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1.1 Poxviruses

Poxvirusegdaudrlaend¢ d sDNA)y it $da$s wvafreet yaof
vertebrate ampcedildaet okdleratDANpPpoxivi mapslkeiscat e
exclusively TImertgheg gceyntoorpelsa somh. poxviruses r an:¢
(2)n addition to encoding virahl sareotode
virulenbestactboge®nidtetromsiset e host | mmune r1 e:¢
(®)Given the characteristics that POXVITruses
havdéceapacity to insert ande@lXprcadsgse liar geef acry
with | ow risk of DNA recombaseadi oaecwwotés aos:
candi dates for (vioc i e efacdwplVped;:boapsneednute e ct or s ar e
used iIimashva&ennfeesctaigemnsanscaused by( 8Newx)astl e
infectious I(dmagoanaeheephsal da.dWaelyi thiusmawi r u
clinical tconmndwsctihMdCedtheanmat ed pPpxivhgtusdiveed D
includi ng( HA V/MA3)E h4HapAt( 1,9 malBa(rliea, 17)

ThRo x vifra ncabey §8a3 ns pvehd icddsi adii eht wo subfamil i es:
Ent omopoawmdr@hhaered o p ok Y.8TyhiEmaeo mopogsubf amaky
i nfseono s eantdeGh or d o p oixnwise e tntaedbTTaaltlees Ma slt) i dent i f |
poxvirusetshCchel dapgoskwh framialey ange garnaib®&d fiumtt d
genetl.®f t hosehQGydrmerpay OP,Whou d us c jPpaorxavpiorxuvsi r u s
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on stOBYsng

1. DP¥Vs

The <xPoVvhs imatn yokweodwn poxvirus species with
and can infect a variety of mammbBdisl,e i h.cl)udi
Among these viruses, variola virRBRexYVARYRnei s
fami2y 2WARV has a narnbedtuonmatn so mhsghead d jpo x
di sease (i2nl .huZajnss di sease was responsible fo
the twent(i23)Foadmruthniartyel vy, gl obal eradicati on
Worl d Health Organization (WHO) in 1980 bec:
using (VACA2Der the er adi bpeottieanrt esafbtd s end | VAR ,
abpi oweapsomwse,l | as zaonn athied iwhscxdyia s eisugtsnog t hr e a
humamsb-2724For exampl e, Mpox virus (MPXV), id
human hea]lcawuscionngc emonr e than 91, ((2BLkases fr
addi thiemmg !l itti on of VARV vaccination program
proportion of the popul atriaodmshpeogpe ot ealt edhaega
poxveisraashumah2 -8 4FRus VACs/t wilsdl st wdined esear ch

rel atedetmppxvwwggaasi nes and viral pat hogenesi s



Genus Virus Major hosts
Variola virus Humans
- Humans, cattle, buffalo, swine,
Vaccinia virus '
rabbits
Ectromelia virus Rodents
Orthopoxvirus Squirrels, anteaters, great apes

Leporipoxvirus

Avipoxvirus

Capripoxvirus

Cervidpoxvirus

Monkeypox virus

Cowpox virus
Camelpox virus
Taterapox virus
Myxomavirus
Hare fibroma virus
Fowlpox virus
Sparrowpox virus
Canarypox virus
Goatpoxvirus

Sheeppox virus

Lumpy skin disease virus

Deerpoxvirus

monkeys, humans
Rodents, cattle, humans
Camels

Gerbils

Tapeti, brush rabbits

Cottontail rabbits

Birds

Goats
Sheep
Cape buffalo, cattle

Deer

Molluscipoxvirus Molluscum contagiosum virus Humans primates birds, dogs




Bovine papular stomatitis viru Cattle, humans
Parapoxvirus

Orf virus Sheep, goatfiumans
Suipox virus Swinepox virus Swine

Tanapox virus Monkeys, humans
Yatapoxvirus Yabalike disease virus Monkeys, humans

Yaba monkey tumour virus  Primates

Table 1.1 Poxvirus taxonomy and their major

The tableprsdoevst &t o meh dared aipsaagvd irmdmeocer host s.
The table is adapted fetomaB0PQUurarsde tBaaMaetl ta,ct
20q@a9, 35)



