

panel; |1 R680). The positions of the molecul a
l eft side of all i mmunobl ot s. (B) Graph sho
and EGFaPcylSati on relate vexpmoessibantr( AK80O0/
normalised to the highest valpeeiomenthe IElrotor

- -

h

epresent N SEM; each repli at)e PiCsl 2s lceewrn swiy
ransfected with plagdmigde deCploldi2nwe f @ ri reEdGERPa

wigMh of0@i t her-apiadeni t+)x ar)i pgaad ma Oiharetarco Id.

i ncorpor ad eyl avtiiao-REGCGRKh&Kyome t howlxyet hyl ene gl y

k Da) conjugatesazihdeouglhi cak kgmemi stry, there

mas s by approximately Bepkrkasempéent at e ac magrt
substr-atgl &t i on/ PEGyl ation (top; E GA- Pt8a0t0a | d e

pr
mo
(i
me
~ 8

e X

Vi
su

st

0
I

n
a
5
P

tein stain (TPS) is also shown (bottom

ecul ar wei ght mar ker s (kDa) amacd~&5% skiblae

dicated by *) are shown dqmW)t IGe alpédf ts hoiwd @& g
n intensity values of Spry2 expreasnsd on (I
k Da, and nor mal i sed to the hi ghest v al
eriment). Er NoBEMarsacbhprepbntate is show
Al | Spry proteinacylatedf dyt ZDEAIBWB IS i n

I s

hough endogeaowlsatSpd yi2ni BCB2 cell s, the t

S cel |l l'ine i s l ow and protein i mmunop
ual i sationfacdgtl ed\if omgsiodfe St hi s as PC12 a
pensi on, ot her chall enges arise such as
rvation (required for click chemistry met



o

uring washingAantdheaspn osape othi.ve experi ments
transfection of plasmid DNA, Hmmanhtemihray o wiec
kidney 2HER ETFT havé been previously used wit
for anatltaxyild QirfesSves et al ., 20@6a89d bhoeastaltab
for high transfection ef ffiigcuireen c3y. 2a)n,d apsr oweeliln
growth and Tadhhedi dhere202e) for expdEKment s
293Tel |l s have been used, unless otherwise st

Spry2 has been shown in prev-aoysétedatethite
al .,  ROR®OYyer, there has been -hegtatnvasopigd&p
3, £l asmids encbdgoggd ESpPYy1,, admr yp,r ySp rwedr ¢
transfectead93MmtwelHEK toget her wi-2zbHHMCI1p7 acsrmi d
pPpEBOSHA empty plasmid adsacaegbaei geeBonalrldbl gt
Spry prote& nk) (claarc g¢dea 8 d b WhzeDldiE@1l At i on si gn
are normalised to the expression of the subs
3.Q Spry3 has ¢theaftiy$raeadtonl ew zDHHC17 and

| owest Spirgr28amyd4 wer e @alcyd ahieghlbwtS |l ess t han
figuarm@WhenasSyl ati on by zDHHC17 was expressed
basal, Spry2 had the | owest mean fadyl athiammm e
in the presen(cfei oglir. e DHHZXZ1@F) still exhibited t
on Spry3 with a mean folspriyicrmeaas Spofydndé ad Idy
Ssacylation with zDHHC17 were(flirg&r.and. 20D,

The middl e upr&nkRI (sSEERPf ilR680) al so indicates
expression not onl y,budtoimé sweB8prgampbesei wsth
zDHHCl#® xpo esSThed. can be seen in the middle
second wupper band i-esx pmoerses i wins iwbilteh iznDHHEC 1 7
(noting that the | ower band iTshealuspop emu cbha nndo
Spry2 protein is generally reportedq.Ltam kd a
al ., F®O07WBpryl and Spry3 there is also a cl e
presence ofHozweH/HO1,7.f or Spryd4, although the ¢
increased in the presence of zDHHIC1g3r2Z banc
B) .



[:I zDABM - (VIAP)(VIT)XXQP sequence

1
|
v ] [ | SPR (CRD) ] ] seytwr
1 315
| |
N- [ D [ SPR (CRD) ] ] ¢ Spry2 WT
1 288
| |
n- | [ [ SPR (CRD) I Spry3 WT
1 299
|} |
N | (1] ( SPR (CRD) ] ] -c Spry4 WT
B
Spry1 Spry2 Spry3 Spry4
kDa - + - + - + - +  2DHHC17
85 — T T Bl . BB B Ml Bl
ka 3 S-acylation
ol 4 '! - o ' S | (AK800)
47 — k:
85 —
’ . Spry-EGFP
———- -88 .'.- g.!J(IRGBO)
47 —
85 =i
- — —— - e o o | HA-zD17
(IR680)
47—
C D
. Kok koK 6 "
5 80 | o E- 6 |
S+ : 23 ETTT O
4 =S W
S 60 wer h g4
5% i n = 47 sk
¢S . . o+
(2] 5 40+ h . 5 ~ .
= £3 . .
2% odc L I . 3 o8 24 [ .
T 5 BB [y : B i
5 L ‘ s 101 OO DL 0
z 0 — T T T T % 0 T T T T T T T
- 4+ - 4+ - 4 - + zDHHC17 i - 4+ - + - 4 - + zDHHC17
Spryl  Spry2  Spry3  Spry4 Spryl  Spry2  Spry3  Spry4

FigureAl3d. 2Spry pr eatceyilnast eaz ébhy B CHAA.) Schematic
di agram comparing ,Smrdy ISpryptrRpay,o 0REBEmMEdDNf or mi r
canoni cal zDABM sites ((VIAP) (VI T)XXQP) are
referred toaysteiimdD d@mai nc)onstructs used hav
appended at the HERIOSel hsswef(8) transfected
encoding f@agg&GFPpryl,,oSpBygly4Spryggether wit



BOSHA (&s ifn the fZOMHE@D)7 oasHAR+A in the fig
i ncubat edesMwipah mLO®0 c acadi ae) deo( C46h 0Oand | ab
reacted with al8kyneRe(pAk)selnRayte ve i mages sho
yl ati o#h RBOOD; aMmikhglg@FKP Spry | evels (middle;
e same i RMoounaeaPDHSC1 7, HA (bott om; |l R680) wa

—

e
c

h

amples on a difffaeepsi mmoneblbdt t he mol ecu
kDa) are showmeomftaé | |(edimuroabplho tssh.owi ng t |
n
n
h

-~ W

tensity vadcayelsatoifonSprreyl aSti ve to protein ex

d normalised to the hiGhaph shbwengnt lkeacime
ange betweaenyl&griyonSin the presence and

zDHHC17 (4 )Er/iropEmafs represent N SEM; each
| l edDici redl esces were analysed by unpgd&ired
enotes p < 0.0001, ***p <=0600flor *t*ipr «e 0i. ®d

Xperiments).

o) o = ~ 0O Q

3.3 SPRED1 and SPRED2 ar eacrydtatefdf éboyt izvDeHHC 1S

As previously discussed, Spry proteins share
proteins known as Sprouty related EVH1 domai
SPREDSPREDI1 and SPRED2 contain a zDABM se
interesting proteins taacyi @iLéesntoing adties ient taelr.m:
SPRED1 has previousl yabgleateaposimeg ¢obi bl &h
(Butland et al ., 2014)

Cotransfections were therefore set up to exa
SPRED1 and SPRED2 in our assay systems (Spr
experiments as a control). I n addition, t he
Spry/ SPRED piromvesmnhisgaasd by mutating the con:
to an al anine. I n addition to zDHHC17, t he |
included as a(phbesmbhidescehtabl, 201Rl, admicchd e
encodi ngt a@rFRI Spry2 WT, Spry2 P154A, SPRED1
SPRED2,aWwWTld SPRED2 P284Aheaseeweasedt ridBKf ect ed
293cTel | s together with & DHIHELCS miz @ HeA@Ero dpiEnFg f ot

BOHA empty plasmid as a negative control . T



with palmitic axdyl azedleprt ot ¢iabme|viS4d REOMj ugat
dye. Spry2 WT was facyhdattd bg kIDHMHICY &S nd to
by zDHHJIlg7a rie) . I nterestingly, the proline mu
also effacyli atee g ISy izgRQHABC.1 7Li(ke Spry2, both ¢
SPRED2 weawl &t ed by zDHHC7, however neither t
forms of these pr ot eicnysl aweerde bsyi gzglRiHfERCcaanndt(l y S
3.Q3) .

