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Abstract

S-Acyl ation is -armaeséensi bhal pms tdmafniyc aptriootne itnhsa
influencing their |l ocalisation,-Aciyrtadriaomt i ios
medi atedi bhgy 2BngemnzyohledC (zDHHCs) , which are
catalytically autonomous. However, zDHHC9 re
foracgl ation activity. We hypothesise that |

interaction offers a noivkilt iapmprofachhif®reszy nr
before i hAhitthiet wrDSHHEC 9/ GCP16 <compl ex can be r
i mportant to understand the mechanisms and

interaction. T h sesst hwiedii se ccthiaornaaclt eefif ect s of
complex formaacyhatinon hand stability of bot
cell s, al so highlighting critical-anedsi@ues
terminal regions of GCP166 rTheu-asctgallbait$iiosnat b \C

ZzDHHC9 and, -angbkattednG@Pl6moue amagi avly edegr a

the proteasome; i nter esatciyd altye,d tchyes tperi enseesn caep p
|l inked to GCP16 degradation. -&dayltdattednoGEPL &
mutants with either i FAt@alca n icnyes bsausbnsstsi g qUEtSsitc @ &
that the cysteine residues in GCP1l6 are als
beforaecyfati on. Thi s suggests a mo d e | wher

hydrophobic residues initially target- GCP16
acyl apéaromap(s by driving deeper membrane inse
degradiathioes may provide a mechanism to ens:i
complexed with partner zDHHC enzymes -by ens¢u
compl exed proteyisni.s Fdfnambyantané&dbr ms of GCP.
interaction wi t h zDHHCY9, demonstrated t ha
ZzDHHC9/ GCP16 complex is <crihiipmdcafnopra.l d ennedurric

Overall, this study providehdeidi detcaiba@aal charc
of t he zDHHC9/ GCP16 interaction, providing
devel opment of selective inhibitors of zDHHC
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Chapt eGenler al i ntroduction

Il ntroducti on

There are approxi mate-tygdi2rdg tdhheomuessandn pmaimmah
making up only a small Khaactinan Sonfi Hdh\Wwe\2€ré,d
these genes can undergo modifications that

give rise to thousands more proteins. Each
isoforms through alternative splicing, a pro
known as exons, are joined to form multiple

MRNA transcripts that are then translated i
newkynt hepti esteeli ns can undergo chemical chan
transdlatmodi fi cations (PTMs), giving rise to
One single protein can undergo multiple PTMs

|l i ke protein acdaitviotny ,angdt d nitleirtay,t ilomcalwii t h ©

There are hundreds of di fferent PTMs, wi t h
phosphoryl ati on (aRadmagliy caonsdy |.AdRiomti ei R O0RiLpPpi da
general term characterising a greddukeofgrmadgisf,
are attached to protein substrates is of par
can i mpact protein hydr omHdbicdkii tnyg,, rfeagullatte
association, and influenceClhambei nhaishracdu$le
2015, Anwar and v.a#edkeat Goontis2028)of the ma
modi fications and it involves the reversibl
substrates via acyltransferase enzymes, whi
their (&momaal and .Zahiri, 2021)

Ssacylation influences an array of proteins,

ion channel s a(ndmutdraanssmpdorGleambed | af hecR2928¢ vV
bi ol ogical pat hways( Swaircthh cauat|2 R & Sa)nMIA PKp i d e r me
growth factor recepBodtl (E£IEFRATr i gnahsif agase
medi atiagytllae i n of substrates belopBotl the
et.,al2006Ghe activity of these zDHHC enzymes ¢
factors includZImgdataered CAFMuabdraltdiye azy@n20 A

(Copavailability, or by the aciiaci(tbyad @ftu nac c e s
a.l 20200 exampl e, zDHHCO9, t he mai n f ocus

24



accessory pr ot ecbmp ze€sRslodbe praGiededy in of 16 kDa) fo
i n \iStwraog tehowutti2005,etSadl202 Dy sregufaatyil ani oh §-s
l i nked t o sever al di seases, inclutdingedeur
intell ectual di salfiSlhii tene [.,[aX20 DR) z @i mep'sy di
( Nateatl.eal2 Q02 4and CRecskyr, 281d )t herefor e, zDHHC

of significant pharmacol ogi cal i mportance.
1. Rosttransl ati onal modi fications

PTMs are chemical modi fications of amino aci
stability, and impact protein activity, inte
thereby cruci al i n maintaining proteastasis
functional( Smrmatred mea ,Coxdh) PTMs incl utiléd pho
glycosyl ati on, ubiquitinati on, met hyl ati on,
(Fi gur((eRalmalz)i and Zahhedse mORILi cati ons take
|l ocations within the cell and(Ramaeithad HEahi
202.1)Al t hough hundreds of di fferent types of
small fraction have been stu@d$Semdali ni daeXAsa202h
PTMs play a major role in regulating protein
potential sites of intervention in disease s
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Phosphorylation Acetylation Methylation Glycosylation

o
o}
I /lk
-0—P—0_ M H,C” o e HCo dBa 2
-0 >'\ \q Q 32( W,‘L ‘A \\?'%
<ZL\,A/-{ V\/'\)) (t‘\/w(
Ubiquitination SUMOylation Hydroxylation Lipidation
0
P /\\m —— )K/\/\/vvv\
< ) - / L )
9 b 4 % ¢ ; 2 )3
w=oS he . s e . o
Figunl€ommon posansl ational modifications.
The il lustration hi ghlights S 0me of t he n
Ubiquitination and SUMOyl ation involve the
target proteins. There are var i ocausy ltaytpiecsn o(ft t
attacthmefn a fatty acyl chain) as an exampl e
Creat edBiucssRenngdgr . com
Phosphorylation is the reversible attachment

hydrolysis of adenosine triphosphate (ATP),
residue by ki(mMasdattenl2Ine,s Ramazi .anAdc cZoarhdiirnig,
to t he dbPTsM (hdapaba/ bi omics. | db.srewduwn.eedu.
phosphorylation is the anfotgbtr qwiid é Ryma mmoadedd
Zahiri. ARmMnMgst the myriads of proteins that

tumour suppressor protein p53 that regul at e

takes place at multiple sites in the protei:]
stabilictyvandoa of the protein to regul ate t
or to indu¢Maapaphesasd Hupp, 2011)

Protein acetylation involves the revefrrsonbl e
an acetyl dono€pAsuohtaspaedowml nantly | ysine
proteins. This process is catalysed by [l ysir

referred to as histone( Racneatzyil tarnadn sZ adtrriazdiees i
acetylation is a highly specific PTM, and it
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nscription, acti ngctaisvad otrr amMHAdr iemtziyameas!| |
|l eus act on |l ysine residues present on h
all owing for the packaged DNA to unwind
eeg si Bhd subsequent removal of the acety
cetyl ase ( KDAaCma reznizjyame s202 1)

hyl ation is another reversible PTM which
ulation in the nucleus. Methylation is ca
ol ves the additien tof aa smedtshhylatger qup t(eCH .
gely occurs on |lys{({Ramand amdi.Balies trerse d
hyl ation can either activate or repress t
essible to transcription factors and RNA
erse the effects of methylation.

cosyl ati on, whi ch can be reversible or i
achment of oligosaccharide chains by gl
es of glycosylation include the addition
ar agismneue, tgelrynteads yalsatNi on, or to the hydr
eonine residaleysgoskn®avniaoagsi G ThR22PTIT M aff e
roxi mately 50% of al | g Ratmaizns amau.sZd hii m i b
nges in protein glycosylation patterns a
ful t ool for disease diagnosi s:ssplercifact,
igen (PSA) is linked to prostate cancer,
cometry offers a more specific screenin
cerous and benign cases, in contrast to s
tl er and.Huang, 2021)

guitination involves the covalent i gatic
marily to |lysine residues via an isopept.i
no acids. The process is mediatednby a p!
ivating €Bbh)ugabiggi (ERQ) and wubiquitin |
biquitinase enzymes reverse ubiquitinatio
guitin molecules are successively Ilinked
gusobng and Luo, 2019, RamanioudbhdquZahinai j o
ects protein trafficking, while polyubigqgu
the prO$Saemasroaej a Howve2 ey , essentially weve
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regulated by this modification, including ce

signalling, (Xad vapamtdo Liheema, 2.011, Samar zij

SUMOyl ation is the revesnsaluhli e urceblvaatbdeihfti ead d i
(SUMO) ©proteins to the amino group of ' ysin
processes of SUMOy Il ation and ubiquitination
target the same residueg MwCthi g asoudsRobsenp
SUMOy Il ation is alsenzygmal yoempp|l ey a@fmeEILLiTI E2 a
and is reversed byR&SMMDI paovdeZadhricondoasg]
ubiquitination, SUMOyl ation does not trigger
involved in protein | ocalisation and activit
substrate is the ®B,anwhas e tp 605t Heal cASMONWFEt e d
| ys-83nhe I-ly2sli naendl 2 ¥ simepr essi ng-oB-mesdiaattedidgegna
expregsgsiebonalz0l?2)

Hydroxyl ation is the addition of a hydroxyl

on proline and I y ski moewnr ehsyi ddrucexsy. | aA edelplr ot e
Hydroxyl ation is crucial for the stability
proposed to influence the flexibility of the

for protei i Rampdate.ralz2®19o9ns

I n addition to these PTMs, there is a diver :
on cellular proteins and of particular rel e
general term characterising a grougkreolipmodi f
ar e attached t o protein substrates. The ma

i soprenoids, phosfgliChlaimbiedd aamd asidde IShli pst on,

1. Rrotein |ipidation

Protein |ipidation can i mpact substrates in
hydrophobicity, regulating protein trafficki
influencing protein st(fQldamber laanidn pamd e$Smi B4
Anwar and van derCoGuomotn, [24A3d) modt €r mahabns
glyci-mgr ibtoydtarmomal Ccysteine prenyl ati on

farnesyl ation and gerany-bhggt dtBiabmatrizon.,a,arRd 2d
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N-Myristoylation is the covalent andairmmoevers
fatty acid (CédmiODhal togl yoend residues of sub

ami de bdndentg., al2018Wyri stoyl ati on is -cataly
myristoyltransferasel (aNMVUT-2NMTBzymesns N#Md not
have -anar Mi nal gl yci-myer i aatnaly lhatnicen iINs pri mari |

transl ational modificatdidend, twhfgdIlglcd mien gyr ¢ mo:

of the initiating methionine of thefurmahscent
a.l 2020xampl etsr aok | atompmias t gy It ed ptdoteins
subunits that are then | ocalised to the mem

andsubunits to form the heterotri mematceiGr pr
coupl ed recespitgoralPEEgR)E n @ad2r0 L 2h ot her exampl e
human i mmunodef i ci(eHiltyy ore gaipsi ftiycpeanlt i gen ( Ga
t hat al so-myegueitogs aNi on f or membr ane associ
(Lindwasser andHBawehgmr2aM®a @thy roinaatt oWNl at i on ha
been documented to occur during apoptesis wh
medi ated cleavage, exposing amine groups of
by NNTYsuah. al202®@&n exampl-ter aonfs | aa t-mywmitasl tlayy INat e «
proteinintserBaH3t i ng domain deadatit h | gogmphba af (
family-apbptpatoi ¢ proteins. After prot-eol ytic
trans!| atmyanasitloyy I Mgededndottahe mitochondri al
triggers (&peap,tadxsd GG0O)

A further type of l i pidation is prenylation,
attachment of-c agibtomer ( far 1é&csaribonor( gar &My | ge
i soprenoid Ilipid to dygtmdinmd rmregiidwne sofatprtoh
Thi sodmficati on i s catalysed by either f

geranyl geranyltransferaa®d 1l and 3l WHTavecu
trans! a(tWaonngalanyd CaWelgylhal@adabpri sed substrate
proteins whose prenylation is important for
(Anwar and van.der Goot, 2023)

N-Myri stoyl ati on and prenyl ation bot h- have

Myristoylation is dependdédretr mi parnd tgH e cprnees erecs
consensus sequence MGxxxS/ T (where x = any
typically rteegrumirneasl aCa € x mot i f, wher e A re

(hydrophobic) amino acid and X represents a
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whet her a farnesyl or a geranyl geranyl i sopr
subst(rNaatdeo | s k i and Liredera,l2 210®ye c iZfviea d Inlay , w k
al ani ne, glutami ne, met hi oni ne, or serine, w
farnesyl , whereas a geranyl geranyl group s
phenyl al ani ne. Howe v elr ,e nFzTyansees ahnatlv e6€ Gablawne thoe e
have some overl apping substrRds, stplreei EVICMt mc
tends to be farnesyl ated, but it can al so be
Anot her exampl e i s Rho B, whose CKVL mo t
geraeyagy( Raedul edesai and RPastepfan®i,n,016N
hand, cdrtranimaC motifs different from the cl
Rho protein families. The prenylated motifs

strictly recog-8i sead alzy 0 GGaths eens cwirtth pa oRei n

resulting in a geranylgeranyl ' i pid group be
doubl e geranylgeranyl ation mediates the memk
protein i(sFarcndemortddidd 94, edHomamiad 2 Rab8 however
atypical, since it ends in a Caax motif, CVL
1 and-deRpPndent-2GWiTheste,nall 99 8)

I n cont-mgststoyNati on -anydl triemry | raad omg def i n
sequence, and t haucsy Itahtei osnt uudsyi nogf pS edi cti on m
Il nstead, any free cysteine residues in solu
poisti oned at t he cytopl asmic surface of C €
membr-boendc®$l ati on enzymascydrad i (wa dsd lhdeksi Sand
Linder, 2007, Chamber |l ai-aSc yalnadt i i pssittoens  &r0¢
t hroughout the protein sequence but are fr
stretches of cysteine residues and <can be
domains or other hydNapbbbkc amdndtiadeds 200

1. BroteamylSati on

S-Acyl ati on i s a n-t reaxncslluastiivoenlayl pnoosdti f i cati on
reversible addition of a fatty acid onto on
substrate, resulting in the for mataicoynd adfi oamn t

waseported in 1979 by Schmidt-iarnecSehl eilnge

30



authors used radiolabelled [jJH] palmitate, f
sodi udmdecsull phpptt 9 acr ygeaelieacet r op (BDrFSGE t o

demonstrate the incorporation of pal mitate
di scovered t hat t he modi fication was atta
hydroxyl amine <c¢cleavage. Thi s study was the

attachmetnei(Sss hpi dt and Schlesinger, 1979)

The most frequently added fatty -acyldatiisonp ails
often referred to as palmitoylation. Howeve.l
acyl chains can baecytl manmnmomersruehdsttrat s, i ncl
(C1%; O0pal mitoleic acid (Cl1l6:1), stearic acid
(C18:2), and aracphpCldamber baid &c€@0Sd)pat on,

2022) The first experimental demonstration t|
be incorporated-aicrytt@atpgromt eviarss redip@iS 8&5d) .b yT HOd is
study indicated that even though most radiol
substrates via an amide bond, some was | inke
by hydroxyl ami ne treat menmti glmamfdor chahee milnieq
chromat PP hya BC3H1 muscle cell |l ine. I n a
with palmitate and myristate di(f®@leseerd,al exhi
1985)Since then, advancements in mass spectro

accurate prolfiinked loifpitchse. S

A recent st udyHe by § nBdtieszqgauRelt 2643) s reported a N
hydr oxylbhasneacmemass spectrometry workflow for
speci es at taccyhleadt ivoina iSh cell s and tissues. I
treat ment released the attachedtddtitiyt mcmarse

stabl e fatty acid hydroxamat e derivatives

chromatography mass spectrometry, which enab
fatty aci ds -wiimhean mpearo.t eTohnies i nnovative approa
t he simultaneous profilipgpAamdibgtuaat ef iacvaati |

demonstrating a direct asGok ilaevielns oda R de nsduobgse
acylation | ipid mr afeivieeas .e dT Hdiisf f®triechyc easl 9 n t
S-acyl ated proteome in differemeécitfiiscsuascy!l at
prefer(eBucsegsdert sardeal2024)

Since the dasgybatirgnoftBere have been great

knowl edge and the methodologies to study th
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include the discovery of the relevant enzym

proteomic studies have i-@eyntatfiend aullsdtvrates
i s estimated that at | east 20%cygfathbd, humahu
membr ane receptor s, signalling proteins, i ot

proteCmamber|l ain and Skitpatil @201@20WB20BRanNc

The hydrophobic nature of the fatty acid cha
i mpact on t he bi ochemi cal pr eapceyrltaiteesd agmrdot E
substracgsatbon increases the hydrophobicity
i nase ng their me mbr ane affinity, -pirropeaedtni ng
i nteractions, and interadtBilas&bowiatcB0m8 mbB&aaae
et. al2019)

1. Mhe zDHHC family of acyltransferases

Prot eaicylation is catalysed by a family of zI|
i dentified i n S2a0cOczh airm mylce sy ddlegtevspeaeficall:
repe€eantaining protein (Akr) 1 and Erf 2 were
Ssacyl transf grLeaoshdo. ad 200ty Rb2bB@AX)was reported
theacdcyl transferase for the yeast caké&in kin
abolished | abel®H] ngabmi trake, wsit mi ftasrelryi nteo a
mut g rRtogth.,, al200EYy f 2 was first @aklgwrtti @nbefl iRk
a genetic screening study, where deletion o
acyl ation amdd cparld(tatrmg tmiasll 99 Furt her studies
t hat Eprufr2i fcioes with Er £E4c 0 hainkdotphr owd adsetd aernvd d
direct r otlae yil i tLtRoabin2, a32 0 0 2)

Akrl1l and Erf2 are not evolutionary-asnimiol ar ,
acizd nc fi-HgHirGyfsspcy-st ehneloDbHIRD] Roeth ., al

200.2)Mut agenesis analysis of Erf2 L£RdDved th
domain for (iBtag ¢l a¢lt9i90% ani ne substitution o
hi st-ed@ilnen the DHHC domai n -aocfy |Ertfi2o na bdoilrieschtel
serine substit-u89 odi ©rf upctyesd etime i nteraction
abol i she-dcyRIlagtLiSbkno ., al200X)i mi |l arl vy, mut ati ons
tetrapepti die dmostriufptiend Akh éH]i npcaolrnpiotraatte oinn oYfc k
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95)
and
of
abl

oacylation of Akr 1, proving the requirem
oacyl ati on -aacydl astuibogntRroecthieiavll @ Y Bu bsequent | vy,
al of seven pr «tRDi nweerwi tihd 8aat DHBMEd myicne s
eviksoawe., al2002e¢t RalRPWWI)l e 23 dienhicodi ngDHF

es have now been i dent(iHuikeadt.aian2 0fOReg lhruena n
). etukaD&4) isolated and sequenced all 23
di edadyyletirrarSssf erase activity towmnr(dBSpPost
: a synaptic scaffolding[PH)r optaelimi,t agred iont |
HEK293 cells. The results aftfytl lits ont adyi
zDHHC enzymes, as well as their substrate
e to cadx-bypbdFoBatt.aal2 004)
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zDHHC19
—:ZDHHCS
zDHHC5
zDHHC9
{ZDHHC']S
zDHHC14
zDHHC4
{ZDHHC24
zDHHC22
zDHHC23
zDHHC12

{ZDHHC']
zDHHC11
— zDHHC17

—— zDHHC13
zDHHC15

{ zDHHC20
zDHHC2
zDHHCB

zDHHC16
zDHHC21

{ zDHHC3
zDHHC7Y

Fi guX2eThe evolutionary relationshinp bet ween
enzymes.

Phyl ogenetic cladogram tree of al | 23 humal
based -benfuhl sequence homol ogy, generated us|

sequence alignmemtt ttpesol/ /ovw wU nfpUmoi tPtr(oad r, g 28125 Q

zDHHC enzymes are present in allaewykatiyoni of
around 10% of the proteomes in yeasts, proto
(Zhang and HaAgfug@amegnt akt s(®AOy6 )byi nRdoitchat e d
zDHHC enzymes medi ataeyéasenmni alnl yealslt . SThe
strains in which zDHHC protein encoding gene
Ssacylation of 29 out of 30 subst Satgd aanalnys

seen could be due to a | ack of a strain with
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i n t he anal ysi s, al ong wad d yhl adv eml agpoti ingi t g/t
i sof or ms. The same study also allowed the p.
certain ZzDHHC enzymes since strains defi ci
uncover eddegnafeatr ms  Roéethaada RO 06)

1. 4T hlet r ucafurzeDHHC enzymes

Al l zDHHC enzymes are integral, polytopic |
transmembr aneMB@o mMdo ;mts ADHHC enzymes are pred
TMDs and t-GRD DHMHICi ve site is |l ocated in a cy
and 3 (Figuad ghap®A)and .LihHadweeyer202ilgof or ms :
zDHHC17 and zDHHC23 are predictedCRD ahcatviev es i
site |located between TMDs 4 and 5 (Figure 1.
predicted to have five( SMDatu(&li yua e, 1MaBICg amd
Linder, Po2ayddition, zDHHC13 and zDHHC17 hav

( Ank) domai-hemami ndleiredNi on which is involve
(Figur e LemdBaitd,iasl2015b, Mal gapo .armd cbinsaev,ed
feature of ZzDHHC enzymes is theCRDsi i armieng

cytopl asm, coraciystmemtonwittalkki 8g pl ace at t he
me mbr ane | i(pLiedmob@itldaad2 6 1 5bet .Rald@.18M9dst zDHHC

i soforms are predicted-anod-a@®smi malveddmdihns h
cytop(BEmlippe and, Jwnkhng DHRICZ429)and zDHHC214
exceptionrser mMimeal N domain oft ezDHHG4 aonfd ztDhHH 02
thought t o f(aRaes &t.,hael2 0.u8ne)n

The multipass transmembrane nature of zDHHC
targets for structural -césobhuoteonhsmbieaul @ahe
a zDHHC enzyme was published by the Banerj ece
t he molseacrwlcarur e of human zDHHC20 and a cat :
zebrafish zDHHLY 5cuysinhgl IXography. These i sof
screens for protein stabiliflworegisdeddecdnddnmo
si zexc | uchironmgtr a@lsE)@nal ysi s of their autoacyl ¢

a cougprnzyme assay using the free CoA to forr
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and anal ysiascydfattitoemi rac$ i vity usi ng napprtopor i
assay using pURabbedl2pad8téins

The <crystal structures published revealed t
zDHHC15 have-l iak ¢id em@mer ane topology, with tt
each other on the | uminal interface and bei

c
t
t

Al t

2
0
d

z

ytosol iec iTrhteeGRHMcA ct i ve stidremiamal tdhema&Li n wer
he cytosolic i nt(eRafeaac,ea RiOnl 3Mdotr e omedel §t was
hat twoo€@CHCnated zinc fi-68HrRuaakhi,md20tlo8 at)h e
hough the zinc ions do not di(Raxad.yalinter
01l8a)it was assumed that they have a struc
rientation, as mutation of the conserved c
ecreased the stability afdcGot et aBP2t0ilcThaect i vi

inc finger moti f s, however;acygdathon, reqguoce

Akr 2, and Pfab5 in yeast, along with zDHHC22

a

2
h
f
f

—+ 0O > QD

u

z

nd histidines coordifaMiitredetalh @0tLl @Wge tHiganle | 1 etk
01.5)The DHHC tetrapeptide motif bbaANn&E®HHC20
airpins coordinati ng -1t5h5e czoionrcd iinoantsi,n gwitthhe hzii
ace of the hai-itpBnanddbBhéphbdtméenrg a hydrog
acing bhanemeomn the other side of -1LbBé hairpi
| so facing the membrane bilayer, and a ¢c¢r
ydrophobic cavity formed right above the a
ysteine atpasiftavomrtadl @accommodate a | ong hy
he hydrophobic part of t he meni{bRaamde., ali | ay e
018a)

t has been shown that di fferent ZzDHHC enzy

ubstftaemesi ngs and LTihred eare,3 i clsgdcfy llamnt i on as s
sing different fatty acids in click chemi st
DHHC7 display a variable fatty acid select

Chimeric mutant analyses pinneddtulei,s idowr utco

1

P
f

82, TMB of zDHHCS3, i n €lo8n5t rraessti dtuoe ap rseesreinnte a
osition in zDHHC7. The bul ky isoleucine is
atty acid | iganrndasr bowharlteerz DHHM7 1c6an use | o

i ganGlrse eevte,sal2017)
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Ranet .(a2l0a)l 8 al so uaseyl dthieoBbi omo pa it M@iPt) 2 tweh i (Ch

covalently interacts -wWa6 hoft h2#DHHFQG2a0 yttd cs tcwdsy
structure of the enzyme when the active site
2-BP i s i nd oirmptoa atthee hydr ophof@iMzs ,c arvii g hyt faolr anea
catalytic cysteine and also identified highl
residues i ncl-a8,e ttmwypdt8ompéedn p h elnfyll, alwahniicnhe ar

found nearoft tehebasaevi ty and whose alanine su

enzymeds catalytic a€dt7idviatny,-212ehyc ivathdemty | aarl ea nli c
further into the membrane and are conserved
zDHHC family. | wkEad2nfet witti lont mypt ophan, a biggece
acid, also reduced catalytic activity. Ot he
enclosing the acyl c¢chain are only conserved
is isoc22ucwhmese wiubdhtitrypitophan decreases th

of zDHHC20, because the bul kier tryptophan r
with the acyl chain. Ot her than their-r si ze,
hydrophobic cavityndfth®8HHCIi ehey@méti mgdwirt mg
the autoacyl ation step, can affect the chen
influences the acyl chai n (Relaac, tail2v0i1t8ya )pr of i |

I n zDHHC20-181Lyiresitme homol ogou-$82 &dMidBdwd t o |
zDHHC3, which was reported to restrict t he |
his emGryameevte,sal201 Ty r-b&1 nien z DHHC 2o nfdo rwrist ha |

—

ser28efoulMil iant t he top of the fatty acid b
ser28ein zDHHC20 with a bul kier residue alte
ones with shorter acyl chali8ls ,t owhd | €manult eart i
resulted iyn acoindg elri gfaantdts bei ng i ncorporated,
zDHHCS3, i sl@12e U ooirdmsnd Wi t h p HBe3ny Iwahnialnei nien z DH
serilB8é& forbmsnd wi t-b6l &iBeplame s are found at th
cavity, and their positioning and size can e
use C18: 0 as(RamabaiZGalt8hh agr eement with t
substituti#d82i sol edDHHELS8 with serine, a smal/l
i ncreased ability to(G@rseaeld&I20 lalsh ea sspuabcset rwa tt
the membrane cavity of zDHHC enzymes is ther
acyl chain |l ength selectivity. However, det a

to fully wunderstand and definetthle TM®t tIly pad
binding cavity in diiRaeameati20ZLIBHMHC enzy mes
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Ot her i dentified conserved motifs wiCRIDin the
i nclude an pasopiagntyactiene ( DPG) miotth rf e oinaii ntehr e on
glutamate (TTxE) mot i f, and ateranimRa ©@TX r an:
mo t(iMi t ehebad R0O0G6, Gonzatl .eazlR VM09¢ toR@dR 8.1 8Tah e s e

three short motifs are present at the cytoso
right bef oICKRDt hevhDHECTTXE and PaCCT are down
site (Figure 1. 3). The TTxXErmhdalPaC€di onot h &
shwn to mediate inteCRDtBodstbot TMOsDHHEBe fi
of TTXE stabéetmsral thel Cx -blyaicrmpaminde an imari ;g
second threonine directly interacts with the
glut amaeracts with a conseCR®OJdoar gDHHLE201L n Hel
mutation of the TTxEaaowltatii are ca etaiswist  hef St h

the Paa@GCTr mCnal mot i f, t he hi-2h8 ymaiomtsairnwse dt
structur alzDHMHIC@®r itthy oawfgh t he i nter alcMB on wi t
andMB, and alanine substitution of this re:

(Ramna. al20.18a)
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A. Most zDHHCs B. zDHHC13*, zDHHC17%*, zDHHC23

Extracellular/Lumen

Cytosol

N C.zDHHC4 D.zDHHC24

Extracellular/Lumen

Cytosol

Fi gult3eSchematic of the membrane topology an

zDHHC enzymes.

( A2DHHCs with 4 T-RNB®: i shkeobPHHEd bet ween TMD2
t heahNdt €r minal domains ar g B®OdH#HCesdwi hht Be TMP
zDHHC1 3, ZzDHHC17 and zORMCi2s3:| d et é©OHHCet we en
TMDS5 . Ttheer MmNl n al ankyrin repeat (Ank) domain
indicated with an asterisk and is displayed
zDHR@ does not have an Aakd-d€mmi nal Bdomai mhe
| ocated in (ICB®HEHE40bak. 5 hTeMDBHEEODd i 8 | ocat e
bet ween TMD3 andt elrMb4n.alThreegN on i s positione
space, whielremitnhaed QGomain i  D)PPDHAE2BdNnhabe5cy MB
and theCPBBIHCs | ocated between -tTeMD® naand rTeMD 3.
|l ocated in the teptmsabh]|] wbmhenthe €ound in t
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The DRO catalytic region is positioned at t
in all zDHHC enzymes. The conserved DPG shor
before tX&DDPDHWEIi |l e TTXE and Pa-€CE€ETmanal fopagidc
Creatw®idhigo Render . com

1. 4T.h2e at almetcih@anofsmzDHHC enzymes

As previously mentioned, zDHHC enzyfmesgare d
cyst-eiaob domain, containing the DHHC tetrape
forms the enzymesd catalytic -acykataina@n ia&actrie

(Greaves and Chamberlain, 20211, Philippe and

The catalyti c -ameyclhaatniiosnm iosf aS nucl eophilic su
t akes vplaad-svtoep -gipgnqq@ mechani sm, using a CoA

activated | ipid substrate. The first step i
DHHC region, referred to as the catalytic ¢tr
H-bond, amad at gpei c cysteine. Hi stidine is pol
deprotonates the cysteine, which then acts a

cabon of t ke Af.atTthyi saaylsul ts in the transfer
CoA to the DHHC mot i f cystein8HresShdseisaddf

as the fautoacyl ation stepbo. The ot her hi st
diryecitdvol ved in the autoacylation step, i s
the two zinc i ons, whi ch are <cruci al for m
integrity dofMitthee edan2zOylnbe, Jenni ngs ared .,lailnder,
2018aPDuring the intermediate autoacyl ation s
hydrophobic cavity formed by thd Ramar, aTMDs
2018a, eMengl20239ubsequentl vy, t he sPoogd St e
mechanism involves the transfer of the acyl

residue of a protein substrate and the rege
1. 49ennings and UOihred emr,y s2 &1 2BsHtt rr teatt terde zdfH HICHR
revealed that the carbonyl oxygen of the acy
t he DHHC motif s positionelds4i.n Tchlioss es upgrgoexsiti
the protonatedeliestviedli me ,prwhiomh im the first

activation of the autoacyl ated intermediate
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oxygen. The crystal structure also demonstra

with the autoacylated intermediate via the f
acyl group are enclosed by hydrophobic res
susbt rate interaction results in conformati one

step to occur thr 6RgbhaatiOflf8Sarnent angl e

Mitcadel (B32010) uncovered the kinetics of t he
measuring theHr ggtemeocfat EdAas a result of aut

enzyme assay ayeirng hrloimat ography. This served
studying the associ athiadam etnwe-a oaynltdth retalescfyd r a ¢
enzyme. They foundctchuats d wunt ma bwliratti avmt hi n t h
then becomes | inear, while release of the ac
t he ftiurdsyt tso pr opotsep PpoiagegtoBol at i on mo d e |

demonstrated that substrate addi tdooM, rwehsiullet e
the release of free fatty acid was decrease

transferred et(dMitthed eaud2b0sitGlartt her more, Jenning
(20Ww2yY e the first to prove that the fatty a
enzyme to a protein substrate. The authors a
ZzDHHC3 | abéH]l epdalwnitthatfe, in the pr-€edAncandf u

they observed that the radioactive palmitate
substrate. | f a Substrate is not availabl e,
hydrol ysi s aintds rertiuginmalt ost at e, releasing a
depicyed I3l ower release of pal mitate from
(Jennings and Linder, 2012)
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Extracellular/Lumen

Extracellular/Lumen

Cytosol Cytosol

>< Autoacylated

intermediate

Extracellular/Lumen

Extracellular/Lumen

o

Cytosol Cytosol
%]
\‘

S-acylated
Substrate

2. Substrate S-acylation

Autoacylated ><
intermediate

@

Substrate

Fi gulrdeSchematic -atyltahtei gongi mpechani sm of z L
enzymes.