1.11 YACV

Il n 1798, Edswvendhtl edemahefr oghocdwpmuxrlgesicdan n
humaangsai nst (SB8AVdrp okA QN e c atnheei rus used duri n
smal |l pox er adi3cfa cdi nh aptriongficesyevhs £hgge s hat
VACV i s itrhcuoii md@ 3&pwpeorxbgee n o me o fdiVAdWcits fronm
cowpox CPXMansdm@ el osely rel at e(dBsF)yoom o %P otxo
198mMa,ny VACV suseaidng oweradi Theé e nssommeet t p H x
strains are related to the gedprmraehkiamepr eegi on
Tian Tan strain whalsek eudsae ds tirnaiCh (wlaBShkiasmedd i n J
York City Board of Hwiadéehy (NYE€BH) nManhyai bhn wa ¢
di fferemnft \BAGVae nssedi maol EdRravgitest, ien used i n F
and CtolpenhaELpeph)r ai n useMany ODFmbmbwEmes de
from | ymph col |l ecti oamd edcatlevde & (@D Pk hi emepp fo v €A CV
the safety of s-gmahekpaki vacsmakbporevwdccines,
which can be produced in tissue culture cell
in ttweht xent(urr,y Fur')t het meme&/ACHd sthrmaiensbeen
generated anfddreved oipn ngtumdliee s h a s ¢peaan dh otglreen h o s
rel at.iFomrs hiinpotda nMfva edi mi a( MVARsa r ge n epraastiseedy by
chori oalalcacAmk aas\eAf Ccorv 870 ti mes in chicken emt

cekchsdihreg virus 16 &i ligesnecanpedeonudte r i ngr epl uaatbe e
6



i manmyammal i é42¢ce B3

1.11Ectr omelEICA)VVi rus (

ECT,Vhe causative iag ean o tol e tmhtaradedpeiundsado f
Un i GRX¥NWACV, B@FVa hrmoasrtranedn pmfleycad e mt :sat ur e
(Tabl €21, . TIHiBshmeosie ,anadabhpbst of srE@difed,r t he study
of the pathopoa&nedsiin®go Moscow straiMosgf wBGTV (
descriadeldiygald ecti ous and VvirulcempaEBE€dtVhest r ai
Hampstead stgtani(aiéannd hNel h7a3 uEET Ve o & niroemmeat , n
t hr osukgphhr a¢ 4 dnbbbhe severitgepdnmmudiessdsain
(48N sulseemoudbe sthaei Aames BAbBfaeswiti D NECT V
causesgielrleamrdosr t @ . BHoweweher mouse strains | ik
AKR sstarriee ©1itsd asie vaesree adnids er ECONVrefr e ( 4.9 )me
resi otffanmééCel V i nffeguiir@hu nlcdtitonal eriensnpadtnes e, mmu
especi al | yt yapcet ilv ajamtdbhec aetiraopntsi vee rienspdobn)s e
1.2 Poxvirus structure

1.2.1 Poxvirus genome structure

Theentr adt lpeogxivom atogensetne harfe geinglsl y conse
withh@hordopaxvlihreisneaepa®n e@oaloée eins and enzymes
essenvi elbtiimgtro, cednmsme replicati oaprotra@anssrinp

for vimblgy K da&&o raegn ons are vpokabamdses dif
7



contain genes that are 1 mpamd ainmmu me4 6e,V a 31iSO n
51) The right and Il eft ter ndanldllerdme qniad ns nofer t
repse atT(lI5R0s))The two strands of the viral genom
AFrich hairpin |l oops, stru¢cbar(EeBi3gwsrsenlt.ilaA) f

The gendweCXOdpan be divided Hii mtdoe sftrra gcnei notns
endonucl eaapddt geséei DNA f r ag me rbtass eadr eo nn asmezde
(50Fi gur.e Mhel BYACV genesstarag meaemead skeyntl enthti ecrh
t he deonceaniedr abist hatmbepresent the position o
(the number from |l eft to right)thianndé ssLat( repr
the diregemoneadoRFgsf abhe@s.)n 2Ie2nlk eevti cahl
propasewomenc| aQfdnees ( OPGs) , based on the a
evol ¢64dNhhi s nomencl asafr et huen i g dandess & thie a G R¥ne
t o ndihcoantod s0 g