% % %k %k % %k k%
A B 1 1
PEF ZDHHC17 ZDHHC7 12-
. .
kDa WT P154A WT P154A WT P154A  Spry2 ¢
o 104
i o
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Figure -a3c.ydl.at$ on of WT and zDABM muamhts of
SPRED2 i29BEKcHHKRS83del | s warammséected with p
encoding fagg&eadFPpry2 WT, Spry2 P154A, SPRED
SPRED2,aWTld SPRED2 P284A, -ttaogggedddhteé € 2 BV H @7r H A
PEFBOSHAnegative cofOa®ofi npltda@enifldg uwer)e i ncubat
100M epal mitic ac-adide)déo(Cad26h0and | abelled
al kyne (MK0 IhAdyYe E) Representative i mages st
acyl ati onl RBtODP; amtdaglE@RKP Spry/ SPRED | evels (
déected on the same i mmunobl ot . For zDHHC17/
revealed for the same samples on a differe
mol ecul ar weight markers (kDa) are shown on
Graphs shamwiamg itnhensi ty val WSePREd@E2 cSyplrayt2i/oSP R
relative to substrate expression (AK800/ EGF
value on Erarcdr bbats represent N SEM; each r ¢
cirdidd.erences wgrenpanltrgded test (p*BE*F** 2z DH
denotes p < 0.0001, ** *p < 0.001, **p < 0
experi nkeanttas)points |less ddtaAlx DHampl es showe
significant increase betwPB@d) tdrd nzQHHHCT e wl
P<0.0001

3.4 SPRED3 -aicsylSated by zDHHC17

SPRED3 is unique in the Spry/ SPRED families
(Lemonidis eHovadver ,20al 7mr)evi ous study report
Sacylated by BaDHHEHG@QO7 et Taol .egxailnde) i f this r
replicated under the-acghdii oBBERIBsTyg & eild souwrer
cearansfected with zDHHC17 and =either Spry?2
i ncubated -avzitche Calnbd Opr ocessed for -atycktchbami
figdrée A). As before, me a na ciynltaetnesdi thya nvda | (uleRs€8
each substrate were normalised agdiim&tr4&t he E

B) or expressed as a ffolgir@@nhcrease above bas

As shown i nB,Fibgoutrhe S3p.rdy 2 and SPRED3 showed a
Ss-acyl ati onexwhreers sead with zDHHC17, compared w
samp$ery?2 exhibited aabygheronnt Aast SPREDSSI
l evel of -&8PWRIEDt3i &n was | ower than Spry2, the

yp



zDHHC17 over basal was al s oFicgaulrcdu ISehtdends ft chratb
both Spry2 and SPRED3 exhibited a similar f
zDHHC1 7, despite overal/l |l ower | evel s of flu
change for Spry2 in the presence of zDHHC1"
SPRED3 3wa#s85 N 0.379 AU.
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Figure 3.4. S-acylation of SPRED3 and Spry2 by zDHHC17. ( AHE KR 9 3cTe |l | s

were transfected with ptlagge d sS pernyc2 dWTh go rf oSP F
together wi-BOSHA t(kaesri ip EFh e §fziDHHCeEL)7 rasHA + A i
fi guQeel)l.s wer e i ncaMo aptael dni wiitch alcéadi de) dé o C2c¢
and | abelled proteins r e8a8dt endn. wiRtelp raelskeynnea t (i A
showing Sprac8PBEDO0S RBIO®pP; akikh gB@FRP Spry/ SPRE
| evel s ( mi dedleec;t eldR60810 )t hdke same i mmunobl ot . Fo
| R680) wasonmetvleal £a@md sampl es o nT ha dpiofsfietrieonnts

of the molecular weight markers (kDa) are sh



B) Graph showing the mean i ntaerydiatty onalried at (
substrate expression (AK800/EGFP680) and nor
bl ot . (C) Graph showing the mean-atgpl dt cbanpe
the presenbseace of zDHHC17 -)(ErDrHHC 1bfa r(st )r & p rpe

N SEM; each replicate i Bi fsthomweancwist hwefriel | ®rda
unpaired t test **pBFF dve noDHKECIp7)< 0. 0001, * ok ox
three indepea@adesn). experim

3.5Al phapoledi cti on and testing of Spry2 inte
repeat domain of zDHHC17

Understanding the strwtautbhsertea adfe zDbhHHCTC exrezsy mes
predict and validate functional regions Wwi
structures do not cudireamgtlhy zOHHLHL 7f @or &iptrilyer
are adveilfaor the ankyrin r-298&ptiofazDbBh@El&x (
SNAP25b pgf&ptriadei et aald. f o20O6BP)yiyl2 aaac AmMp |l ex w
c-cbtltk b domeéhEeB8 oabipgruditteiin Nigi gdseal How2¥ @8 ) rec:é¢
devel opments in AlphaFol d, an Al syEBeém deve
now allow prediction of a proteindbs 3D str
(https:// alphafold. com/) .

Al though determined tAl peadiatigahd ays eacdkcauasatreot t
structureprotepmoceimpl exes. To overcome this
software from Googl-MulQdlmelrdsn oAlepbhoaoFko | (dEvVv an s
based on Al phaFol d byEBDe gpIMimpd raVedr sEViBLe t 2 2 !
2022) was used t o e Splroyrke itnher aOHHECA 7 I ni
model |l ing of Spry2 and the ankyrin repeat (
Lemonidis (UnivemslitiynwdoftaGkedsgbw) t afo gpurroet ei r
3. 5AApNngside residue P154A of Spry2, which i
(Lemonidis et al 2017) i ndtehearctproedii aitt ed erse¢ gi
identified. These included amino acfiidgsurled4 3/ 1|
3.5 B/ C).

To investigate if these residues are import
Spry2 containing one or mor e of these resi

syntheé$ig@dB (I@) .t hi s-acwls&t i ocSn of the mutant



zDHHC17 was wused as a pr exyarfeors htloigudd i2nnd ; ( mu t
mut anltk &re présglr®dEj nand-1futaaret ssfhib@wunr ei n

3.5 Whle.n t he -&Spyly&t i©SsSn was normalised to sul
mut ant constructs showed equal (ofri gueDeulded a
Howeyoerrl y mut ant constructs 6 (P154/Y276A),

(L43/ 146/ P154/ Y176A), 13 1ALLL433/114466 /TRR19584/ /VT2209¢ |
C300AMA)Nnd 16 (L43/ 1 4968 /PLBAI/YAFB®OA)2 exhibited
reduction when W0 hp agrBed FEHyr.tt theer analysis of
showed that when nofamylliagednv avleues tatke8 as

compar ed ttoy pteh,e cwobnl sdtRlubcdt/sY1 76 A), 7 (P154/T29
9 (P154/ Y176/ T298/V299/ C300A, 14, (bad/ 1 46/ F
(L43/ 146/ P154/ Y176/ T298/V299/ C300A)cydmawed a
(fFigdrg 1). Except for mutant construct 13 (
constructs t hat di spl ayady | saitdg minf i cdaAnbtt4dAiyn erde
mut ati on in combi nat i ofrhewigtrhe aatneys toa rdhgedra ¢niiuid oant

was observed for construct 16 which containe

yy
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Figureax.yd.ation of Spry2 mutant constructs

Al phaFold modelling of Spry2 int erDaHHClo/in wi t
( A) Protein structure predictiivnn®Proft: pOdt3éeio
(SPY2_HUMAN) interacting wi t h t he ankyrin

zDHHC17, -28& Wnl PrQdtl UKASDH17 _HUMANot ei n compl e
prediction modell ed usinduGoogke (Covaarbsd sktAl |
al ., bads2e2d) on Al phaFol d b yE B elewn\i enrd eatn da IEMB |
Var adi et.zDHHC1Z0D2)tein chain is shown in
chain is shoBn Enl &@rdged i mage showing inter
ankyrin repea( CPdhemaitHCcl 7di agram showing pos
mut ated to alanine in hSpry2:,84E@309pM§2 P15
zDABM (11 RVQP) i s indicated; SPR, Sprouty

( Cystreiicnhe d®&mai nc)onstructs tusged admpen dEGF Pat

ter mi(nDHE KR 93cTel | s wemeastected with plasmids ¢
EGF-Pagged hSpry2 WTag(gle)d hrSpEGRP mutRIlhi4 A,onstr
3-Y176A,T288/ V299 /(A34030/A,465° 164/ &§176A; alongsi
ZDHHCLlEHER93cTel | s wemastected with plasmids ¢
EGF-Pagged hSpry?2 WT-t a(glged orh SEG¥F P mut ant C
7-P154/ T298/ V29-9Y1Cr360/0TA2,9 88 V 2 9-9P 1C5340/OYAL, 7 6 A/ T 29 8
V299/ C30-A,3/1046A,P-11A3/ 1 46/ Y176A;:zDHHOgF)i de H,
HER93cTel | s wemeasfected with plasmidaggredodin
hSpry2 WT (13aggedEBEPry2 mut-adAB8/ ¢tdeéPuibdl ¥17
13L43/ 146/ T298/ V2L9493//A34060/AP, 15144 T228LY399/46300.
Y176/ T298/V29-92/4G30%A,/ PU&G4/ Y176/ T298/ V-299/ C3C
ZzDHHCC&IL |l s were i ncah aptacldmiwiitch alcehdi de) de o C4
h and | abelled proteins r 8ddt eRMpwieslentaa kiywe
i mages showiamg!| pr pnl RBtODP; astdagE@FEP Spry | ev
(mi ddl e; | R680) detectedFomm zbhHHGClarme HAmWmMumma
|l R680) was revealed for the same samples on
of the molecular weight markers (kDa) are sh
(G) Table of human SQArHy2 Gmuatpahn ts hooowi sntgr u chtes .mi
val ues od&cySlpatyi oSn rel ative to substrate expl
nor mal i s egdh @ sot tvheel théd oQr aepahc hs hbolwoitn.g (tlh)e me an

bet ween Spry2 mutant con&Erroct baasdr preg2el
each replicate is Dhdwrerwintcte sf iwlelreed amiarl ¢ylseed.
way ANOVA with a Dunnettdés mul ti pl*e *c adnepnaort iess
p < 0.0001, ***p < 0.001, **p < 0.01, *p o<
experiments) .