The first step involves the -€CoAnsbethefcybe
residue of the DHHC motif, forming a zDHHC ai
CoA. The second step involves the transfer ¢
DHHGnot i f to a cysteine residue of a protei
membr ane asheciz®&HH&CEnenzyme is then regenerat

catalysis. EBreltredewusdi oy
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The highly conserved DHHC motif is crucial f
transfer of the fatty acid group to the sub
motifs have also been reported, |l i ke the DHY
(Tabaetz.aal01lThe zDHHC13 mammalian isoform is
uni que DQHC moti f, wahd VW lea tmad(rMeadddraipmdgt aintds LS n
2021)The cysteine residue within the tetrape
as crit-acglafobonSactivity. Mut ation of the ¢
or alanine (DHHA) results in |l oss of- both e
acylnati bawtitamami vo and t hese mutant s ar e re
catalytically (iMiacahiemd!l 200h0r old®ennings and L
Gonzalez éetonpbr2d 15, dte mahi2dildHm)we ver, based
mut agenesis experiments of the DHHC <catalyt]
may be alternativ-acyeahoomsm¥adamsSer ase mui
Swfl and Pfad4 displaying atypical cRt,al ytic
respectively, were reported t eacryelnaatiino np,arptoisas
by stabilising the tr d®Gointziade z £ta el 02i0mltS5er mi
Tabaceztaral 201 &2t . RdRH 18b)

1.4Th3e i ntracellular |l ocalisation of zDHHC el
Ohnet .(a&2I006) investigated the intracellular |
al l ZDHHC enzymes froBakecmamoayd esherceyelétsi c
seven yeast zDHHC =enzymes, i mmunafalgwerde s c e
constructs demonstrated that Akr1 and Akr 2 h
Gol gi | ocali sati on, Erf2 was shown as t wo |
corticaal ERat oon, while Pfa3 was shown as a 1

dye ®BM4 -tthAhged Pf &4 aomd thfea ot her hand, wer e
were therefore f uskRfdadiwahs EsGFoPwn E&xGF Pt wo r i ng:¢
| ocalisati ef,abandaseEGioP,st |l y found at the pl as]
at vacaoluele [Oheti,@am2006 mmunofl uorescent mi
hert &€ &®d-targgkeAd Swf 1l indicated (tVmd-td eizt i ¢
Taubas and Pel ham, 2005)

—

ei
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Anal ysis of the intracellul ar |l ocalisation
HEK?293 cell s Vi a i mmunofl uorescent mi cr osc
zDHHCG, ADHHDHHC1 4, ,zDHHHHC2®ed DHHRRLar e | ocated i
the EROcabising-rwisthlenhhe pERtein calreticuldi
perinucl ear staining patterns were seen for
zDHHC15, zDHHC1 7, and zDbDHEH@Ll8saal omgwwitt hht be

GM130. |l sof orms zDHHC2, ZDHHC®Z xhzi  bDHHE@H2 boaimd
and Gol gi |l ocalisation, merging with both ¢
small er subset of zDHHC enzymes, consisting
pl asma membrane | ocalisation, whil e zDHHC21
membr and at (tOhebERR200&Ghe | ocalisation of zD
be identified in this study, however, subs
zDHHC16 t o EtrlresttEBRRO1&urt her mor e, zDHHC17 was
recycling and | ate endosomes, associating wi

at the plasnmadumentghbal@ @ wvhereas zDHHC2 and zDF
subsequently shown t o cycl e bet ween t he p
endosomes in neurons a@Gr @ave sad2n0dldlce tiBral ga alil
2015, gal,alkr017)

Er nett.(a20018) investigat ed -ltohceald issetdr ihbuuntaino nz DoH
more detail-r eaisolngt isauurpemi croscopy. They used
expressadcdr aGosl gi protein markers in stimul
( STED) mi croscopy experiments. Thd scakiveatec
zDHHC enzymes, includi nBHH®HBEBBC1 ZDHHORAHC?21
and DHHC24are concenciiGal gd, awwhi he z BHHaZLM®J z DI
zDHR@ar e fountdr aGuwsl ghacompnt afGebl gph posuctur
(Eraestal2018)

Tabl e 1.1 summari ses t he subcel l ul ar | ocal i

i mportant to note that some zDHHC enzymes

intracellular compartments in different stud
of zDHHC semmydmeof t en different cel |l types, f
neur ons. It wi || be i mportant to explore t

enzymes when suitable antibodies and higher
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zDHHC i sof I ncred |l ul ar | ocalisation
zDHHC1 ER, Gol gi

zDHHC2 ER, Golgi, plasma membrane, r
zDHHC3 ci-Gol gi

zDHHCA4 ER, Golgi, nuclear envel
zDHHCS pl asma membrane, recycling
zDHHCG®6 ER

zDHHC7 ci-,snedi al(t oaGuosl gi

zDHHCS Gol gi, plasma membrane
zDHHCO9 ER, (cli-ppme)d ¢, ol aGosl g i

z DHHAQ ERGol gi

zDHHC12 ER, Gol gi

ZzDHHC13 ER¢i-Gol gi

zDHHC14 ER, Gol gi , pl asma membrane, r
zDHHC15 t r aGosl gi

zDHHC16 ER

zDHHC17 ci-, e diGall gi , pl asma membrane, r
zDHHC138 Gol gi, plasma membrane, recy
zDHHC19 ER Gol gi

zDHHC20 ER, Gpll gsma membrane
zDHHC21 ER¢i-Gol gi, plasma membr an
zDHHC23 ERt r a®asl gi

zDHHC24 ER¢ci-Gol gi

zDHHC25 Gol gi

Tabl¥eThe icetdal ar | ocalisation of zDHHC enzy

The table BsBhowaclddhdeaulliagati on reported for [
enzymes in different studies, with all repor
(Huaentg. al 200 4,t . Q2D 06, etGraelavkest, aHe& 014, Sal a
et. al201%2t. A1 261 8)
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Al t hough there is I|little information on the
|l ocalisation of zDHHC enzymes, specific sort

sequence of some zDHHEsgetEIRbgneps iamet i ng si

Kxx amxx&k KKvhere x = any amino acid) h-ave beece
terminal tails of ZzDHHC4 ( @odleazkQUaHZCBL IMiree s p e «
retention mechanbamedf sohesagl gpsigmal s i s bas

wi tohapr ot @imp | ex Ipr(o@@RIN)s t hat mediate retrogr
Gol gi to the ER. Truncated zDHHC4-t anohi m®dHHC
amino acids, i nbhsddngothiengysigeral s are re
| ocalisation, whil esiagnalts odretodni thiae s@ as odbr bin
shifted the enzymeds | ocalisation frosm the G
ER retenti(o@ordaedkmal2® 1 Furt her mor e, t wo endoc
SxxxLL &amave&Pbeen idene¢ei mimeal atatheofC zDHHC2,
to be endocytic sorting signals as their mu
accumul ation dfGr ehete.ganl2 @ik, etSah&WON Anot her

example is thaongf abHEH&2@nded version of t
i sof or m, which is found to be exclusively |
Gol gi, wvesicular and plasma membrane | ocali:
Thivariation in intracellul atelrmcahl sdteitompe
PERW motif present i n tlhoen gs.e gTuheinsc eP EORW znboH H O 2
medi ate ER retenti on, rather than retrograde
t he tfwor msower eretus elbii sl achoiowBUSHassay using
ZzDHHC20 reporters fbseding @ept i @pttawiddcian st r
ER hook that traps the pr ot-ienducteod trheel eEBER eme
zDHHC20 reporters, foll owed by Il i ve mi cr os
indi cated that zDHHC20 traffidload wast het@dling
the (MRsqgauti.tal202 3)

Anal ysi s of t he ti ssue di stribution of h u
transcPCRtPEER) byetOHaRiM 06) all owed the categ
isoforms into (i) highly wubiquitous: ZDHHCA4,
zDHHC12, 1Z3DHAHKRHHC1 7, 2dd (zDHHHGQearly wubiquit
zDHHC3, zDHHC6, zDHHC9, zDHHC14, zDHHC16, zD
(i i1 )-speicsisfuiecl 9 zDBHE@BC and z3D H H\MCa2r e speci fic
zDHHE€4dnd zDRPBMEr e detected in testis, whil e z
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the placenta and testis. The isoforms zDHHCZ?
any of the ti(sGhumt., &2@mM6 ned

1.DHHCO9

zDHHC9 is the focus of this study, and was i
of its DHHC domai m ctyd tAkarnls,f el Faysleemttspa 300i4n

| t has a mol ecul ar mass of 40,916 Dalton (Da
| D: Q9Y397). The enzyme has the common zDHtE
TMDs. The mil nal region of zDHHC9 i-35pra&msaeénits i
foll oweed fboyurt TMRs: -8®MD ITMA2 -8 4 , TiMDR3 12804 ,

and TMad 2249, with two | 6n3i nanld {2@&8 p2s0dbhaa omh e
cytoplasmi cl8Dop-tleaemi@Gm:m| region is -8bddp.cyto
The DIERO (ad48)39s found in the cytosolic | oo
(Figur(eUnli.Ps)ot, 2025)
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zDHHC9

Golgi Lumen

Golgi Membrane

Cytoplasm

N ¢ (364)

Per-residue confidence estimate:

@ Very high (pLDDT > 90)

@ High (90 > pLDDT > 70)
Low (70 > pLDDT > 50)

@ Very low (pLDDT < 50)

Figuséeghe Al pipakadlidcted structure of zDHHCO9.

Al phaFold structur al predictiQ@®rn 3#8dud4Le)). ofFfhe DH
protein structure isrdebsidgeedobasddnoa asipin
is scaled from O to 100 and measured by the
(pLDDIThhe residues within theostedudtasreed arme t
pLDDT. The schematic highlights the approxir
CRD domai n, transmedb(aMBPl d@amaians-eErNmi nal

regions r el atTihvee Atl g htahFeo |Gdo Ipgrio.t ei n structur e

by DeepMind-E8f¢dubBmbBL et al ., 2021, Var adi et
2024)
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Confocal mi croscopsgtisurbcekpeat amerdtosxal n HEK?2
shown that ZzDHHC9 i s | o&lwiasx eedh gtad2 0 th5ee tEGRh naon d
a.l 2 0 RoBthern blot analysis revealed that zDHHC9 is expressed in various

human tissues, such as the brain, skeletal muscle, kidney, liver, lung, and, to a lesser

extent in the heart, colon, small intestine, and placenta, while it was not detected in

the thymus, spleen, and peripheral blood leukocyte tissues (Swarthout et al., 2005,

Ohno et al., 2006, Raymond et al., 2007).

Mut ation of the -L®% sregwviedlu € ysft etimee DHHC mot i f
resul ts i n |l oss of zDHHCY9 autoacylation an
acyl aiSwar tehtoyt l20059s reported for ot her z
I nterestingly, zDHHC9 was the first ZzDHHC i
protein to be discovered. The catalytic acti
the association with an acakseokwopnotsi GOhL
(Golgin subfamily A member 7). Enzymatic as
absence of GCP16, PWMHMCOBh)atl2iOO&BGt i ve

ZzDHHC9 has received much-ciamceredgtarg®t ashnouoi
reported to haveaadRWMgi pyotewasdscbBntributin
membrane association and down(sStwaeraefttomall I S i
2005) Additi onakDWHCABwtsdeti iXkresd iimt el | ectual di
and childhooRaymettdkcakRW0O07d)ndi vi dual s with XLI
mut at i 2DKEHG@GHh so demonstrated hypopl éd8iaeof t1F
et.,al2015)

1. ®CP16 (Gol glascomplaérd protein of 16 kDa)

GCP16, or Golga7, is a@ompAad s qgcipaetre ¢ hpr atl e iGro |
of 137 amino acids and with a molecul ar wei ¢
(UniProt, 2025). GCP16 was discovered in a yeast two-hybrid screen for GCP170
interactors. GCP170 is a member of the golgin family of proteins associated with the
cytoplasmic face of the Golgi membrane whose cleavage is involved in the breakdown
of the Golgi during programmed cell death. The association of GCP16 with GCP170
was also validated in a co-immunoprecipitation assay using Triton X-100 lysates of

HelLa cells. GCP16 is implied to be involved in secretory pathway processes, as
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overexpression of GCP16 in COS-1 cells inhibited protein transport of the G protein
of vesicular stomatitis virus (VSV-G) from the Golgi to the cell surface, without

impacting Golgi morphology (Ohta et al., 2003).

GCP16 is most widely known for its role as an accessory protein for zDHHC9
(Swarthout et al., 2005). Immunofluorescent analysis of GCP16 localisation in HelLa
or COS-1 cells showed that the protein is found in the Golgi complex, co-localising
with giantin and GCP170. Northern blot analysis revealed that GCP16 is ubiquitously
expressed in various human tissues, including the brain, heart, testis, ovary, skeletal
muscle, spleen, kidney, liver, small intestine, placenta, lung, and peripheral blood
cells, but not in the colon and thymus. This highlights a high overlap in the tissue
expression of GCP16 and zDHHC9 (Ohta et al., 2003, Swarthout et al., 2005),

consistent with them functioning as a protein complex.

GCP16 can also interact with zDHHC5 and zDHHC8 in co-immunoprecipitation
experiments performed in HEK293 cells (Ko et al., 2019, Salaun et al., 2020).

Moreover, Golga7b (Golgin subfamily A member 7B), a protein with 75% sequence

homology to GCP16 consi sting of 167 amino acids

18, 335 Da (Uni prUniProt,120r5), h@2alsé Beén) identified as an
interactor of zDHHCS5 in a protein interactome study (Huttlin et al., 2015, Salaun et
al., 2020). Golga7b is characterised by longer and distinct N- and C-terminal regions,
compared to GCP16, while the central region of the proteins, including the cysteine
residues, are highly conserved (Figure 1.6) (UniProt, 2025). The association of
Golga7b with zDHHCS5 has been validated in co-immunoprecipitation experiments.
The protein was also shown to regulate the localisation of z-DHHCS5 in HeLa cells, and
this could not be recovered by expression of GCP16 in Golga7b siRNA knockdown
cells, suggesting that the distinct N- and C-terminal regions of Golga7b might be

involved in the functional interaction with zDHHC5 (Woodley and Collins, 2019).
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GOLGA7B MATEVHNLQELRRSASLATKNMENQGRDYSOGT | CQFGTKFPPEEDSRIERGLFEETVKTENG FYAEAEK | ¢
GCP16 (GOLGA7) = = = = = = = = = MRPQQAPVSGKVMEIQRDYSSGTRCAFQTKFPAELENRIDRQQFEETVRTENNLYAEAEKL <0

138

GOLGA7B GGSSYLEGLA ATAYFIFLCMETHYEKVLKK I SRYIQEQNEKIFAPRGLLLTDPVERGMRVIETS
CLA VIEIT 129

GCP16 (GOLGA7) GGQSYLEG LTAYTIFLCMETHYEKVLKKVSKYIQEQNEKIYAPQGLLLTDP |ERGLR

GOLGA78B DRCSSGSSSSGSSSGSGSSSGGGGGAGAR 167
GCP16(GOLGA7) DRGMSSGR - - = = = = == s e e e e mem e m e 137

Fi gu®Ami no acid sequence alignment of GCP16

Amino acid sequence alignment -lo¥7Umu(mamt GCP1 ¢
Q7Z5@4n)d Gol ga7b (-2a&6W)YUoni pciods |I,D:ged2elrAaPtOed us
the Clustal Omega multiple sequence alignmen
Uni Prbnti Pr ot ,| @®rR2tsi)c al amino acids are highli

GCP16 is not predicted to contain any transmembrane regionsbutyeti t does exhi b
integr al membr ane protein behavi owrcylTahiisonwa
of the protein, pr e6d9 ma md n €712§0htamdt ralec 2033t ei n e
Swarthout et al., 2005). Specifically, it was shown that there was reduced

incorporation of [*H] palmitic acid into GCP16 mutants with either cy st-6 B ner

c y s t-& Rsnbstituted to alanine, while a double mutant removed almost all S-

acylation signal. Immunofluorescence microscopy experiments in HeLa cells using

mutant GCP16 proteins lacking these acylation sites showed that the double cysteine

mutant failed to localise to the Golgi and was distributed into the cytoplasm instead.

In contrast, mutants with only a single substitution of either cysteine-69 or cysteine-

72 were still observed at the Golgi complex. This highlighted the importance of GCP16

S-acylation of cysteine-69 and cysteine-72 for membrane association (Ohta et al.,

2003). The two S-acylation sites of GCP16 have also proved to be essential for the

formation of the zDHHC9/GCP16 complex, as mutation of C69 and C72 in GCP16

resulted in failure to interact with zDHHC9 (Mitchell et al., 2014). GCP170 also failed

to co-immunoprecipitate with the C69A/C72A mutant of GCP16 in HelLa cells (Ohta

et al., 2003).

51



1. T7The zDHHC9/ GCP16 and Erf2/Erf4 protein com

zDHHCO9 wa s characterised as t he human ort
acyltransferase enzyme in yeast) based on th
CRD and predicted s(tSrwaca tt ehtoaulta | 20 mSWoa rki t @ n
Sacchar omycess howewealv itshiaatg Itthrean$S f er ase acti vit
dependent on the association withobhb. atcess
2002, eZh,aad2 0Sullsgquently, Swarthout et al. (2005) identified GCP16 as

a possible mammalian orthologue of Erf4 (Swarthout et al.,, 2005). z DHHC9 was
further confirmed as a human orthologue of E
the phenotype of Erf2 mutant strains was par
cexpression. The assay indicated that altho
functionally interchangeable with Erf2 and E
complex can partially substitMitteeti@eaROhdé) Il os

Expression |l evels of Erf2 were found to be s
suggesting that the accessory(podth.eald0 2 pght
A | ater st udegt a2 0MR2Y) chueslilng cycl ohexi mi de i
synt hesi s, showed that Erf2 degradation was
It was proposed that Erf4 association shield
degradati on by 4dmeei @diagRiotcy lagateidondegr adati o
system. |In support of thisteymonhtai gisnhniee a
mut ant of Erf2 to sh®itwalivihdadtt g hree sduel ctr ecafs eu hiinc
dependent degradation.2 Tphoelyyuadbligai dgtl a¢cti @ec E
cells and highbltiabdhfit e@ryft haitntthiee absence of E
with mutations in crucial ERAD gtwmpe Wwab2 cu

(MitehehlR012)

GCP16 has also been suggested to have a si mi
| east in purifiedets yadtODBy. nBWwardt htohuatt zZDHHC¢
unstable when expressed and purified from Sf
as a |l ot of the puri fliSevd r derhgyarie0 Oa)sr tdlregr maree
FSEC analysis of HEK293 cell |l ysates showed
absence of-ecgPegdNgapenal2z023)

52



The regul atory =effects of Erfd4 are not [ i
experiments using fl«€oRAesodnchyeddabédlltedheacw
Erf2 was reduced in the absence of Erfd4. Thi

hydrysis of the thioester bond between the <c

chains, examined -y melasatgeer. mgAn@d At runcation
Erf2 |l acking 58 amino acids also showed inc
expressigers,ti sggthat Erfd4 stabilisation of
medi ated through an -tienrtne rnaucs{ iMofh eBwefta2h2 0tiRe C
Mor eover, it i s believed that Erf 4 may al so
to substrates, either by direct involvement

or (ovtit eheh2012,etSadlad20)

Similarly to Erf 2/ Erf 4, GCP16 is also thoug
activity. I n an experiment using radioactive
expression was &essential for both the aut o:
zDHHG@Y ai nst Ras. Further mor e, t he zDHHC9/ GCF
selectivity, as a purified zDHHC9/ GCP16 <con
showealcysl ati on ac+tanvd-Rbs awgitate mm@ n &l cysteines
agai nst -kmyowant $Ubstr ateersmiwiatlth mMvotGasd 6APh as
43( Swar teho,wtl200Furt her analysis of purified
autoacyl ated intermedi ate of zDHHCY9 i s mo r
absence ofMiGCePHLlebh 2 Q1 &vhi ch is consistent with
the Erf 2/ ErAfs4 tdteemp@lienxuus of Erf 2 was suggeste

functional interaction with Erf 4, it was al s
with -taemiCnal tail of ZzDHHC9 f ¢ 6alDadiHiCald o mai
2020)In fact, a |l ater sttuarymiirdaelntd ¥ 3teai rae crom!

ACCxxxC0O sequence at amino acid positions
aboli shedne@CR1I®&d stabilisation of zDHHC9 in
with cf88eibmnge the most cfNduewdal028Bhis mot i f
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1. 7T.hle eEM oOostructures of the zDHHC9/ GCP16 a

compl exes

Yangt . (@2024) recent!| yyEMod tvrewc ttuhree scroyfo t he E
zDHHC9/ GCP16 protein complexes (Figure 1.7)
excludes ami-33®4 atch ats -f3&dmMmi m&le Cegi on of zDHH
the authors demonetsr altued talmat ntohesiemprort ant
truncated mut ant-3®Y) zMDdHH Cthhcdy dsmatrheonS act i vi ty
| engt h (prra@tgeiaf 02 4)

The Erf2/Erf4 and zDHHC9/ GCP16 compl exes shc
both consi £, o FaugeTMytopl asmi cpareapl losml i nc
Ssheets forming the two zDXcanddhlgMandnoa i §ec dn
cytoplasmic regi onUhwiltihc etswof oddehndg éaiif\geedr e TM. 7 )
previously stated, both GCP16 and Erf4 | ack
|l i ke integral membr-BEMes prwdceims . r Fhelhilcedot ha
USadn B 6ion Er U4a mth3iéon GCP16, are inserted into t
1.7). These helices seem to account f-or the
insetheldi x |ike thXaepfalDRAMD2 @t ibSwedi xt bé

zDHHC20 (W278A/ L279A) reduced t hEeRam#d.adlyt i c
2018ahighlighting its importance and the rec
Erf2 and zDHHCO9.

I n both compl exes, the accessory proteins G
Erf2 through a surface | ocated opposite to
bet ween TMD2 and TMD3, proposing that they ¢
but exeefjultdteory reffects through stabBbM I i sat.
maps showeddafldr mi ng bet ween the carbonyl o0x
during autoacylation and the first histidin
hydrophobic bimdEmg2pacéezBHHCY9 are primaril
TM1, DBM anbd, TMith amino acids in close proxi
being highly conserved between Erf 2, zDHHCO9
the acyalrmoha&i wariable. The CRD is important
t he DHHC domain. The zinc finger molordds foun
with U2enidx t he | inker r egb2o na nfdoWHidih ibkeottwhe eEnr fT2
and zDHHC9. zDHHC9 has an additional region
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Hbonding between -tesmdones andthesiNdues founc
finger domaggns al2024Nhe overall structures
zDHHC9/ GCP16 protein complexes can be seen i
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compl exes.

structures of t he Erf 2/ Erf 4 and

(M)CrygpoM structure of the Erf2/Erfd4 protein
mul ticol our etde,r mvintuhs tshheo wM it ne rhbrli wmneu sa rsch otwme i @
while the sequence of Erf4 is shown in grey.
(D)CrygpoM st ructure of the zDHHC9/ GCP16 prot

ZDHHC9 -3@a) 1i s

ter mi nus

rever sed.

shown

mul ti cotl @rumiemys ws hdhwnt hien Nb |

ue

in red, while GCP16 is shown
Ad¥agd te.,da 12 0 D4n)
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1. 7T.h2e binding interfaces within the zDHHC9/

The
i nt
Y76
St
bin
poc
f ou
bin

€My ostructur e of t he zDHHC9/ GCP16 compl
erfaces between the two proteins, as s hoy
UBmel i x of GCP 1b6o nfdo rwnitnhgDRa8 6H i nDAMNMC9 and &
acking interactbD3onofwiztbDhHHYCO8 3( FiigpuTM 1. 8 A)
ding interface consists of an interactiotr
kets cUlddRdoredi4dbhde | i ces of GCP16 and resi du
nd in t hlel p(dR®Blidirdo loifne DHHC9. Anot her compc
ding interface i-sHUdred floetmad é JIBYO®E i ban CfHh e

GCP16 and P292 in the PPII helix of zDHHCO9

i nv
sta
cha
i nv
and
cha
of

1.8
st a

f ou

Th

sp
t h
of
Mu t
wh e
t he
t he

e
c ha
e
a

i s-a
eff
abo

agr

olves Y18 in GCiPitcemactwmi o &16HB of zDHHCO
cking interaction with F129 of zDHHC9, w h
rge interaction with E163 of zDHHCY9 (Fi g
olves D100 of zDHtIEar gerambhgr abtckKhT gef G
an-"amtemaction with F13 of GCP16,- E101 ¢
rge interaction wit®hlhnR1WS tdhf RGCHRL & fa rGd Pd 6
zDHHCY9 f-O0smacgiag interaction witk F13 o
D) . I n summary, the first and second b |
bilisationb2byDBMeaenpdi nRPITIM hel i x t oget her,
rth interfacésngeabidbmaefit¥hahzaR@OAa9

authors also found that R85, R179, and
rged pat ch t hat accommodat es a phospho
ctrometry analysis of smal./l mol ecul es t al
t phosphpaetciideisc wandtiledr tadt ¢ ¢ o mpalceyxl aatn do nt haec t S
the complex is reduced once the HiOWi.ds ar
ation of either R85 e@arcyR2a%98ocoal actigduyged
reas mutati ntgheR2®DWBt o @dwlcaetdi on of the enzy
bound phospholipid seems toDZx,om@@Mahdough
PPI'l helix of the protein (Figure 1. 8A).
Byl at ed2 40 n-2Gyss anad8 & ysand that these PTMs
i cient catalytic activity -288 tihre apgamipil &«
| i shedytlhhe i ®n aciRiagiYtaye ga qd2ion2sZheds e f i ndi n
ee with theNgpbyetmn (aB028phswbyg highlighted t
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of 288 of -t ehei Cal cysteine matiyl atif onz DAHHICE
(NgugenalR023)tachment of &8 8adylcacbeberb nokrt h@y
of zDHHCY9 facilitates the membrane associat
hydrophobic pocketb2f and8 T bllet weginngdMall these
of the enzyme closer together and&d9staamldi ICiysi n
72 |l ocat¥ddeodn xt hoef GCP16 are part of a- cystei
283, -28ws a8 8Cywyd zDHHC9, owhitooh meidn aad digt imer
association of GCP16) 8Bwhe atabilimpypyraandt héno
activity of Ohéw, allthpBex.YaR® 24)
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Figud& Binding interfaces -EMi tshtirnuct hee cofo
zDHHC9/ GCP16 protein compl ex.