1.251t r uc ttunpeex voifrriuwsi on

Theoxpirus vishamedssiar becti cke 1207@ HOndi mensi c
(5.9 contains a core with a siamane outpeird m
me mb r a(nFei (gsu)rTenelr.e2)are two infectious forms of
oVACV mature virus (MV) and extracaealdledl ar en
by a single | i pidhbialbaoyer 2mfeSstu,r dFakecel ypdion ge i M8

A26, and A27, whi ch can bi nd t o chlohdr oi t
8



NM PO L

Figure 1.1 Poxvirus genome

A,Poxviruses DNA genome. The center region
conserved and iernalo dperso teesisresntficarl rvepl i cati on.
contain genes that are variable including \

virulence. The Tl Rs 8mMdheatVACNegenomeof rualgenem
by letter€p TDlreoWeCMragmeht adand dbagedt Adt b
from the | ongest to the Ehbytest. The figure



A. Mature Virion

Surface protein
MYV membrane
Core wall

Viral genome

Lateral body

Membrane protein

Envelope
Figu2Strluctaoreiobtispvirion
A, Mature Vvirion. The virion is covered by si
core of poxvirus contains viral genome whi ch
wall . Two bhatelatabedi es @jEtxhearacslalaolpedrd teme

VirM¥ns cover ecktbhy wmetntbrsameci f iTchevifriaglurper oits
adaptedl®)om

10



me mb r(a5B&OAIl t er nBEVY viedsy ,an additional l'i pi d me
uni que membrane pr ot ei nsdisfufgeeessat pi hnogt hteh acte IHE"®
membr a68@3) The embranem protects vi(rAibon s ag:é
neutralization and makeé6 EEVHDwEWaIrteglfee ct i o U s

predormpioxantrus i n$§eltqx)iMowses mdr ttihcel eMVs r emai n

and are released from the infected cell upon
ot hceel | or aremlther athegaedautgedrd ekdIcly§ @B i s
1.3 Poxvirus replication cycl e

Poxvirus orcepikistasi oely in thes(éygoapladm3odf
Fi rasitr,iat meascoho | e ol @ddedr f atflauesnes wi th cel |l memkt
rel eases timd ovitrhiesvhdy & et cagsert hwireavi It h pr ot ei n
expression. tAhvd el umgemamienghse medasma@sreeud r om
factory,aicgathgt med!| ocati on of viral ,ggredhome r e
Virion .BEVsse mbnlayrreffMseased by exocytosis or cel

t hell dwi ng secti ons, I wi || di scuss in detail

1. Attt achment and entry

Thef f ibkciireditngp be vavetktheeed Ur f ace i st hseu pwiorraled
proteinegi roinont hsurface &&EV menheon audeé¢ld ¢ Eboyr e .
macropi MBFWt gsLirdThleow pH i n nmxomdpi bad eme t o

rupture of the oua7)T hrme Vil izlae ewiproiSeEeset r y
11



fusion complex (EFC) for (nte8mbe ab&Cdausploenx i n
foed by eleve@AY6raAh2br oA28 nsF9, G3and&9, H2,
i s r efgouri r ed evn tmayimbarnadn  6fOUrs igam & Vilr.i3on entry
can be inhebttabsmainhgpgt componAnd sdd@OLEFC)
The genomeeaf epoosdoenseu svi r,&slu c iir5ats eai nnde i Kc2h,
arleoceabnzthe surface achtsi suppfedsomb)] atamd hr
i mpianmge mbr anebybus diodhlgC on t he, ntelmavwilorg o n
secondar yo ti enlflescstd ryoent(\Wie .u s7 3 )

1.3.2 Uncoating

Fol | aviend u e nmerhbwi arhe t he ¢ & hvéi crag neb raannde
ot vemamponesnsish as the viralapeotehbeastehdhet he
cytop(lRRisgrur €. F1 .73 and H1 are proteins in the
i mmune responses by downregulating(7he c¢cGAS
75Bef bhve r al core bheakwd ydandRNEt «iasny nbtzreas i
withe help of cell ul ar( Friighuo ngu€B.)eBdrted el a trii @orh c
of tmReNsMiess critical (fMBirgwn)g utse imoe 4rfFa pylgirceat i o
1. 3, and inter medi(aRtireugB 24 2p0esextampl e,
AAA+ ATPasei ®D&lr |l y dpertoetcetiend by amegjiuRNAds droge
poxvirus(déddmoatdidng i oni t ol i -3okiold ihaes B 18, C5,