3.6 Al phaFold modelling predicts that full | e
with Spry?2

I nitial modelling of Shgw2eald5zWdHCbaAassdowm
repeat domai n. However, mo dzeD) HH Ghlg7 ocfo mphl ee xf uw
subsequentl i gtheé)e.vedv g+ alnlg,t ht hmeo dfed | lThas di f f
t hat of ZWDHHGI#H y 2nk modelNot ibdher eprz.vd ).usl
i nvestigated residues Y176 -laenrdg tTh2z2908BH HWEXPO7 / C3 0

model are no longer predicted tarintbéract wi

|l mgrmneeenwi t h the pr evuroguss) moadnedl c(ofnisg st ent Wi
publ i stheyd Xrystal l(&dgraphy &atraeels.i,duz01P71)54 an
wi der zDABM region of Spry2 (11 RVQP) is pre
repeat domain &f GeShpHHCGIH7 c(aflilgy, t he zDABM r edg
interact wi th or be close to residues N10O
interacting residues identified(erhrdd 06 8

201L.Anot her nio nparbd teefirné ot er est is the catalyt
zDHHCLCysteine residues C201 and C205 of Spr
domain) are suggested in this model to inter
domafiinglir8®However, it should be noted that pt
experimentally that alanine mutagenests of C
acylation of Sdrywzabhwyl|ldDHHGEGL Al ., 2020)



zDHHC17

DHHC region of zDHHC17 showing a predicted
proximity to cysteine residues of Spry2 (C201/205)

zDABM region of Spry2 showing the proximity of Spry2 residues IIRVQP154 & zDHHC17 N100/W130

FigureAlsphaFol d model |l ing efDHHCLI | enhegtlciSi
(A) Protein structure predictiiUnn®roft: poOdB83&
(SPY2_HUMAN) interacting withi pmlPMa&lYyHS r ans
(ZDH17_HUMArNot ei n compl ex prediction model | e
Al phaMwl di mer (nEovtaenbso cekt based @022)phaFol d by

and EMHB(Jumper et al ., 20220 HHW/QIr7a dpr cetteianl .c h
shown in green and Spry2 protein chain is s
showing interactions of the DHHC region of

cysteines €201/ C205 of Spry?2. (C) EthHer ged
zDABM region of -18S@ddy2 ipkl MEQRg proximity C
residues N100O and W130 of zDHHC17.



3.7Chimeric constructs of Spr-geybhade@PR¥ED1 w
zDHHC17

Results in figure 3.3 showed that SPRED1 ar
acylated byexspHH®@®L*.he homol ogy of SPRED1 to
di fferences which could potenti al layc yalcactoiuonnt
efficiency by zDHHC17. Speci fitcarl migvV&ll i) St

domain, (ii) The amino acid sequence between
i's different toitihat Sopfr y2p rcyon,t-taga mi maanl ardedg itc
To examine the i mpact of these sequence di

constructs of SPRED1 wermi laraedtyedwittd iSmpairyée
constructs includetdetmenant BEBPAREDE T rEtVHLD N
replacement of the amino acid sequence betwe
with the correspondingl7r66gi oam do fa dtpetryindd m( a(d+)
sequence from Spry2 o8167)hePsReE Dhu t(antt)s 2&rle
schemat ificpdrley 3.n7 A.

HEKR93cTel | s wemaestected -awDHHMCEedztDhHBAC 7THA posi t i \

cont,rool YBEBHA (negative control), -tagge¢der

SPRED1 WT, or the chi mefiigur e.@etlt s8ctwer 8 hdwn
i ncubated -avditdce Cfldr: 04 hours and cel |l |l ysat es
detecti-@aaylodt iSn. Mean (N SEM) -aiciytl an ®idt yb avna

relative to the protein | evel (AK8pett Reaso)
negative contr alt &h iO€hr AwabsH HsCelt7 , there was n
di fference in mean inteoasidyyvahiuvmsr for SBRRIE:
relative to the negative controls (Figure 2
expression, |l ed to aacsyilgantiifo nc a notp ei breoatrdie adi ¢ dimnu
SPRED1 proteins (Figure 3.7 B and C).
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Figure-aylT.at$on of SPRED1 chimeric mutants b
(A) Schematic represefSpayRorhomertihe BPREDU
EVH1 Ena/ VASP (Ena-btetlbVvasedi |pahtomanmomH omgryot i n
doma-ian so known as, WHAd4r iWAIBdPr gmidditsekiont)t homol o
ldoma@QmR; amino acids Gl n 8RR; PBprobttghdo m®AB
designat edyaseriiaéhD;dOBHEIKN23cTel | s were transf e
pl asmids enctoalg gsaPdREOGOEP WT, SPR¥B1 1ISPNRED1 ( +)
15-87,6and SPRED1-3153%) COdet gD HH®WLT7-a DHMIIAC7 or

PEFBOS negative c(oanst rio€Co pil eCsarhliles fwegruea ei)ncubat
100M epal mitic ac-adi de) déof Ca46h0and | abell ed
al kyne ( AKOO IRRedpyreesent@desg vehowiang -aSRRBEBDI 08

(top-l R34&K0O) andglgeRP SPRED1 | evels (middle; [
same i mmuFnooblzaDtHHC17/ zDHHC7, HA (bott om; | R6 ¢
same samples on a dThéepeoesti ti omsnolbl ath.e mo!
mar kers (kDa) are shown on (R IGedaphsbtHewbhg
mean fold change ba&¢wleaini SFPRIED1t ISe presence
zDHHC17 or zDHHC7. Error bars represent N SE
circStes.i stical significanovay wWANOYA awiytste da uFBd
mul tiple compéarpi snooddsi @theisfti cant di fferences wl

denotres.n = 9, for three independent experi me



3.8zDHHC17 canmmenacmwmreci pitatedabg SPRED3 2,

Similar to zDHaHCH 7z DHHDEHMHCBr e al so | ocalised t
and are -abléate (freantoemiindd s .¢Hdowalhvey, 2@ DHHC3 a
zDHHC7 have been shown to have high activity
or CSP; but typically have-plrowebspedcinftieciatcy
subst Wate®as zDHHC17 has beemcylh@awnmnotno alta v & i
more specificiftliefmoni diudb seRroan kisnstZahhlse), SNAF

dependent on its Dbinding t-aocyzZHH®IN7,c awintohto
(Verardi et al., 2B6adwi Bgttbat eEPRED3 aA0d3¢ga
proteins& (4), c2a,n dbeaeyftatedvbyhyyzBHHCLI7 it was
to check how well they can bind/interact wit

HER93cTel | s wemneséected wittalggeidt ISomr YEGFBpry?2

Spryé4d, SPRED3, SNAP25 (positive control), (
alongsizddHHKKA 7 WT. Cel | |l ysates wer elriapEubat e
agarose i mmu n o peraedcsi,p i twaatsihcerd ikt wi ce i n PBS

unbound/ exckseci yistaatees were eluted to releas
proteins adamdnuamypreoci pitated bindi nEgl utaerd ner
proteins were théeMGEeaonldv ebdyalhiynngthS bl otti ng.

From figure 3.8 it can be seen that all tran
i nteract with ainnmunopcreescsifpuiltlayt ec oz DHHC17 WT,
EGFP negatifvieg3cro@n tBr)o.l Sgpmrdy ISNARP25 exhibited t
mean | evels of i mmunoprecipitated zDHHC17, w
| owe st l evel s. When compar é&tde stto, Sportyh2 Sipmr y d
SPRED3 had significant Ifyi gBarveerB)l.e vSeplasyda f Shoir
SNAP25 binding was not significantly differe

Pp
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Figure&€oBmBunoprecipitation of zBHHCBPRIEYP3SpTr
(AHER 93cTel | s wermemstecteaedggiedh zBAHC17 WT al o
pl asmids encodiamgg efdorSpE@RP WT, Spry2 WT, Spr
SPRED3 WT, ,&6NAEBHFP alone (as a negative con
i ncubated wi t h agarose beads conjug-ated t
i mmunoprecipitated proteins were analysed |
i mages sheawiggee dHAZA DHHC17 (top:t alghBe&0)sudbisdr &
(mi ddl e; | R800) detiaumuendpirreciipputat @andd sampl!l e
i mmnobl ot . A tot al protein stain (TPS) is a
positions of the molecular weight mar ker s (
i mmunoliBot &Sraph showing -t mmumepnecapuéeaofrdca
after normalisation to the (Eirglhestbavasl uepfrear
SEM; each replicate is shown with filled c
unpaired t test betweéen*¢dadenotlest pake Opr0®04d
p < 0.001, &*0dehotéesdpnotesIFpricndam@eéndent
experi mMehtgsal ues were significant above the

3.9 SPRED1 and SPRED2 can interact with zDHHC
reduced but not ablated by zDABM mutations

The results f3r&2m f3i.,urddéacadt ed t hat SPRED3 ( «
proteins) can effeatctiyValtedbbydzDHELAT.bé nSco
and SPRED2 wecryel annocetd Sy zDHHC17, even though
contain a zDABM (drFetgeurrnei nde. A)d.y It datei d mclky of DIBHC
due to an ability of SPREDI1HM2Z2mmuamoipnteeli pct at
assays were performed (alongsilde Kepeyi2ndg owi
figure 3.3, p¢akEeakRBlsyean cSpdiy 2 WT, Spry2 P154;,
SPRED1 P316A, SPRED2 Wb, EBGEFPD2aIPh&4 A negat i
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ZzDHHC17 as thatnotoB8prwa2t WTal l proline mutan

~ A% reduction {dimmbDBPpC&Ci gpiot ati on when coc
respective AMTt lpowdhimisndi ng was reduced for
still signi ficanRHA ynehg agthievre tchoannt rtohle. E G
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FigureCo mMnunoprecipitation of zDHHC17 by S|
( AER 93clTel | s werasemsfect aedggiedh zBAHAL17 WT al o
pl asmids encodaggetl oBpEGEPWT, Spry2 P154A, ST¥
P316A, SPRED2 WT, ,®GrP RE®RP Pa2180dnfe ( Ce b bt ysaten
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i mmunoprecipitated proteins wer e anal ysed |
i mages sheawiggeedHAZ2 DHHC17 (top:t algBe&0)sudbisdr &
( milded; | R800) det ecitmmunaopri ex@iugi taantde dc osamp | e
i mmunobl ot . A total protein stain (TPS) i s
positions of the mol ecul ar weight mar ker s (
i mmunobl otasp.h (sBh)owd ng t he mmewmo prrad wiep iotfatced z
after normalisation to the highest valwue for
SEM; each replicate i s Dshidwnmewceh Wwelbkedna
unpaired t testshetwvwetptredehases p < 0.001,
0.0n.5 3 ori nderpeceendent Alxlpevalmeead swere signifi
EGFP control s.