(AFirst bindiRBd iamtde rYfId2cBeand3 TMf 2z DHHC9 i nte
with Y703hen itxheof GCP16. Attachment of a pho
in yell ow) via the interaction WiBfbc RB8&G, R1
binding Pnokirhaceesi dues P290 and P293 of th
into two charged pockets formed in GCP16. P2
in W !l i x of( CRICIPA G . bi ndiPldgp O0i mtnadr fEdLGS: i n t he
motifs ahdzBHBEG9oi nteract with R16 and Y18 f
blsdt r gMourth bindDAa@O0inEaOflacand B10ed ifxound
of zDHHCY9 interactbhiwi,shr3medsdaprd in #hBoop f
heli x ofK1lACPIF6 3, R118, and R121. The hydroge
using yell ow Yaaesgh,ead2 d 2 4n)e s
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1. Begul ation afcyzDHHK®Q sS er ases

Al t hough 2zDHHC enzymes are generally intrin
regul ated at sever al l evdIlChawmbar emengiamg @é
2015, ®al,alkr20)

1. 8Aclcessory proteins as regulators of zDHHC

Associati on of zDHHC enzymes wi t h accessol

| ocal i sati on, stability, interacti 68al wunhh s
et ,al2020he regulatory eff ectfsaotforkr fof akrdf 2
zDHHC9 have already been discussed in detai

proposed to be an accessory protein of anoth
are evolutionar y:r el|lDaHtHLCH ,t @ DHHKELBC z DHHCL1 4,

(Ket. al2019¢et Sal 2020 ,etN@auRdR2 &t . dd2fgdyen

et .(a2023) reported that GCP16 interadction wi
terminal cysteine moctoinfsse,r vehli cihn atrhee hziDgHhH G/9
GCP16 expression increased the monodispersit
their aggregation in FSEC analysis, while it
zDHHCBxperi ments wusing pdHY i p i eQo Ap osph oewends tahnad
GCP16 also affects the autoacyl ation and <ca
zDHHC@lBgugeeénal2023n addition to these effect s
zDHHC enzymes, a different study also repor-t
membrane | ocal i s(aketao,m 200601 ) DHHC5

Golga7b is closely related to GCP16 and was
prot ei n o(Hutln@tthH &S5, Salaun et al., 2020). Golga7b can stabilise
both zDHHC5 and zDHHCS8 but does not affect the stabilisation of zDHHC9,
zDHHC1 4, or zDHHC18 in FSEC experiments, exh

protein interactions, eve@Ndweenc b RORITyher el a
association of Golga7b with zabHyHCet e dmBGmali nv
cysteine residues, has been reported to stat
of zDHHCS5 by inhibiting its endocytosi s. I n
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protein interactions of zDHHCS5, and promot e
proteWmsdl ey and .Collins, 2019)

Ot her reported accessory/regulatory proteins
huntingtin (HTT) and selenoprotein K (SelK).
regul ate the autoacylation of zDHHC1+Y and

acyl ated @lrweadciinn iHwnti ngtonds di sease, pron
catalytic activity of z EalsHsM1c7 ad gali npsrtot £y ma e
(SNAPRiSn yvi whbl e mice | acHiTngge noen es hao weed ed eocfr ete
zDHHC1-&c ¥l ati on,t bautggke ST imggul ates the aut oa:
of the eHuzgeg. al20115el K, a cellular protein
selenocysteines opernavedveal chumt e@M¥éeryma n i r
et ., al20alnld al so affects the exprcegpstsbon hasgelb
reported as a modul ator of zDHHCG6 . zDHHCG®6

decr easreedc elpPproy | &8t i on and expe§siedrertii,ahIsur k a
2014)The role of SelK as a modul ator of zDHH
zDHHC®G6 construct i ACCRDudd oamaitnheanBdHMIChal CSr c
homology 3 (SH3) domain, -whndhngntdemachsoii &
results reveehbdntbedt zBEHEK6 autoacyl ati on, :
may stabilise the autoacy( RnedeninakRs0mnd8di at e

1. 8Po2sttr ansl| ati onal modi fications of zDHHC en

Anot her mechanism of regulating the activit
transl ational modi fications.-acpAbatpoeaevi ofisl|
ZzDHHC9/ GCP16 complex at-288stéi zd HHED | aeboa e CyG)
Cy§2 of GCP16 rae@lidtidy tamel <atal ytic acti
Moreove®288Cys a conserved residue in ZDHH(
zDHHC18, and zDHHC19, f+wrctyhan i ong deast iangvitdlea
role in the zDHHGOgempeymd 0f2a8mit LYya RPZ2BHAHHC6

is also reguylagateidomymé&di at ed b yactyhlet raacnt s fve rt ays
zDHHC16, as  peaarltl eddyf@ts @n cascadedo. -The in
acylation dynamics using biochemical analysi
that dthaebahdtyatal ytic activity of zDHHCG®G6 [
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overexpressiomctyHradu gpom-ttefent haleeCYy82 &) Nn€ygs
329 an84€hbramjalz2017)

Ot her exampl es of PT Ms controlling t he a
phosphoryl ation of z DHHIn3o pbhyo stptheaa ed g vAaVvEPe d e
protein kinase (AMPK), which enhancels the

receptor (MC1R)i,ncwheiaeskeydl eShd ® nt of t he recepto
downstream signalling, DNA damage repair é
transformati on, decreasing the risk of skin

medi ated phosphoryl ati onefodctzsDHHCI1MC IcR ns irgemnsa
are linked to increased siuns campimob(iSvwa yat o me
202.3)Anot her examplemetli phedphegwyl ati on of z
phosphoryl ation of zDHHCS5 .-6 Herleqc &thed moaad rf itc
site, results in the inhibit(iHaeot 0&I12DRB&@ nenzy
contradéepesdent phospHB8&8Bykarives o &awnwrchor zD
pl asma membrane in neurons throudgshBriegrdased
al 2015)

Anot her PTM that has been shown to control z|
which regulates zDHHC enzyme degradatd on vi g
acylation of zDHHC6 (by zDHHC16) i mpacts |y
enzyme dengrtadracdu ghAlErRAD, al2Q01Whi l e Erf 4 prot e
from HRAID ated degradation gMipedeilad2613%) di s
Mor eover, attachment of ubiquitin, a bul ky
amphi pd2ideélci x of zDHHC20 or zDHHC9, which n
bringing the (TYMBhg .tadgOe24h)eul d di srupt the cat

the enzymes. Lysine ubiquitination has al so
i mportant domains of zDHHC erezrymiensa,l imoctli udi ne
zidending motif s, and nonhesmatdioommmaalnschandae
PTM might al so result i n si gni(fdntuadnat aenfdf e ¢

Chamber !l ai nTheddeol)atter examples highlight p
on protein conformati on, in addition to the

protein degradati on.
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1. 9pecificity of zDHHC substrate interaction

The |l ack of a wuniversal substrate recognitio
complexity of i nyelsdti rgatt é ngrgdibEfHiCoint ywasS pr e
thought ®spebéefnonand sol el Ro bekts,ead2 Qolnfv)pirloex i ami
generic assumption is that any cyshoeumde res
ZDHHC enzymes-acgluhbhtladel Ski and Linder, 2007,
Shipston,|l 20ils)cl ear that in some caacsyelsatneul t
t he s ame substrate, refdaegtiangon,hef prl agxiad

modi fi calpiron edifn Gubunits by (ZHHHIRMEINWO X)DHHC
or-agyl ati o5 oy PSDHHC2, zDHHC3, zDNBHCECV | allnad
et.,alR0O08%pwever, knockdown studiesachhaei ahsof

other substrates appears to pHuaepegcailXdx9)t o o

The mechanisms underlying substrate specific
not generally weMall gampa e ranntdo oldi Adher ,sud@21) u

|l ocalisation of zDHHC enzymes presents a me:
specificity, as it Iimits the ability of zDH
example of this is the <c¢cycling ofnezDHhHC2 b
recycling endosomes, whi ch €eBi5c ttahtreosu giht sf aad tli

access to the substrate at t he (MNoasdatitaa,kade mbr a
20009, Mal gapo and Linder, 2021)

A study byetL.da8ldnli4ddi s xamined the datyéménoes
bet ween di flf®eca&hnitseGobl gPHHC enzymes. T-he aut |
expression experiments in HEK293 <cell s, z DHF
S-acyl ati on against SNAGRPi2rp r 8IP coynptae ierde t o
zDHHC17 or zDHHC13 ( whicyHhHh awaes tlhrealslud stta a$ es)

significantly weaker interaction with these
intrinsic ability ofteDHH@3shed zID&HIC acyl
substrates, along with a reported increased

zDHHC13. This study demonstrated a dispropor
binding affhicywibyi amde®fiocieenaye TzhDeHHC3 and
i soforms were classified as high activityl/]
flexibility towards substrate interactions i
contrast, zDHHC13 and zDHHC1 7%/ argh cepscdér
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isoforms, with direct binding affinity I|ikel
by these(leamymbtdia®? 014)

Not ably, spebihdtngubdemaanhe and residues hayv
sequence of several z DHHC i-tseorfnoirnmesl. STHh3e sdeo nian
zDHHCG6 i nter aedtiinmddg nwygi tdlon®BH3 prot-ei ob cegtitans
(Mal gapo and ,Li hbteerMmiZ®A1)ankyrin repeat (
zDHHC13 and zDHHC17 interatvindgnwi mbtizD8HCZ
(Lemoreitd.j ®sl20bma)substrates (Suobgeaemasjad2™Mm 2)

SNAP25b, UAre moSiRtd.j 320145 well -basidtimg MmMDZif (|
of zDHHC3, zDHHCS5, zDHHCT7, zDHHCS8, ZzDHHC1 ¢
zDHHC20 and zDHHC21 whi cdo mti anidnitmg PsDub sdtorneati er
PickIhoneas., al2012P@B® and9FHSIMmomas and Hayashi,
Mal gapo and LiRderthegsde@ldhetnmzgmacpaiats onSactiyv
dependent on the coordinated activity of the
S ubstbriantded ng (d®hmaanmibnesr | ain and $Shideedont h20a8d
the ANK domain of -tzeDHHG1a7l troegtitoen owf 2z DHHCS3
constru@ttcyltateS zDHHC17 Ssubstrates, sol i dify
identified substrate binding( Hdwaasad.nasl2 ®9, s u
Chamberl ain and. Shnpstestfi g@dp)atSIPREDBY SzDHF
does not require the ANXKutdlogmaR Q28Lggkhket éngym
zDHHC17 can also recognise substrates indepe
di fferent modes of binding( BBuntellt ssraulB 6 2B at e rec

A study beyt . &GA0D28BH identified zmDHHCHe mts zbhHHCGC

i soform that-acygh alwmacdERliysed type | and type
proteins in which the cytosolic cystbeine re
l ndeed, they showed t hatacaylllattihoant owa st hreesgeu ir

zDHHC6 was the transmembrane domai n and ad
suggested that the SH3 domain of zDHHCG6 was
t heM@@ onstructs esttihekiyed acki mayracheseigblbaspoa

cytoplasmic membrane face. Subsequently, the
domain of zDHHC6 might be i mportant for some
not essential-méodedts bbb FdHMICELISI®&d mtu.nal202 3B n

this case, t here might al so be some weak int
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zDHHC6 and the TMDs of substrate proteins t

specificity.

Al l in all, ibcybati kel mathanhetheusSes both &
interactions to enable the modification of a
High activity/l ow specificity arczyymdoafabel u
proteins exiting Etr ed t.,EAR2 @Ir8)IiGoorl gas | ow actii
specificity enzymes -mayl heiobnvofFvedl ubl ehepr 8
their trafficking to the plasma(B8amdbuaal and
202.3)

1. Pbotein deacyl ation

Ssacylation is reversible, and protein deacy
met abolic serine hydrolase (mSH) enzyme sup
protein thioest eprraosteesi n( RPTiso e s taedridbsy els o( AB EsS)
domadmnrtiang proteins (ABHDs) . Met abolic serir

by an active site serine responsi bl bfor S
hydrolase fold, chsnpeet8dosa ff5aa dese rstth@loiune®d b
The acti vwve siist epasrer iof a-Lgat atAptpPer dyadr( adar
Hi-As p, eSre-k$sn, which is |l ocated onb-sa rtainglht |
referred to as theLdmgcdmrdpdr dvat,t@202108le Lor
catalytic mechanism invol wenzymbe i hoemamedobat
attachment to the catalytfiindusedi mapohobfl owt
results in the regeneration of the free seri
The activity of mSHs can be studied using a

serine, such as {Loogophdsg@hamatées 2011)

l1.1@almi-progtiein thioesterases (PPTs)

Pal miptrooytlei n thioesterase 1 (PPT1) was the fi
purified from a soluble fraction of bovine
agai ARsats Haldpdr o0& e i n i :1u WuCkimps and Hof mamm, sihTR)
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endogenously expsedismentPedl 1wictoh | ysosomal er
Mad-Dar by bovicneel |li,dntehye enzyme was characte
gl ycoprVvwdreikmmuyse and .Hd®PPMa&nn,a 1h%96o)l og of PP’
identified as a |lysosomal enzyme WwEohombmil a
and HofmannTh®9%9Wp thioesterases were propo:s
during protein degra¢@Hbel edt, éanl 9196t W eyvseors, o nvehsi

most PRPRITdc aloi sed with a | ysosomal mar ker in
mouse cerebr al cortex neurohakatubedr #6f hass;
vesicle markeysaphi ¢ heompa&rt ment, taingls wmds o
analysed by immunoe( kKietir,oanl2(nmd &) uggeesepyng tha
enzyme might al so have deacylase activitie:
Gorenlkker. (p2022) identified PPTlwbdbstsrcateni n
study, based on differences batwkbabnheWTswandp
profil es, fol-heodviealt eldy dRRTl | at i on assays fo
substrates exhifaictyéchti ncrPePddedOS synapt osome
directly deacyl ated by recombinant mouse PP’
proteins identified included bothprgteiswms$ | c
mi tochondri al proteins, i onptcihcanaackh ess iaonnd pirrc
endocytic and | ysosomal proteins. I n the sc:¢
neurons was also described. The group stated
and then trafficked to |lysosomesomphtrémeahndo
some of it is released to the cytosol, wher e
(Gor emhte,rag2022Zhi s model explained how PPT1 c.
and cytosolic substrates.

PPT1 was shown to exhibit an unuswa&lacinsens
i nhibitors phenyl methyl sul fonyl fluoride (PI
(DI KR amp and Hof,masoametlPioBg ¢t hat was | ater
enzymeods crystal structur e, which showed th
channel t hat bl ocks acce(skaest g al2l0d PICTtli vcea ns i

cl eave [|-@onAy cahcayilns , exhibiting a preference
chains of 14 to 18 carbons, whil e PPT2 can b
However, it was shown that PPT2 caonobuhkdgro

head growpy,| adredS protein -Radstdaeesosuicimi asd
bet ween the | oops above the Ilipid binding s
hydr ol €& éadtr.,oal200 3)
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The i mportance of PPT1 is emphasis&@®PThy ¢t he

gene underlie the neurodegenerative disorder
(I NCL) , a |l ysosomal storage di sease exhi bi
accumul ation of | ipofuscin, and neuronal deg

bl i ndaed spremature death at ar(dwmdy tama &ge vo
2011)

1. 16cPPlrotein thioesterases (APTs)

APT1 and APT2, al so known as LYPLA1 and LYPL
two indepen@iPohcanudndsGil mam., all99FheTeaygda a
structure of APT1 and APT2 revedl/tbdgdt bhasein
fold and catalytic triad, that these enzymes
b-st r a(nAdbsreatmj aR02The crystal structure also de
of a hydrophobic pocket i n APTa2c yilnatwehd cshu it shter
i's inserted once extracted from the membrane
the thioesteralbyotnidc asti tteh et celabt@atmh s 210 @ IAYPSTeld
and APT2 predominantly |l ocalise to the cyto
similarity of more than 60%, they show deacy
(Chamberl ain and SSpepcsitfoincal2L,5)APT1 catal ys
endothelial nitric(deltdaea l1s9ydndthhdeRshles JpeGd® )i n
subufoDuecan and Gilaman BK1 98 a g Jieatm xch@hael s
whil e substrates of APT2 include (tdimogtlrernecrtr
a.l 201 MCARhen ., al201 BARPIB matti,xal20l@&@nd zDHHCS®G
(Abrami,al201A) few examples of substrate spec
unable to deacyl ate BK potassium channel s
HEK293 (dédatihsakRQO1&hil e APT1 overexpression hact
deacyl ati-dbh amd CHOLTo madli,las2 0 10y oac ¢t lhat iSon of
ZDHHC6 in HbaatmehRO17)

APT enzymes have been -aepybatiedntion ubidec lge miS
experi ments, and bioinformatics analysis r e\
posit(ikbnetR, al201EXxperi ments using APT12 and AP
serine substitution ntuytpaen tAsP,Tsi mdiec &toeuch dt h ant t
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the Gol gi i n mammalian cell s, whil e the cys

|l ocalised in the cytosol. The | oss of Gol gi
wi-tgpe APT constructs -BPraSc ytlraetaitoerfdV awniehtahk itthoer
a.l 20144Anot her study identified the =zDHHC e
acylation of APTs in an si RNA assay. Silencir
in the relocalisation of APT2 from the Gol gi
using radjHd] apal hedatheal2021nterestingly, i nh

thioesterase activity of APTs with pal mostat
t o t he pl as ma Kmeeghb.t ah201 3t was proposed 1
nonphysiological pl asma membrane |l ocalisati
membr ane association of APTsac yneadtiiadne,d wvohyi doh
foll owed by wvesicular traff(\&rignagk atld0 1tdh)e p

Further more, APT1 can catalyse its own deacy
in the relocalisation of the enzymegpl dtoed he
agai n. Therefoaeyl @tyicores amd Geacyl ati on of
reguh atoifo t heir activity, e3PECC iadaicegyd agadns
substftkoers.,, alR013,etVarl2Z0ak&pl ubl e APT2 C2S mut a
shown decreased stability and increased sus:

due to the exp6o%® utrreatofund/esrighacees ubiquitinati
the i mpor-aaptatobnSofAb hatnj &€ 3 ne

1.10/®Bydrolase domain proteins (ABHDs)

There are multiple human ABHD {©80¢t ¢ihmg raepo

regulators of I|ipid metabolism. These enzyme
and act on sever al groups of substrates. Mo
mot i f, itno atdhdeé tdbthgdr ohbhse fold structure an
ABHD5 is thetmoséd wméeé inber of the family, i m
met abolism and identified as the mutated gen

l cht hyosi,s ofNloSDle) wi se reiDerfednt S8yas-rGmanase
|l ysosomal di sorder of excessive (koetdpat tri
201.3)However, t he ABHD17 i soform has been

deacyl ati on -Ranszyanredd96@ SN and Coni tbears,t i 2@15)

significance tacytlaei d6nel di of a®d Coni bear (
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althoughcyhat iSon turnover of some substrate:
i nhibition of APT1 and APT2 or doubl e-RNAIi k
Ras ane@®5PSOhe authors then identified additd.i
bot h osalami n B and hexadecyl fluorophosphonat
either inhibited t hRasdearddl58 % Daonnd o fh elo tuls eM

chase click chemistry to examine if overexp
i ncr easey! ast ivwenr .t uTrhneo resul ts indicated that
ABHD178B, or ABHD17C significantly enhanced
substfhitmesand Coni Dearexp0&S5ysion of ABHD17 i
neur onal cultures -atgbatdiecm ea-&®sho cihatt ébdb up eot
6( MAP6) involved in( Torcertostaulb@ml1 €) stability

The ABHD17 protein isoforms ar eacaynlcahtoiroend afo

N-t er mi nal cysMarnéenchudt €&ravatt, 20009, Lin e
et. al20A8HD17A is the isoform-Rag handé&ePSDr on
Sacylation, and this enzyme is | ocatamded to
Rabdpbsitive endosomes . -tTerrumicnaatli-roiny lsotfealiotmaea n N
abolishes ABHDInbA amlea sansas omd ati on and rel oca
the cytosol, while also compromising its cat
or-tdrminal truncated mutants -adyABtHIRGMB Ao fdi N
or PSEODLi n and Coni Oelaer ABHDB)i soforms | i ke AE

only had a min®&b6 dbthegtaobonoRSWhen overexpres
COs7 <cell s, and primary neuronal cultures,
specificity in(Wohet . eanlzIng) family

The discovery of selective inhibitors for c
necessary to avoi dt amgetunafefsd atash.l eA orffdcent
identification of gener al chemical det ermir
i nhinbi bf o ABHD16 A, whi ch coul d be benefi ci
neuroinfl ammati on c(afshecsredama 2@ 2 8Mhheer st udy us
reversible inhifihti @azodempbirdsank3d as a start
previously shown ABHDB&AaLdlledBc teithiatBy¥ 8 3 h e
newbsynt hesomppaund inhibitors were theassteedd Vvi &
protein profiling to explore their ability t
I

n t his assysnatyh ecsoffspatcdueds i nterfere with the

probe, it means that they successfully intei
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Five of the tested compounds exhibited sig
compound 35 being characterised as the most
enzyme. On the other hand, out of these fiwv
abl e to i nhviibtiyt otfh eABaHD1 2. Notabl vy, the stu
di fferences found i n compound 28 switched
successfully disrupting the enzyme. Speci fic
ring A in thehyd&xgymemye a@fr dauogpdiatti adrheofC2t he t hi
shifted target selectivity for ABHD12. Doc ki
the thiazole ring of compound 28 is position
both ABHD16A and ABHD12, &l amg hwiwt it hsso mé i dizfo
the inhibitor interacts with the two enzymes
similar docking of the inhibitor and do no
observed. Althoughifedute wWwetlkrmséneet he mech
of these compounds and to test their potent.i
i nsights for devel oping mor e potent and s
demonstrated how small -t modtidrigeatti pnef eraen cfe
compounNdhd&enal2d023)

1. ETfect-acylfatSsi on on substrate proteins

The reversibl-acynatturoen oafl | 8ws faocryl radpiodh @yca
deacyl ation events that regulate the proper:
i ncluding both sol ubl e anadc ytlraa ni sonme ncharna naf fperc
stagea mmrfotein's I|life cycle, from its assenm
enzymes reside in multiple membranes withir
attachment onto substrates i s increased h
me mbr ane associatnbhueancde oamt ei n-prtortaefifni ck
i nteractions, l ocaliclat membntane hodd masit s 0ol pr
stability, a n(dL ipnrdoetre iann da cJteinvniitnyg s , 2013, Chai
2015, Anwar and v.anThee re f@Goeogtht,st20002n390n pr ot ei n
are broad and influence movement through th
although how this is achieved is not- al way s
acylation on protein QGoolvgeimeweér et hs oggaésttehde
association wiitdhh chomaisner that are present
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cisternae, from wher e( Lviensdi ecrl ea nbdu dJde mngi thogcsc, u r X
al 2018)

A prominent-aeylfatctomfi sS preventing the prem
solubl e and transméinmdame ammdo tDeei.sncsi - e sC 20
chemokine receptor type 5 (CCR5), a cell su
chemokine response and white blood cell mi g
servingraseptoo for the entry of the human i

cel | s, i's regcwllattednby TB@acykaeptdomni § hSee
cysteine resi-deemi nianl tthaei | C¢ cruci al for pr
expression at the plasma membrane, stability

No#@acyl ated cysteine BPtanteatamenCCR®soal t2d i

surface expression, and this swasboflatmgt amt tr
CCR5. Mor eover, the protein |levels of mut ant
with | ysosomal i nhibitor Bafciyl amy oinn pAkyvent

| ysosomal degr adatPiearmr heefe tatnfzd2 6rlgt ei n

Addi ti oaayl gieifdreci ent mutants of the yeast

protein Tlgl exhibit increased ubiquitinatio
residues preceding the TMD coming into membr
the temmrsaane ubiquitin Iigase 1 (Tul l), which

| ysi necy |l asti on of Tlgl shields the protein f
of the TMD in a way that prevents the acidi
bi |l aayveori,di ng r ec o(g\ha ltHaeaz alsy ahull Pel ham, 2005)

Anot her mechani sm -abybaghonwhprcbat efts agai |l
degradation is seen with theaaynhtatriaan todeaf inc
mut ants of TEM8 are targeted to |lipid rafts
acylation adafctBEM8 sr emetmbr an e adits tdroiAtau mimo n  t o
a.l 2006Nhi s is an intewnegtahgomxamplgenas alSl
medi ate protein association with Ilipid rafts
seen wi t(hChTaEW8 r | ai n and Shipston, 2015)
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1.18%atyl ation of soluble protein substrates

For cytosolic protein substr ateacwsyltahtaitonarues ua
facilitates their stable association with th
of t-heylISt ransferase enzyme dictates where s
initially occur, before either being retain
compart ment ssmebdyi av edi cfiéafdfoill cskingand. LEwarer,

though all lipid modifications mediate membr
insufficient for membr ane attachment. I nste
medi ate weak and transient membr ane bindin
me mbramand f a@iclyiltagdt esn f neighbouring cystei

i ncrease i n mdrmhraanrbe rd fafi inniathyd Shi pston, 201E¢

An example of a widely studied peripheral p
Ras. There are four -Ras -RaMNoRa@E HA, sReaisddrBs : H
Ras proteins are small GaPagweanddhiarte stwri it gtho &
(GTBpund and inacti ve g¢guarboosuinnde édsiaprhacessphhuat e
a.l 2017, -Basmgardes:z and. TrAicaliavat 26a2a1)f Ras
catalysed by guanine nucleotide exchange fac
hydrolysis i s f accitliivtaatiendg bpyr o0GTeHansse ( GAPs ) . A
are involved in intracewdwd acomstigmlalli ng anesldI
proliferation, di f{ &f emated a tpil 20 laéntd. Rglu2dv2 Ov,a |

BusquHetrsnandez and. TThel memilRiO21e¢ associati on

is essenti al for t heir activation and for t
pat hways. I nitial membr ane attachment of Ras
of thHeirrmiGal Caaxtomsootli,f fionl Itohwveedcyby cl eavage

by Ras converting Caax endopeptidase 1 (Rcel
farnesyl at ed cysteine by i soprenylcysteine
Farnesyl ated Ras proteiims wictam memamhsareads | vy T
interaction with-Rabei Gobgiprbxi mgsy Nwith th
compl ex, whi cahc ymeadtiiaotin® da-RENC)y s o8 ICyasn-d 8 Ly s
(FRas). While miatcytl iad re do fc ytsh e i & e nrse sriedsuuel st si ni
a weak and transient membrane interaction,
results in complhétbéei bonsandf m&mbHamaotcakad oci a

1989)revealing the necessity -atyfarnesyl ati ol
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After dual l i pidati on, Ras proteins become
transported to the plasma membrane via vesi
acti (adbDtaenmde0ot,il2017, -Basmardesz and. Theadtwnl at2i0@]
releases farnesylated Ras back to the cytoso
the Golgi complex | eadyltataonthaendrbobhedebbdr 8
of 4Rl between the pl as m@aRomekd ad2mMe 53 ed a®ad log it
a.l 2017, -Beasmardez and TBd odkea® 2Ms2ylHat ed on ¢
single cysteine, its release f-Ram mEmMbs amesu
i n-Rds having a more pronouncedRaGolhais laosalios
di stribution at thRayymatsdMalzmhéempr-Basmgard sz

and Tr i ol al, nt2dr2els)tRiarsgtIBy ,i stofeorn do@asyhat i ande
but instead binds to the phospholipid group
me mbr ane t htreorungihnal Cphol ybasic domain containi
(Danebtal2017, -Basmgardesz and. Triol a, 2021)

Ssacylation of Ras proteins has also been as:

the plasma membrane. The different Ras i sof
|l ocalisation and nonoverlapping nanocluster
|l i pi doatoifdr es. F&RasexampgloauundHi n a dynamic e
cholestieholl ipid radhocl astitlpoalhhent nmincr odomai n
K-Ra s i s enri-chéed mh ¢ rrifoddnoiemari, a $§2 0 0 3T)h e pl as ma
membrane clustering of different Ras isoform
the assembly of signal transduction compl e x
proteins, therefore explaining theiruftpudtic

(Preto.ral200 3 ,etd,aanoGl 2)

Ot her reported soluble profaeciyh ag eldstamat el® aro
myristoylation or prenylation sites to media

use weakly hydrophobic domains to med- at e me

acylnatiAm example is SNAP25, a soluble protei
i n neurons through -axygt&Ramei dsi,atwhso sienintaoinal m
cont act -abceyflod t@ir Seevte,sal2010, eKta,dakIZoQ/laQZt)?]Fs al so

involved in synaptic vesicle exocytosis and,

t hat medi at es me mbr an-ac yliantdiionng gmd ost @alol eS
attactmertaves and Chamberl ain, 2006)
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1. a2yl ation of transmembrane protein subst
Transmembrane proteins are intrinsically irr
therefore have nacyeéquioeméont BbmbEe membr an
this modification can stil/l have significan
suctur e, as highlighted above( dQhoarmbefrfl eadtns aa
Shipston, | 20h&¥ been -ascuyglgaetsitoend afh altM Spr ot ei n
by cysteine accessibility, independently of
cysteine residue in proximity to the DHHC do
modi f i ¢ atRoodne nebtutragl2 0 17)

Ssacyl ation of the ER transmembrane protein
resi dues. Thi s modi fication alters the str]
conformation of its cytoplasmic tail, which
di f eR esnuub dfEo mai n s ; the perinucl ear rough ER,
nascent gl ycoproteins,asandi atheed mme nobcrhaonned,r i
interacts with sarcoéhdapbkpasmierr ATPaséumb Ca
mi ochondr ipatlake@hlaanibiem |l @i n and Ship®tom, 201
202.3)Anot her studyaa@ylsaot inon edi g miafts tSa botfll iyt y nc
calnexinchase@uésperi ments -tlyy ec mampa rciynsgt ewinled
const (Dat batvi al2dd 1 Gher ef or e, i n t haec ydeaasgd omf

regul ates the spatial di stribution of t he

enhances its associat({ ©manwietrhh ao nh earn dp rSohti epist
Dal | &w¢i,lall2a0 1 6 , PaskaRDBUS

Lowdensity |l i popretaitred r pcopted m 6 (LRP6),
transmembrane pr ot erienc etphtaotr & cotrs tahse aWndo si gn
anot her examgpdyl acstfedan r3nsmembr amaeypanodoedi m.n
cysteines hdjacans mémbt an ea cdyo nahteifnd, c iaenrdt SLRP6
trapped at the ER and fails to traffic to the
t h T MDa coyfl alfeiforci ent LRP6 allowed ER &exit

delivery of the pirtotwasn.prichpasddrtehat hydrop
t h | ernegs i dd1e TMD and the thin ERaammelmbtread e
protein from exitiarcyg ltahea oBR,s hwhdarseas$heS orient

t

mproves hydrophobi c ngatecghaitnigo ngndalrl eodwi cnegs f ang

o

the plasmMaAbmeaema®d® 8, Chamberl ain and Shi
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Plasma membrane

& . ) - Protein stabili
Protein structure Signalling activity / q b
o J Protein-protein interactions \ "
/ )
\F\ \"’
)] 4
o
Membrane association

Protein trafficking

Figu©eghe regul ator-gcefédtecos. of S

Ssacylation can take place adn fthlee eplt a<md | menma
compartment s, regul ating multiple stages ir
transmembrane protein substrateascyl @omenr ag!
il lTustrated in this figure, i nc | usdti rnuc tnuerneb, r
signall ing @&crtoitveiitny,i nptreortaecitni on s, increased

traf f.CrcekaitnegdSairsvy ingr MeBdi pal / Astna(.t . servier.cc

1.12nks betawgémtbon and di sease

Given the i-anpywilcdatitdrmath&as on the behaviour of

proteins involved in multiple physiological
dysregul ation of this modification is | ink:
neodegenerative diseases, cancer, and met al

(Ngugeéenal2023)
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1. 1Relirol ogi cal di sorder s

Hunti ngtonds disease

Ssacylation is wubiquitous in the brain, regeu
neur onal devel opment . zDHHC17 and zDHHC13 ha
(HTT) protein, which i s mutated in Huntingt
neurodegererdiitsorder wi t h motor, cognitive
characteristics. Huntingtondés disease is cau

of the HTT protein that decreases protein st
in the accypmuwltetiinonf raafgment s that become agoc
cytoplasmic and nucl edrBaiteds,|allgDaAhei i sease
associated mut ant of HTT displ ays decrease
therefore edeygrleaadeoh,S whereas knockdown of Z
theacyl ated cysteine of HTT are associated v
i ncl si(sYaomdi,al200& mutant HTT is not able to
zDHHC17, it has been suggested that some f e
al so arise dueactyol adteicorne aosfe dz D8HH € aefitg,saub0lt lr)at e ¢

Neuronal ceroid lipofuscinosi s

Neur onal ceroid |l i pofuscinoses ( NCLs) ar e
neurodegenerative |lysosomal storage disorder
are classified as early or | ate infantile, j
i n NClsse cdaeuf ect s in waste removal, resulting
' i pofuscin in tissues, p(rSiimeornialtyi iann dt .nW& | Hd ri aai
As mentioned previously, i nfant iCleN@\NeOlLe i s ¢

encoding the deacy(lbongnaedzg@mand®tPiTl, RCLL1) on
other hand, has been IDINAK @& nteo emwtoddtpinagn sC SiPn
of t he mosacyHiagreldy pS otei nddcont aihes baacopns €
cyst-eiob motif of 14 cysteine -aegplidued whid
medi ates stable membrane attachmenane aanrdd tr a
secretory vesi cdsssaciTahtee dd insuetaastel ons -rairceh wi t
motif and | ead to tHd5sblysarguni oe of -ktédecide
116 Both of t hese -Mmadianttantf oagng re@®Y least itohnat
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dependent and susceptible to hydroxyl amine

formation of these aggregates might contri bu

cond
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Addi
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i(tGir ereete,sal2012)
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tionally, ot her ZzDHHC enzymes have al s

ol ogical di sorder s. For example,96he zDH
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iegti.dal201 %) mutation in zDHHCS5 that resul t:

ein lacking the Itasitmi6r8ala mti aiol ,acwhlisclofi n
i ng mot i f invol ved i n Ssubstrate bindir
zop(hArreommiear al201&Knockdown of zDHHCS5 resul't
he density of excitatory synapses, which
he catalytically inactive zDHHSBmMmonahnt
cated zDHHCS5 mut aanmi noac&kdindgs .t hMorfe onvadr ,6 8
eased surface | ocalisation also failed
otype. These observations suggested that
tenance is daeapghdénbnoacthedbiyt of agPeltiiCa
PDZcdonmaini ng prtoagareminmalyvitaaiidbhs, sGas hwalsl
he plasma membr ane g sSshd aied thil2o0n2 19f t he en

over, zDHHC20, highly expressed i n bot
rtant for synaptic integrity and for r eq
Mendel isatni ornande mist udy t h e-a ccyaluastail o ne fd re
zophreni a. Their results showed an asso
ession and increased risk of schizophren
on naiTcel CH8 Specifically, zDHHC20 i n
onse -medi e€CRd I Tactaggtaovating chronic in
upts the crosstalk between the nervous
ri butes to the p¢Gugeote,sasiZo2n5)of the di seas
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1. 1Zadcer

Al tered expression of several zDHHC enzy
downregul ati on, has been observed in vari ou:
can have opposing roles in cancer disease st
as tumour supprexsmpglse, Foverexpression of ;
observed in | eukaemia, while the same enzyme
(Chamberl ain and Shipston, 2015)

zDHHC15 has been Iinked to glioma malignanc
t umocuhrar ac tbeyr ihsieggh aggressiveness and | ow sul
| evel s are dramatically wupregulated in glio
ti ssues, and | evel s are -prgtder gl nonpaa.t i 2DHI
knockdown experiments edlemplhisaimatead!| depreoeasf
mi gration, whereas overexpression had opposi
overactivation of thhwea ySTAMh3i cshi gpnrao nhoi tnegd ptahte
oncogeni c( lpertn.teel2 mWz3)