M2) with mutual Isyef at e ddamomtavtefiiuege it (| M) @fd
12



>

o,tBel 8 a nar \eC Baadla pptroort 3 sseci ated wi tlhh gaslel ul a

(@]

omp |l (e7x%,¥& Brit)her mor e, the inhibition of prote

c

ncogtr@Afhese rrewtldét se 3 0d rethibldr ot easome syst

~—

UPISn VACV r,epilc kbvaitlilondi scuss in more detail

1. PoXvirus replfiacatoiraresin virus

Vi rgelnome r épl gaoatanma 3| atsey nptrfoBtsegianr ¢ 1. 3
occuar nemiarsamei ated struct u@ 2g57)chael Imednba amvei r
of e rus ifsaovtrarmpypyed from endopl asvimi@aminr étei cul u
detected asspoamlifyecdd 8A}YHKH deyrr ) ys eta cninef epooti indu s

ar tgiemleag at es ( 8. ebieadtbmt wri es expanw tihn si ze

©

ot her factori es sfvbahmieitp diiytoan th e ¢ conib irt hhaen i voinr a |
genovwnd h ot her r egl8i7camBeB8nfgopmaxtvi onmpods ectr us f
viral csémpaonn e mth @ c thiet gbbgendheo BNA s ensor s, RNA se
and enzymes involved i (8@ heepbstat mmunef reh

genamee@s s al for ViFi @lur)anntde B3 nactdei agtéehe gax pr es s

|

. 3(89)Many proteins encoded by these genes,
transcription factors, @Fegpr)dXk®d3into the p
1.3.4 Assembly and rel ease

Progeny genomes and viral proteins are pac

i mmature Firgowme (WNIhem f or ms -sah adpeends ei, n fbercitcikc
13



virus pa(rRiigeulred, 9XIMMBhe maturation of virions r
viral | ate protef( 993 ) VEouacrhs tailste uDhe8] amidt A50f i n
viral ,padtitbkes rel ease( Fisguwurcd DBk oy cel |
arwer appedssohgtrar endosomal membr ane, to beco
which have triple membranes( 99V ) tW\Wws saurrd atchee n
transported along mi qroBoaApThesotboben hme mled &4 n e
fuses with t hfeoldelwdremébayb skeEhN@rf o mnt he i nfect e
(B)

Overall, the replicatern ciyncclleu doefs pmouxlvtiirpul se
requires d-h & $§ €r e mttMamayc uso @ s of poxlvii kel s r
uncoating and virreacepuifrac ttorey Hogtmaldhb osy st em.
14Ubi qui tyl ation

Ubiquitylation changes the properties of t
|l ocali zati on, activity, (olrOBihnptoesrtaacntsiloantsi owiatl
modi fi caltsont iical i n the regul atidwmrionfg nume
poxvirus(82nflédd@x4d on

14 Thebiugui tryd adti ioon

Ubi quitylation is a process ofUbias7teachi ng |
amino smal 0 phatheigml y coonnseukadydtOiFdrecel | s

modi f i caatpiroont ko fo dbfyarrsmi ng an | sopepltbC-de bond
14






Figure 1.3 Poxvirus replication cycl e

The schematic shows the VACV repndcfats®fn cyc
with the celVi rnuesmbaoame.and ot her component s
released intoExpeesyitopl|l asmviral early prot
uncoatirnwg randgenome | i beration. The genome
factarnyd then theandtleatmeleqditeit ms bel Vesx pr es s e
are assembled in the virus factory and consi
Mature virions are releaaedmbAlrbmpohei onr tusa
mi crotubul es t emegnebtr aanne edxetrri@w edapyiufbelmamo 4 0 me .S

WVs traffick to tthhee ocuetldr snmuernibarcaen eenfduse wi t h
to rele&Ed/st he onmoamel IMVs get an additional r
pl asma membrane forming EEV .wiMiosht haef eMMse |l e as
in the infected cells are released by cell I
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t er nglnyadi n eanrde$hitelneo gr ou pr eodi dihee ilrystimee t ar g
(Figure Th# Ayocess util tazces vtahn egUlEmzymes :
conjugati ngE3®nldiygesszy@reidgur € 1074B)1L0S8Y) , Ub i s
acti vateeld -&4bbyt i vati ng ethgyenede mt amadMid ®r . Then

Ub is transferraednfjruagmatB Ingt ce nazny nke2. Uhhe E2 en
directly ofdiigmadi oectolfy Ubt He the targmret prot e
E3 -Ubgase.