3.10imeourse sti MBFated ERK phosphoryl ati on

presence of -eXmprryeX sd wenr

Having examiamgd at hen Sand binding of Spry a
zDHHC17, t he-acmpaci oof o8 protein function wze
Spry2. The MAPK/ ERK signalling pathway is a
cancer pr 6fr ms @ainadn ChSgir,y 22an1d0)SPRED proteins
regul ator s of t he MAPK/ ERK gr oWatvazZfoaect and s
Taniguchi , Il ”2od&®nticul ar, Spry2 has been desc
fibroblast growth factdqmHacBBGEN ei foadtl & $ MPiofd8.
Spry2 <could inhi HER 9BdelIs| p,atddwaymeé ncour se a
stimulated activated/ phosphoryl ated ERK expr
that any effect of overexpressed Spry2 in th

of Spagg2l 8t i on to be exanriealeadv &rhto uggyhs taeniad gy sm

HER93del |l s were transSpercyt2edorawl BEBEFEGERd ser
starved before being subsequently treated wi
80 mi nEuxtperse.ssi on of phos pERRXKr)y Iwaatse da nEaR Kyls/e2d (rpe
the expressioifhefexpenl m&ERKs shown in figur.
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phosphoryl ation of ERK1/ 2 increasdtlitéromhs:?®
ti me, the phosphorylation | evel of ERK1/ 2 de¢
steadier rate tWhenioompati hgcrlkeasphosphoryl
the presence and absence of Spry2 overexpre

observed at any time point (Figure 3.10 C).
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Figure 3.10. FGF-stimulated time-course of p-ERK expression in the presence
and absence of either EGFP or Spry2. (A/B) Representative western blot showing
the expression of FGF-stimulated p-ERK at time-points: 0, 2.5, 5, 10, 20, 40, and 80
mi nutes (first panel; I R8 0 0-ERK expredsibn sioawnc h s a mp
(second panel; IR680). Expression/presence of either EGFP (A) or Spry2-EGFP (B)
are also shown (third panel; IR800). The total protein stain (TPS) is shown for each
representative blot (fourth panel; IR680). The position of molecular weight markers
(kDa) is shown on the left of each panel. (C) Quantified data showing the mean (+
SEM) of p-ERK (IR800) intensity value divided by the corresponding intensity value
for t-ERK in each sample/lane (p-ERK/-ERK). Statistical significance for p-ERK
expression between EGFP and Spry2 at each time point, was analysed using multiple
unpaired t-tests correcting for multiple comparisons using the Holm-Sidak method. n
= 6, for three independent experiments. No significance was determined and as such
is not indicated.



3.1Effects of-t@prey 2amdyillSdt i on mut ants on grow
signalling

Previous resear@alysmoweod tlsatesSenti al for b
targeting and stability of Spry2 (Locatell:i
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Locatell.li( 20202 i-depwtaftied debi &i ent mutants
( DM) and N211/ D214T/hk22B M mUD&ENt contains 1
substitutions at cysteine residues that wer
whereas the NDK mutcytliadnsondiosfr uppr y by bot
zDHHCI’Tn the following experiments, t he N DK

mut ation of the main zDHHC17 recognition sit

To i nvestaicydtad iiofn $s critical for the acti ol
HER 93T cells were transfected,owm tdpreyiz hNDEK
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or FGF for 10 minutes. Activation of the M
phosphoryl ati eeElRKgf. ERK1/ 2 (p

Figures 3.11 shows that cells tramsPaldKed
di spl ayed a si gniEfRIKc &anxtpreecri@anse ni 1 hp absenc
stimulation when comparedl nocatter aaits,t i enaull lag e
with the Spry2 constructs shBbRKdcomparnigaditaoc
control when activated with either EGF or FC
growth fa€&€tR&Kr &x@mepsi on, aédd showad abedi gair

i ncreasemmpreand ctoo unstimul ated samples (signi
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Figure 3.11. FGF and EGF stimulated p-ERK expression in the presence and
absence of Spry2 S-acylation deficient mutants. (A-D) Representative western
blots showing the expression of p-ERK in HEK-293T cells (first panel; IR800). After
stimulation with EGF (A/C) or FGF (B/D); in the presence of either Spry2 WT (A-D),
Spry2 DM (A/B) or Spry2 PNDK (C/D). For each sample the respective t-ERK signal
is shown (second panel; IR680). Expression levels of EGFP-Spry2 are shown for each
sample (third panel; IR800). The total protein stain (TPS) is shown for each
representative blot (fourth panel; IR680). The position of molecular weight markers
(kDa) is shown on the left of each panel. (E-l) Quantified data showing the mean (£
SEM) of p-ERK (IR800) intensity value divided by the corresponding intensity value
for t-ERK in each sample (p-ERK/t-ERK). (E) EGF/DM, n = 4-6 for three independent
experiments; (F) FGF/DM, n = 6 for three independent experiments; (G) EGF/PNDK,
n = 3-4 for two independent experiments; (H) FGF/PNDK, n = 4 for two independent
experiments; (I) Unstimulated data from all experiments, over the three independent
experiments, where n = 8-20, for control (-), WT, PNDK and DM, respectively.

Statistical significance for a difference in p-ERK expression compared to control was

analysed using aoneeway ANOVA with a Tukeyds multiple

unstimulated and stimulated groups tested independently. Significance where *

denotes P < 0.05 and P > 0.05 is denoted as ns = non-significant.



3.12DHHC17 and zDHMH@MiIidd cracEtRKy eaxlptreers sp on

The results abovexphewesd otnh atf ®&pery2 and mut .
growth factor signalling. As an alternative
Ssacyl ation on growth factor si emxglrleismssg,ont hva t
Spy2 omtHGR I-BRK depypression was investigated.
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serum starved and stimulated with FGF for
i mmunoblfoitgtBirred ) ( I n contrast to the results
ERK1/ 2 in the preeaeapcessli oB8pwpa2 owvweér signi fic
contRuorlt.her more, there was +ERKsibgniwfeiemamtn yd iof

unstimulated sampl es.

For samples stimulated with FGF, there was
combination Whemohdokimgsat the gener al effe
ERK expression, al l stimul ated sampl es sho

compared to unstimulated samples (significan
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Figure 3.12. FGF-stimulated p-ERK expression following over-expression of
Spry2 with zDHHC17 or zDHHCY. (A) Representative western blots showing the
expression of p-ERK in HEK-293T cells with or without FGF stimulation (First panel;

IR800). For each sample the respective total ERK1/2 signal is shown (Second panel;



IR680). Cells were either transfected with EGFP or EGFP-Spry2 WT (Third panel;
IR800) together with either pEF-BOS-HA (negative control - P), zDHHC17, or
zDHHC7 (Fourth panel; IR680). The total protein stain (TPS) is shown for each
representative blot (fifth panel; IR680). The position of molecular weight markers
(kDa) is shown on the left of each panel. (B) Quantified data showing the mean (+
SEM) of p-ERK (IR800) intensity value divided by the corresponding intensity value
for total ERK1/2 in each sample (p-ERK/ERK1/2). n = 6 from three independent
experiments. Statistical significance for a difference in p-ERK expression compared
to control (pEF) was analysed using a oneeway ANOVA with a Tukeyb?éd
comparisons test, with unstimulated and stimulated groups tested independently.

Non-significance where P > 0.05 is denoted as ns.