The regulatory role of zDHHC7 has also bee
significant contributor to mortalddpersdeamong
prostate cancers are reliant on the effect
andr o gceenp troe |, which then acts as a transcrip
involved in <cell di vision. Overactivation
progression of prostate cancer. zDHHC7 i s hi
experi menpsostsatngg cancer cells demonstrated
androgen receptor protein |l evels after zZDHHC(
result of transcriptional i nhibition medi a:
Pol ymerase | | t opttohre parnodmmootgeern, rneecgeat i vel y r ec
protein |l evels and attenuating its signall:i
overexpression in experiments wusing human p

growth and prostat,e whemrneaesixcpesl rli mennvtass i doenmo n s t

sign

t umo

ificantly reduced tumour growth in mice

ur suppressor effects of zDHHC7 are | im

zDHHC7 expression is significanahg tdbhewnefgué

andr

ogen signalling is enhanfded, adrOi2vdi)ng di s
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I n addition to the examples above, there are
been |linked to cancer, i ncludi (dKoz RHHC 3D, i xzobt
201.8)I ndeed, 26% of 2A99vvalhi dehed aamrcel t her
predictedcybabedS highlightingcyhat boowadorea
(Ko and Di.xon, 2018)

1. 1MeBabolic disorders

Diabetes mellitus is a major metabolic disor
billion per year. This condition is defined
categorised as either type 1 diabetes, an au

bw he | oss offceplalnscrreeastpacnsi bl e fofBehedtpolod uc
al 2@hd) type 2 diabetes, often Ilinked to I|if
and defective (iDestulalh0k®&)retion

zDHHC17 has been identified as a tiynpesill idcioal
phenemet er act ome net wor k anal-yasusi ngo geden:
Proinfl ammatorlparcygt-bDikiNm@sellIL function and f &
progression of type 1 diabetes, and these ¢
expressiomnCcldf LtbHHd of expression of this e
pat hophysi ol ogy of diabetes adceDHHGLT vi vatr
i nsulin secretieapernmémbskdwowtvnl e the -enzyme
apoptotic ef flbichdufmamahlilnsdeatlh i n overexpress
Therefore, downregulation of zDHHC17 in type
phenotype of decreas®daei hsaliBetraeadodt2io1ll)

Whitype 1 diabetedcedéatatusand blyoss of i nsul i
underlying factor thattylpea?®s di abtet@esdewel oppm
in liver, adipose and skréeéepahs muesctliesgude) m
and skel et al muscl e, @ uag e ttraamsepgorotferi nd u(
i S i mportant for regul ating glucose homeo
intracellularly in these cell s, and insulin
where it drives glucose uptake, cl e@beatng exc

al 201TphRaecyd ati on of Glutd4 -depesdenti alahet o

to t he cel | surf actegersinecemuaantyseehndéi t e
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responsiveness to insulin stimulation, due
storage (vVReesnt c D 1%) tatc4 1 @t i on i s mediated by
silencing of the enazgyreatiinohn bdnd ds iGd ruit f4i cSa n 't
i nsdihidmced pl asma membeZadhw®ken oecvked ust onfii cGd uwiedr. e
to be hyperglycaemic, further validating the
(Dat ., al201GBLUT4 translocation to the cell s u
SNARE proteins on the Glutd4 vesicles with SN
pl asma membrane SNARE proteins i-acyluatti &mMNAPQ

pl asma membrane DHECLYeme.dadAyglkatiSon and memt

targeting of SNAP23, this enzyme is al-so I|ik
stimulated glucose uptake in @@haosernrlgailnske
2021)

1. ZDPHHCY9 and di sease

1. 123DHHCY9 idnepReansdent <cancers

The substrate specificity of the zDHHC9/ GCP1
H-and-RAs makes it especddali venr eRldeBrcadamtsb é ®n Ra ¢

characterised as a hall mark cancer gene due
proteins are part of a fundament al signal
extracellular signals from t heGEBFBxabahga)e

which then activate the Raf/ MEK/ ERK pathway
nucl eus (Fi gouriewafieli O)RasA signal s for prol o
proliferation, and reported oncogeni c mut a:
consti tawttiGiedbpund st at e, resulting in tumor
esti matRAS ¢ hmtt ated in approximately 20% of

i soform being linked toBuWs dHertrmeanndetzy paersd oOTr i
2021)SpeciRasal bymoHtly associated wRtab bl ad:¢
mostly correlates with skin mel arfWaaese., ahd ha
2012, BiHequatndez and. Triola, 2021)

As previously di scussed, Ras trafficking, |

activity are #eamuilsdtaegd olmpl pdstpid modi ficati
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i nhibitors (FTlIs) emerged as a novel way to
catalyses the initial farnesylation of Ras p

Al t hough FTIls initially showed promisirng pha

model s, such as |l ow | D50, cancer regressi ot
permeability, they failed(RajahdtnpgamOOftogen
is thought that inhibition of farnesylati on

to compensatory geranyl ger ahyé mza(yAgepeet ysat he r
2005, Palsuledesai.and Distefano, 2015)

Ssacyl ation and deacyl ation cycles medi ate t|
and-RdAs between the plasma membrane, where EC
apparatus. Considering their regulatory i mp
targetaignggt$on enzymes responsi bl (eBufsogruemasdi f
Hernandez and Tirniadilaeitpedd e Ztdhhkcs o oalgout mi ce
demonstrated that zDHHC@Qciyhmithionmi amdr @d a s enad

association &wRfasondMogaeniimpeMrtantly, the same
ZzDHHC9 inhibition decreased adrmet ccpedileutliacr cterle
oncogeRas BHWnd its potenti al to cause | eukace

haemat ofdiears iad2 016)
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EGF

Plasma membrane
Vo v i 7 7

Figuné&fhe Ras/ Raf/ MEK/ ERK signalling pathway.

Ssacyl at aopne 9yRagSad vyl atsihoonwn iamdraedesylsati on
showb!l iamkl bwaf Afgrcokm t he Gol gi to the plasma n
transport. Upon EGFR activation, -bRandi stawiet
to the abobuwd 6THt e, regulated by GEF and G/
initiates a signalling cascade and transduce
cell survival Camrcét pdbiluishi emmcacéa m deoe mi er Medi cal

(https:// smanpt. servier.com/

1. 123DRAHCY9 dndkxd intellectual di sability (XL

Mut ati obdHG%ve | ong been known to cause XLI

i mpairment of vari ous compl ex processes i n
(Raymenhdal200 Mut atzZiDoHnHsth9%a ywe been identified i
patients, and these patients also demonstr

8 2


BioRender.com
https://smart.servier.com/

epi |l éBaledr,al2015, eShatBddRBY moentd. (a2200 7)) i dentif
two single amino acid missense mut a€CRDnef with
zDHHCY9: R148W(Rmd mMmhi@aR 007)

The mechanisms underlying the | oss of functi
P150S mutants were uentc.da2l@rldd . by h®lircligelblup de
that the R148W and P150S mutations within zD

enzyme, nor complex formation with GCP16,

decreasing the stability ofditdtee ,z  DHIHICOi ta uuioa
mechani s ms. The initial bur st kinetics for mi
zDHHC9 P15S imutraenduced by 50 %, whereas the
exhibited a significantly increased intrins:
i ntermedi ate instead. Both mechamedmatednsSlI| e
acylation of subst rtadtoes epri mtveilve,d iimclimndiedd e

(MitehedRO1Further analysis of t haesdndieataecd i
ZzDHHC9 mutants and GCP16 exhi bi(tNegdu eréendaulc ed ¢
2023)whil e-EtMhestcmugdure of the zDHHC9/ GCP16

mut ation of R148 to a |l arger a@wmiomadi aatddcadu
finger forsthdd, bl@WULYIsBIds and6Cyard .,,al2024)
providing mor e det ai | into the di sruptive

i ndi vi dual s.

I ndeed, a | ater study by the Bamji group cha
intellectual disabilit#ayydmdi omi loédpswot ldi cu g m
Ras and TC10. The authors found that ZDHHC

neur onlatlur @s altered dendritic mor phol ogy,

compl exity, a feature that is prevalent i n
phenotype was rescuedtypye eDpHESs ibnugt - wiiotd t
associated zDHHC9 Mmutbadrst s A48 Woanl!l | vy, a si
dendrite |l ength was seen after knocking dow
rescued by the dxmpreassi amd ot o-ewd ¥ Malteih@rc Sent

mut ant-Raod. NThese r esul t-acastluigogneRsatde diNyt hzaD HHC 9

regul ates dendrite | ength. This is mediated
| ocal i saRaisonanodf thhe activation of i(tSé&i dewhst |
et.,al2019)
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zDHHC9 knockdown al so demonstrated a signifi
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t h
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ch

Th
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sulting in an increased ratio of excitator
rescued by zDHHC9 mutants R148W and P150 S
etdBcyl ati on of TC10 via mor e knockdown

ppocampal neurons.-m&gpicatadcdyd &ltli wyn DHACALO0 f

s plasma membrane associati on, where it p
e formatibntandf stabibi expgrsymeapsesurther
e role of zDHHC9 in the balance dDdhtrxXit at
ockout mi ce demonstrated increased spont a
i zuBbbseel &a12019)

di viduals with XLIDDEH@3 sd iy mowmtsd triad s ihry
the corpus callosum, the trac(tBalkernalcti ng
1.5)Anot her study by the B&Zdjhthicgookiputdemions
dlecreased corpus callosum width and i mpai
served impaired oligodendrocyte maturati or
th decreased expression of genes involved
th thetwhaitdefnmacits seen in XLoDupatiemt s
tat(iVehnest e aR02Fhese studies suggest that the
tients with mutations in zDHHCOY9-aicylati esul
srupting dendrite growth and inhibitory sy
tered gene ex plriensspoat eainnd Ineyveel s, di srupt

turation and (@Xhinenanydl2 0 hae i Whi2t02 5)

. Therapeutic approaches and devel opment of

sear ch i n -atchyel aftiieolnd iosf hS ndered by the | acl
n selectively disrupt the activity of zDH
erapeutically targeting zDHHC enzymes in d
gnificance of zDHHC enzymes in nor mal cell
mber of diseases highlights the need for

emi cal mo daucl yaltaotriso no fe nSz y me s .

e pal mitatBP ainsaltohgeu emo2sfacwil deli yhnsedhb®BDt or
nce it covalently binds bondheghpgogbkgtcohfs
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enzymes, irreversibly inhibiting their autoa
has broad effects and no speci f{ideinngtngdsli mi ti
2009, etLaal202Anot her maj o-BPdirawbaskabifl 2ty t

act

vity of thioesterases that facilitate pr
t he stuedacybdtiDn and d e(aLcawlt a.td 1@ 2 OQw-calneos

myracrylamide (CMA) is a more recaoayl gtisgmt!!
with a similar inhiBPitiEdmrnme hlhagihsmMas d2 s pl
toxicity and was able to only disrupt t he

t hi oesetser a hi s compounmedtsr warh sion hai kir toard, whi c

sel ec(tAzwitzjyal202 .t ., lad2m 2 1)

Since some-esnpPserphers have been identified
possibility of di srupting the recruitment C
enzyme partners was explored as a-amgthodonof

Phosgimomlan (PLM) is a small apwnmps,s oknyo veru btuon i bt
acylated by zDHHCS5. PLM can-puegui ateardeaacm
throug-hr @aostktati onal modi ficati ontsertmaiknianlg tpalizs
Speci fiPtMl lyggtivat es and i nhi bi tpsumphevi act.i
phosphoryl atciydrmtdarmd ,§ PeappalRD26)y

PLM and zDHHCS5 do not interact direcd!ly; in
S ubuonfi tt peunNbiggaa r egi on conttairmimalt kryessd eC ne r
positions 236, 237, and 245, l ocated away

interaction provides the opti mal positioning
zDHHCS5 catalytic mhuit mintt § -2 OHMHSBHLI denx t hat i s

abolished after alanin236substdi 2@tsiternAhamni g
substitut i e2n3 6odfa ncyyss2t@efinned s o di srupted the i nt
ZzDHHC5 andpunhpe iiNmmumopreci pitation experi men
i mportancacypyfathenSof these cysteines for th
the authors di scowywlretdi otnth &drfmtthtad SC ai | of z
medi ated by zDHHC20. Additionally, t2Mel at t ac
found negrumphéeéiMai ng svii€&!l cNAzPHHCS > on al so i
bi nding -poimphandapresenthatacanheregRTMtte t he
PLM-a2 yl gtPilath . nal2020)

The most significant fiacgilmgi oh ©OHiIi PLM wapy i
reduced after i npebetirani whtgptea a waethdse - Nm o f
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pump binding site peptide in HEK293 cells, a
ZzDHHC5 wi thumph.e NNaar eover, the peptide-inhibi

acyl ati-Rams,ofusHed as a substrate example of

exhi bkl rgti ve-emnzuypse r paé r i nhibition. The
observation lies in tédeylfatciton haft RWLMI diigr inpm
t he-pNianp , t herefore increasing its activity

treatirng flaPd atr.eal2020)

Anot her key study has recently identified th
named-06-B. The aut hor s-0r6dé8porst sdictcleatsfID i n de
Ssacyl ation of EGFR-Rbdy mbDH&ELCROCehl «, even wh
conceonhglaecd ., al2024Nn mRaantseKti ngmediz®HEC28

cylation of EGFR is dramatically increased
nockout experiments reveal ed decreased d
roliferation and also suppRessepeéenddarmrt glruwm
denocarci noimm Miulmoguhrlsi ghti ng the potenti al

DHHC2O0 i(nkhhiabribeabnr,daal2 02 The i deOn6t-8 fiinehdi bSOt or s e
O interact with zDHHC20 directly, and dock
inding site onOg®HHICE28 bert woshbmi nt hbei nadciynlg p o
nd t he nrbuicnldeiontgi x65i-68 ee x S MHHG i sof orm sel ect
DHHC1, zDHHC11, zDHHC20 and zDHHC24 facilit
acid with a smal/l side chai-hdatf dihred sipmtti ad

CRD of zDHHC20 which can accommb&é&.t eArmmihreo me
acid residues with bulky side chains -at t hat

N 99 T X Q

N o T -

06-. These findings were validated in experi
were over exprHels9siesd liumgNQlancer cell s and ever
increased-aBEGFRt iSon, only zDHHC11, in which
conserved, was s-068eptwhblle tdheSDul ky isole

zDHHC23 protected the(dmaynmdO2d)m i nhibition

The pharmacol ogi cal benefits of t he compoun
demonstrat ismpeeclidw cndanmxi ci ty, as it inhibiterc
cel l l ines but had no effect on a 0b68g fibr
successfully increased t he over a-Rhs sbuwgval
adenocarci nhoma when admini stered orally, e
medi ated by a dearcggdsad iiom. EGRRsS s mal | mol ec
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uni que selectivity for a r egi-cohnaionutbsiinddei nog po
of zDHHC enzymes, can be used as a templ ate

and provide a therapeutic apphedaah20i2d)ot her

Two promising i nhibitors of zDHHCY9 activit
Treprosti @MmiplproamdFOAuUug for the treatment of
pressuredHyandxy®amptdeCmhie)c.i nTHeeOoncogenic rol
in the progression of adenocarcinoma was [

experiments resultinginnainWhoe bimobed icne ftvia svitoia g i

without affecting the subjectsd overall heal
t hroughactyhleatS sn-4 ba6TRN4) , a scaffolding proc
striiattiemacting phosphatase and ki nase (STI
signalling pat hways aAtyeating o€l ISTRNd wtphr.o
recruitment of proteins invol ved i n t he H i
transcriptional activation of genes associ at
Ssacylation inhibits the nucl éag geatfiexlhpireg s

( Tieatn, al2025)

Mul tiple effectors Iinked to different oncog
Hence, the identification of pota2CPTzDBHLCEH I
present -baaskerdoadher apeutic strategy. smhél i nhi
mo |l ecvuilret ual screening assays, a Adde ptemaiemt a b i
STRN4-acSyl ati on was further validated exper.i
TreprostiHaPTewer 1®&d t he increased cell migra

STRN4 ovesrieoxnpries the HCT116 human colon canc
experi ment si ppewinoocnoddon catmceverspmeeast asi s
models demonstrated decreased metastasis to
t hough -ttahreg eatf fef fects of the inhibitors were
findings highligddatitrheeg pDHHOQT itad todc Klag canc
could pave the way for tthha gkdwdl cpméheira afh ez
et.,al2025)

The devel opment of zDHHC enzyme inhibitors,
chall enges, reflected in the | imi-gppaciddwan
i nhibitors of zDHHC enzynraec yalcattiivoint yo fwoaul Ild siunt
not jeuotrottlkei n of interest. On the -Dimeéirndgand
sites on zDHHC enzymecylcatni odn safupdt hhehre sSub st
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via the same binding site. Therefor e, the r
accounted for before advancing the clinical
1. A% ms and hypothesis

The main overarching hypothesis at the out se

zDHHC9/ GCP16 complex would provide a novel n
zDHHC9 (but not other zDHHC enzymes). Theref
how GCPdmadtnd with zDHHC9 and the functional
cellular environment. By understanding thes:e
possibl e t o use peptides mi mi cking t he i
ZzDHHC9/ GCP16 compidtant |[toimsotEdMptshatuctthue ec roy
zDHHC9/ GCP16 coap.]®l202&%pngyas only reported a
this project, and so initial analysis of t !
interaction sites. The specific aims of the

(i) Identify key regions -actyhiabni oGP 1 ée nfiborr
attachment and interaction with zDHHCH9

(i1 )Characterise the mechanism of interacti
complex and how int-acgtcbatbaoanabdhdcssabhe
protein

(iiiExamine the importance of di fferent bi
Cry¥mMm structure of zDHHCY9YNGEPDLDH faod Gha
each protein

(iv)lnvestigate t he i mportance of t he f
ZzDHHCO9/ GgPb6xedmpl ex i n depdpieri cnamtro wt
neur ons

(v) Analyse the broader interactions of GC
me mber s

(vi )Explore the ©pot enbtaisaeld upseeptafdeGCR M6 t he
ZDHHC9/ GCP16 complex formation
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ChapteMat2z2eri als and met hods
Material s
Product Name Product ID Provider
1 kb DNA ladder G571A Promega, WI, USA
10x FastDigest Green buffer LT-02241 Thermo Fisher Scientific, Loughborough, UK
5kba mono?;‘fgﬁ)é{’nﬁ’g'ég)hy'e”e glycol IKA3177-1G Sigma-Aldrich, Poole, UK
Acrylamide J60868 Alfa Aesar®, Heysham, UK
Agar powder LP0OO11 Oxoid, Hampshire, UK
Agarose powder B10-41025 Bioline, London, UK
AmerShar’]‘i“t'fo Czl‘:ﬁfgf _Premium 0.45 em GE10600003 Merck, Poole, UK
Ammonium persulfate (APS) A3678 Sigma-Aldrich, Poole, UK
Ampicillin A9518-25G Sigma-Aldrich, Poole, UK
Ascorbic acid A15613 Alfa Aesar®, Heysham, UK
Biotin B4501-1G Sigma-Aldrich, Poole, UK
Broad Range Prestained Protein Marker PL00002 Proteintech, Manchester, UK
Bromophenol blue sotdium salt A16899 Alfa Aesar®, Heysham, UK
BSA BP9701-100 Thermo Fisher Scientific, Loughborough, UK
CaCl2 10070 BDH Laboratory Supplies, Poole, UK
Chloramphenicol C0378-5G Sigma-Aldrich, Poole, UK
®
e i b Proteech, Manchester, ¢
Corning® BioCoatE Poly-D-Lysine 24-well plates 356414 Thermo Fisher Scientific, Loughborough, UK
Corning® BioCoatE Poly-D-Lysine 6-well plates 356413 Thermo Fisher Scientific, Loughborough, UK
Corning® BioCoatE Poly-D-Lysine coverslips 354086 Thermo Fisher Scientific, Loughborough, UK
Corning® T75 cm? Cell Culture Flask with Vent Cap 430641U Thermo Fisher Scientific, Loughborough, UK
CuSOq4 451657-10G Sigma-Aldrich, Poole, UK
Cycloheximide (CHX) C-7698-5G Sigma-Aldrich, Poole, UK
cyg‘ﬁgg’j';?g;ﬁy3p“g’;"e?hr 3030-681 Thermo Fisher Scientific, Loughborough, UK
DAPI D9542 Sigma-Aldrich, Poole, UK
Digitonin D141-100MG Sigma-Aldrich, Poole, UK
Dithiothreitol (DTT) R0861 Thermo Fisher Scientific, Loughborough, UK
DMSO D5879 Sigma-Aldrich, Poole, UK
Dulbecco's Mg{gitgﬁﬂiigfn'\]ﬂe%?;um (DMEM) + 31966-021 Gibco, LifeTechnologies™ Ltd., Paisley, UK
EDTA E6758-100G Sigma-Aldrich, Poole, UK
EZ-Run™ Pre-Stained Protein Marker BP3601-500 Thermo Fisher Scientific, Loughborough, UK
FastAP Thermosensitive Alkaline Phosphatase EF0651 Thermo Fisher Scientific, Loughborough, UK
FastDigest Dpnl FD1704 Thermo Fisher Scientific, Loughborough, UK
Fatty acid-free Bovine Serum Albumin (BSA) A7030-100G Sigma-Aldrich, Poole, UK
Foetal Bovine Serum (FBS) A5256801 Gibco, LifeTechnologies™ Ltd., Paisley, UK
Glacial acetic acid 036289.K3 Thermo Fisher Scientific, Loughborough, UK
Glycerol A16205 Alfa Aesar®, Heysham, UK
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Glycine

101196X

VWR International, Leicestershire, UK

HEPES

391333

Merck, Poole, UK

Hexylene glycol

112100-500G

Sigma-Aldrich, Poole, UK

Human Embryonic Kidney 293T cells (HEK293T) CRL-3216 ATCC, VA, USA
InvitrogenE PureLinkE Quick Gel Extraction Kit K210012 Thermo Fisher Scientific, Loughborough, UK
InvitrogenE PureLinkE Quick Plasmid Miniprep Kit K210011 Thermo Fisher Scientific, Loughborough, UK
InvitrogenE SYBRE Safe DNA gel stain S33102 Thermo Fisher Scientific, Loughborough, UK
Kanamycin K4000-5G Sigma-Aldrich, Poole, UK
KCI P/4240/53 Thermo Fisher Scientific, Loughborough, UK
KH2PO4 P0662-500G Sigma-Aldrich, Poole, UK
LI-COR REVERT™ 700 Total Protein Stain kit 926-11021 LI-COR Biosciences Ltd, Cambridge, UK
Lipofectamine® 2000 Reagent 11668019 Thermo Fisher Scientific, Loughborough, UK
MeOH 34860-2.5L-R Merck, Poole, UK
MG132 M7449 Sigma-Aldrich, Poole, UK
Microscope slides 13192131 Scientific Glass Laboratories Ltd, Stoke-on-Trent, UK
Mowiol® 4-88 Reagent 475904 Merck, Poole, UK
NaxHPO4 013437.A1 Thermo Fisher Scientific, Loughborough, UK
NacCl S/3160/60 Thermo Fisher Scientific, Loughborough, UK
NaOH S/4800/60 Thermo Fisher Scientific, Loughborough, UK
NucleoBond Xtra Midi kit 740410.100 Macherey-Nagel GmbH & Co. KG, Duren, Germany
Palmitic acid 506345 Sigma-Aldrich, Poole, UK
Pfu 10x reaction buffer M776A Promega, WI, USA
Pfu DNA Polymerase enzyme M774A Promega, WI, USA
PierceE 16% Formaldehyde (w/v) #28908 Thermo Fisher Scientific, Loughborough, UK
Polyethylenimine (PEI) 43896 Alfa Aesar®, Heysham, UK
Protease inhibitor cocktail P8340-5ML Sigma-Aldrich, Poole, UK
SDS S/P530/53 Thermo Fisher Scientific, Loughborough, UK
SterilinE Standard 90mm Petri Dishes 11309283 Thermo Fisher Scientific, Loughborough, UK
T4 DNA Ligase 10x buffer C126B Promega, WI, USA
T4 DNA Ligase enzyme M1801 Promega, WI, USA
TBTA H66485.03 Thermo Fisher Scientific, Loughborough, UK
TEMED T9281 Sigma-Aldrich, Poole, UK
TPP®tissue culture plates - uncoated 92024 Merck, Poole, UK
Tris base BP152-1 Thermo Fisher Scientific, Loughborough, UK
Triton X-100 T8787 Sigma-Aldrich, Poole, UK
TrypLE™ Express 12604-013 Gibco, LifeTechnologies™ Ltd., Paisley, UK
Tryptone LP0042B Oxoid, Hampshire, UK
Tween®20 P1379-1L Sigma-Aldrich, Poole, UK
Yeast extract LP0021 Oxoid, Hampshire, UK
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2.QAelkdl tur e

Human Embryonic Kidney 293T (HEK293T) cells were cultured in T75 cm? flasks with
Dulbecco's Modified Eagle Medium (DMEM) + GlutaMAX™ media, supplemented
with 10% Foetal Bovine Serum (FBS) and incubated in a Thermo BB15 incubator
(Thermo Fisher Scientific, Loughborough, UK), set at 37°C / 5% CO.. After 7 days,
the media was discarded, and cells were briefly washed with 10 mL of warm
phosphate-buffered saline (PBS; Stock at 10x: 1.54 M NacCl, 53.6 mM KCI, 80 mM
NazHPO., and 14.6 mM KH2PO, in dH20). To dissociate adherent cells, 2.5 mL of
TrypLE™ Express was added and incubated for 3 minutes at 37°C. After the
incubation period, cells were detached from the flask surface by gently tapping the
flask, and then 7.5 mL of DMEM + GlutaMAX™ media, supplemented with 10% FBS
was added to inactivate the TrypLE™ Express. Cells were then collected into a 15 mL
Falcon tube and pelleted by centrifugation (Heraeus Multifuge 3 S-R, Thermo Fisher
Scientific, Loughborough, UK) at 150 xg for 3 minutes. The supernatant was removed,
and cells were resuspended in 10 mL of DMEM + GlutaMAX™ media, supplemented
with 10% FBS. Cells were then seeded into a new T75 cm? flask at a 1 : 20 dilution,
with a final volume of 10 mL. For experimental analysis, cells were diluted to 1 : 50
using DMEM + GlutaMAX™ media, supplemented with 10% FBS, and plated on poly-
D-Lysine-coated 24-well plates, at a volume of 0.5 mL of cells per well, or on poly-D-

Lysine-coated 6-well plates, at a volume of 2 mL of cells per well.

2. 2r ansf ecHBEK2n®SBeM | s

Plasmid DNA was introduced into the HEK293T cells by transfection with
polyethylenimine (PEI) (Stock solution at 1 mg/mL in water, pH 7, sterile filtered,
aliguoted, and stored at -20°Cu0 24 hours after seeding onto plates. 1 pg of plasmid
per well was used in single transfections, while 0.6 pg of plasmid encoding zDHHC
enzyme was mixed with 0.4 pg of plasmid encoding substrate protein / accessory
protein for co-transfections. The plasmid mix was added to a final volume of 50 pL
serum-free DMEM + GlutaMAX™ and PEI was added at a ratio of 2 uL PEI : 1 pug
total plasmid DNA. The mixture was then vortexed and incubated at room temperature

for 20 minutes, before being added to each well of a 24-well plate. When using 6-well
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plates, 4 pg of total plasmid DNA (2.4 pg of plasmid encoding zDHHC enzyme and
1.6 pg of plasmid encoding substrate protein / accessory protein for co-transfections)
were added to 200 pL serum-free DMEM + GlutaMAX™ and mixed with PEI at a ratio
of 2 uL PEI : 1 ug total plasmid DNA. The mixture was treated as above before being
added to each well. Cells were incubated at 37°C for 24 hours prior to experimental

analysis.

2.Blasmid construct desighn

All zDHHC enzyme constructs (mouse) cloned in pEF-BOS-HA vectors were provided

by Professor Masaki Fukata (Fukata et al., 2004). The plasmid pcDNA3.1(+)-N-eGFP-

zDHHC9 (human) was synthesised by GenScript ( Gen Scr i pt Bi otech Lt
U K,)and was subsequently subcloned into the pEF-BOS-HA vector. For this, the

plasmid was digested with BamHI, and the zDHHCS9 insert and pEF-BOS-HA vector

were then purified and ligated, as described in sections 2 . -2 .. Bhe mutant construct
pEF-BOS-HA-zDHHA9 (mouse) was previously made by Dr. Jennifer Greaves

(Coventry University). All other zDHHC9 mutant constructs (mouse) were synthesised

and cloned into pEF-BOS-HA by GenScript ( Gen Scr i pt Bi otech Ltd,
(Table 2.1).

GCP16 WT (human) was synthepdBNMAI-NN@GFPCc| oned
vector by GenScript (GenScript Biotech Ltd,
GCP16 with the GFER miagsat TBRe &IE€LICHBI rlal mut art
wa s gener ated via the insertion -dbifreaxtedem
mut agenpsDNABNEGFBCP16, wusing the3pr PineasdGC
P2 (Tabl e 2 GEB16 mutahticonstructs éhuman) were synthesised and

cloned into the pcDNA3.1(+)-N-eGFP vector by GenScript ( Gen Scr i pt Bi ot ec
Oxford, UK) (Table 2.1).

GCP16 WT and GCP16 binding interface mutant
al so c [poDNA3dL(+)-Na3xFLAG by GenScript( Gen Scr i pt Bi ot ech Lt
UK) . -BPEHAGCP16 (mouse) was pDbDrevideashiyf earad®r &
(Coventry University). GCP16 truncated mut ant-t eromisnaluct
Gol gi |l ocali sati on sd dNaemc & 0 RIhWR I EICdEdRKe ma n
foll owed K ytcwerrepnR)y (IG nker s (r edCPriréed weo eas
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https://www.genscript.com/location.php?href=/gsfiles/vector-map/mammalian/pcDNA3.1_N-eGFP.pdf
https://www.genscript.com/location.php?href=/gsfiles/vector-map/mammalian/pcDNA3.1_N-eGFP.pdf
https://www.genscript.com/location.php?href=/gsfiles/vector-map/mammalian/pcDNA3.1_N-eGFP.pdf

synt helsyy s@elnscript (GenScript Biotech Ltd, C
MChe+«€rily vectermi Nal ly tageged)pl (atshmd dm@laer rgyener
tag exchang€lpfbpEDBGBFP Christine Salaun, Uni v
2.1). AFAWVRICFRYRKGGGGSGEGGY referred to as GLS
synt hebsyGen®cdpt( GenScri pt Biotech Ltd, Oxford,

The sequence of plasmid DNA was confirmed by sequencing performed by GATC
Eurofins genetic sequencing service (GATC service by Eurofins Genomics,
Wolverhampton, UK, https://eurofinsgenomics.eu/en/custom-dna-sequencing/) or by
DNA Sequencing & Services (MRC PPU, School of Life Sciences, University of
Dundee, Dundee, UK, www.dnaseq.co.uk).
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https://eurofinsgenomics.eu/en/custom-dna-sequencing/
http://www.dnaseq.co.uk/

GCP16

C-term irr:lajltet‘r:trslcation N-termirgilt;r:tr;cation Alanipn@IJ tsacre‘ttrsming Gszlgfjle%cﬂi?gtg;
mutants
1-60 11-137 61-65A 1: 1-60 C24A
1-90 21-137 66-70A 2:91-124
1-120 31-137 71-75A 3:91-137
1-122 61-137 76-80A
1-124 91-120 81-85A
1-126 91-124 86-90A
1-128 91-128 122-125A
1-130 91-137 126-130A
Cysteine mutants Mutants based on AlphaFold structure prediction
C69A Y76A/R121A
C72A Y76A/R121E
C69A/C72A Y76A/F79A/R121A
C24A/C69AICT2A
C69A/C72A/C81A

Interface mutants
1: Y76A
2: Y86A
3: R16A/Y18A
4a/b: K11A/F13A/R118A/R121A/E124A
4b: R118A/R121A/E124A
1-4a/b: K11A/F13A/R16A/Y18A/Y76A/YB6A/R118A/R121A/E124A
4a/b (D): K11D/F13D/R118D/R121D/E124A
1-4a/b (D/K): K11D/F13D/R16D/Y18D/Y76K/Y86K/R118D/R121D/E124A
- s
Interface mutant
1-4a/b: R85A/D100A/E101A/F104A/F129A/P150A/E163A/Y183A/P292A

DHHC domain mutants
3.1: K139Y/Y140K/Y142P/T143K
3.2: K145C/1146S/F1471/R148K
3.3: 1157V/D159K/N160R
3.4: V162I/E163R/R164K/F165M
3.5: K178E/R179N/Y181Q/R182K

Tab22eGCP16 and zDHHCY9 muswamthebns®&dndcsi pt
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2.Rrinmesign

For sub-cloning experiments, primers were designed using the ApE software (A

plasmid Editor, https://jorgensen.biology.utah.edu/wayned/ape/) for the identification

of the appropriate restriction sites and the online software Primer3Plus

(https://dev.primer3plus.com/index.html) for the identification of the hybridisation

sequence. For site-directed mutagenesis experiments, primers were designed using
the online QuikChange® Primer Design Program by  Agilent

(https://www.aqilent.com/store/primerDesignProgram.isp). Primers were

manufactured by Merck (Darmstadt, Germany) and resuspended in the appropriate
volume of dH»0 to give a stock concentration of 100 uM. Resuspended primers were
stored at -20°C.