The eukaryatgiaceEpadamabedt hree families: r
new gene (RI NG)usdotnoaiAfh eclhtn6moixgg t er mi nus ( HE
and RileNGvRIeMG ( RBR)Fidom@d&d 93 5-Mbgases with a R
domain bind to E2, all owi ng UbFitgruares fle.r5 Af)r
Al t er nE3t ilWdedswgeh a HECT domaibn nar tada ERR ddnma
activated Ub is transfet hEe3 off magmitoleesridckeyst ei n
bet ween the cyste{hRiegonet heSm3Eagdd&)eh d&JbUb s t
fr&c@ o the té&Fgegurpepr &t 8&Bnand C)

To specifically recogni z ek 3t drbgyeats epr dtaevien sn
only a catalytic domain but al so a d@bmain r
catalytic domain and substrate binding domai
separate proteins t hsaub ucno mibii Bp3 s d bd cFd ngpulmeexa mu

1. 6A)XCHRIIINIGh Ub | igases (CRL) -subkb&EBi-Ubggeesubf
17



HN

EO

™~ isopeptide bond

(K

E3

B v - .

\/ LB\ BN

o .O® 0 E3 o
AMP E1 B2 -0

Activating Conjugating Ligating

FigurTehel . 4bi quityl ation reaction

A,Modi fication of Ub on a tar gleytsipnresdifeei sni.d ulkb
targetsAmr sopept ( dealbigdidsni no gr ©hlpafolr gket
protein -taenrdmitnhad @1 yci nB, U IiGQ uirteyli altuieo o f p rUdbc. e
activatedachhy vRl1i b endegpnersde nniAcamawvwaleRed Ub i
transf er rceodn jtuog aEt2i nlgb eecntaayirngeest( spE3otl d iorwe d by
ubi qui t ¥y hteatrigoent( spfr ot ei n

18



A.
E3 with RING domain:

E3 E3
E2 E2

B.
E3 with HECT domain:
E3 E3 E3
R E2 @ E2 E2
C.
E3 with RBR domain:

E3 E3 E3

. B2 — @EZ—» E2

Figure 1.5 Claslsidgacsatpront emifn€E3 Ub

ALE3 -Ubgase proteins with RING domain bind t
directly from E2 t d itghaes et gprrgoeate i pirsqd Baiitrh. HEXCT
RBR doeom@jinnd to E2 and then transfer activat
i s then transferred onto the(1Tlad)gyet protein.

19



(110 Tbempri se a centr al scaffold protein, a
adaptor protteirm(isgndata tRhleNGN domain @ontaini
termi{ Rugur € 11TlhpeA)Rd dN\nbeciom t ap rna tnegirru ¢iiom | CRL

bi ndi ngUbHEIitghh tE2maCwuipma ot @nns ( Cul 1, 2, 3, 4 A,

been i dentifiingds ewohadeae(E@ior ¢ ptlo¥B,)Fnd(ris?)

i nsttaedcapt or ofp rCostbplh @ s e -aksismoacsieat ed prwhech 1 (
i nt er acdwb swiretxcheg t-bdorxs psy o tteeicnrt tairtget s fporrot ei n

ubi qui t(l1&thieonacti vati onl iogfas€sl 1 s EBsnteUmul at
modi ficationUBTfi k@ulpY owidtll,)a Sed d8 wi t hout cov
attached of Nedd8 bhwmidssthpiptrsehsesnehsubhct o-on CANDCL
l' i gdadées, Fdnt7rheBrmoadc,compl ex -abTré&mp r mrc &t e iBmr i c
servaes asdtahpattonrds ¢(dH1IEwmd 8aeécofgni zing target p
assocwiat hngubst rBaltBe preeaateep pnaocbfs@cirngutbstr at e

protveitahsubshirmdneng f, oftenllk8el ch repeats

20



Scaffold (Cul)
Adaptor RING
E2
B.
F-box Skpl Cull DCAF  DDB1 Cul4A/B
Elongin B Elongin B
VHL Elongin C Cul2 SOCS Elongin C Culs
BTB/kelch Cul3 FBXWS8  Skpl Cul7