3.13pry2 has a reciprocal stabilisation effe

zDHHC17 was previously shown using cyclohexi
expression Lofca$mdy 2 .Tehte acll.e,ar2 0e2f0f)e c t exhi bif
expression brought i nto queadtriecrnTbiofe atiphl iog er @ |
Spry2 also has an eff &R O93nTek DIHOéBastelit leidt
witht ddlddged zDHHC17 afdgegiedhermpr FGFBVT, Spry?2
EGFR gure 3.13). The P154A mutation of Spry?2

on zDHHC17 expression was due to an interact
zDABM moti f{Lefmo8pdy 2 eHGRR .was20ulsbead i n this
as a control for basal zDHHC17 turnover. T

cycloheximide to block protein synthesis for
at each hour of cyclohexi mideaetntwatthentr eB@pree
hour sampl e. tAfdaeaetrme8hthomirtsh cycl ohexi mi de, t
di fference in the exprestsriaonnsfefct 2DHMWCT h, EVGH
(ifgudr.el3 C), compar etdr amos fSgpatye2d Wke)lclosF d rf | QR R,
the significant reduction in zDHHOQldhGaxpr ess
samplieggur e 3T.hle3 Sp)r.y2 PlHHArmutdant3 B) did no
significant effect/difference on zDHHE1L7 exp

quantified data is presented in figure 3.13

M p



Spry2 WT Spry2 P154A (zDABM mutation)
kDa 0 2 4 6 8 Hours kDa 0 2 4 6 8 Hours
72 = SPER S0 GR T OP W o R Y :2;;3;7 T2 ] —————————— :-II;\;BDO;7
EGFP-Spry2 EGFP-Spry2
72 1 ‘. PS ! PS
—1 Bl - | (IR680) 72 — } (IR680)
c EGFP D
1.2
kDa 0 2 4 6 8 Hours c
S
72 —| - - ——— — ——— — HA-zD17 @@ 107
(IR680) SE
22 05 * WT
[ e
I Y o
35 —|em e - - EGFP ~= P154A
S - (1Rrs00) 53 o
——— - _z - E ~ 0.61 kkk o EGFP
72 —] ; . ; 3 TPS e Hokkk
1 1t (IR680) 04

Figure 3.13. Expression of zDHHC17 in the presence of Spry2 WT, Spry2 P154A,
and EGFP. (A-C) Western blot showing the expression of HA-zDHHC17 over 8 hours
following addition of cycloheximide (top panel; IR680) when co-expressed with either
Spry2 WT (A), Spry2 P154A (B), or EGFP (C) (middle panel; IR800). The total protein
stain (TPS) is shown for each representative blot (bottom panel; IR680). The position
of molecular weight markers (kDa) is shown on the left of each panel. (D) Quantified
data showing the mean (x SEM) of zDHHC17-HA (IR680) intensity value divided by
the corresponding intensity value of the TPS in each sample/lane (HA/TPS).
Statistical significance was analysed using atwo-way ANOVA with Tukeyds
comparisons test. n = 6, for three independent experiments. Compared to zDHHC17
expression in the presence of Spry2 WT, a significant difference in zDHHC17
expression is denoted by *** P < 0.001 or **** P < 0.0001, on figure 3.13 D.



3.14he enhanced stabilisation of zDHHC17 i s
abrogated by the tripeptide NDK mutation

Spry and SPRED proteins have a highly conser
SPR domain and are known to possEeMasocumil ar
Moghaddam et.Rels.ul t30X%4bom figure 3.13 in com
publishétdodateal | i, eshaw .t h&2t028pry2 WT and z]|
reciprocal stabilisation effect on each oth
pecific to the Spirey 2grperadteesitn.di fference in
bserved in figure 3.13 was at 8 hours, cycl

O O un

n other Spry/ SPRED -andh &uimst icrmenp@aii mtgs .0
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relative to -hbarreampEéigueel3. s e/ B,haitt foan
SPRED proteins there was a significant redu
significant difference Tthoi st hlaatc ko foft heef fEEGRP cC
expression was also ,aeden SifoinglBS @e4yOF,or Sparlyl 3

experiments in figure 3.14, and in agreement
significant stabilisation of zDHHC17 express
As Spry2 appears to play a specific role in :

of Spry2 (previously categorised bS8pr&azx ol in
C265/ 268A (DM) and Spry2 NBaLA/ D214A/lekZ22 3mAut/(
have previously been shown to haceglatdebhr bm
zDHHClWocatelli.Fet ®his @0R6)i ment it should
P154A/ N211A/ D214A/ K223A (PNDK) mutant was wus
previously shown to have no effect on Spry?2
B)The Spry2 DM showed no significant reduct.i
compared toH®wewer WJemhpernescsoed with the Spry?2
there was a significant reduction in zDHHC1
treat ment , compared to zDHHC17 exAfk Blshseed wi 't
PNDK mutation reduced zDHHC17 expression to



A Spry2 SPRED B

EGFP WT DM PNDK 1 2 3
kDa 0 8 0 8 0 8 0 8 0 8 0 8 0 8 Hours 120- x
HA-zD17 . |
72 ] e e e e e b | 80) 8 1007 M -
n X 4
55 80 ]
S
80 — '.o.—..--“ :é 60-
65 — |ease EGFP Qo
(IR800) S 2 40
= ©
30 ——] - 20+
35_' E ¥ 3 F i) =] 1 n
BT =L ol L L L L L L L L L L L L
TPS 0-Hrs EGFP WT DM PNDK 1 2 3
E ! ' (IR680) Spry2 SPRED
8-Hours
C D
Spry
kDa _EGFP 1 2 3 2
0 8 0 8 0 8 0 8 0 8 Hours
85
e | HA-ZD17
— W — i — (IR680) 150 : %k %k
kS | !
47 @ % : . .
85 — < . it
55 100 L =
o 0 : * 3
Q5 50 3 11
EGFP-SPRY o £
(IR800) Ow
R
0 T - 1 1 1 T T
30 —| - OHrs EGFP 1 2 3 4
Spry
8-Hours
TPS
(IR680)

FigureE8Spuldssion of zDHHC17 in the presence
(A) Western blot showitaggelde zOHpICaAITsiadmneof 8F
| R680) wi-ttehg ge@FPSpry 2 WT, Spry2 C265/268A (

N211A/ D214AFKK2KR)3,A FPRED1, SPRED2 ,EGEPRED2Nt r o
(mi ddl e ;ThleR8t000t)a.l protein stain (TPS) is sho
(bott om;ThleR6p8o0s)i.t i on of mol ecul ar weight mar |
of each panel. ( B) Quanti fied dazRBHHKGOMWI ng
(1'R680) intensity val ureg dintidred tby udleu & oafr et

sampl e/l aneEgcHA/ ddBdi.ti on was compared to EC
hours cyclohexi mide treat ment and statistic
unpai-tesn s= 4, for two indApsenhdenftfieaper dméh
ZzDHHC17 expression is denoted by-sighofiPanrmt

MYy
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3.19nteractions between residues in the NDK

The stabilisabDH@l efwactshaown i nuthkel4d) guo e
be specific to Spry2 and was Albtrhooguaghe dt hbey S
domain is highly conserved bet ween Spry an
analysis wusing the UniProt alignment t ool r
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fami(fygure Thi-k5 iAm)f.ormation is furthered us
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figure 3.15), which reveals that residues Qz
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Di scussi on

Understanding how proteins ar e expressed,

reguteaetke function is fundament al to Sevelopi
acylation has been shown to be a critical PT
and |l oca(l Clsambeml|l ai n and Shipston, 2015,

Spry/ SPRED proteins are atypicas$ulcotmpatreesd d-
zDHHC17 asactyheaitri o by this enzyme does not

Based on the current |iterature and the unde
acylation of-apybaéinea, ofh&pBEy2 was predicted
it s: interactions,angdt/ @bi lriggul altaoal i sfat sog@gn
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effects this PTM has on function repaksents
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ZzDHHC17 but-fohdyiaciteadasaciyn aSPRBD1 Therefore,
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To better understand why SPRED1 was a much
Spry2, chimeric mutHdowesvewer enagreameadgfatelde SPRI
mut ants investigated in figure -a8cy/l adx hoinb ity
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s to wonbBEMeHdoimMfaitnhecoul d have been obstructir
i ndi ng -amydl/ altoiracSnt.he second consl7@)xt fISPRIEDU
vidence has shown that the distance -bet wee
cylated cysteines is i mpor it &mat aumr emo éil f i, c &
or SPRED1 this molecular spacer is both sho

o Mm99 ® T < uw —~ Ao

f Spry2 and so was substituted f orl7t6h)e corr
owever this also had -aoylsaitginonf i kciahnae Dtéhiic ded .t
mut ant inttedwmcedlas€quence udiFfu.e itrt SpSHRE]

=y

This region of Spry2 has been shown to be fu
uni que proline motif (VPTVP) involved in |IT
MAPK signmdtihhkyr et . alThe adR)i on of this dc
al so did netcydrad motne by zDHHC17 (figure 3.7).

The devel opmentpr otfei Al phtarFodtdur e prediction ¢
DeepMind aBHI EIM84& been a major breakthrough

(Jumper et al., 2021; Varadi et al-Muyl gi0o@en . |
notebook (Evans etaséd,orR20R12phakdlicd hby sDédep M
EBI (Jumper et al ., 2021; Varadi et al ., 207

to be created and tesARd fzoDHHlt7e.r alckee |aens swil tt
t hat noesiidwge emut ati on on Spry2 was Ssuffici
acylation bVheD#HH&€AtTest f-odyWl athiammewdasan dEbhser
mut ant construct 16 (L43/1 46/ P154/hYolwrebv/eTr2 9 8/
this construct contained t he mo sAl t Aamuga a
significantly dif-deylati dro &fpr g@n sMTr, u ¢St 16
di fferent and did not-asf balthaeco ocoommppl oeut ned il nogs se fof
mul tiple residue muwtcdat ildn st h(eir.ee .a,r ef osre veeann srter:
could adversely affect the overall structur
obser ved -acoyslsatoifonS by zDHHC17.