Primer name Pri mer seqBence (506
Site -directed mutagenesis
GCP16 1-30 P1 CCTGTTCTCCAGCTCGGCCTAGAACTTGGTCTGGAACTG
GCP16 1-30 P2 CAGTTCCAGACCAAGTTCTAGGCCGAGCTGGAGAACAGG
Sub-cloning
zDHHC9 Forward AATGAGGCGCGCCATGTCTGTGATGGTGGTG
zDHHC9 Reverse AGCTGAAGCTGAGAAGACGAATTCAATGA
TabR2Sequence of oligonucl eotide primers us
design.

2. Bol ymerase Chain Reaction

Polymerase Chain Reaction (PCR) was used for the amplification of a DNA region of
interest, using a hermal cycler (Applied BiosystemsE VeritiE 96-Well Thermal
Cycler, Thermo Fisher Scientific, Loughborough, UK). The appropriate forward and
reverse primer stocks were diluted to a final concentration of 10 uM in a primer mix.
For the PCR reaction, 2 pL of primer mix, 1.5 pL of 50 ng / pL plasmid DNA, 1 pL of
10 mM dNTPs, 5 uL of Pfu 10x reaction buffer, and 1 uL of Pfu DNA Polymerase
enzyme were added to a thin-walled PCR tube and were made up to a final volume

of 50 uL with dH20. The PCR cycle used consisted of an initial denaturation step of 2
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minutes at 95°C, followed by 30 cycles of: denaturation at 95°C for 30 seconds,
annealing at 54°C for 30 seconds and elongation at 72°C for 2 minutes per kb of DNA
template. The 30 cycles were followed by a 5-minute incubation at 72°C, with a final
hold at 4°C. Agarose gel electrophoresis (section 2.6) was used to confirm the

amplification of the PCR product.

2.garosel getrophoresi s

Agarose gel electrophoresis was used for the identification of PCR products or DNA
fragments. Samples were loaded into lanes in an agarose gel submerged in buffer
and were resolved by applying an electric current. The intrinsically negative
phosphate backbone of DNA, along with its uniform mass to charge ratio, results in
its migration through the agarose gel matrix, toward the positively charged anode.
The migration speed depends on the size of the DNA fragments, with smaller DNA

fragments migrating faster.

The gel was prepared using 1% (w/v) of agarose powder, dissolved in 50 mL of TAE
buffer (Stock at 50x: 2 M Tris base, 50 mM EDTA, and glacial acetic acid to pH 8) and
by adding InvitrogenE SYBRE Safe DNA gel stain at a dilution of 1 : 10,000. The gel
was immersed in TAE buffer. Samples were prepared using 5 pL of the amplified PCR
product / DNA, 2 uL of 10x FastDigest Green buffer and 13 pL of dH.O and were then
loaded alongside 5 pL of 1 kb DNA ladder. The gel was run at 120V (PowerPac™
Basic, BioRad, CA, USA) for 30 minutes and the DNA was then visualised under UV
light by an Ingenius-Syngene Bio UV illuminator and associated camera (Synoptics
Syngene GelVue GVM30, Syngene, Cambridge, UK).

2. Restridcgieshi on of DNA

For sub-cloning of plasmids, PCR products were digested for 1 hour at 37°C using 40
uL of the PCR product, 2 pL of each of the appropriate restriction enzymes, 6 uL of
10x FastDigest Green buffer and 10 pL of dH.O for a total volume of 60 pL. The
desired vector for sub-cloning was also digested for 1 hour at 37°C, using 1 pL of the

vector (~1 pg / pL), 1 pL of each of the restriction enzymes, 2 pL of 10x FastDigest
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Green buffer and by making up to 20 pL with dH,O. The digested backbone vector
was dephosphorylated for 10 minutes at 37°C, using 1 L of FastAP Thermosensitive

Alkaline Phosphatase, to prevent self-annealing.

2. MDpInl tr eat neinrte cotfed imwt ant PCR product s

For the generation of the site-directed mutants, the restriction enzyme Dpnl was used
for cleaving methylated adenine (MA) in the recognition sequence G™ATC of the target
DNA. After the PCR reaction for the site-directed mutant generation, Dpnl digestion
cleaves any plasmids with methylated sites corresponding to the parental cDNA
template, therefore leaving the amplified unmethylated plasmid intact. PCR products
were digested bDpnfeddBngl 1Lotl tbé PCR product
37°C for 1 hour in a Clifton water bath (Clifton, Nickel-Electro Ltd., UK). The Dpnl-

treated products were then transformed into competent TOP10 E. coli cells (100 pL).

2.BMgarose gel extraction and purification

Agarose gel electrophoresis was used to resolve the digested products (120V for 45

minutes). The DNA fragments were then visualised by UV illumination
(Transilluminator 4000, Stratagene, CA, USA), cut from the gel using a scalpel and

placed into 1.5 mL Eppendorf tubes. The DNA was purified from the agarose gel using

the InvitrogenE PureLinkE Qui ck Gel Extraction Kit as per
500 eL of gel solubilisation buffer (L3) wa:
agarose gel slices and placed into a 50°C heat block (FB15101, Digital Dry Bath,

Thermo Fisher Scientific, Loughborough, UK) until gel dissolution. The dissolved gels

containing the DNA were then loaded onto Quick Gel Extraction Columns and

centrifuged at 12,000 xg for 1 minute. After discarding the flow-t hr ou g h, 500 ¢L
Wash Buffer (W1) was added, followed by two centrifugations at 16,000 xg for 1.5

minutes. For DNA elution, 30 puL of dH,O was added, followed by centrifugation at

16,000 xg for 1 minute. Eluted DNA was kept at -20°C long-term.
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2.19igation

The digested and purified PCR products and vector DNAs were ligated overnight at
room temperature, using 2 pL of vector DNA, 10 pL of insert DNA, 1.4 pL of T4 DNA
ligase 10x buffer and 1 pL of T4 DNA Ligase enzyme. The ligated construct (14 pL)
was then transformed into competent TOP10 E. coli cells and cultured for DNA
amplification (section 2.11). Ligated plasmid constructs were confirmed by restriction

enzyme digestion and agarose gel electrophoresis.

2. P0leparation of cBmpeeclkihs TOP1O0

A 100 pL aliquot of competent TOP10 E. coli cells stored at -80°C was thawed on ice
for 10 minutes, before adding 200 pL of sterile Luria Broth (LB; 1% Tryptone, 1%
NacCl, 0.5% Yeast extract). The bacteria were then incubated in a shaking incubator
(250 rpm) for 45 minutes, at 37°C. After incubation, bacteria were spread on LB agar
SterilinE standard 90mm petri dishes containing no antibiotics (10 mL LB broth with
1.5% agar powder) and incubated overnight at 37°C. A single colony was then picked
and inoculated in 2 mL of LB containing no antibiotics, which was then incubated
overnight in a shaking incubator (250 rpm), at 37°C. 1 mL of the overnight culture was
used to inoculate 100 mL of LB and was further incubated at 37°C for 2 - 3 hours, until
ODeoo reached a value of 0.2 - 0.7 (POLARstar Omega, BMG Labtech, Aylesbury,
UK). The culture was then chilled on ice for 15 minutes, before being aliquoted into
two 50 mL tubes and pelleted by centrifugation at 3,300 xg for 10 minutes at 4°C. The
supernatant was discarded, and each pellet was resuspended in 10 mL of ice-cold,
sterile 0.1 M CaCl,. Cells were then incubated on ice for 30 minutes before being
centrifuged at 3,300 xg for 10 minutes, at 4°C. After the supernatant was discarded,
each pellet was resuspended in 3 mL of ice cold, sterile 0.1 M CaCl, containing 15%
glycerol. The total 6 mL of bacterial culture obtained was snap-frozen into 100 pL

aliquots and stored at -80°C.
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2. Ttansfor mbOP IEM «foimpet ent cell s

An aliquot of competent TOP10 E. coli cells was defrosted on ice for 10 minutes. For
the transformation of established constructs, 0.2 uL of ~1 ug / pL DNA was added to
35 pL of competent cells in a 1.5 mL Eppendorf tube, while for the transformation of
sub-cloned plasmids, 10 puL of the ligation reaction was added to 100 pL of competent
cells. After 20 minutes of incubation on ice, the samples were heat shocked at 42°C
for 45 seconds and were then placed on ice. Subsequently, 100 pL of sterile LB was
added to the Eppendorf tubes, followed by a 1-hour incubation in a shaking incubator
(C24 Incubator Shaker, New Brunswick Scientific, NJ, USA) set at 220 rpm, at 37°C.
The transformation mix was then spread onto LB agar SterilinE standard 90mm petri
dishes (10 mL LB broth with 1.5% agar powder), supplemented with either 30 pg / mL
Kanamycin, or 100 pg / mL Ampicillin, and incubated overnight at 37°C in a Heraeus
B6060 Incubator (Thermo Fisher Scientific, Loughborough, UK). Isolated, single
colonies were picked from the plates the next day, using a sterile pipette tip. The
selected colonies were incubated overnight at 37°C in either 3 mL of LB media plus
antibiotic for Mini preps or in 150 mL of LB media plus antibiotic for Midi preps. The
shaking incubator was set at 200 rpm or 250 rpm, respectively. After the incubation
period, the InvitrogenE PureLinkE Quick Plasmid Miniprep Kit or the NucleoBond
Xtra Midi kit was wused as per the man
DNA. The concentration of the purified DNA product was measured using a Nanodrop
2000/2000c Spectrophotometer (Thermo Fisher Scientific, Loughborough, UK). The
GATC Eurofins genetic sequencing service (GATC service by Eurofins Genomics,

Wolverhampton, UK, https://eurofinsgenomics.eu/en/custom-dna-sequencing/) or the

DNA Sequencing & Services (MRC PPU, School of Life Sciences, University of

Dundee, Dundee, UK, www.dnaseq.co.uk) were used to confirm the sequence of

plasmid DNA. The sequencing outputs were then aligned with the corresponding
reference DNA for analysis using the ApE software (A plasmid Editor,
https://jorgensen.biology.utah.edu/wayned/ape/).
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2. Ahalysis of protein expression

Approximately 24 hours after transfection, cells were washed briefly in PBS and lysed

in 100 eL of SDS sample buffer (Stock at 4x
200 mM Tris base pH 6.8, 40% glycerol, 8% SDS) supplemented with 25 mM

dithiothreitol (DTT). Lysates were scraped from the wells using wide-bore tips and

transferred to 1.5 mL Eppendorf tubes. The samples were then heated to 95°C for 5

minutes, before being resolved through SDS-PAGE and analysed by immunoblotting

(see sections 2.19 and 2.20).

2. Fatty acid azide | abelling and click c¢chemi

Click -PEGylation

Cells were pledtledplan e24 (three wells per tr
described in section 2.1. Approximately 24 h

the cel |l media was aspirated, and cells wer
PBS wasen aspirated, and 500 OL of Il abelling
|l abel ling mi x consisted fafee5 DOMERL + &Gl wa n M/

containing 1 mfgrde mRoviana ySearcum Al bumin and e
pal mitic acimM (5%t0oxc,k daits s500l ved in DMSO) wused
(one well per sample), or 18a0i &M, of Spat ki atc
500x, dissolved in DMSO, synthesised by Prof
of Strathclyde) I(et)ywo Oneellllss wpeerre stahnepn i ncubat e

After incubation, the |l abelling media was as
mL PBS per well. Cells in each well were the
mM Tris pH 8.0, o0g5%r®bD&rarseonmnéi bditor cockt:
100. The cells were then scraped off the wel|
on ice.

For t he click chemistry reacyl aniadnkeg nan e

conjugat end nb mk Dpacolxyyet hy | emRE@GYHd pyacmodl® rused i n a
click chemistry reaction mix. 80 OL4o0f0.1 i ck
mM TBTA and 2 ondP EGGV raelpkoyrnteer di ssol ved in DMSO
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|l ysate, followed by the addition of 20 OL ¢
i ncubated at room temper-aveme fot atli chro.ur Afw
i ncubation step, 67 OL of 4x SDS sample buff
to the sacnpilnegs ,a rfeianal concentration of 1x SI
mM DTT. Samples were then heated to 95AC fo
usi ng-P&8BE for further analysis.

The aimPEGe reporter molecule fAclickso with th
azide in the | abelling mix. Thi s -aewludttesd i n
cysteine in a pre#deibry, iwmua bil ®tvi ssgalainal ysi

is not seen with the palmitic acid used as

quantification, -athkatsaudn madndasl lobServed was
percentage of the t-atlplt epdar ot leA the &) gamrmd 4 nmaea
was womlketdaif rom the two palmitic acid azide sal

was then normalised to the highest value of

2. GFPIr &agar ose biemmurcopreci pitation

Transfected HEK293Welkll pbapeatwdr enadpirated
mL PBS before being lysed in 280O00lwiltyhs iasd dbeu
protease inhibitor cocktail at a dilution of

weland placed into 1.5 mL Eppendorfs. The |y

for 30 minutes, with gentle inversion every
Tridpgarose immunopreci-pFRPlatiwene bbaidsefl(yanvor:
resuspendedochk thhkee. The beads were washed b
GFP bead slurry per i mmunoprecipitation (1P)

containing-cobl hLP85, i aeing a cut yellow pipet
| l ected by atemBixgfddugat mbnutes, at 4AC. PB
refully, and the beads were resuspended in
exed. 200 OL per | P sample were added i
'l ow pipette tiphemldpurmedaovwmmpbyy sc evgtrrei ftug

< < O 0
o ® o © O
-

—

r 3 minutes, at 4 AcC. PBS was then aspirate

i ce.

(@]
-}
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Af t er -mihneut30 i ncubation of |l ysates on ice, 3

each | ysate to gliovOe cao nfciennatlr aTtriiotnonofX 0. 5% v/
then centrifwded &t mMioaud @G ,x at 4 AcC. 45 OL of
sample was retained in a new Eppendor-f tube

20AC. The remaining 455 OL of the supernata
washed GE®gdrape i mmunoprecipitation beads a
4 AC, wiotvhemednodt at i on.

The agarose beads were tgiem SGemi miuft ege it atd Al
pellet. The supernatant was aspirated, and t
1 mL cold PBS in each sampl e. Sd mp | 8s mw enrue ec
at 4AC and the PBS was aspirated. Proteins v
SDS sample buffer containing 100 mM DTT and
at 95AC. Beads were then pelgfotred bny nawe retsr iaft
and the s(pepnaxamately 50 OL) was collected
PAGE and i mmunoblotting. For |l oading the 1ys
4x SDS sample buffer containing 100 mM DTT v
sampl e. Lysates arer® mihrewnt et adated95AC, before
gel . Pr-iommu mogroeci pitation was <calcul ated by
(1 R680) by the corresponding intensity val ue
sample. The data wast heh emi ghhoersmtalviasleude tof eact

was set to 1.

2. Lycl ohexi mide chase

Approximately 24 hours after HEK293T cell transfection, the media was aspirated and
cells were either washed and lysed (0-hour samples) or incubated with 0.5 mL of
warm DMEM + GlutaMAX™ media supplemented with 10% FBS, containing 50 ug /
mL of cycloheximide (CHX) (Stock at 50 mg / mL dissolved in DMSO) for 8 hours.
Cells were washed once with 0.5 mL PBS and lysed in 100 pL of SDS sample buffer
containing 25 mM DTT. Lysed cells were scraped from the wells and transferred to
Eppendorf tubes. Samples were then heated to 95°C for 5 minutes, before being
analysed by SDS-PAGE and immunoblotting. For quantification, the signal for each
sample was normalised to the corresponding total protein stain levels, and a mean

value was calculated from the two samples for each condition. The 8-hour time points
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were then expressed as percentage remaining protein relative to the 0-hour time

points.

2. Cel | fractionati on

Cells were plated on 6-well plates and transfected as described above. Approximately
24 hours after transfection, the media was aspirated, and the cells were washed in
1.2 mL of PBS. Cells were then scraped and placed into Eppendorf tubes. Samples
were centrifuged at 500 xg for 3 minutes at 4°C to produce a cell pellet. The
supernatant was aspirated, and the cell pellet was resuspended in 1 mL of cold PBS
and centrifuged at 500 xg for 3 minutes at 4°C. The supernatant was aspirated again,
and the cell pellet was resuspended in 200 uL of cold lysis buffer A (150 mM NacCl,
50 mM HEPES, 1 M hexylene glycol and 25 pg / mL digitonin, pH 7.4) containing
protease inhibitor cocktail at a dilution of 1 : 100. Samples were then incubated at 4°C
for 10 minutes, with end-over-end rotation. After the 10-minute incubation, samples
were centrifuged at 2,000 xg for 10 minutes, at 4°C. The supernatant was collected
in a fresh Eppendorf tube as the cytosol fraction. Then, 67 pL of 4x SDS sample buffer
containing 100 mM DTT was added to the cytosol fraction samples, before they were
heated to 95°C for 5 minutes. The remaining pellets were dissolved in 267 pL of SDS
sample buffer containing 25 mM DTT, these contain the membrane fraction samples.
Samples were then analysed using SDS-PAGE, followed by immunoblotting (see
sections 2.18 and 2.19). Membrane association was calculated as a percentage of
the sum of the corresponding intensity values of the cytosolic and membrane fractions
in each sample. The data was then normalised to the highest value of each

experiment which was set to 1.

2. MG132 proteasomal i nhibition

Cells were plated on 24-well plates and transfected as described above.
Approximately 8 hours after transfection, MG132 was added to the cells, at a
concentration of 10 uM (Stock at 10 mM, dissolved in DMSQO). The same volume of
DMSO was used as a vehicle control. Around 16 hours later, the media was aspirated,

and cells were washed once with 0.5 mL PBS and lysed in 100 yuL of SDS sample
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buffer containing 25 mM DTT. Lysed cells were scraped from the wells and transferred
to Eppendorf tubes. Samples were then heated to 95°C for 5 minutes, before being
resolved by SDS-PAGE and analysed by immunoblotting. Protein expression was
normalised to the total protein stain levels of each sample and expression levels after
16 hours of MG132 treatment were quantified relative to the corresponding control
values. The data was then normalised to the highest value of each experiment which

was setto 1.

2. 8®%8di um DodecyPolSwd oprhyalteemi de Gel El ectropho

Glass plates were clamped together in a Bio-Rad casting stand, and gels were cast
by pouring two gel solutions: a resolving polyacrylamide mix at the bottom, and a
stacking polyacrylamide mix at the top. Resolving gels of 8 - 15% acrylamide were
typically used [40% Acrylamide, 5 mL of 2x resolving buffer (0.2% SDS, 4 mM EDTA,
750 mM Tris base, pH 8.9), 100 yL of 438 mM ammonium persulfate (APS, 10%),
and 10 yL of TEMED]Zaccording to the molecular weights of the proteins being
studied to allow for optimal protein separation. After the resolving gel had set, the
stacking polyacrylamide mix was added [0.9 mL of 40% Acrylamide, 3.1 mL of dH,OX
4 mL of 2x stacking buffer (0.2% SDS, 4 mM EDTA, 250 mM Tris base, pH 6.8), 100
pL of 438 mM APS (10%), and 10 pL of TEMED], and a 1.0 mm gel comb inserted to
form the wells. Prepared and boiled samples were loaded onto gels placed in a
running tank filled with SDS running buffer [Stock at 10x: 250 mM Tris base, 1.92 M
Glycine, and 1% SDS], alongside 0.5 pyL of a molecular weight marker (either EZ-
Run™ Pre-Stained Protein Marker, with a separation range of 20 - 118 kDa, or Broad
Range Prestained Protein Marker, with a separation range of 3 - 245 kDa) to be
analysed by SDS-PAGE. Gels were run at a constant voltage of 80 V for 20 minutes
to allow migration through the stacking gel, followed by 150 V for 60 minutes, or until

the bromophenol blue dye in the samples was released into the running buffer.
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2. 19Mmunobl otting

After anal y-BAGE ,bypr®D*i ns wer e transferred
membrane (6 x 9-Ram) T-Ba%Sh gc eaFRBid(oBliacb or at or i es
Wat f or dWh adkh4cnhr omat ography paper (3MM CHR)

anode part of the transfer cassette, followe
placed on top of the gelM3MMnCHRe papleeetwasf pl\
on top of the nitrocel lT¥BMMe CH&mbprapneer.s Whr
nitrocellulose memhkaeaaashiwer dbupfer [ Stock at
Tris base, 390 mM Glycine, 0.06% SDS; for 1Kx
carried out overnight (for approximately 16

all ow protein migration from the gel to the
The next day, nitrocell ul ose membranes were
washed 0.n MiH rocel |l ul ose membranes -&@Re t hei

REVERmM 00 Total Protein Stain kit on a shaker,
Membr anes were then washbed % vwgilcaec iian wvaacseht ilbcu f
Me OH i,00fdH 30 seconds, on a shaking plate.
stain, membranes were scanned eCORngOdtylses e® 00
9120 I R I-6@ReBi dqedati End, Cambridge, UK) and
software. After scanning, membranes were inc
0.1% sodium hydroxi d©)i hoBO%o MeEOHgen dHhHan 1
shaking plate, to c onMelnebtreal nye sr enneorvee tthheen sbtraiie
dHO before further use.

To perform an i mmunoblotting analysi s, me mb r
skimmed milk (TescoTl URBS domnwuaiendi2igg ®PBB% 4Bw
mi nutes on a shaki ngsppelcatfe,c tho ngri envge notf naonnt i
bl ocking step, membr anes werd, washed® mhmnee¢ e
was h, with shaking. The final wash was di sca
wih the appropriate pri marly (almtbil eo 2y, 3mi X odi |
hour s, witbmbhakeagweMe wWwadhtedei moRES ti mes

then incubdtedntmimPB®g the appropriate seco
for 1 hour, with shaking. -Mefmbr ankbsewemer wast
described above, dHetisregbehegappaopei ate cha
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Antibody Species Clonality Source Cat. Code Dilution
Primary antibodies
BD
U-Calnexin Mouse Monoclonal Transduct_lon 610524 1:1,000
Laboratories,
NJ, USA
-GAPDH Rabbit Polyclonal Proteintech, 10494-1-AP 1:15,000
Y Manchester, UK —
- Monoclonal, Takara Bio, CA, .
U-GFP (JL8) Mouse IgG USA 632381 1:4,000
Roche
U-HA (3F10) Rat Monoclonal, Diagnostics 11867423001 1:1,000
19G Ltd., Burgess
Hill, UK
- Monoclonal, lan Prior, .
URFP Sheep IgG Liverpool, UK N/A 1:2,000
- Monoclonal GenScript
UFLAG Mouse 1aG ! Biotech Ltd, A00187 1:2,000
g Oxford, UK
- . Polyclonal, Proteintech, .
U-FLAG Rabbit IgG Manchester, UK 20543-1-AP 1:1,000
Secondary antibodies
LI-COR
IRE&?%?SSED Donkey 1gG Biosciences, 926-68072 1:20,000
NE, USA
LI-COR
'RaD%’t?igggi?D Donkey I9G Biosciences, 926-68073 1:20,000
NE, USA
LI-COR
RDye® 080RD Goat IgG Biosciences, 926-68076 1:20,000
NE, USA
Thermo Fisher
DyLightE 680 Scientific, i .
anti-Goat Donkey 19G Loughborough, SA5-10090 1:20,000
UK
LI-COR
IR?KS%%?EEW Donkey 1gG Biosciences, 926-32212 1:20,000
NE, USA
LI-COR
'Rgxziggggw Donkey IgG Biosciences, 926-32213 1:20,000
NE, USA
LI-COR
'RDgf‘ff_gg?CW Goat IgG Biosciences, 926-32219 1:20,000
NE, USA
LI-COR
'RD;’:"féggtCW Donkey IgG Biosciences, 926-32214 1:20,000
NE, USA
TabPkR&Pri mary and secondary antibodies
detection of proteins.
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2. B0 oinformatiocs

2.20@1 Asmid design

The National Centre for Biotechnology Information (NCBI) database (National Library
of Medicine; National Institutes of Health; U.S. Department of Health and Human
Services, https://www.ncbi.nim.nih.gov/) was used to obtain reference DNA

sequences. To visualise, design, and present relevant DNA sequences, the ApE
software (A plasmid Editor, https://jorgensen.biology.utah.edu/wayned/ape/) was

used (Davis and Jorgensen, 2022).

2.20MuPtiple sequence alignment

For the alignment of multiple protein sequences, t h e Clust al Ome g a

sequence alignment program was used,

(https://www.uniprot.org/align) (UniProt, 2025), while images generated were

annotated using Microsoft PowerPoint.

2.261 BhaFol d

The AlphaFold Protein Structure Database developed by DeepMind and the
European Molecular Biology Laboratory-European Bioinformatics Institute (EMBL-
EBI) (Jumper et al., 2021, Varadi et al., 2022, Varadi et al., 2024) was used to obtain
3D protein structure predictions. Outputs were saved as PDB files and visualised
using the RCSB Protein Data Bank 3D Mol* Viewer, a moder n web

vissadliion and analysis of |[|(Sehmpletab 20@Ipdheecul ar

obtained images were then edited in Microsoft PowerPoint.
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2. 28y#00!l ittl e hydropathy profiling

The Kyte-Doolittle scale was used to examine the relative hydrophobicity and
hydrophilicity of amino acid residues along the polypeptide chain of GCP16. As part
of the hydropathy profiling, each residue was assigned a hydropathy index based on
the Kyte-Doolittle scale, and average scores were calculated using a sliding window
of nine residues to smooth local fluctuations and identify broader hydropathy trends
(Kyte and Doolittle, 1982).

2. Duantification and statistical anal ysi s

Quantification of band intensities obtained from all immunoblot experiments was
carried out using the Licor® Image StudioE Lite Software (LI-COR Biosciences, NE,
USA), and all figures were created using Microsoft PowerPoint. Statistical analysis
was performed using GraphPad Prism version 8.0.2 (263) for Windows (GraphPad
Software, Boston, Massachusetts USA). Statistical significance was determined using
eitheroneway ANOVA foll owed by Dunnettds or
or an unpaired t-test where appropriate. Mean values + standard error of the mean
(SEM) were plotted, and the number of replicates was specified in the figure legends.
Significant difference was indicated with the use of asterisks (*), where * p < 0.05, **

p < 0.01, *** p < 0.001, while ns indicates non-significance.
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Materials and met hods for work on neur on:

For work performed on neuronal cultures at
Sciences Institute of the University of Brit

materials and met hods were used.

Al l procedures involving animals were in ac:
Ani mal Care (CCAC) and approved by the Unive

Commi ttee.
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Material s

Product Name Product ID Provider
18 mm coverslips 0111580 Marienfeld, Lauda-Kdnigshofen, Germany
Poly-L-lysine hydrobromide P9155-5MG Sigma-Aldrich, St. Louis, MO
Minimum Essential Medium (MEM) plating media 11090-081 GIBCO, Thermo Fisher Scientific, Waltham, MA
Sodium pyruvate 11360-070 GIBCO, Thermo Fisher Scientific, Waltham, MA
GlutaMAX™ 35050-161 Invitrogen, Thermo Fisher Scientific, Waltham, MA
Pen/Strep 15140-148 Invitrogen, Thermo Fisher Scientific, Waltham, MA
Hanks' Balanced Salt Solution (HBSS) 14170-112 GIBCO, Thermo Fisher Scientific, Waltham, MA
Trypsin LS003667 Worthington Biochemical, Lakewood, NJ
DNase | DN25 Sigma-Aldrich, St. Louis, MO
Neurobasal medium 21103-049 GIBCO, Thermo Fisher Scientific, Waltham, MA
Neurocult SM1 Neuronal Supplement 05711 STEMCELL technologies, Canada
Lipofectamine® 2000 Reagent 11668019 Invitrogen, Thermo Fisher Scientific, Waltham, MA
Opti-MEME 31985-062 GIBCO, Thermo Fisher Scientific, Waltham, MA
Paraformaldehyde (PFA) 16% 15710 Electron Microscopy Sciences, Hatfield, PA
Triton X-100 T8787 Sigma-Aldrich, St.Louis, MO
Goat serum (GS) AB7481 Abcam, USA
ProLongE Gold Antifa%i\l\Plllountant with DNA Stain P36941 Invitrogen, Thermo Fisher Scientific, Waltham, MA
ProLongE Gold Antifade Mountant P36934 Invitrogen, Thermo Fisher Scientific, Waltham, MA
Primary antibodies
FLAG-tag Mouse mAb 9A3 Cell Signaling Technology, Danvers, MA
HA-tag Rabbit mAb C29F4 Cell Signaling Technology, Danvers, MA
Secondary antibodies
Alexa FluorE Plus 647 Goat anti-Rabbit 1gG pAb A32733 Invitrogen, Thermo Fisher Scientific, Waltham, MA
Alexa FluorE 568 Goat anti-Mouse 19G pAb A11031 Invitrogen, Thermo Fisher Scientific, Waltham, MA
Plasmid constructs
pcDNA3.1(+)-N-3xFLAG-GCP16 N/A GenScript Biotech Ltd, Oxford, UK
pcDNA3.1(+)-N-3xFLAG-GCP16 3 N/A GenScript Biotech Ltd, Oxford, UK
PcDNAS3.1(+)-N-3xFLAG-GCP16 4a/b N/A GenScript Biotech Ltd, Oxford, UK
pAAV-Camk2a-EGFP V?gﬁg?\?ﬁ VectorBuilder Inc., Chicago, IL
HA-zDHHC9 N/A (Shimell et al., 2019)
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2. P2 ate preparation

Hippocampal neurons from male or female Sprague-Dawley rats (Charles River,
Sherbrooke, Canada) were prepared as described below and plated on 18 mm
coverslips placed in 12-well dishes, at a density of approximately 470 cells / mm2.
Coverslips were sterilised by dipping in 70% ethanol before being exposed to UV light
for 30 minutes. Each coverslip was then coated overnight with 500 pl of 0.4 mg / mL
poly-L-lysine hydrobromide in 0.1 M borate buffer pH 8.5. Plates were covered and
left overnight in the biosafety cabinet. The next day, the wells were rinsed three times
with sterile distilled water and 1 mL of Minimum Essential Medium (MEM) plating
media (500 mL MEM with Earl ebds Salts,
sodium pyruvate, 5mL 100X G| ut a"™M B L 100X Pen/Strep) was added in each
well. The plates were stored in a 5% CO: incubator at 37°C for 4 hours.

2. P3eparation of hippocampabawleeuyrsons from Sp

Embryonic day 18 (E18) pups were harvested from euthanised timed-pregnant
Sprague-Dawley rats (Charles River, Sherbrooke, Canada) and placed in cold HBSS
on ice. Hippocampi were carefully dissected out and placed in 10 mL of fresh, warm
HBSS (37°C) and were then washed twice with 10 mL of warm HBSS, before being
incubated with 5 mL of 0.25% Trypsin for 20 minutes with gentle agitation every 5
minutes, in a water bath set at 37°C. After the 20-minute incubation, 4 mL of Trypsin
was removed and 1% DNase | was added to the remaining 1 mL. Hippocampi were
washed three times with fresh, warm HBSS and were then resuspended in 1 mL of
HBSS. Cell density was determined using a haemocytometer, before the cells were
seeded. The plating media was replaced 3 - 4 hours later with prewarmed
maintenance media (500 mL Neurobasal medium, 10 mL Neurocult SM1 Neuronal
Supplement, 5 mL 100X GlutaMAX™, 5 mL 100X Pen/Strep). Two to three days later,

the maintenance media was replaced.
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2. 4 ansfection of primary hippocampal <cul tur
Primary rat hippocampal cultures were transfected at DIV 9 using Lipofectamine, as
per the manufacturerds pr ot eMemMwerepremaredh | i qu ot

per well of a 12-well plate. For the overexpression of zDHHC9 and GCP16 WT or
mutant constructs, 1.5 pg of DNA of each plasmid was added to one Opti-Mem™M
aliquot, while for the overexpression of GCP16 WT or mutant constructs alone, 3 pug
of DNA of each plasmid were added. 1.5 pg of the Camk2a plasmid was used in both
experiments as a control (1.5 - 4.5 pg of total plasmid DNA / well). 1 pL of
Lipofectamine was added to the other Opti-Mem™ Maliquot and allowed to mix for 5
minutes. Aliquots were then combined to a final volume of 50 pL and incubated for 20
minutes, before being added to each well. Cells were then fixed (DIV 14) for

subsequent experiments.

2.2%Mmunocytochemistry

For immunocytochemistry experiments, cells were fixed for 10 min in 0.5 mL of warm
fixing solution (4% PFA, 50mM HEPES, 4% sucrose in PBS) per well. Cells were then
washed three times with 1 mL / well of PBS for 10 minutes and were subsequently
permeabilised using 0.5 mL / well of 0.1% Triton X-100 in PBS for 10 minutes at room
temperature. Cells were washed for three times as above and blocked with 0.5 mL of
10% goat serum (GS) in PBS per well, for 1 hour at room temperature, in the dark.
Coverslips were then placed on parafilm, and each was incubated with 120 uL of
primary antibody (1 : 500) dissolved in 1% GS in PBS overnight at 4°C, in the dark.
The next day, coverslips were placed back into the wells to be washed three times as
above and were then placed on parafilm to be incubated in secondary antibodies
prepared in 1% GS in PBS, for 1 hour at room temperature, in the dark. During the
secondary antibody incubation, 30 L of ProLongE Gold Antifade Mountant with DNA
Stain DAPI was added to each coverslip, for 30 minutes. Coverslips were then
washed for three more times and were finally mounted on microscope slides using

one drop of ProLongE Gold Antifade Mountant.
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2. 26nagi ng

Fixed neurons were imaged on an Evident IX83 inverted microscope equipped with a
Hamamatsu Orca Flash sCMOS camera and a X-Cite white light LED. Dendritic
morphology was visualised using single 16-bit snaps using a 20x /0.8 NA UPLANAPO
air objective with the camera in a 23 MHz readout mode. All images were acquired

with equal LED settings and exposure times.

2.0t al dendritic |l ength and mean protein in

To measure total dendritic length, .vsi files of imaged neurons at 20X magnification
were imported into Image J software (version v1.54p) (Schneider et al., 2012) using
the Bio-Formats Importer. The EGFP channel was manually thresholded and
binarised into a mask. The mask was then imported into the SimpleNeuriteTracer
(SNT) plugin (Arshadi et al., 2021) and dendritic arbors were manually traced. The
total dendritic length was then measured in SNT. The scales for the distance were
automatically calibrated based on the metadata for each image. The mean grey value
for the FLAG-GCP16 WT and mutant constructs and HA-ZDHHC9 channels was also
measured within the EGFP mask in ImageJ as an indication of protein intensity.

2. D&antification and statistical anal ysi s

All data values were imported on GraphPad Prism version 8.0.2 (263) for Windows
(GraphPad Software, Boston, Massachusetts USA) and plotted as mean + standard
error of the mean (SEM). Statistical significance was determined using either one-
way ANOVA followe d by a Tukeyds multiple coteghari son
where appropriate. Significant difference was indicated with the use of asterisks (*),
where * p < 0.05, ** p < 0.01, ** p < 0.001, while ns indicates non-significance. The
val ue opfesedtdtimeddmber ef cells used per condition, from three separate

cultures, or as stated in the figure legend.
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CHAPTER 3

MOLECULAR CHARACT ORIl $SATPIIGN

| DENTI FI CATI ON OF KEY REGI ONS

S-SACYLATI ON, MEMBRANE ASSOCI AT
REGULIAON DOBFHHCO9
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I mportanaeylodt ithrent egr al he mh vanade me mbr ane
associodt iGLCP 16

The majority of ZzDHHC enzymes are believed
accessory protein, and therefore, understand
particul é6alatut.pal@6WWOen t he work in this chap
there was no published information/ GGRLIAG abl e

interaction, and |ittle was known about the
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ef feccadmsmpdfex for maadacyhatoinon hendS stability of
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Resul ts
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FigwBrlédghe bidirectional effects ofexpbkHG®dand
in HEK293T cell s.

HEK29cBell | s wemrme st e EtGFddCwPiltbh ot og@Fmer- with |
zDHHCO9, BOHRAESFMpty pEtasm(MCel |l s were | abell
pal mitic acid (Cl@:ald)miasi ca accilnd :ré&ojdli d(eCr)( Az hour
were then | ysed aankdy ncel incPkEe@&Sc(yksCaan)gon i s i ndi
bansdhi fts i n Quzanstanip leedsnaan ap rshtogvi mt Son (N SE
The-aBylated bands were gquantified amso-na perc
acyl ate®adyl ated bands) for each substrate 1in
azide. MHhhebeedeant anor mal i sed to teaepbirpmhebBitclalL

was se(BQelyldalt es were collected at O hours o
wi t h®y3 onl cycloheximide (CHX). Protein expr e
i mmunoblQutatnitn d.i e dmalan ap esrhmaewnt age protein exp
after 8 hours of CHX treat ment , ghucaunrt ivfa lewe r
and normalised to the total ®traottiedtni cdlaiqni drei
was anal yseuwnpuasiitnegeltatp<0. 05, **p<0.01 and **°
denotesi goinfi cance, (wWhner e B>0.fOrbom t wo i nd
experi,MeBmt s= 4, fromdeipreadent Th&p @roismdn toxn.

mol ecul ar weight marker sTh&Ddat aisns btohaimsn foing uf
werpeart of | ar g eraneax paesr iamearets uli tn, ptatned i aAms oo b
preseint edsgduarned . Bespecantveé yi mmunobl oarse i n pe

al so shown.i9n Figur e

122



3. Phamimacid re®iOomf6@GCP16 is involved in th
zDHHCO9
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Fi gux2eAmi no acid r-®6i dtesxGCPO6 are i mportant

i mmunoprecipitation of zDHHCO9.

(Achematic of -3G0C8DIGO WT, aldi2dq BHEK2 9c3€ell | s wer e
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expression of these proteins (as quantificai

EGFP signal in the | P samples).
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Alanine mutants of GCP16

(blocks of 5 aa)
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Fi gu3tBAl ani ne scanning mut-a@gemaesns ati dhee@i
GCP16.

(ABGCP16 al ani neBHEKR2®388E1l s werasmmstected with
tagged GCP1665 AW/, BGAE T YA,-80K,-8BA, -O©0A86nd HA

tagged zDHHCO9. The EGFP plasmid was used as
tagged proteins (1 R800) wer eeEGRPMuUbb® qd € c iami t
detected by i mmunobii onimuinrogp,r eali-pagaqéaviidp HéDe i r
(I1R68@e. position of mol ecul ar wei ght( Chmar ker
Quantifiedt iatmeamoWN SEMHHGS REBO®) HAnt ensit )
divided by the correspoB@FRgsii gqunn a&iinns (et araBHY @)l Pu ¢
sample. The data has been nor nmaxperejdnd notht he |
was set to 1. Statistical signif-wawnAMNOWAS a
foll owed by a Dunnett 6 pml t0i5pl & *poMp Orli sards
whi |l e ns denghieki mamc e . wher e3,p>0r.dd® t hree

experiments.

3. BWhe-t€r mi nal regiiosm mp©or tGLPtl éafcorl aiti nSand f
stabilising czyDHHG% NS

| Fi gur A w8c.olnf itrdme dGCP-2@&8pcession nrcawlsted izbDHHC
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| abebhedocessed for click akegrmiagtioyn det engt i
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expressed wi-BWS tcheentPBK Fipd 4Bk @r. t h e rcmor e,

expression with zDHHCGc ydliadt inocontm ortfeastii@iRd G nhset r S
(Figur eMa3r.edov)er-gc ytlhaet iSsn of ZzDHHC9 was signi
expressedt webhdofruncati on mutants compared t
that the mutants @iyl att edt shialt i¢sFe Quitde i 8. enzy
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Fi gBAGCP16 truncat i- 90 awid® 8h s edlcnyoltatSed and f
to stabil i secwlDHtHIC®n .S

(Apchematic showing tSlheybpagysticomeofreshedues
GCP16 For t he i nvest tagatliaddE D P 8 &plrlost ewerr eS c O
transfe¢BREB®@StAe Mpty pdarstnidCHAzDHHC9al ong

wi EBF-Pagged GCPAa®q MT2.0 Cel | s wer gallabdalilce dacwi
(C16:0) as @ampabmitbt a&)ldb fdPri dee HoAwr s and we
|l ysed and cdlikkread mPBHE@&(ykKDa)i on i s isnhdiifctast ed
in Az sHhAmmgolsgist.i on of mol ecul airshvewmhaon miahé&el e
Quanti fiedmelatrao tsanonwl K tNi G/ Me-aSy |l at ed bands w
quantified e af pteagtca(mMo@mxpt as-&dphat ed orands)
each substrate incubated with the palmitic a
to the highesdx partiwdeincth eoaclcsaeti $i dal signi
was ahalysed usi Aawaya nA NoDragdhilnoawelpds mbmyet ¢ 6 s mul t i
compari sohp<O0t.e0sht, **p<0.0,1 whidl e**rp<-@.ehi®dl e

significance,n wlie&agen pwd. 0 Hidependent experi me

To nEot me r ol et eorfmitnhael G omai n of Ga@Rlyd aftadront, h
s horQteerr mi nal t r unaceartei odne smugtnaendt sand anal ysed.
hat h®uccessive addit iblnscokd nt2olaanth ero€ldaicg ndr e
35A)HEK?29c3eTl | s were tran§&CTCe4& 6 e MT200i-1l2h2 - ELH P
1-126-128, -1 nld hetarcy$ati on was exami nfehde by cl
resiuint &§i gaah@whZ-ac vl at i o bwaes verd-H2EBr ahiRe 1
truncati gn amdd eench ®il stainmhygwed t kmaty ltatd o | ev

of theseweamnmebanssgnificantly different to the

To compl ement t he etxepremii meeln trsu tuastitathgi aGwao e

mut ant const-tecmsnaff tlbegn R l@6er e al so gener a
12-225A anlddlA”2Bhese mutants were used to dete
residues in this region t-hay!l elidookes mient n y l
anal ysi saoyl| dgthieorS5 of these mutants showed th
| ed ctoompall otses of -&GAWILHIFiISgmbBY Sonf i rming the in
of thiésoregfbacti ve mddinfgitchat@CoPnl 6o fp rtohtee ifnul I
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FigwBS5&he-t €r mi nal region of GCPayilsatiimmart an

(Apchematic stCaveirmg nahe truncaGdPIne Fart amnthe
i nvestigati oacylfaHfiro@9&88h| S wer e wi tEdGFsPf ect ed
tagged GCPL13A-WZ2-12%-126-128,1-180r( BHEK 2 9c3eTll | s
were tr awmistEleE-Padged GCPR2A2% 2 WA2-6 30 A ,1-12061. n
bot(PA) anal| (B) weraeitlbbe@lallendti c acid (Cl16: 0)
pal mitic acQld6:f0x)i dé hédmrs and were then 1|ys
al kyne mPEGaSylDaat)i on i s i-sa1fdifctas edn bRlzebandpl
position of mol ecul airs hwoewng hotn Quabrekteirést gk Ddaa)t a
meaprot eacny | S(tN o ETMe-aB8y |l at ed bands were qua
percentage of (hohall ex@delai ed oramedsx)h substr
i ncubated with the palmitic acid abkhidlkestThe
val ueaclix pertjiwheinch wasSteati $ti dal significanc
using an owdiyndaANYWVYAhewedunmyetd 6s mul tiple coc
t estp<0. 05, **p<0. 01 waannd e * "h*s p-sdlegnioitfle sc amare |, w
p>0.0An 4 from OUwpendent eapd¢ BN men t3s, from t

i ndependent .experi ments

3.6CP16 truncati-oa0 mrlidhtshow decreased stabi

not recovered by zDHHC9 interaction

Af toebrs e rtvh antgC-tt hremi n a l regiioomp orft aG3RIEGOIr a ttihoen
oboth GCP16 and zDBHHAY9 F( Biughee &.t3a b GICIPLY of t
190 aMd®O01 truncatdarmda tmudiamtabil ity to stabil

exami ned, to deeemminone i @mheoCi mportant for

For HEKR 98481l | s werams€ect e-BOMAt W cPBFETr-ol ) or
zDHHC9, along wiGCR16éi WMDe, r IORBFIP Cel | s were eit
at O hours or incubBboed8whohosycTFlampt&leean der e
|l ysed, and all proteiPASEwand desecved by &DS
(FiguegeTh&ag.uant fefsiud d s i ndi cat etdertmiantal GGR luén c €
mut an®8 4and201 are significantly |l ess -stable
expressed wBO& thandPEKpressit bnzDbDHKHOC9 ef f ect

on itéteabi llint yaddi ti on, t he pr otadism gsntidahbiclaintty
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| owehren-egpressed wid(a helr@ 0% h € o mp aerxepdr etsos i coon  wi
GCP16 WT (€&&igure 3.
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Fi gwBB&CP16 truncati-o0 amd@Hdbtsholw decreased s
and reduced ability to stabilise zDHHCO9.

(Apchematic of GGOGPl6ahXAWIT,4 1 nveprnotgaitmr st abil
HEK298dl | s wermestect edt awgigtend EGCHRF2 60 riwI'2 0

and BPEBOSHA(empty plasomir(@ HéoDHHKHOIy)sat es wer e
collected at O hours or @0g/emly 8l bbexsmbéei €
Protein expresckdatomctl ed ed ys ivildmaenmdd iottitda mgaf mo
wei ght mar kers ( kDaQu a mst isfhioevdt hdeent ngiedasah 6 mtf & g e

protein ex\brSeEsM)ieoan 8 hours of CHX treatment,
correspomodwraga®d nor mali sed to the total pr o
sampl e. Statistical significancewwawasaNQ@QVA,l ys
foll owed by a Dunnett 6 pml t0i5p! & *qpoMp Orli sards
while ns denhghieki mamce, wher e3,p il aQuie nt cher nete

experiments.

3.16denti fication ofbian diencgo nrde gziDoHHO®i t hi n GCP1
regi oh3dl

After identifying that90t hod aGQIPNlG 4dcsi di nrpeogitao
i nteraction wittelh mz D&HIHC3 ,r uNcati onwemet aanltsso o
gener atedt her conf,i rans tdhdi apru TAERNERIK 2n9g3eTlwles e
cearansfecte®HWCOhaHA EGFP ((GOQPilt6r o)1l 3 EGFP
an@t37runcati an Smunpd retss weraemdt henmulnype @ ci pi t
before being r-BPAGE vaddskdg nb8IDYS mmu n@ud rott it fi inggd
datian Fi gusbBowed Bt hat ag DiEHGC@nonpr eci pi tated w
GCP16 truncat eldd 7muatradd 7ledili 81 i s consi stent wit
finding t9atr etgheon60 s i mportant for zDHHC9 i |
t haott b mut anetds dowet agxpressi on compvahlriedh t o t
may explain why timeiguaret iifnicaddiadddiddd®I ndasg
data is quantifi eidntaesnsHiAt/ fEeGFIPP ss agmpmlle s ) .

To further confirm ©O0eriegpomt @afc &CPfLE6t Heo®r6 @D
a 9d9B7 GCP16 truncation mutantmmuaspalso pekat

experi eexpect e®dBlH@absaccessd mmuynwopoeci pitar
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with&€CR1lnbut aartt | evel s simil @aFi ga@€Cerh8TMWTs pfrion @i
may suggest that GCP16 interaction with zDHF

90 region of GCP16 and al so r dsimduneos adad wrss t9
137)
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Fi gwBi7&he -19317 r egi on oeifmn@uPolpér eccoi pi t ates zDHHC

(Achematic of GGBMIBE3,WTan-tlB3IHEK?2 9c3ell | s wer e co
transfecHAdA dggyetdh zbiHHBRESGFPagged GCP 1163 7TWT,0r3 1
6113, bD(CEGF-Pagged GCPQ161 3WIThe oEGFP pl asmi d was
a negative contagged T TheotE&gGiFPs (1 R800) wer e
usi ng-E@MR i beads and detected by i mmunobl
i mmunopreci-paggeedpHAt eTihres p(olsR&ad w)n. of mol ec
mar kers (kDa) isQshotwnfoedthdeméashdWM SEM) o
HAzDHHC9 (I R680) intensity value divided by
t hEGFP signailn (d R8BOONP sampl e. The data has
hi ghest valkueepfwheimtichh was set to 1. Statisti
anal ysed using -way oANOWAry fohlkowed by a Ti
compari sohp<O0.e0sst).. 0*1* pand ***p<0.001, - while
significance, wher ¢ BtplprOe & 5i. n dhe p=e n3d,e nftrCdenx p e r i

from two independent experi ments.

To examine the -remgimiomss i of tBEPIX6 t hat- are il
i mmunoprecipitatnmnomooé¢ aOHME® her set of tru
was anal ysé6dL20GARPUMEAL 2®ercet r ansftogteedher wi t |
HAz DHHO®e. |l | |l ysahemcwerneed-TwapEk GF&r msned beads
i mmunopreci piwearteexd mpingetdie mms n o bFli agt@y ien B .

Quanti fied r e8Bulsthsow n hRitg uGCPAB. waid aanbh |l @ 1t o i
with zDHHC9 as -iinmnsu nzoDoH HC9i pcwoe aseii gonni fhikecgaknetsl y

t hamhe EGFP negative contimmunopneaidpitaoead 1
|l evel sh@CRh6 mutlaBt welr e not si gmmidimMacaantwiyt Wi
GCP16 mutl&8nftn 9clomtort dnxetl,2 0 a2 ddul aditd shotw

any significabHHC®icmeneuansoep rienciopniptaateidon o t he E
negati veTheosnet sdogtgelsdt t bhéemaeiing &ite for zDHH
terminal region of GCRLB8.heewesehi mglsy, duehi d
consistent with ttihel22®&rsen vmdttianht GERAS- S

acyl ated eftfhlet2@ nmmlitya nthruwab)enot (
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FigBB&he-t €r mi nal region of GCP16 interacts w

( AHEK29Qell | s wemastedtAedgygetdhzabnHEHERBP agged
GCP16 WI2091X04,1208, -p8378¢ EGFP plasmid was u
negative conttraodged hper EtGFiPns (I R800) were im
anEGFP beads and detected by -i mmumopbild ec¢itpintga:
HAt agged proté&haesp¢sR6BONMN. 0of mol ecul ar wei ght
on theéBQuwdntifiedt latmeamoWN SEBMHHG® ( hB6 8@)
intensity value divided by the E&GddHPr essipgonnad i n
(1 R8O )eRrcshampl e. The data has been normali se
expertjweinch was set to 1. Statistical signi
o

rdinawgy oANOVA, followed by a Tukeybés mul ti

*

*p<0.01 and wWhifpeOnB8OsHegmdtifds amaeare,n wheld3 e p>

—

rom three independent experi ments.

3. TThe-t@€@r mi nh37 Odlioofn GC®A érsot st dlhielaiSy ¢ at ed
statzDKHKHC9

The previous results suggest that there are
60 ®OMH28 amino acid regions of GCP16. The

showed t h-a thenclati on mut ant , despite i Nt e
containingatheamadncysteines, did not stabil
Ssacyl at ed strantienne Tiof dbeitmdde rnmgi noafl trheegi 6n of

zDHHC9 had any funcacghati enfettzgDHHKE® bBn t
WT GCP16 anld3d7tuhman?l1l was examineéd.0 Imutaddi twias!
included as a negative control wertehéeéadee X pe
with either palmitic acid as a control or p
chemistry datgethatbonoftisBng al kyne mPEG (5 kD

The esuwlrteseinh eBi §eooaf Br med t WOt s GrEaPtly6lSalt e d ,
despite alblilgs éehehdaed s r esghiecans t h e aabcsyelnactei oorf
of P HES Mut ant was expected as it 1l haalkdsdi anwyn (
zDHHC& c§gl ation was significantly-1B@dwewtaheén
(and ‘9®emdt ant) compared to eXhpudesgiidre wihteh C
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Fi gBO&he-t @r mi n1a37 9rlegi on of GCP16 is not abl
acyl ated state of zDHHCO9.

(Apchematfi cGCP16-9WT, anB 7(B)YIHEK298&Il | s were co
transfect-edgwetd hz BAHCOSt aagngde dE GFAPRA B, WEr3 791

EGFP was wused as a contwiotlh. pGellntist i we raec ilda b(e
contr ol ( C) or paCiné fG) dcihbuazsi dend( Av2are t h
clickedal kyinreg mPEGaSH klDaat)i on i s i-slddifttiasednby:
samplTehxeospi ti on of mol ecul airs wewmhan (En& elr esf t(

Quanti fi edi ndghtea metamw per cent age (N SEM) i nte
acylated substcrydtagage.d DlaendS were quantified
expr egnsoiraocny | at-&dy | at ed olranmnedasc)h substrate incu
pal mitic acid azide. The data has been norr
expertjweinch was set to 1. Statistical signi
ordinamay o m&NOVA, foll owed by a Dunnett bs r
*p<0.05, **p<0.0hwardns* dpa@h@®&1 oance, where
n = 3, from three independent experiments.

3.Bhe GCPtoLérmi nal region is i mportant for (

acyl ation

An interesting finding from the previous sec
Cterminus of GCPl6-adylratiitosn.ef3{4 &8 iefmud a8nlty ,of
GCP16 wacsylSated to a similar -12¢emutaantGCWRAS
(FigureThis) was a surprisingaopbatredticnpat gi m
GCPlabre present aB9 posd/2CyWsed t,@y2sQ) 0 Bpowever t he
results were consistent with i mmunoprecipita
128 mutant wasmabopr eoi pdt at el ZMHHLOt, wad o
(Fgure 3J.h&)yweef oarlesomboekebdoset gr mitnd heobodN GCP1
i denottihieemportant regi earcsy | rBeeedarntos Wsed i n
experiments aFiegudie@.i3c.t ed i n

I ni tHBAK2984d1 | s weraemstect edD HMICOh aHA ng - wi t h E
GCP16 WI3731o0r EGFP (control). Cell s were | ¢

as a control or pal mitic acid azide for 4 |

144



chemistry datekcéatoonotisSng al kyne mPEG (5 kD
detection showed -LBat mubhbanGaRy6 abnddd nSei t her
could it stabdadylset izDHIBJRihdgSsr e x.er i ment was
by a simil asrhoantedrymNi saloft runlciAB8a@od AmMitfant s

GCPl1lFfigune&€ Ikawmwathé€CP1l6 mutla3nit wdld ecB-i vel y

acyl ahedegegraosra yl ati on was det-287edl hoaddiut aal
|l evel s of -azcDyHHaQX9i 0 @ detected wil3h vBELPd 6 n antu
significantly different, twh etoheoasfeH i@06eyns aiitohn G
was detect etdr ammsdmreceteed with t-h27T.GEPG6 T est hnE
highlight the i2portganoae of GIK&ldl fadr oef foif c i
protein and for st aabciylliastaitoionon of zDHHC9 S
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Fi gwBrndlhe GCPRtlér mii nal region is important f ol

S-acyl ation.

(ASchemafi GCP13ULWT,-1 27, alnxdHBEK?293Bell | s were co
transfectteadagyetdhzBABEGFPmdgged GCPALBII3NT,

orwi ({(ICEGF-Pagged GCRI163,7AMTd1-123 7 . EGFP was wused
control. Cellws twepalmabelcladi d (C16:0) as a
azi deCl6Az)r 4 hours and were t helnky nyes edP &G d
(kDa-ascyl ation is isrhdifdast é dv Tihyeo lpamgpd @ sof mol e
wei ght marikseroswn kadbnmQu bhat i €f € dt hdeatnae asnrh opwer cen't
(KN SEM) intensitaxyvValteds sobsatcyde@s bafile Ser
quantified as a percemo-mgyel df-&dyltada ER)pr es si
each substrate incubated with the palmitic a
to the highesdx parl jwdeinoth each set to 1. St ati
was analyaepdunpdaiegéadn tmomr di waryy ANO& A, faol | owe
Dunnett 6s multipl ewvheoemp ampipBhy i=ated,ttwd r om

i ndependent EQpexidnehiimemi ndependdenpt< Oe xXOper i n
**p<0.01 and whitpbeOndB8degmotfe camare., where p>0

3.Mnal ystihse oeff f ects of cystei me yduhstoint wtfi GrCF

The previous sections highl i ghtaendd-tt€remiinrador t
regions of GELdPyleattiooni amsd Sabialciytlyattioo ns toafb izlDiHs
GCP16 has four cysteine residues at amino ac
3. 1A)Ohteat .(a20@W3E)y e the first to demaogptateed, t|
using met abol i c?®H]l paablenhiltiintgh raocuctghs t-e@aha@ani ne
substitutfiommd, tthtaegy subdseirt ofi oheotysteine re
69 ocald®edsignificant decr eal[3Hdp dalnmitthiecwihanatied p c
subst iotfutbiodnh C69 and C72 compaecyled PDhatbwol i sh
al 2003)

As click-bamkserdi asntertyhodscybastadyafe more sens
use of radiolabelled palmitate, eme (0080t ¢t o
Doubl e andy sttrei@phleens mlest st uwteiren i nt r@Q@RIlc6ed i nt
HEK298dl | s werammséect eadDHMICOhedarHAEEGFRP con,trol)
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EGF-BCP16 WT, C69A/ C72A, C24A/ C69A/ C72A or C6
|l abell ed with either pal mitic aamg@irdcas sa& dc drotr

click chemistayydat é otni aarsi mfg &l kyne mPEG (5

The mmunobelsaitint $i glBaerdBgulant i fileidg@ma&@éhow

t hat al t-ehooylgaht itBhne odfocuybsliteeamh @an iGEC® 1 6 mut ant
C69A/ C73Abssantially reduced c ocanpylr &@tdi otno i\
neverthel ess stHiowle vedet ecnédoducing an ad
(C24A/ C69A/ C72A) or C81A (C69A/ C72A/ C81A) su
of GCPRd®ylSati onlR Famgdir@) .3.Tlhese resdd tandugag
Cy§2 are the majcygd asi bas iaogfr @&MAnletnt ( emi .J &l Oht a
but téacayl aSti on can al so oc2dr or-®&ICygFsmi nor | ev.
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FigwrnédAnal ysis of the effects of eayxytlaitnensu
of GCP16.

(Apchematic showing the position of (Bf he <cys
HEK298d8Il | s weraenstect etetdagwietdh zEDAMHCO9-t agqugle dEGF P
GCP1l6 WBIBT72AC24089A/ CD2BG69A/ CTBAACel I s wer e
| abewilted pal mitic acid (C16:0) as &£16omt)r ol
for 4 hours and were théhkylheys end.E@Bcdyk calai)i cokne di s
i ndi catedshby tlsandcd TAlzeosm mp loes .o f mol ecul ar wi
(kDiag hown on (tCQaahef fishdomda®@P16acSy!| gtNi on

SEMThe-a6yl ated bands were quantified as a r
hoacyl at-8ady | at ed obaredaxc)h substrate incubated
azi de. The data has been nor malxipee dwheioctht he h
was set to 1. Statistical signif-wawnAMNOWAS a
foll owefTdkiey mul ti ple cvtmpardDsSons*peB8t 0l and
whi |l e ns denhghieki maomce, nwheBe pPr@mO0OT hree in

experiments.