Al ongside this information, retsehgshi compbae:
bet ween zDHHC17 and Spry2 did not generate
that of Spry-Aatdd phARHFHCIH7 i s a major resource

field and in future year sHomielviergnliyt iinsc rneeacse
acknowledge that | imitationsThe hihghaeasts odia gre
accuracy in models exists for monomewmire pred
3. baits f ar l ess reliabl Al $0y duéetimefacbmpste
database homology or computational demands,
for intrinsically disordered proteins, syntt

with multiple/variabl e tcednfporomatiinengs ((Oir. @.r,ot
by -fcaoct or st roan gloastti onal modi fi catBagdonas eet,
al ., 202Z2EBI ,EMBL2 2)

The inhibitory eERKctexpfesSpirgr iomacphatfieate
deficient mut etxiparesssdronbyfowveDrHHC17/ 7

I n figureERKldxpté@despon in unstimul ated samp
This is consistent with all known informat.i
have been shown to be regulators of t he MAF
(Kawazoe and TaHo wgeuvcehri,, n2e0ratéhyel ra toifont hdee fS ci e n:
(DM and PNDK) idertti a2®&@0by showadelahiy- di f f e

type Spry?2 i Preéehi susaseaiydence has suggest ¢
transl ocation and phosphorylation of Spry?2
(Hanafusa et walich 2602 mewhat i nconsi-stent W
acyl ateiforci ent mut ant s. I n addition to this,

necessitacxyfati &n of t hP REER dd oSmpaiorut gf pr ot ei
membrane | ocalisation aftRBRundgsowi hetf azlt or 3@
al ., .200h2z)cyS ation deficient mutant s ( NDK a
defective-atnl dthieonm IIHyL ozcDaHHA.1l7iT,he2 OC2M. )s howe d
changeadwyl ati on with zDHHC7 and takgrlatwasn af
the NDK mutant with zDHHC{fZLodat elnloit. &T hcemImp,|
greater specificity of these mutantsthe zDHH
action bbw&pdyg2MAPK signalling, ascy3mrtyed may

a basal | evel to cause inhibition.



Th

e results in figure 3.11. al so showed that

P-ERK expredEBER®Bcde Inl s, asHewegwaert,ednone of t h

pr

oteins (WT, DM, or PNDK) tested affected t

P-ERK expr ess®.olfAl(sfoi,g at no time point was the

i N-ERK expression in theur@erddénies @fosSphby2 ¢
concentration of growth factors used in this
of Spry<sieoxnpreaend it would be interesting to
response expeERKnerkpr efsipn in cells expr es
mut ant s.

Further developing the work -ERKfigurke33pdése
of both zDHHC17 and zDHHELCUYr evdad. Wda)s.e hiyipoa the d i
that iif t-heybebheobpal of Spry2 is a key factor
on the MAPK pathway then the overexpression
p-ERK i nhHbweéevem, for al/l samples tested ther
i N-EBK exprEBbliss onesult suggests either that
corrdactatort he approach used is not sufficient
S-acyl altn ofnuture wor k, it noany tphreo veef fuescetfsu lo ft
other growth factor stimulated functions. S
process of cellul ar motility and protrusion
me mbr ane (rHafnfalfiursga eRorali.ns t20MW®2g, prol onged E
nerve gr owt h factor i nduces neurite out gr c
neuroendocr i neDrPuChli2zn ceetlSpsrly 2 H&E&B5¢ven been
i nhi bit both FGF and NGF sti mul a(tYeidn neeturdlt.e,
201.8%pnversely in the same 2015 study, Spry?2
the stimulation of neur i te Sourtidgraowttho aefxtpeerr i
shown in 3.12, it would be i mporitagdntont oviitrhv e
regul ation of Mmeersiet ee x@etrg rmewmttts. coul d be un
i nducangl &8t i onhsthaluegght ransfection of zDHHC
Sacyl ation deficient mutants of Spryz2, or if
and/ or Sp-dyg@nrkomicokeckdel s of PRIL2 celul d.bbye achi
usiaigt @BRFr SPR Cas9 approachessisbRNAVimo dkd ounni
techni flaesvsal di et al ., 2015)



Spry2 protein has a specific and reciprocal

abrogated by the tripeptide NDK mutation

Throughout this project, increased zDHHC17
after i mmunoblotting has been observed. I n f
cycloheximide chase assay thatl Bpay28oWdbsany
in figure 3.13 B that the P154A mutation o
stabilTesias ipaesult taken together with the re¢
mutation significantly reduces but does not

an alternatDHHEC13pmwyhdi ng s-atelasticomfgthedst abi
Ssacyl ation of proteins i(dikidewn atna iDrescrcaane
For exampl e, in the case of tahcey | arntihorna xh atso xbi
showm restrictl iTpEMS8 rianf tnodnomai ns, which sequ
undergoing ChbHdi que damdaed degr @At amin et. al .,

However, there have been no previous repor:

zDHHC enzymes.

The effactyd adfi o deficient mutants (DM and P
and SPRED proteins on zDHHC17 dAnahbinltietryswas
aspect of this experiment is that none of th
to effectively . BdrabS$Spgriy2a mbDtHHCtlsy, t he PNDK mi
reduced zeHHCAsSsi on whereas the DM cysteine
Spryad. previous exopceartiethednt sethyal was (210@®@n0 t ha
presence of zDHHC17, the NDK mutation of Spr
Spry2 TWT.ss confirms part of the hypothesis
stabilisation action between Spry2 and zDHHC
protein expression isMenbaspedi Andablugtatned
NDK region of Spry2ofisacmoex®ldEAEpT pirntaspactiso

wi || be di scussed further bel ow.

The NDK region is comprised of residues N21:
first hal f of t he SPR-249dDbdNmn axme(rainti npor oatceiidns s
prediction already reposited in the Al phaFol
predicted that the SPR domain is comprised of
by a disordered turn tphaadtallcatuceedadhle mottlmemr u(nf
The NDK region |ies at the vertex of the fir

pr edd cttoe i hhieg arceagi on bridges across residues



previously beeacghatwvedt oyhebDBHE1LTi.Wett haln. , :
the first alpha helix, 3 out of the 4 polar
being Glutamnilne 4(@F10)h.ese residues very <clo
| ocations which could be cOmesiareratdl sbf udthu
residues in this region may be structurall

conformation and/-acypmaéesdntcgsienniehr8giyges

Alternatively, t he NDK region coul d pl ay
bi ndi ng/ stTehkei Itiwsoatalopnhha hel i ces and the inwa
turn create a space, whicholarshydopaopdeldi tar
but has fAhot spotso of potentially critical

this coul dcthieve pirmmagipreg s i(tMa fedr a&l. e @O@Pr3gt e i
in Spry2, the phosphorylation of Y55 has bee
the inhibitory action of Spr(¥Y2a @en GdbTzhei2® 18
NDK region itself may directly contribute t
with zDBHHCfLhe region could be cruci-@8prya sup
bindi n@i vseén ee.he reciprocal nature of this fin
that Spry2 has on other proteins, and the sp
and Spry2, this stabilisation i s -zshulhyHyGRils7t ed t
interactchomawh!| i-aay leatoiSvyenvye2pesitti niesaat t o ment |
without further inyrectteigmtstoambi Itiheatpiromn eiimt e
secondary consegquenacyloaft i oamy H@®ptelyéarc $timnt hi s

suggested that the Spry2 NDK ruwtydtaitd mni tdsedli fc

mut ant but is a structurally destructive mu
di srupti-agylbatiho and protein stabilisation.
A question of this chapter and of t his i n
relevance/ physiological need of Shphawi mg od eri enc
are known for being devel opment al proteins &
the MAPK/ ERKMpaoMeowglyaddam et .Asl dj sz2uk4lk)d abo
they have also been shown to play a role in

(Lao et .ZzIDHHCA2GO0®N the other hand has been
Gol gi apparat us -sbyunta patlisco caetl It hnee npbrredJmer di n t r ¢
SNAPZA5St ower s and .Awnacafrfl,i e2067)udy, has al s
zDHHC17 promotes axon outgrowth and that bo

PC12 <cell s, exhibit Il imited neurite outgrow



zDHHC(L %hi et .allh.e, sZalnk5)study even implicate
upstream factor of ERK1/2 signalling, also i
t hat ZDHHC17 regul ates ttdipo mynotseirnacrn e oap thoert w
(TrkA) and actin during néeé8B8hbnat alhadsal©Owdé e
studies infer that both Spry2 and zDHHC17 ha
cause different/ . BoppbsezDeHGLT7Tcamds Spry in thi

have been implicated in neuronal gr owt h, t |
association, and me mbr aneSeteri anrgs laosc az DHHC 1f 70 1 |
promote ERK1/2 and neuronal devel opment , an
these prédcexluagao.nal type of enviregmaptidik
me mbrane or cell types such as PC12 <cell s, n
when investigating any functional i nteract
zDHHC17.



Conclusions of chapter 3

T Spry1l, Spry2,amsdhorYBREDBroyadn ef fectively i
S~acyl ated by YWDbEHEAE WTt hough SPRED1/ 2 ca
are not edcylkacadl| g yA S sDHHGcllyd.a$i on of SPR

cannot be enhanced by increasing homol ogy

T Sprydnt ai nsecondary bindinecygl aei camuphdd
functi on, and the P154A mutant of Spry?2

reduced but still significant | evel
T The P154A mutation docgsanobnabfeSpryRebg$
Nor does théfmue ast @abmi | i sati on of zDHHC,

p-ERK.