3. Lystebidneandei ogBtayhavediaa eot e in GCP1l6 membr

association and binding to zDHHCO9

Ohtea . (21083 )xw hat GWaPsl 6priers etnite t ot al ,maeadthbr ane
positucl ear folalcowiomg celblutf rnaoctt iiomat aenicor os
suggedthiang t he tpirigoptted sns oicd md nelkdr @aviiet hpr evi ous | y
menti e med awptrropros eeactylaatt i n of C69 and C72 a
the membranecolati ngs aligin. | dHealcie, they ex
i ntracel bautliaaona dofec bl € cysteine GCP16 mut ant
i mmunofl uor escenceceril crforsaccotpoyb san & e dw dash d t it
enrichedyt ofsOthla@., al200 3)

Previous work has shown that cysteine residu
associationl 9ihdelmeiryd 8Gir ereevte,sal2 008, eGr.,eaalv es

200,9)t heregmoewi,ous wor k iidrentthifs edhdptuemrcat i or
GCP16 that ar e -adceyfleacttiiovre bfuotr rSet ain all cy
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truncati olrl 2Bt a e deci ded t o examine mor e

cysteinesydmd i©n in the membrane associati or

HEK?2 9c3ell | si mnwietcigarldrysf ect ed wBIOtGHA e(i da chretrr PIE)F ( F i
3.2B) o DHAC9 ( F2@)u,r eal3arlg -twa gtgBeCdELE PWT, C69A,
C72A, or C69A/ C72A. Cells were then |ysed

buffers to separate cytosolic fractions from

Anal ysi s of the sampl es by imamunsebloalti mga
showedndihtefer6@R16 si nglseubcsytsitteuitnnenemmbradrfect e
associvwahtdarommye double cysteine mutant C69A/ C7
decr eiamembr ane associati OMI @ompi &hdéd tdect leas e
me mbr ane asdodiheaet idoorubl e ways tseeieme brodBtkeSwi t h P
HA anez DHHAA C 9t rcaon s f(eFcitgiuokBe a3n.dl Fi2@uThi s3.data i s
consistent with theOkptr Z&2I0®@By .fi ndings o

As the dyutbd@haeanmmteanGCPIBad a | oss of me m|
association, its intatftasotiowveEKRIgcBdIBldd CWOe wa s
caransfecte®HWCO ea iBBGFEGF-PaggeCd16 WT, C69A,
C72A, or CEe@AICT7TZAates wereTiapbbAgadowét he &
and i mmunaotpegckcp wetreex axmi né dimbwy o b ITchted srimilgt s i n
Figur2 8htw that codmhmCopaewi phtatledGCP16 cy
mut antbsut binding to the C&MNA/N72Asmuttdmatn Wag
GCP16 proteins

151



A. 1 c24 69 72 137
N-[ | GCP16 WT 11 -C
B. PEF-BOS
Cytosol Membrane
c
C69A C69A S 154 -
kDa /T cooa c72AC72A WT C69A C2ac72n OCT 18 3 ! ns !
s 1
@ ns
47 — o —
(— — — T —— — EGFP-GCP16 §:10- T . .
(IR800) gu — T I
36 — 29 - T =
GAPDH £5 .
36 (IR680) < < 0.5
Calnexin & ==
85 —| T e e —'| (IR800) 2
) ) = | Tes g T T T T
17 — e = 3 2 wT CB9A  C72A CBIA/CTZA
: &= 88 = (IR680)
— GCP16
C. ZDHHC9
Cytosol Membrane
C69A C69A
kDa WT C69AC72AC72A WT C69A C72AC72A P16 i
47 — g 7 = 1
o
——— ——— — | EGFP-GCP16 g ——
—— (IR800D) ﬁ —
@ = 1.0 :
HAZDHHCO  § == ==
(IR680) £+ =
=)
GAPDH EZ o5
e 205
(IR680) T
. o
Calnexin 0]
c
(IR800) § oo : : : :
TS = WT C69A  C72A CE9A/CTZA
(IR680) GCP16
D. Lysates IPs
ZDHHC9 -
GCP16 GCP16 g 15 — )
‘e
e _ —
ﬁ 5 E o d
S %) n_g xxx T 1
o << 2 a < < 2w 94 r— .
w a N O L . o~ a =2 g
ka 228385 85858 ES ;
47 - ” e HA (IR680) 8o | .
@+ 05
47 — £2
P —— -___| EGFP-GCP16 5%
36 —{w= - (IR800) § oo—=—1 T T r
47 _i--'--— = EGFP WT C69A C72A C69A
TPS (IR680) crzn
36 — GCP16

152



Fi gwBrleGCP16 cysteine residues at positions 6

GCP16 membrane association and i nteraction w

(Apchematic showing the position of Foerhe <cys
i nvestigating me miErk2meleTh s sowenbsbected with

tagged GCP16 WT, CG69A/ CTCZBARBMB OSHA( empt y

pl asmid «r¢G tHAB DHHCO9 . Cell s weu =i nfgr accit fi foenrad re
detergemtacoi srepar at e arhdne mbyrtaorseol.pcBt ei ebn

di stributéoonveamplhees was ammescslldobtyi ng. GAPI
used as a cytosolic mar ker , whi |l e cal nexin
Quanti fi ed hdeatnae asthome mbr ane association (N SE
C72And C69A/ CARBO%i btz DHAC9e xcppor essi on. The in
value for the membrane frab)i wamasofcaGERLALt d
percentage of the sum of the corresponding
membrane fractionatianhaascheseammloea mabDi sed t o
of eeaxcpher jwiheincth was set to 1. Statistical S
an ordi waryy AN& A, foll owed by a Dunnrett 6s mt
3, ftraoomdependent @©OxHEKIIMBENt s. wermnemstected wi
EGF-Pagged GCP16 WT, C69A, C72Aggerd QOHAICCT2A
EGFP plasmid was used as a-trmggatdi wa od @entnrso (.
were i mmunopr eci {fEiGtF®Pt eock aWdsi mgrda rdteit ect edg by

al ong wimmhino@r eci-tpdd qd e dprHAt Quast { Ff Rée80Hdat a

the mean (N SEMDHHCG9 t(hleR6BA) intensity val
corresponding i nE@RBigiygwvalnu(elaRé0 @ e sampl e.

has been normalised t o etxhpeerhivvpehnebt waal set ot
Statistical significance wavayamRrdNIOWAed fwd il mgve
aDunnettés multiplencempdar ifsroonns ttweosti ndepend
*p<0.05, **p<O0. Owlhianed n*s* *dgen@ndedsl maamce, wher e

The position of molecul ar weight markers (kD

Al t hough the C69A/C72A mutant of GCP16 showe
fractionation experiments, this may reflect
rather than bei ngcylualot examiones tdhfi shmar e cl o
acyl d1e6 &anhgacyl ale&CP16 mutants were compa
doubl e cysteine mut aanlts oCGLBA/I P71 2A , mysad ket 3 e
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C24A/ C69A/ C72A and ,C6whA/cth7 2whd C8HAwed previ ol
compl et e -alcoyslsatoifo nS

HEK298dIl Il s were trtahnessfeecd @nmls twiuschtpsadandatohen
cyt osaonldnembr ane fractidBnQudrFtiigfluireat3d.oln and

anal ysi s sthiomeendb rtatnaet a s stolcal®2t6i cabd@8fluncat i on

mut angdssow signifi¢adthled-twyipfef e@mea@nneicrontrast,,

cysteinedmepbhaysdgni ficanmmendbercarnceas@sa®ci at i
shown préeFigudpy3.1
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Fi guB®er3GCP16 cysteine resi dues facilitate
i ndependertclyy adfi o9 .

(ASchematic showingSabyel ppstl¢ei o oésitthees wi't
and the C&@RIMG nal omutuanrctas( BBEEKI2.98d1 | s wer e co
transfected -twigigled EGEP16126NT1281 C69A/ C72A,
C24A/ C69 A/ @B2AA/ C72A/ C81A. Cell by weli éf emrarctti
detergentt csodapardadateg the cytosol i canfdr otnh etnhe
proteins were detected by immunoblotting. GA
whidaé nexin was used as Taemseimbriraneomambérr.cul
mar kers (kbDa) is(€f€Qwamt iofni e dhteld el tegietam ome mbr an
association (Nr StHM)en dfnteasti ty value for the
GCP16 prot®inswa@l RBal cul at ed as a percent a
corresponding intensity valwues of the <cytos
sampl e. Data has been normal iesxpmgernijowdintd hi g
was se$t datoi dtical significance wwayaABNDVAed I
foll owed by a Dunnettés multiple comparisons
whine denotsaggnmdémcance, where p>0.05. n = 3

experiments.

Di scussi on

I n humans, zDHHC9 was the first zDHHC enzyr
accessoryepgaitedrcy | atcit o nSiwtay ehoal 00Ba)l ysi s

of mbehani sms through whwictam &SIC®Hs6! ZiBbnldHO%9%a ct s
eXxpression iasndi napcotritvaintty t o unzdbeHH@®pu!l d thieo rb.a
The results presented in this chapter- provi
acylation, the dat ast alsglktishdee yahda ts:¢ fa(tiz)D HEHCR 1 6

(ii) zDBHHCI9a tSes GeEaPcly6l;at(iioini )ofS GCP16 -k curs
and -Tgs but |l owacyl avebs afeSl| i-Ré| gr8ilGy®ccur
(i vaclyati on of GCP16 i s dteepremidneatlte monndnl#d t hr etgh &
of the predmeagi camsd d@rhe al sosiingp a DH&ECPY! SEor onet a
and ¢(aw)ylStion is not essenti al for mWeOmbr ane

and -CT2sare important for membrane associati
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chapter have also uncovered new i nformation
zDHHCO9, wWithod egn-vh@8 li6ddenti fied as being i mjp
Finally, GCPl &l aamdvadz iDHIHICOct | omad h e df recett é ionNn

stabamdttyhi s seems to require multi-Qd enaregi o
t hel20runcation mutanstsalb#f DIGKL@ES pdawl dhowi ng

i nteractimommuniorpreaci pitation experiments.

l nteractions between zDHHC9 and GCP16

Despite the importance of GCP16 as an acces
initiated, there was no published informati c
forms, and wé&iech nrveoslivlkewdesi n the interaction.
was to break down GCP16 into several truncat
regions. One of the main findings of this «cft
ZDHH®9 ndi ng trheign oGCPVIi6 bet ween amiOno Fa cgiud er ¢
3.2). I nterestinglty@Wd4)k HasdmsiYaogEMdent i f
structur e of t he zDHHC9/ GCP16 compl ex. Thi
interfaces, and two ofi nwelswe bd midri@0ga ai rmid reor if

acid region of GCPRArmgi-AMnemet iemteedarcde TMD o
donates a hydrogen -Hdénrd tnlae n heh d&iymosef n&GCP 1€
TyrodisddMbad8f zDHHC9 i nter arcé si nwiGQP 1Ta/ r tobsri cnweg
stacking. I n anot her binding interface, t he
polyproline (PPl 1) Uhelixed ni & DEEEDG6 wi amd t he
includ€hgd€BHgen kbend PB2ei2wnoed zDHHC9 -8andnTyr o
GCPl6Yaeg.,al2024) n t hi sdicrheacptteedr ,mustiatgege nesi s of

acids in GCP1l6 did not | eadi mnounao psriegcnipfiitcaan
zDHHCO9. However, t her esiwgansi fai cnmeondte sdte cbrueta sneo ni r
7680A mutant ofh G@RobreGwliTFogure 3. 3). I n fut
it would be interesting to undred tarké&6Tay o mbi
determine if this | eads9® or eagiloons.s lonft ebriensdtiinng
of Yatn.ga2l0 2 4 )d eanltsiof iied i ntteerrnaiocetsiiladnuse sofofN GCP 16
zDHHC9 (discussed | ater), buti mmMuenoereei @i ha

ZzDHHC9 i n the ab90enrcegioofn-G@hieGeb1ltbheaenut ant) (|
3. Flurther anal-96Gi seignfdofrui gt 6 OMVGCaP 1&6l ani ne scar

mut agenesis to identify specific amiwase acid
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not succemshsifcunl | ed us to believe that t her e
pr esiemtGCPRLi6gur e 3. 3) .

l ndeed, we tfhoeu nrde ¢tidoent o1 GCP Liébmmaulnsogpreaci pi t al
zDHHCY9 (Figure 3.7), and further MMP28gemesi ¢
this region were sufficient for zDHHE@2 inter
al(2024) showed that amino acids in this re
interaction with zDHHCO9. Speci ficaGCR16 one L
CryEMstructure involves iInOtlerianctz HKC %P -ewiwtehe nb

118 and2Arign (GGPalge, al2024) wi l |l be interestin
test hedbstitution of these91a?2 ECRPilBe coaesi due
ablates its interaction with zDHHCO9.

Reciprocal effects of -a@@GRl1la&t iaoond zDHHC9 on S

I't was reportedactyhlaatt eGEPaltd n GYACPIse ta., al2 0 0 3)

but the enzymes that mediptevidius| ymoldeBw crad p
undertaking click chemistry experiments wit
chapter clearly showed thaty:BHHGCO o&n G@PA6a
3.1). Al t-hDuagmd7Q@wser e previously identified
GCPl%acy !l 4tOhetm., al2003he work in this c-hapter
acylation can occur Rdor@ay-8ni noFi ;ewxrteend. Jalt) .CyT
interestinga®bbethatifonr hese cysteines are i
GCP16 involved in ¢gDdegE9 ai2t2ebnadcats wlndt i on at
these sites could potentiallGPInfbodddmploex.regu

ZzDHHCO9-aicy |l &t ed at, idsss ercttii avle sstidge y Inaatsivwldors,t r at
al ab poLiytkRi4dgn-L¥%,s anAad8,8ywnd these cysteines (e
arel danportdameafalkyt iof atchte v(eYiawdne al2 0 2-48)

acylation of the cysteine in the DHHC motif
aut oacy!| anhdi sn emzylmecompl ex i s a kayxyil mteromed
react MionebhedP01O0, Jennings dmerlkifmd er,, zDHHI)
acylation status is often used ae®t a(ap0rOo5x)y f o

have demonstrated that t hizDH&HCOiI mends istuddsagu
transfer of thRasaciyéquwihrag nt e Hr aise mge pafr i 6
protebSwarehoatt00M) te¢ch(e2l014) expanded on thes
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showi ng t hat without GCP16, partially pur
aut oacybutt itome acyl group is mdrMa tebsedadlpt i bl
2014)Therefore, GCP16 is not only a substrat
autoacylation of the enzyme. However, the re
GCP16 has never been reported in cells and
proteinc.halpnerhedrehashdGCcPLprewsi on indeed | e
i ncreaseadwl dthieor8 status of zDHHC9 (Figure 3.
regul ator of MNezyssmeggascti tintage dt hee dGCPh6r eas
ZDHHGS cyl ati ol tesoafhi Fesing the active site
f orecombinant pur i(fMiedehERaF2 DaErRF 4z DHHC9/ GCP16
(Miteheh2®PIrdo)t ein compl axddsti on,stGOPUG snreay a
Ss-acyl ated cysteinersa,nys, wdz2h) 2adss CeB8can i dentif
zDHHM9%  nghifmsthe sampl es i ncubatednwitthe pal
i mmunobl ot f ol leoxwirnegé 80 Polr@etc3owill)l. be i nterest
work to exploret alsitlGeskeSyg| atl s@on of other enz:
regul ated by this accessory proteYaag.alcl udi
202.4)

I nterestingly, the analysis of GCPl6éanduncat

t het €r mi nal regions of GCPl6-awgltatiesnseandalf o
ability of this protein to stabilise9® DHHC?9
and-12 included al/l four cyst-emmes o parnedc i wd rt ea
zDHHC9 (Figure 3.2), t hese tr uneaatyiloan emu thayn
zDHHC9 or to stabilise the acylation of this

The | aakybttbtbSon BDOraEd@P16ndi catteaddr mihradl trmegiC
of GCP16 might be -dcnploattiaonnt dfort heheprSot ei n.
terminal truncation mut ant -aapbhbysobos damo st
recovetrrednmuwia@mt, Iproving the -trerqmiinma&lmemdqgiodn tf
podgtransl ational modification (Figure 3.5). W
acids responsi bl e usi mg ydlaaniome wsawb sctointpu teit cen
for b2-2A5A anid30AR”26GCP16 mutants (Figure 3.5
explanation for these findings is that this
structural folding of the protei-Inl8 nadnd oOAregn s
121 wiHHHIC9z D
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The results presented in Fkgeurme n3all Or eaglisoon sohf
i s importaxrytl atoonSof both GCP16 amrkd zoOHHC9
GCP16 appear toabelationhcaanfiornSerestingly,
known ftorm contacts wirtyhdsztDHIHGOamegn., alb@2 4)
Speci fiddll-Phelsgand8Thmave all been shown t
with zDHHC9, l' i kely expl ai2n0 nrge gtihoen ifropro re fafne
acylation of both proteins.

It i's intereshd nige g or-Erdodisecrtgitod ta hte /z@®EMHICH®
comprexeal ed-6199h atn dC3Cg0sf GCP16 are part of a
that includesrmhealt hcgst€@i n283 oPLBYUPHIRBBE: Cys

The cysteine cluster is important for medi at |
t hecacytli on of the cystein®88| wst ezrDHH&ED R e ciisa
i mportant for catalytic activity, reinforcin

(Yaeg.,al024) woul d be tihtet epétest EER-BOams e e

mut ant, ail@®reg (wintaséd fel atoel)R 8 n(da bhlcey Itaot €§) mut an
with intact cysteines to -anyksatigaterthader ol
i nvol vement of the cyst eiacey lretsiiadmuecsf izmDHHGD

overall stability of the compl ex.

Reciprocal effects ofpr®@Rl6GN asndbzDHHG9 on

I n addition to regwllattiimgn, zDHWHECE S s eviden
GCP16 may also regulate the stability of zDH
proteins, Erf2 and Er f 4, it has been shown
Ssi gni friecdauncteldy i n Er(fl4odnau,taanG O Zyedil tsi omabil lyi, t ¥ h
of Erf2 in Erf4 mutant cells after cycl ohex
significantly decreased, and Erf2 showed en
absence (Mi termfeda 201 Repgarding GCP16 and zDHHC
performed using purified proteins from insec
to proteolysis in (tvwearathtsecaniz @06 r GEGEL GMor e, [
shown that zDHHC9 forms higher molecul ar wei
n the absencei nofF SECP lexNgeurgiemeanl2 8 2 Iher ef or e,
here is some evi desntcaeb rthhHhst € 9G C Pblut niahyi s has
efinitively shown in mammalian cell s. The v
ti me toaabafhiezPHHCY9 i s decreased i n vtilcee abse

Q_I—P
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ver §gigure 3.1). These effects are depender
ZDHHC9/ Gl ex as ad90hadd@bl GEP1H6 truncati on
can-iagnomunoprecipitate with zPHHEPhestdayyme e
These truncated GCP16 mutants were also | ess
was not recover eedx porye szsDHHC9( Fciogur e 3. 6) . The
t hat there are reciprocal ef f ecacyloaft i @®@QP 1abn «
protein stabil iftextasnd etqlua tr ¢t dadgatehsaG CtPiL& fpu lolt

Sacyl ation of GCP16 and membrane binding

Ohteat .(a21003) i desatciyfliagc dt teg sFeines within GC
that this PTWMhtaicgchotu nmesmif roa noef atshsiosc i lahtoi soenl at t e
finding was throught-@lnaaniynse smuotfandays toefi n@CP1
association wi t h purified me mbr ane fract.i
i mmunofl uorescence microscopy experiments [
cysteaha@ansaobstiafut iCHM® and C72 al so showed
| ocalisation inst ©@hata,cadfl GOI P ii mieastniignagt e t he
of C69 and C72 in membrane association, we u.
the double alanine mutant in cell fractionat
that only substitution of hkeomemB86anands€d2i e
GCP16 (Figure 3.12) .-eWhreas GCP 18I twasz BIWHC9, t
i n membrane bindirrglami néde metyahtes navas not
suggesting that associatiost awbit hieszdiehldEP a mi g
attachment of GCP16 n{nRuingouprree c3i.pli2CG)t.i oGio of z Dl
that the C69A/C72A mutant could stildl intera
(FigureTBi 842bbservation is in coat r(a2s0tl4t)o t h
in which they could not detect any zDHHC9 bo
(Mitehehl2014)

I nterestingl y, -aacnyallaytseids GGP 1t 6h et rhudnlic aatnido n hreu tSe
acyl atted&8 mut ant showed that both of t hese |
membrane associwpeoBCRsS6 wiFdgurteéi 3. LdDmpari s
GCP16 construct si wetrlkee exlpsescsedof zDHHC9 to
on mbhmbrane associ atcioonns torfu cithsd ieEs@seolag at i on wi
ZDHHC®he key difference between thesetotrunca

al anine smbantist uihd btnltgtst ei ne riensi dbhestaumcar
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mut ant s. This indicates that me mb-aaepkabBeDCi

in contrast to previous suggestions. Instead
GCP16 are directly involved in membrane asso
téh cysteine residues provide a strong i ntr

hydrophobicity. There seems to be no differ
mut ant3a6 lah218,1 despite thaicyl ditfifoarredaued hiem
t hat csyshaeveea primary role in membrane atta
that- 68y and7 2Cyasme paesent in a region of GCP1
hydrophobi cityan(dF ihgaurindess, 3rr ddi)on of ftakcél ptate

me mbr ane assoct aicoyl apriionr otfo t he cysteine r e

2f —— Hydropathy
Region 60-90

1_

S
@

>~ O0Or
s

a

e
- =1

>

I

72_

0 20 40 60 80 100 120

Residue Position

FigBledydropathy profiling of GCP16.
Kytbomol ittle hydropathy profiling of the proc
hydrophobicity and hydrophilicity of amino a

amino acid residue was assigned aDdgldirtofplage h
scald, amerage scores were calculated using a
smooth | ocal fluctuations and highlight br o
regi e9n0 6i0s highlighted.

Limitandohsture directions

This study wused protein overexpreacyloat iamm, Yy

stability and memliinehmaighs dddisatiisona widely
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mol ecul aranbdi od ®mmgeg of our conclusions wusing
subsequently val i éeEaft edt rtuyct urhe «fr y@ DHHCO9 a
overexpression has several |limitations to co
much higher proteiadtlteeédl entbgenohslse, pand t
mol ecul ar interactions ties hgc slahsadiled aoIrsd o
affeacylSati on, ff h edxrdé fnagrse of this study shoul
knockdown appcahs€ERh&PR t o enginenheemdogematat e
ZDHHGON 6CP1lgenes (e. g. introducing specific
down protein Fewrptr leesrsmamrng ,. a recurr-ing ||
i mmunoprecipitation experiments was differeri
quanti flitcatvwvasnoften seen that -tlaogwgeerd e&QPrlebs s
mutants gave a hizghhkeHC9 iwhdeinn gg uoafn tHA i cati on
is possible that GCP16 is expressed at hig
conditions that wel ohwaevrei nugs eGC P labnyde xtphtaets € iaad n t
a corresponding decirnenauneo pirne cziDpHHGCOt icoon (e . g.
GCP16 i s afprecitpi taa e al | of t he expresse
i mmunoprecipitation experiments could be un:
GCP16j cwhmay give a more |linear range that i
changes in bindingCllén pwoeri ESFRre express
| evel s. At present, the conditions used can
binding (e.-330 awvwdhImubhant s) but may not be s
detect more sS®bwuldgi nbabgesi ng usiBgch dsffe
fluorescence resoné@hRRBBWOeUNl edr gayl stor apnrsofrve+adle i ns
ti menteractwoms$s d acdmpl ement t he i mMmmunopreci
perfor m&Od erearld., t he work presented in this ¢
into thel G@PHIHQ% r acti on and its-acelcatpiromrahbnoad
protein stability. larhmsor tba mtaldyl ,y tchoem sEidébsst velntts v
structure ofVYadaei, aDbimdi)lcxh was reported after

in this chapter had been compl eted.
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CHAPTER 4

| DENTI FI CATI ON OF AMI NO ACI D
| MPORTANT FORCYHAEATISON, STABI LI T
FUNCTI ON OF THE ZDHHC9/ GCP16
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Chaptelrdeinti fication of amino acid- resid

acylation, stability and function of the

Il ntroducti on

I n mammal s ,-acpyrloatteiioon Soccurs on an array of
me mbr ane associati on, protein | ocal i sati on.
(Chamberl ain and Shiipstreemgul2@i®)n i s highly

sever al physiol ogi.the e®PHHCPAGCPAG hwagbei n
been directly gasoswdchi sfitapettadwliitrh Spva tr el a,yasl

2005, Mal gapo and aliomdjerwi tZh02neur on al signa
(Raymendal2007, eShai@dlliNot abl y, ZmMHtHLL% wnes | n
intell ectual di sabi |l i(tBya keetm.d a I B il Eajhhdo osdt uedpi ielse
primary rat neurons have I|linked this to eff
formation of i nhShbietedrayl2 Oslydmfeqd *evsance of zDHH
these cell pathways and for human health mor

okflucidating the mechanism through which the

The development of Al phaFold protein structu
EMB-EBI has been a major breakthrough i n comp

of protein structure and( Jpunopteerianl 2i0n2tle it aVcatriaadn

al, 2022, eAbradde@met . Valradd?A4 )phaFol d offers a
to build on the truncation analyses of GCP16
speci fic binding interfaces and key residu
Al phaFold is =especially wuseful where there
i nformati on, such as at the outseftcregM this

structtihree zOHHC9/ GCH 1Y@ edqo, mp2l 0e2x4 )

Tk stuoy Yamng @R2024) represented a maj or br

understanding of the molecular infT@racwibohk b
identified four main binding interfaces mak
proteins, whi ch w e refer t o as i nterf aces

hydrebgoennd i nteractiongdgoé6benw&€Plby@dsdiime gihmeir
second embarnasnme hel i x ofi" 2 DHEKEBNng Bnderaction
tyrosine 76 in @GQGP3Lt6h ma ntdh itrydr otsriannes me mbr ane h e

Binding interface 2 involves interactions be
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t het €r mi nal region of UlzelHHCOs .wi T hr eGeC PAlr6o | i ne s
of zDHHC9 are hi-gg90 i grhd-2@r30 lppio oé i inet o t wo pocl
byhelices in GCP16 with a weaX9 2 efgaartmisy ea cQhh
hydr obgoennd wi t KR8 6t yirno sG@ hFel 6 . I nterface 3 involy
the DHHC catalytic domain of12ZDHHCH-LEmvdleirree
formstacking iamtderCaHct i on<d 8wii tnh GiICWPri®&ésif mend i n
aft eb lsbthaenfd t he protein. -M®3 eiovezDHIYCUt amame
charge interact-ieénsnwiGCR1&argFnhakl vy, i nter f e
charcgear ge aftidnaeracti ond06f ohspdHHLOlelwi t h |
and phenyll3aloafliB@&Pc-hbhrngge interactiofdOhet wee
in zDHHCY9 afdS8arn i mGCrPel 6, -sdrmd i &b csrbd r lHet we e n
gl ut aimat ein zDHHCY9-1atdi ar GCRLAe Al though not
in the binding interfadcdéds ooaghzBHHGAaFahd 6&6CRI
protein complex, we al X4 ofo ts@GPblibhyasts dgdauntda ma 't
argi-hl® et hrough a hydrogen bond interaction
confirmed WM ®heulcttyenreffaces 3 and 4al/ b were
affect the stabilisation of the zinc finger
zDHHQO.di t i eancayl llayt,i &Sn of C2t8e8r nfionuanld raetg itohne o
was proposed t o promot e the hehdbndblriaxe i mss 0 G
hydrophobic pockbBPa2 drmdlgMr dbyulTtM ng i n a mo
structur al conformation of the enzyme. c288
cluster formed by C283, c284, and C28& in zLC
GCP16. Substitution of €288 to alanine aboli
agai nRa¢é Yheg.,, al2024)

A notable omission ferto(m20Bé) swadytbé& NFaog o

anal ystilse odf fects of Substmnitteutaiensg iigybe bdentl
formation of the zDHHC9/ GCP16 compl ex. Ther e
di sruption of these bindi/l@a@PlIiétstrd@icleist afdrd
i n c(ealesy ., al20RPHi)s chapter sought tco sEVLUI | d O

structure to generate a more detailed wunder
resi dued hfempatt onal regul acCPe6mp| ehea EmHHCO
were: (i) to build on the knowledge acquired

mutants in Chapter 3 by using AlphafEaM d anal
structure of zDHHC9/ GCP16; (ii) to exmplore t
interfaces-EMMf sthectcuy®epomeastilpe@ rieean and st al
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zDHHC9 and GCP16; (iii) to explore the invol
for zDHHC9/ GCP16 camfivi)ext of oirnnvaetsitoing;at e t he ef
the identified binding interfaces on zDHHC?9

Resul ts

4 Al phaFold structure prediction of the zDHH

Wh e n this project was initiated, t her e W 8
ZzDHHC9/ GCP16 compTher eadfvoaiel,abwe .initially solL
results of ChaptephaRolkly uwsimrgotein structur
(Jumpeéer,al2021,etVaalakR2,etVaalad®Mg structure of
zDHHC9/ GCP16 complex predicted by Al phaFol d

t hRRCSB Protein Data Bank 3D Mol * (\Giechwdrl, al2 Q&2I11)owi ng t he

identification of interacting residues and i

Figure 4.1 displays the structure prediction of human zDHHC9 (UniProt ID: Q9Y397)
shown in green, interacting with human GCP16 (UniProt ID: Q7Z5G4), displayed in
orange. The prediction highlighted two interacting residues in each protein chain,
which are shown in neon green on the protein complex. These two binding interfaces
are shown in enlarged images and includet y r o-588 af Z£DHHC9 forming a Pi stack
witht y r o-8iohGCP16, and g | ut a mil@l ofazDHHE9 forming a hydrogen
bond witha r g i -h2il of 6CP16.
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Pi stacking between TYR 183 of zDHHC9
and TYR 76 of GCP16

zDHHC9

Hydrogen bond between GLU 101 of zDHHC9
and ARG 121 of GCP16
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Fi gu4leAl phaFol d structure prediction of t he

compl ex.

Protein structure predictions of human zDHHC
human Golgin subfamily A member 7 (UniProt
chain is shown in green and the GCP16 protei
i mages shotwert &@deti ons between the two protein
a Pi stack with TYR 76 of GCP16, and GLU 101
with ARG 121 of GCP16. Protein compRCEBB predi
Protein Data Bank 3 D Mol * (\Giechwdarl, al202 blased on Al phakFc
DeepMind aBB[ EMBRéeér, al2021,etVaala®22,etVaaladi
202.4)

4 . 12nvestigation of the Al phaFold modelling p

protein complex using GCP1l6 mutant construct

The AlphaFold prediction in Figure 4.1 is consistent with the results of Chapter 3,

which showed an important role for both the region containing amino acids 60-90

(which includes Tyrosine-76) and the C-terminal region 91-128 (which includes
Arginine-121) of GCP16 for the observed interaction with zDHHC9. To f urt her
investigate the validity of the Al phaFold pr
GCP16 mut ant cosnpghtrhesss eamdeireh t he identi fi
resi d¥ebs andw®ine@ldsti tuted with alanine. Thi s
i n-icnomunopreci piacaytliaothni ommnde x$ eri ments to stu
interaction WEKBO&@HHKCOwansefected with EGFP
EGF-Pagged GCP16 WT, or Y76ARZRIHHIO®e |l t obges hees
werteheinncubat ed -TwiatptE @RRr oaead bemthsnopreci pi
prot ewsiemrexamined by i nfnfuingoubrieot #i A4) . Surpri
guantification and statistical analysis show
of t his GCP16 Y76 A/ RilAmAn orputeaxntpi t ®t ec oz DHH
comparedt ypewGCHLG6.

To investigate the effects of these amino ac
Ssacy|l aHEKNN9Bd!l | s weraemmstect e OMiAt It o B BFA0 |
tagged zDHHCOY9, togeglhged WICPAG6E®WHFP Y76A/ R121
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Cells were | abelled with either palmitic aci
processed for click -ategmasiony uweitmrgtabkhyoé |
(Figur-@ .4.QuBanti fied results showedl ahadonGeR 4

not significantly daé¢ykeaenonretxphe@ERBRE&) WTtE e
PEBOSzDHHCOI9. However, the Y76A/ R121A mutant

to stabili aeyzRBHHON $ ompar(erd gtua eGCIR 126C)WT
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A. Lysates IPs

2DHHCO
GCP16 GCP16
Y76A Y76A
kDa EGFP WT R121A EGFP WT R121A
HA-ZDHHC9
47 (IR680)
47
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36
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GCP16
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wT R121A
kDa C Az Az C Az Az
47 —{0 WSS | EGFP-GCP16
36 —| BT TR | (Rs00)
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36 —] (IR680)
36
C.
ZDHHC9
GCP16
Y76A
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kDa C Az Az C Az Az C Az Az
| -~ - ,
o £ EGFP-GCP16
el (IR800)
T
———— —
| HA-zDHHC9
47 | (IR680)
47
TPS (IR680)
36
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FigurAnalysis of the effects of Y76A and R12

Ssacylation and interaction with zDHHC9.

( AHEK29QBell | s wemeastectedggethzBAHCY agngle dEGF P
GCP16 WT, or Y76A/ R121A. The EGFP plasmid wa:
EGF-Pagged proteins (1 R800) werEGkmMmmueadps eaxn P
detected by i mmuwiotbHi otmuinrogp,r eali-padqe @& dp HAL ei
(1 R6@O@anti fi ed hdeatnae asrh oWN SEDMIHOGI (¢ hR6 HA) i nt
value divided by the corrEG6BBNngi gualnntelaRad @ )y

I P sampl e. The data has been normalised to t
which was set to 1. Statistical si gswiafyi cance
ANOVA, foll owed by a Dunnett 6s mul tiple co

i ndeprethdexperi ment s. For-acygV atbBEKo299a3tell hg mpreo tee
cearansfected awgigtend EGCHPPL6 WIZ 1Ar aNdOGBRPRmMer
BOSHAE G Gq! IOG ¢ t, 6 RICHO# Yalgag eYdl Hz PEFE9was used as

contQeolll.s were | abelled with palmitic acid (1
azideC1(6Az0) for 4 hours and were tnmmPENGA ySed &
acylation is i-sildifctas edn b@®u abmataidfpileecsméana sho
protaicyl @ti on (NacyHM)t.edThbeandds were quantifi
of total expression for each proteidatacubat
has been normalised to the highest value of
Statistical significance westanalysewaoywsdi ngr

ANOVA, foll owed by a Dunnettdos multiple <co
*p<B, 0**p<0.01 and ***p<0:s0@h, fwlkialne ens whenmae

n = 3, from two indElpengesitt iexmpesfi maotescul ar
(kDa) is shown on the | eft.
4 . 13nvestigation of the Al phaFold modelling p

protein complex using more disruptive GCP16

Since the GCP16 mudeasitgrnreZd Ab Rsldi Aon t he Al ph

of the zDHHC9/ GCWa6 isnhiétaathiien to interact
di sruptive amino acid susbtituffhese wetant s
incl Ydéd/ R121E, in which Y76 was substitute
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substituted with glutamic acid. The second c¢
Y76 and R121 were substituted with alanine,
form a hydrogen bond with Y76 in the Al phakFc
mut ant t enswerruec t hen-i munsuendo pr ecicpi-aayi ani ceamd

experiments to study their effect on the int

HEK298d8l | st wangefected with EGEgdaETcoGCPDLE) WT
Y76 A/ R12VEGA/oR79 ALt Ry21 Aer-zwHHGReH A |l ysates w
i ncubated -TwiatplE @FRr ose beads 1§ omurophroeucri pi
prot ewiemexami ned by i iRl gaibrleot4 .i Ry) . Quant i f |
statistical anal ysis showed that bot h GC
Y76 A/ F7T9AWRN LlAblienmumopoeci pitate zDHHC9 at
the twwpa protein.

To investigate the effactyd abf ohhaseéei mutants
experiments wershovamr rFiegumwmetd4dad. The resul ts
Y76 A/ R1aktyIl 8tion was not signi fi camytllayt idoinf f
when-egpressed wi t-BOSoirz bl WCHREFR Ver , t he GCP

Y76 A/ F7T9AsRARdA decaewnlsatdi dSne xwhreens seea t Wwiet h
PEBOS or zDHHC9, compared t-B)SGOGR UG rWT o Rihgeu rr
seen for t he Y76 A/ R121Abomit atnte (Y1 @QA/rR124E
Y76 A/ FTO9AMRLEAANAs showed a decreased ability
acylation compar(eFd gtuor eGQIP 146B ) WT

Coll ectively, the analysis of amino acid st
showed that di srupting thebsmmwndmersechgdtnabi
zDHHCY9 but didcgfhéeécontbé HSCP16 (Y76A/ F79A/
and the ot abi [ziDdddiQi9oa®i on (seen for all three
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Hydrogen bond between TYR 76
Pi stacking between TYR 183 of zDHHC9 and PHE 79 of GCP16
and TYR 76 of GCP16 f

Lysates IPs
zDHHC9
GCP16 GCP16
Y76A Y76A
Y76A F79A Y76A F79A
kDa EGFP WT R121ER121A EGFP WT R121ER121A
- HA-zDHHC9S
— T —— -
47 — B S
-— — -ﬂ.l EGFP-GCP16
36—l ww T e awm ==& (1RB00)
—- —
47 =
36 TPS (IR680)
S ns
E 1.5+ r — .
%E *=*
%‘5 —
c Y 1.0+ . .
S5 < T 5
[ [F
S % .
8 H 0.5+
£3
5%
§ ool=F= . T .
= EGFP  WT Y76A  Y76A
R121E  F79A
R121A
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Figud® Effects of Y76 A/ R121E and Y76A/ F79A

Ssubstitutions in GCP16 on the interaction wi
(AEnl arged i mages of the Al phaFold structur e
protein complex showing the intramolecul ar

PHE 79 of( BEKRZ®c3ell | s wemaeastectedgwetdhzBHAHCO
and EGEBged GCP16 WT, Y76 A/ R121E, or Y76A/ |
pl asmid was used as a negatgiewde poaoontteriols. (T hReB
i mmunoprecipi tBGrER hhesddhdg amd i deotbelcottetdi nbgy, ianhm
with nmnounopreci-pagaeeddpHAt eTihress p(oli P8 00)f. mo |l ec
wei ght markers (kDaQuiastshowdt datmédamb@ftSEN

of t h2#aDHHAC9 (I R680) intensity value divided
value of thg HRGPMMW)saghal P sample. The data h
to the highest value of each experiment, whi

was ahalysed wusi nawayanANOVAI, narol lonwed by a Du
compari sons test agai nms'tp <@C P16 aWt. ***p-<p0<.00 50,0

denonesi gni ficance, where p>0.05. n = 3, fro
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Figudse Ef fect s of Y76A/ R121E and Y76 A/ F79A
Ssubstitutions -aaylGLtPil®GNn.on S

HEK29c3ell | s wemastect ed awigted EBEE&FPAR 6 WT, Y76A/ R
Y76 A/ F79A/ R12 Y AMPE&MBDSIeAt(hBeJdaz DHHEGFP was used
as a control. Cells were | abelled with pal mi
acid azCHe: )Azfor 4 hours and were then | ys
mPEG.-acS |l ation is indicated by band woHifts
mol ecul ar weight mar ker s Qukbha)i fi ®dmdawm cimho
protaicyl &iti on (NacyBM)aadlshewes e quantified as
of total expression for each substrate incub
has been normalised to the highest wvalue of
Statistical significandde awava ganmdNIOWAed fwd il mgve
a Dunnettés multiple comparisons test. *p<O.

denot esi gqooinfi cance, where p>0.05. n = 3, fro

4 SYacyl ation of GCP1l6 and zDHHC9 is-andrupte
Cterminal regions of GCPL16

During the course -BOM 4thriwctworre&k ,oft hteherzybDHHC9
complex wag$Yaepoat2®&@®A}Y this point, the focu:
away from Al phaFold predictions and onto the
The reported structure identified key resi
interaction, which oc¢VYangtaROdpmaixmmi mee hrt
these interfaces cont#achutbei oo ohe GCEBtbépraod
alanine substitutions in these regions of GC
4. SKEK2984dI1 | s wer-er arhsefne cd ®zdD HMHICtOh HAget her
EGF-Pagged GCP16 WT, interfatae mutamtBEGRR (2o
Cells were | abelled with either palmitic ac
processed forryeldekeathiematsodbn Susing al kyne r
The pmotseampl es were t hRAGH,e swhivleed ibngmuSiDoSb | ot
all owed for the wvisualisation of -atclyd api @otnei
(Figure 4.5B).
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Quantified data suggested that alanine subs
GCP16R16A/ Y18A) radcdydedi bhe o6 @CR1&ati whi lwa s

compl abell ywherd al anine substitutions were i
(K11A/ F13A/ R118A/ RxY1AKEDDLIAY. GEP16 was al so
binding interface regions “wart b mohatedc

(K11A/ F13A/ R16A/ Y18A/ Y76A/ YS86uA/tRlelr8mo/rRel, 2 1mMa 1t
the binding interface mutSactys awao®nalblfe zDHHECLC
compared to the nEGRR U4 onpt rionlt.er f ace -dmutbant s
appeatredinhibibasg®SHHHLCI9at itomé e vaed s detected
signi flicvaenrt [tyhafi heh &GdE P. Ad amtimel substitution
binding interface 1 (Y76A) or i matcgd fadadc®n2 of
GCP16, dibditnot signi fZiDHMC9d vy liasmtlsiooeas € he EGFP
controll Figuelks 4. 5B) .
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A. N-[1 [aa] 3] [1] [ [a] 1]3zc GCP16

Interface mutants of GCP16

1 Y76A
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3 R16A/Y18A
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Figub&acyl ation of GCP16 interface mutant c o
on stabilisi-agyke®HHES. S

(ASchematic of the GCP16 interface mut-ant con
EM structure of the zDHHQ®BHEKPRP 28B€llplrotiee me coa
transfectedgygetdhzBAHCY aagngde EGEFCP 16 WT, 1, 2,
14a/ b. EGFP was used as a control. Cells wer.
a control (C) or pCallémiOt)i cf oac id4d heozuiresed ofnidd wer
clicked uaPrEdc.-at¢Sklyamtei on i s indicated by bani
The position of molecul ar weight markers (kD
show the mean percentage (N-a2FM)atierdt em Dittey nw
Sacyl ated bands were quantified as a percent
incubated with the palmitic acid azide. The
val ue of each experiment, which was set to

usng an or-dapa”mAWOWYAe foll owed by a Dunnettd

test . *p<0. 05, **p<0.01 and -sFypkdDi dADce whiv
p>0.05. n = 3, from three independent exper.i
4 Beciprocal stabilisation of GCP16 and zDHH!

the interface binding regions of GCP16

As shown in Chapter 3, there is a reciproca
when-egpr essHeEdK2i98d! | s. To tihref & ®tcit ¢ a toef the b
interface mutati omEKRO3gIrlos ewenanssadct edywi th
BOHA (contraDHH®®, Ha&l ong wi-ttéhg geeidt h@C P 1BBGFWT.
interface mut amndtas/ bl,, o2r, BBGF P aa/sb,a 1lcontr ol ( Fi
then either | ysed at tOh&yocurosh exri mi Weu lpatoddi w
i nhibitor for r®@t dionr d,evalnd wer e subsequer
i mmunobl ot ti n@u g rFtiigfuireed 4d &t)a in Figure 4. 6B ¢
binding mutants 1, 2, 3, or 4al/b had no si
compared to GCP16 WT, alanine substdiat/bt i ons
significantly déect ety eBlOD modp& Fens ssi toan .

When GCP16 WT or i nt erdxapgree snsuetda nwist hwez @H H®9
4. 6C) was evident that GCP16 WT enhanced t he
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an increase in the relative percentage exp
cycloheximide treatment compared to the EGFP
on zDHHCY9 was | ost with i ntedd/alc eofmuG@ml &, 1:

these mudraemtadl so | ess stable than GCP16 WT i
I nterestingly, wiast ¢ehffaoal pnutsamtbl 2 GCP16 bind
antdhe onl awbmet aot stabilise zDHHCY9 (Figure 4.
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N-[ [aa]3] [1] [ [a] ]-c ccrie
Interface mutants of GCP16
1 Y76A
2: Y86A
3: R16A/Y18A
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- HENSNEREREEN - T
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ZDHHC9 N = LTy 1
° r 1
GCP16 £ “ .
EGFP wr 1-4a/b P
o =
kDa 0 8 0 8 0 8 Hours S x 504
gx 50 . . .
o O
45 — &=
———— EGFP-GCP16 S«
35 — <= = 3 & g2
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= ©
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— — — (IR680) 5 0-
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Fi gukb6ePr ot ein stability of GCP16 interface 1
effects on stabilising zDHHCO9.

(ASchematic of the GCP16 interface mut-ant con
EM structure of the zDHHC9/ GCP16 protein com
HEK29@Bell | s wemeastect ed avwigteld E&EFPPRL 6 WT, 1, 2,
l14al b, toget heBPEWMBOS HA thempty pl a(sGjiAd contr

tagged zDHHCO9. EGFP was used as a control. L
after 8 hours of incubation with 50 Og/ ml c
l evel s were minenmedbi edt bwngi The position of m
(kDa) i s showQuamt itfH e dltdifett .anesamow er cent age
expression (N SEM) after 8 hours of CHX trr
correspomadurngval ue and normalised to the tot
sampl e. Statistical significancewawasdNQ@QYA,l ys
foll owed by a Dunnettodés multiple compari son

*

*p<0.01 and ***p<0. 00sli,gnwhfiilcearncsepd@wm 06 es nn

from four independent experiments.

4 PBurther analysis of residuerns tme bieadi mgoda

acylation and stabilisation of GCP16 and zDH

Since we have previously demonahd-a€edi hak i

-

egions of G@aRlyd aitn onhean8 protein stability
Chaptewe3detudetet déxalminmge i n,t ewhSipcehheedh/ b

heaNd-t €Er mi nalo fr egd Rdlmés.e , an additional mut an
generated that contained arierani a@ild psaulstoift L

—~ o~

interface (i.e. in regi oR1XUDA/ RIThI A/ BluZtd4amn t( F
4. 7A). Both mMdi mond Mtadrbf ebde mut acompaifre@CP16
bindi-agy!l & i on and stabilisation experiments

effects.

To investigate bIHEK2O9@8dlwesr eDd@G@3f ect ed with
tagged zDHHCO9 antda geg et dh e ® C FEIGGF PWT 4 b, 4al b,
negative control. Cel | | ysdrapE wAgamd sne u b a

I mmunopreci pi wa teexda np rnoeetde ibnys i mmunobl otti ng (
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quanti fication andndsitcattiesdt itchaalt aCaPl 1ly6s iisnt er f .
4alb) did not have -ammunoprsedinpiatbdtld tzDHHC X
WT GCP16 (FidutbodghlB} he 4al/b mutant showed
binding following datkrael fqdtahaett il oiweat iexmpy etslii ® n
this protein (as data is analysed as HA/ EGFP

To examine t h-acyelf dHEKD20BeTh| &§ Wwemasfect-ed with
zDHHCO9, toget heagoged hGERBFFP WT, interface mu
EGFP as a control. Cells were | abelled with
acid azide and were then ptecesaaylodtoiBor | u<xik
alkyne mPEG (5 kbDa). Resul tacsyilmt Fiopumndé 4HCPA
| ost when substitutions were intnodcdwaned ash,
aminosabigti omat dridi d nNnoGCR1 BaecBytl at i on. Al t hou
4b interface mutarctyllas omgo lidswascf n@verthele
t heacSyl ati on (oFi gzuDpeH 9. 7 C

To investigate the effects of t he 4ibn i nter
mammal i aEK2DBSI, Il s weaastect e BIOSWAt bc®EFTr ol )
HAz DHHC9, al ong wittalg geeidt hGeCrP 116G BAFT interface
EGFP as a <control. Cells were then either

cyclohexi mi de protein Bgutdhesiandi pwiob et ar | f
examined by i mmunoblotting (Figure 4.7D). Qu
8hosrpfotein synthesi byingcbohexi mide showeodo
binding interface mutant 4b was sigihypeécant|
protein -ewhemescsoed witBhOSeidrher DHHGE9 . GCP16 |
interface mutant 4b al sexfpaiclsed oho (si ambi Bt &
4al b, as shown in Figure 4.6) (Figure 4.7D).
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A 1 137
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o T T T
45 | 2 oh wr ab
35 —| TPS (IR680) GePie
e
S 100+ e
2 .
ca e
ZDHHCO £9 ==
GCP16 gE
X 507 .
EGFP wT 4b ] oy
&£ -
kDa (] 8 0 8 [ 8 Hours E ‘;
T T e e e -
5%
45 — - e e EGFP-GCP16 B T T T
35 —f 2 o . (IR800) 2 Oh WT 4b
e GCP16
- _I Bl el | HA-zDHHC9 3
— - (IR680) I o
4 3 i 3 ™
1 HIRERRENNEEE - 2 E
35 24 —
g
o =
5% 50 . .
§5
£g
2
H T T T
g Oh EGFP WT 4b
GCP16

185



Fi gud7eEf f ect s -t ®fr man &l binding interface GCP

recipr-acgl asi on and stabilisation of GCP16 a

(ASchematic of the GCP16 interface mut-ant con
EM structure of the zDHHQ®BHEKPRP 28B€llplrotiee me coa
transfect-edgwetdt hzBHAHCS aagngde EGFAP 16 WT, 4b, or
EGFP plasmid was used as a-trmggatdi wa od entnrso (.
were i mmunopreci {fEiGtF®Pt eock aWdsi morda rdteit ect ed by
al ontgh wdnomunopr eci-tpdadqd e dprHAt Quast { Ff Ré&80Pat a
the mean (N SEMDHHC9 &)eR6HWAt ensity value di
corresponding i nE@mBigiygwalnu(lakso @ e sampl e.
has been normalised to the highest wvalue of
Statistical significance wavayamrdNlOWwAed fwd il mgve
a Dunnettoés multiple comparisdaeanattesper nment
(Cho investigatel aHBHKD289IBEII s WwWememsfected with
tagged zDHHCY%t aaghgde EGEF®P 16 WT, 4b, oa da/d. E

control. Cells were | abelled with palmitic a
azi deCl1l(6Az0) for 4 hours and were tmmREG- ySed &
acylation is indicated by band shiegd tmeam Az
percentage (N SEM) i nda ceynlsd ttegyd vsad husatsrydotéet sa¢.dh eT |
bands were quantified as a percentage of t
i ncubated with the palmitic acid azide. The
val fe emch experiment, which was set to 1. S

using an owdyna®&NYVAnpnefoll owed by a Dunnetto
test . n = 3, from two (Dhdependent gaxpepi mea
HEK29@3€ell | s wemasfect ed awigterd ESEXZAFPPL6 WT,- or 40b
BOHA (empty plasnmiAl aggedr aDHHC®r EGFP was

control. Lysates were collected at O hours o
cycloheximide (CHX)n. |Rrvetlesi nweaxprdeestseict ed by
Quanti fiedt deatmeasrhopver cent age protein expres
of CHX treat ment , quanti fied -hroaulratv avleu et oa nt
nor malised to the total protein stain |levels
analysed wusingteasn,umpaianwkoytdAN@QY A, ofnel | owe d
Dunnettds multiple comparn sons&g, tfersdmwfheure iamp
experi mprODs 05, **p<0.01 andn otre Pps<igpndi Of 1i,c awhciel

where pPHe Opasi tion of mol ecul ar weight mar k.
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4 ANzDHH®9 ndimgerface mutant di-scwlpatsi oneca mpd

stabilisation of GCP16 and zDHHCO

The analyses to this point have al/l focused
To confirm the key findings, we also examine
acid substitutions i n al | four 1dahWd; ng

R85A/ D100A/ E101A/ F104A/ F129A/ PB5 GA/rEvigoudrie/ Y18
4 . 8FAE K 2 9C3€eTlwles et cansf ected with EGFRC#s6,a coni
along wit i DHIHIC®e WIPDANHEGalb, -BOSHPERS a contro
Cells were | abelled with either palmitic aci
click chemistagydlati ngniadk ymfe SnPEG (5 kDa). R
4. 8B show t hattylIlGLPilén Sby ZDHHC9-4ahb e wfasc e
significantly reduced compared to that see
reciprocal effect-awmyfl a@dPoln6 oofn ztOhHeH CHI twha st hails
ZzDHHC9 i nt er fdaac/leb muRiagnur el 4. 8C) .
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Fi guBAl anine substitutions in the binding in
Sacylation of zDHHC9 and GCPL16.

(AYchematic of the zDHHCY9 interface mutant

Cry¥eMm structure of the zDHHCBABIKPAcBET plrso tweeirne
caransfectadHWICOh WHAOHHEB% alb interface mut
EGF-BCP1Bbhe ®BBOFHA and EGFP empty plasmids wer
Cells were |l abelled with palmitic acid (Cl6:
(AC16: 0) for 4 hours and were themEQ.ys®d ar
acyl ation is isrhdifctastaentp Ib&s .balhhde posi ti on of

mar kers (kbDa) i s Qshown f ordt et nedmMower cent a
SEM) intensity -acalllmeasdofsubaaydtaetsed Thhaen d$S w
quantified as a percentage of total expressi
pal mitic acid azide. The data haes dfeeaanlrr
experi ment, whi ch was set t o 1. Statistical
ordinawgy oANOVA, foll owed by a Dunnettédés mul
unpaitedt t where appropriate. *p<0. 05, * 2 p < (

denonesi gni ficance, where p>0.05. n = 3, fro

Subsequently, we studied the edfaf/ebct( Foifg uzrDeH HAC
on the reciprocal stabilisation of GCP16 and
i n mammal HEK?2 @®BdlIWes et cansf ected with EGFP as
EGF-BCP16, along wDHRCO HWAPHHB84alb, -BOSPEF

HA as a control . Cel | s wer e t hen ei ther [

(@)

ycloheximide protein symanlhdegt si n ndxpi ¢ ®si dr
examined by i mMAugabbotting

The results GLHAdwe dwatshasti gni ficantly | ess st
zDHHCHY albompat ezdDHHO®T ceexpressilon t hi s, exper |
alt hough WIDEBHKG® e s scowdatsitea bhd GCR ly6 telh é vead

nost at i sdtiifcfaehrdeynhi e tc.ofnitnraolll zyDHHCOB& a1l b was not
stabili sxprleysscon of GCP16, i nwhciocnht rsahsatwetdo a
significant increase inThueteomestahbjltithyg (€

zDHHC9 alb mutiramtt cteonffi ndi ngs with the corres
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A. 1 364
N-| [1[aan][s]] 5 T[4 B ]-c zpHHCY
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FiguOéhe zDHHCY9 interface mutant disrupts th
GCP16 and zDHHCO9.

(AYchematic of the zDHHCY9 interface mutant

Cry¥em structure of the zDHHC®8T)WCPnlvee sptriog aeti en e
stabHEK2Y@8&l | s wearaenstect edO®HAt h( efmpE Yy pl asm
contr oezZIDHHGOA WT-z DHHHCHH ALl b, al ongCWwilteh BGFEGFP
ascantrol. Lysates were collected at 0 hours
Og/ mil cycl ohexi mi de ( CHX) . Protein expres
i mmunobl otting. The mdhgsi tmacdgrkeaofs mM&IDaguli ar swe
Quanti fiedt deatmeasrhopver centage protein expres
of CHX treat ment , quanti fied -hroalratyv avleu et oa nt
normalised to the total protein stain |levels
analysed usingneaay oAMNOWAryf ol | owed by a Du
comparisons test-tesor whemwmeampappedpri at e. *p<
***p<0.001, whi I-2i gnnsi fd ermntcees mwhrdrreo mp > th.r .

i ndependent experiments.

4 . Bt abilisation of GCP16 by zDHHC9 is depend

the enzyme

The data presented above have clearly shown
interfaces for-adyhleatrieocni pamd adt a&Sbi |l i sation of
However, one aspect that is wunclear at this
by zZDHHCs due to protein compiaewy !l fadr mat iodn Gr
by zDHHCO9. This is aacylmptoiremanits poommomlsy Sa ¢
an increase i n( Qhraombeeirn asitna bainldiTtdyhii rpwsd vtni, g &2t0€l
questHBEOK2PBSBel | s weraemstect edt angigtend BEITPL 6 , t 0gQ ¢
wi th ei BrOEiA PEFonttr@adged HADHHED e ( wirlodei n) , (
i nactive mut(amt whDHHAS he catalytic cysteine
enzyme is replacedCébll sanwarlani heh either |
i ncubated with ooy dl chhoeuxrismi daend pr otein expre

i mmunobl otting

191



The quadadtidhi &d gur e 4. 10 B, ide ncoonnsttrraasttey pteh att h e
enzyme, the catalytically inactive mutasxnt zD
t hexpression | eveid1 BHHA®«ptreed safonerwer e si mi |
seen withB@®@%hecdretFr ol . This observation sugg
stability for GCP16 depends on the catalytic
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A. GCP16
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Figunlé&he zDHHA9 catalytically inactive mut al

( AHEK29c3ell | s wemaesfect ed awigted EE&FPRR 6, al ong w
PEBOSHA (empty pl asribDdHHC®Ent-robbHHADY HALY sat es w
coll ected at O hour s, or after 8 hours of in:¢
Protein expmwegei dretleevtelds by i mmunobl otting.
weight mar kers ( kDaQu arst isfhioavdh hdeant nae fassh dpwe fr tc e n t

protein expression (N SEM) after 8 hours of

correspomodurngval ue and normalised to the tot
sampl e. Statistical significanceawadNaQvAa,l ys
foll owed by a Dunnettés multiple comparisons
whil e ns d-segqiroit feisc amocre |, where p>0.05. n = 3,

experi ments.
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4 Mutation of the GCP16 binding ibhbherfcoce s
i mmunopr eci EiDiHHCO90on of

After exploring the effects of mutating the |
on proaeyhatSion and stability, the ability
i nteract wi t h ZzDHHC9 vwammuegpmeaokepi tianti @an ce
HEK298dIl | s wermeisfect adHWICOh HAget hteaggwed h E

GCP16 WT, interface #Hattdnt 9r 1 EGF R ed 4 4aylsla tets
were incubatTerda pwE tAlg aGFoB e beads, and el uted
by i mmunobl ot4.i hlgB) ( Fi yhssheonwdsaul t sDHHC9 was

i mmunoprecipitated with al/l GCP16 lidrat/ ébr,f ace

which haki mdilng idmntenmnfpdNwelsz DHHB8®uU rcopr eci pi t at
was seen with the EGFP nedgdtaitves td amtlr aln a(l Fyisg
4. 149¢€¢ggested that GCP16 i n#ar fbadadmutnanteassta

of zDHHCBAMKmmopreci pitation, but this is 1ik
expression | evels of these GCWA 6 c Wilsatt@scitss,
quant asHAd EGFP signal intensity in tThhe i mmur

indidly highaival-dedbBdDof| utelme esit abmparcabn of
ZDHHCS mmunoprecipitation bet weoennt rccdP.16 WT a/

194



1 137
- (T3] FL T (] J-c coe
Interface mutants of GCP16
1: Y76A
2: Y86A
3: R16A/Y18A
dafb: K11A/F13A/R118A/R121A/E124A
1-4a/b: K11A/F13A/R16A/Y18A/YT6A/YB6A/R118A/R121A/E124A
Lysates IPs
ZDHHC9
GCP16 GCP16
WT 1 2 3 4a/b 1-4a/b EGFP  WT 1 2 3 4a/b 1-4a/b EGFP
kpa | " - . HA-zDHHC9
as P (IR680)
45— e e —— — — — EGFP-GCP16
35 —| | (IR800)
45 — g — = — = ==
= = TPS (IR680)
35 —
c ns
-2 1.5_ | 1
E *k ok
.§_ I kK !
Q E [ 1
E% ns
_ I ns 1
gw1oq "™ I o
= ns T [
EXT — I .
E = ¢
o uw
ow
[-1] -
3 i 0.5
D
z= T
-
N - [ ]
c L -~
S . -+ -
= 0.0 T T T T T T =
WT 1 2 3 4a/lb 1-4alb EGFP
GCP16

195



Fi gurnédMut ati on of the GCP16 binding interfac

i mmunoprecipitation of zDHHCO9.

(ASchematic of the GCP16 interface mut-ant con
EM structure of the zDHHQ®BHEKPRP 28B€llplrotiee me coa
transfectedgygetdhzBAHCY aagngde EGEFCP 16 WT, 1, 2,
l14al b. The EGFP plasmid was wused -asggednega
proteins (1 R800) were i nm@amhPhpbhbeadypidmd edetuesd
i mmunoabnlgottal omgnmuwinbolpreoi-tpagqaaeadcdpmHAt ei ns (1 R
position of mol ecul ars wsehiogvint dmzQrtkheart dl fe(flkea )d a |
shotwhe mean (N SEMHHE® {(h&68H) intensity val
corresponding i nE@mBigiygwalnu(lakso @ e samp |l e.
has been normalised to the highest wvalue of
Statistical significance wavayamrdNlOWwAed fwd il mgve
a Dunnettés multiple comparispag. 0est. whipké.
denotesi gqoinfi cance, where ppen@2ntnexp2yimen

4. 1hvestigating the interaction between GCP!

approaches

The results of the i mmuwiotph etcti @i liiandiomg eixmptee
of GOCwWelrée s omewhat unexpected. Although t hese
i s an alternative mo d e of binding bet ween
i mmunopr e eixpietrd tmeamrnt s weunredeurndmeartea ketnr i ngent
to cotnfe rpporevi oFas fhnsgjnggsur different wash
which contained 400herl %l %00t whomXX 250 mM NaC
Tri X-600 with 500 mM NHBHEK29®4d! [1s% wNePadeDst ect ed
wi t h-z HIAHC9 , toget htagogvde d hERFE®/ b, or EGFP a.
contCeolll. Il ysates wereTirapHbAgadowéthe&&FH, wa
times in thearbdifdleutsed biovelOl mmMnagblyct hieng Ha R
of the recovered samples indicatyepde -4adr/alil bi n
GCP16 was not disrupted under any of the <co

conditions wer eAdsed (Figure 4.1
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I n a second experiment, we treated transf ec
MG132 (Fi2BXMroe pd.event excessive degradati on

4alb. This was done in an attempt to equalis
GCP16 WT and therefore taguaht odvanfpoarrei @ o mo o é
zDHHC9 bAhtdengtransfection, cells were incul

approxi matelgndaleél Ilholuysagtes were t hermapiEncuba
Agarose beébhdlsdt @novtecreerami ned by i mmunobl ot t i |
data showed that-i mBHMHECPr avaisp ictbaytpeed OGPt vainld
bot h i nterface mutwmetsikke@dseanvh s4 an/ob bi ndi ng o)
negative control. The expression of 4al/b GC
which resulted in an-immumepsecipi zd8HHECA Ceoev
dawargeuant GEPE@ .bi nding interface mDHELO® 3 al
ca mmunoprecipitation | evels compiaoedl evelGCRA

similar.
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Figunl@Anal ysis of zDHHGOUGEPLE&cicpi tati on usin

buffer conditions and when equalising GCP16

( AHEK29QBell | s wemeastectedggethzBAHCY agngle dEGF P
GCP16 WTa/ bl, or EGFP as at acgognetdr oplr.o tTehien sE GHPR €
i mmunoprecipit-BEGERl hesacyg ahomngu nwiptrfecée-@i t at e (
tagged proteins (hrR&8Qa))hramredtwehdes Twa-i ®oh,e Xt he

1% Tr i-k1t00On Wi t h 250 mM -NAaCl wi L 00t oM XacCl , 0
Subsequentl vy, teé usathpwés hwene Ol of 0.1 M ¢
mi nut es, rotating. Tcheent s a hpldge dwame tthen s uf
retrieved in a new Eppendorf and 17 Ol of 4

el ute t heGFePptggreedd pr ot e i-innsmuannodp raencyi pdd at ed z
along with 1 Ol of saturated Tandg #teteated b
i mmunobl(oBHMEIKRPSE!l | s weramstect acdggiedh zBANAHCY9,
and EGARBged GCP16 WT, 3 or 4al b, or EGFP as
cells were incubated withThe GMEGgekGPBAasfor
(1 R800) wer e i mmunopr-EGF P i theetaedds wsidn gd ed retci
i mmunobl otting,i mmumnrogpr evcitpiagcgoeedd pHAt ei ns (|
Quantifiedt dlatmeamoWN SEBMHHG® (hR686) intens
divided by the correspoB@FRgsii gqurh &inns (et aRaBHYy @) Pu ¢
sample. The data has been normalised to the I
was set to 1. Statistical signif-wamwnANOWAS a
foll owed by kht Dpheetodpamusons test. *p<0.05
while ns dehgheki mamc e, where p>0.05. n =

experimbatposition of molecular weight marke
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4. Mutation of the binding interfaces in bot

di srauggtmmunopreci pitation

Since all our previous efforts to disrupt b
i nterface mut amhisn thearvaec t fi a@inl eodf a /tbh emuG@ GP1t6 wl t
zDHHC94a1lhb binding i nwaesr f @axea minmuetdamat-her CQ
i mmunoprecipitation experiment. This experin

interface sitebsased bornt-BtMpe roa rteye an jav esrter untutt vartee d .

HEK29c3ell | s wemastected -wagheadi 2DHHCHAWT, or
l14al b, toget hteaggued hGERBE®R/ WT, ot EGFP as a
contQeolll. |l ysates wereTiaphbbAd¢g @doaswithiee &tF&d
protwensexamined by i mmunobl ot4.iB3.bdAtsh s@€m1la
WT and GEL®ALB1wer e -ianbnhuen otpor eaca pi tate zDHHC9 W
t he zDHHLO9b Imut ant. No binding was detected
Quanti fied datC®8 hionwhRiCEPUW6e WT can bindatb zDHI
to a simil azDHHKA% NWT.asGQPetla/ musamomwed higher
ZzDHHC9 WT and -4zaDHhH@ou b opr ecamdt agaon, t his
presumably due to its | ower protein expressi
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