T Al phaFold moded DHM@l D fivsSlpuayRfF e redbelk ence

facilitate prediction and testing/validat
l ack reliability in this study.
T Spry2 was shown to el i ci-ERKanexipnrhe sbsiitoonr yur

unstimul ated condcyli atdgomwi eht t met &nt s di
similar effect. However, Spry2 hBRKno eff
activatienprEssiom of zDHHC17 and zDHHC7Y
expressiERK. of p

T A unique i nteraction bet ween Spry?2 and
stabilisation effect, which is abrogated
NDK region is suggested to be structurall
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Chaptetnteractions of §Prpatyeiamd WIPtRIED
zDHHC

Introducti on

zDHHC17 has been previously implicated in t6F

as HuntingtSprecdifseadd.y, it was shown that de
Huntington protein (HTT) and zDHHC17 resulte
to subsequent aggregation, neur onal damage,
di seaSengaraja .eRurdalherm@062) zDHHC17 knockol
devel opment al , memor vy, and synaptic change:
coordinati on, reduced body wei ghtS,i nmrad ad ac ree
al., 2011, Milnerwood et al., 2013, Chamber!|l

Compared to the other z DHHC HeHNIz3y)mecsq n tzab HH Csl
TMDs (as opposed to the more typical -four),
terminal ankyrin rep-ed8tt)  ARhidomaitn f( aad =D my
ankyrin repeats each made up of roughly 33
hel i ces s epar(aGheadmbbeyr Ilagionppsand Shipston, 2015)

A novel zDHHCHi7Tndiubmhgtmatief that i s recogni se
enzyme was previously ident(iViliAdPd.( VTWH XXIQPX a
named the AzDHHC Ankyrin Binding Motifod or

2015hb) . Spry and SPRED proteins were subseqgl
t hat i nt er akdto mmii tnh otfhe DHHC1 7, however, i nt e
i soform was repor t(elde moonildaicsk ed hewmDABMer0alcrtai) o |
the zDABM motif with zDHHC17 was further exa
reported t haltOOas(pMlrGalg)i nand tryptophan 130 (

residues within the AR necessary for the int
(Ver ar di et Ahlanjn20snpstituti oA/sWlaB0 bhes& poc
SNAP2&c8l ation by zDHHC17, and-1AT awi hbi smubh
zDABM of SNAP25 was shown to sev-acegl gti mpaby
zDHHC4Ag8 previously reported by Greaves et
(2015) .

Unl i ke SNAP25, currentt heDAB8&dMnoé SpdiyRat es nbh
for the -&¢yliat ieoan &f the protein (figure 3.3

MH N



of SpDWRAC1l7 interaction (figure 3.9). The ov
investigate the interaction between zDHHC17
of identifying critical sites of intleardcti or
hypot hesibssed utsteatt he zDABM of fQFag2l atsi an sipe
zDHHC1T hat Spry/ SPRED oom oalki amnwddint eali mwe r af
binding sitacyoapli®ch tamdbor function.

Resul ts

4. 1 Spry proteins idmt emroavd taieayrthier a DABM f or ef f e
S-acyl ati on

Evidence given in figure 3.2 shawgdatkratSpzhH
2,,&83 As discussed above, the critical resi due
for binding to zDABM substrates include N1O0(
mut ation of either resdiadyé¢ aits osufafnidc ibé mtdi thg
(Veramnti ,e2017was therefore important, as a
zDHHG3pgry interaction, to testHH@7 tdaresealkey
i mportant-adylrattihben Sof Spry proteing.ag@Bleasmid
Spryl, Spry2, Spry3,ancrf eXEr&ddd 3ctTedrbes domget her
a plasmid encdadigmge de iztDHHC1HA WT, =z DHBO$7 W130
HA empty plasmid. Cells weaeriddeandnpubaess
click chemi st rayc yd eafftéirgigdi. a&(n AbB) S As before, m
values (N SmM)ylfadredt hben® (AK800) of each sul
against the EGFP i mmunoreact i vfei gstirgen &l) ,i ratnan
al so expressed as a fobidarkcbrase above basa

As seen in figure 3.2, all-aSyplrgt giHd7A iWIR wer
The Spry proteins wacgl alt & d HHgrn WMELISEOBAN tmluy ad t
and interestingdcyltahd olnhewBd Spifrtynd t hi s mut ar
significantly higher t ha(nfitdhwrte sde.eln @)i.t hS pNTy :
al so showed a-isnicgreiafdecyailnatt Sfoonl dwi t h W13 0A conm
zDHHC1 7, with Spry3 showing bot-bham@e himgh®&s

acylation
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Figureacyl ati on of Spryl, 2, 8AHRRAS 3degl IzZDHHC
were transfected with -tpdg@gend dSpreyntoWlngr EGR
together wi-BMDSHA t(haesri fp EtFh e -zZfDHHIQeY) , z HHAHC 1 7

W130A.HEKB9 3cTel | s were transfected wtiadged asmi
Spry3 WT or Spry4d4d WT t-B@®8HtAhdmswint t hei-tfH egrur el
zDHHCD* zDHHC17 TWwag9®Aected cells wegMe incutl
pal mitic aci-dzadedef ¢C18: 6 and | abelled pro
( AK) BRMDyYy en m. Represgnsaobwy @agaichaggast i 8nn (t op;

| R800) antdaglg@EP Spry l evel s (mi ddl e; | R680°
i mmunoMbdrotzDHHC17, HA (bott om; | R680) was r e
on a different i mmunoblot. The positions of
on the | eft sideEonforalbarisnmuephé ¢ 13t N SEM;
shown with fiCl)l &&d¢ a@ihr slheosvi ng t he mean inten

acylation relative to protei nnoexrparlessseidont o( A
hi ghest value on each bl ot. (D) Graph showir
Ssacylation in the presdHHTc7e Heh@7 a(bis)e e p BF
Di fferences were anatysewWTbhy* Whpdédphetdes p <
**p < 0.01, *psicgmi.foisgcamts (Fn nown6, for three



4. 2 Spryd land SPRED3 do not requtarceylzaDABM bi n
and interact with zDHHC17 through an addi

The published evidence showdHQ@ haitsthmpdlt3adnt
botmcyl ation and i nt grvVaeatairan veittlhml SCNCOANRR2D5RB ) |,
results from figure 4.1 show -abntatWld® ofs &
proteins. Results from figure 3. &idhowed ytlha
4, SPREDS3, and also SNAP25. I't was therefor
W130A mutations in zDHHC17 affects HEKidi ng
293Tel | s wenestected wibtbhbgedt Ber yEGFBpry2, S
SPREDS3, SNAP25 (poorsi BE@iRene ohne gdt)o yet lceomt wiotl |
eitheragbhed zDHHC17 WT or zDHHC17 W13O0A. C
i ncubated for ITrlapiEr awiatlos SFP mmunopreci pit

washed twice in PBS to remove unbound/ exces:
eluted, relapasirredg atglgee® pr ot et MmMuaro raercyi pdd a-
binding partner §hei ed¢ uteeidDsp HvOelr7e .r eBAOGE ed by
and analysed by i mmunobl otting.

From figure 4.2, it can be seen that (as in -
EGFP) were able to intlagr e&atn wailtsto ZEHKE@EH WTh.a
showed a complete | osBH@7 WhBEGAachi argrwemer

publi shed work (Ve&pray dd ,h6 3e2alal .s,ho2wleld7 )a | evel
zDHHC17 WT that was similar t-tor aSnNsAfPe2c5t. e dH own
zBIHC7 W130 the | evel of ,&nBemwacsct in@n \aibtoh i S
instead showedi @HEBdbcnhdonggO %Bwr+ h£0 mor e, Sp
and SPRED3 both showedH@QquWT &dnddWhgOAo EkMDte
all four Spry proteins and SPRED3 dHHdwed si m
W130A.
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mar kers are shown on the |l eft side of all i n
val ue -iafmuoaopreci pitated zDHHC17 after nor ma
value for each i mmunobl ot..aEEhr rroerp Ibiacrast e eipsr esst
filled Dciferesces bet ween zDHHC17 WT and z
analysed by unpaired t test*betdverot eachmh <sub
* ok denotesampd <nsO-s8@mohmicant . n = 3, for

experiments.

4.3 Spry2 truncation mutants containing the !
zDABM display reduced bindi nS$adyl atDiHHC.1 7

The results of figures 4.1 and 4.2 indicate that the S-acylation of Spry proteins by
zDH H @7 does not require a zDABM interaction. As a next step, the regions of Spry2
that are required for S-acylation were investigated. To do this, a series of EGFP-
tagged N-terminal truncation mutants of Spry2 (1007 315, 120i 315, 1401 315 and
15571 315 (previously synthesised by Dr Carolina Locatelli) (figure 4.3 A) were co-
expressed with either HA-tagged zDHHC17 or pEF-BOS-HA in HEK-293T cells
(figure 4.3 B). Click chemistry analysis of S-acylation showed that all four truncation
mutants were S-acylated above basal by zDHHC17 (figure 4.3 B/C) including the 155
to 315 mutant that lacks the zDABM (at positions 1149-P154).

These constructs were further utilised to study their interaction with z-DHHC17 by co-
immunoprecipitation. As described above (figure 4.2), HER 93del | s were co
transf ect e EGFRtaggdd trunbaeed Spry2 constructs al ongsi-de HA
zDHHA17 WT, and i mmunopreci TrEpagadr os®i ng
i mmunopr eci pi Foathi$ experimerd, adatalytically inactive mutant of

zDHHC17 was used to prevent S-acylation-mediated changes in Spry2 expression.

Figure 4.3 D shows that the Spry2 120-315 and 140-315 mutants co-
immunoprecipitated zDH H @7 to a similar level to that of the full-length Spry2, with

Spry2 100-315 showing the highest co-immunoprecipitation of zDHH Q7.
Interestingly, the 155 to 315 Spry2 mutant also captured zDH H @7 to a higher level

than the EGFP negative control, but less than was captured by the other Spry2

proteins.

MH P
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sufficient f or -abdylddtnigorn ohy ABoikH®@L41.c of t he
constructs employed i#imomuhobrebtiemi sariyormnas
100 to 315, 120 to 315, 140 to 315, and 155 t
-Q9QXVANIL constructs have EGFtPertnmaignsu sa p pPeonsdietdi
the zDABM contlaihiing penmdti md by AQP; 6 SPR d
domain, which is al soi nreifeh re@dBBibdd 2ixxTeCRDB (cy



were transfected with-tmlggedi Sprem®c ddiOnd oEGHRE
to 315, Spry2 140 to 315, or Spr yROSHHABS t o G
(referredinotae MmDHHCA)Y dmeHArred tOelalssi+0
were incubate®dpai mhtilOOac-adi de) déof( C46:h0 and
proteins reacted wi8tOlD aE@EFyPa B d (-tHaKg g eldRdpyreot e r

wer e |l abell ed by i mmun®&0 otsteicnogn d aursyi n ga n tl iR
Representative i nya2g-asylsatoiwo mi gRB1BEP;, ASpry2 | €
(mi ddl e; |l R680) , and zDHHC17 l evel s (botto!
i mmunobl ot. The positions of the molecular w
of al | i mhCibo lalpdt sshowi ng raecaynl aspon2 | vel s

nor mali sation against the coBO&8sApan d&Eirmg rc domtl
represent N SEM; each replicate is shown w
analysed by unpairedO0tOo0ess ¢**p*9bfnfhée s Pp
for three indepefbfEmKR 9 8ceplelrsi nieenatess)é.e ct-ed wi tt
agged zDHHA17 (a <catalytically inert form
encoding fagg&EadGFEpry2 100 to 315, Spry2 120
and Spry2 155 to 315, orCeEGFPyxsladres (WwWeg ea i@

—

agarose beads conjugated -tmmamo EG&ERPI pint abedy
were anal ysed byReipmneusneonbtlaottitviengi.mages showin
|l R680) and Spry2 (bottom; |1 R800) Il evels in t|
detected on the same i mmunobl ot. The positio
shown on the left s(iHBE)e GrfapH | shawumg btl e sme a
i n-<icronunoprecipitated zDHHA17 | evels after [
Error bars represent N SEM:; each replicate

were analysed by wunpaired tnttreslt (c*onmp*aracdendt
0.00021, ***p < 0.001, **p < 0.01, .n = 3 from

MHT



4. 4The -B85 truncatiohoodl Spey2i coa similar n
WT

Previous evidence-abgpbatsihomwndetfiadci eSnt mut ant
C265A/ C268A) exhibited a significant reduct
(Locatelli .®Bhe adesul2t0s2dP9howi gbhaest Be15Spry?2
truncation mutant is still abl eactyd ai etde rbayc
zBHHQ@7As t h81555runcated mutant does not cont
the entire SPR/gWRER donaiuAls égue nmtalsy exami ned

315 mutant retains the same | ocalisation as

As in the study by Locatelitiraentsfalct(edd2nvd)t ,h M
tagged Spry2 WT togethggewi Ephre2tWer EBEEFP2 C
or Spr 2 5Ussibng conf oc al fl uor eslcoecnatl i miatc i @ cC
mChe+s#Spyy2 WT with each EGFP form of Spry2 v
Spry2 WT was used as a poAliG2By stcemtnroldoarmd
mut ant form of Spry2 (previously cloned by C
cont(holcatel |l i.Fet all ,s@2®mRO0¢s, a Pearsonbds co
in relatio8pty2 mat Rgs are givenl,bemheaen a+l

value towards +1 implies positive correlatic
towaslds mplies negative correlation (Figure 4
As expected, there was dogciagmisfaitd @amt breé¢ dveemni

and Spry2 C265A/ 268A (figB8dé #rdanBpti dowéwvoem
did not show any siglnodalciasndt idarf fteo etmltat i oof
4 Bl)Consistent with the plLeciaoces$l y, gahbea iSsphrey@20
C265A/ C268A does not visually Il ocalise in a

reduced plasma membrane association of the m

MHY
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constructs encodipny 2f WMT mQldetedayy ded FoGrFWY2 W
Spry2-3155 or Spry2 REP&dEAs/e@2@8A.ve i mages are
figuerael e=56a0m. (B) Quantified data represeni
(Ro)ar of each sample showing theiamSamt i( Nt iScE
significance was analtyssedompangdandaenbaiewWee

< 0.05 and nsigendti eancen n = 4/ 5.



4. 5 SPRED3 interaction with zDHHCtHh SPRoIl ves

domai n

Alignment of the Spry and SPRED proteins shc
that |l ackgfagonDipBsthi te thi s, SPRED3 has been
wi t HHAZD (figure 4. 2) -aacnydl aitseldélf®fye cz® vee | i nsi |
degree as SprV@® f(drtghuere Bn ALt amch hewoxmghi se
S-acyl ate substrate proteins without zDABM

analysed as it is proposed that -bihndi rpg odieti &
Similar to experiments conducted in figure

SPRED3 interaction woft hSRRHME1t/r,umc steir o ®@ smu t e
were designed in which specific domains were

Consistent with results obtained-366), thbhe S
i solated SPR domaiifl @ apmicencoi pai ¢ith@Ese d 9z6bt al yt i c «
inert zDHHS mutant) albeit at reduced | evel:
B/ C). A slight but-24dgah®b AESRARRED3 ndi mgc aff i dn
to zDHHC17 was also detected in thilLl$8mdsay,

1-194 showed no signifiHH&wt (ifrntgeirr &c tdi.dn BwiCt) h
although reddctead tcltoempWT,e t he SPR domain trunc
(29960 0Was ef fi-axdywlndatled Sby zDHHC17 eEBdO8pAared t

negative contr ol in click chemistry assays (
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Figure 4.5. The SPR domain of SPRED3- i s suf
acyl atze®AHEYA)ch®&matic representation of SPRE
constructs used in click chemistry and coi mn
1-113-9412414295, a#AdoOo29&ni-Rr2avtJ REY H1 Ena/ VASP

(enabl ed/ v asstadnull aattoerd phhosphogy ol edamai n, al soc
WH1 for WASHAI (dWyxlho tpimet ei n) homol ogy-Kilt domai
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(cy st eriinceh domai n) . Al l constrapptendesedt hdwhe
termi nulsER 9&BNel | s wearaens€ ect etdagwietdh zEDAHS17 (
catalytically inert form of the enzyageyedal on
SPRED3 1381984244298 9-610, or EGFP al one. Cel |
i ncubated wi t h agar ose beads conjug-at ed t

i mmunoprecipitated proteins wer e anal ysed |

i mages showing zDHHS17 (top; |l R680)dahd SPR
i nput and i mmunopretcheoisamed Amatmpd Blsommot ei n
(TPS) is also shown (bottom panel; | R680) .

mar kers are shown on the left side of all i n

fold chanprgenuinmprceci pitated zE&HH®IN7 agfatierst n
SPRED3 WT. Error barsEhepeplsiemat d iSEMshown w
Di fferences wer e antadsytseadomparuendp atia etdhea EGF|
denotes p < 0.0001, ***p -gi @nnot0illcra *= p3 <f dOr. O
i ndependent e X pHeErkk ngdealsl)s wer)e transfected

encodi ng ap@FRl SPRED3 WT 410 SPR&®8t RO6- wi t h e
BOSHA (referred to as AcoDHHO©1D. i@eltlhe Weé el rie
witheMO@al mitic ac-adi de) dé oabCa6lhe0da npd olt ei ns

wi th alkyne8@®AKnNnmI RRegpresent ati ve i mages s
acyl ati ohRBOOpP; ahk SPRED3 | evels (middle; | F
i mmunobl ot. 7FRorHAz OOHHG 1L 0 m; |l R680) was reveal ¢
on a different i mmunoblot. The positions of
on the |l eft side of all i mmunobl cacyl atE)onGr

|l evel s afsaei omomamal inst t he <corr eBrproonrdi mar sc ¢
represent aBhSEMplicate is shOwhf avié¢rmcefsi | Wwe
analysed by ewnpaiordchet control for each subst
***p < 0.001, **p < e0peOnld e nnt =e x6p efrriomme ntthsr)e.e i



4. 6 SPRED3 binding to zDHHCl7nidloen®i mot requi!

As SPREDS interaction with zDHHC17 involves the SPR domain of the substrate

protein rather than a zDABM, it was next investigated if SPRED3 interacts with the

ankyrin repeat of zDHH @7, as is reported for other substrates of zDHHC17

(Lemonidis et al., 2017a). To do this, HA-tagged zDHHC17 or a mutant lacking the

ankyrin repeat domain ZDHHQ7-gAnka;a2 8-832) (previously synth
Ki mon L e mwre codransfected with either EGFP-tagged SPRED3, Spry2,

EGFP, or SNAP25 (shown to require an intact zDABM for S-acylation by zDHHC17

(Verardi et al., 2017). EGFP-tagged proteins were then captured on GF PTr ap E

agar os e hrdthdoe-andhgnoprecipitation of either HA-tagged zDH H @7 WT

or the ®@Ank mutant was quantified.

As expected, SNAP25 was efficiently co-immunoprecipitated with zDH H @7 WT but
failed to be captured HbiE7. Sony2 intepactedkwithmaoth ant o f
zDHH @7 WT and zDHHQ7-pAnk al beit with reduced effic
mutant. SPRED3 displayed similar binding to zDH H @7-WT as Spry2 did to the

zDHHQ7-pAn k . However, SPREDS3 showed a-n i ncr
immunoprecipitating the zDH H @7-ppAn k , t o a similar l evel
zDH H @7 WT.








































































































































































































































































































































