FigurModel6 ofUBRLlgsaB3E haiirst i ncti ve adaptor prc

A, CRL WHBi ggaMuué t i pl e subunits form a compl ex t
from E2 to the t aor@ueptr op(réal tmexrinm.e c A sosoaad R InoN Gd

cont apirnoif{nggi amrkd an add mtramogmh)iodheimespectively
and recognizes sPkhledG fdamaianmr gedn parodiei nERr avi &
Ub t o CRILI géBs eub Tsqdrgg estemepo @wrnieda emd by sd8B8daptor p
Thei st iandcatpitvoe(s) opirh@Ré®Ehe adaptor proteins (or
N ter mCopursotodi n and r eloy utoblwent esrugpestt rmrt et eaiencso
mot i f or the quykedtmatpe ac e cSekgptlgwhaSde t ki nase
associatedVpLot eibmmnHappp B Becaamp!| e x, tramtr e
and bridomailmr a® GAkd4-aDsDsBolc i ajt e@DBla,ctOMA damag
binding; pSOCS&, n Suppresisgpm zBRWN,go gk olinne WD

repeat domai n cTohnet afiingiunrge p{rsdlthedianp t8.d f r om
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1. AiypeBYbcafai ns

The Ub modi fication regul alyast pégdbter@gmembun
typaldclmd( hs9A single Ub mol ecul e can be adde«
i n a t arTgheets ep-Udmtoedol detsbant he t ar ges opwiethei ns a
the regulation of DNA replication @mat erienp ai
| ocal i zaadtoiviaZ2gghder natrgekty,proteins can be
conj ugeathiain gGUWYh cosetsmensl ysine residues (K6,
K48, and K&f&)ymamalamelNhi oni neaddsnduaddMl) pon
Ubmol ecawlde sfagi mf er ent -utby ppaus to/fl @@ o pwWyrwbhh.i ns
addedi ftfoer ent r esidhlueisns nwiltbh pdiofdfuecreesnt t op o
Chains generated through the -aiddkéeédambaifnd)b
t he mostharmatpdg@indu bi qui ni { alblowkiafg2Zed %-1 ysi ne
resibdsed linnkagdecs 2Ald] Ipsol yubi quitin chains h
be involved in protein dédgrddatHawjedkRyr ,t he 2
| i nkeidnscihma eralsg a si gnadulbdsotrmatadnsg e2 6 8gpr ot eas
degra@daegBdm contrast, chains generated thro
' ysi feKd@3nked calmaian s)er protein f gpmrottiedam anoc

inter@t24pns

22



Figure 1.7 The structure of Ub

The 3D view of the strudnt wriedeofch@db nGH®orho theae
shown in purple. The side chains of the 7 1Y
and K63) in Ub are highlighHteedniinml bIRG&. r Else
are | abeled by purprecivasteenbk (addbee mMbmage 0Qf3)
from MMDB, updated in October 2007. PDB | D:
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It is worth noting that, in &edieriodypt o
polyubiquitin chh0Funtbemrmsoé& ¢ oaanddaehe | b ,
smal-l i kKb modifier (SUMO), c afimipradhi dcch giantse i
(125,.,Sdmsoyst anehldi f istapgkkeosaphoryl ati on and a
on Ub i n pol yatbdtrdiwes tt i tnc t cihuaai cnsih@ 2 9 ) ulsh,
ubiqui tysmatlitom | gl aydneusnea mdi sr g wlcaevtsasrei so ubsy a't
t ypepsoloyfuba hgatiiotstnar g.ebturp rnagt gioksy t hUsbs siynsfteecnt i 0 |
i s iahsolweact immatnien g (els@5)n siess not poOWrvp rriussiersg |
utilize the Ubi rsfyes(@82mo. mlu0r6i)ng t heir

1.5 Poxvirus mamd putleahi on of t he

1.5.1 Thethmekes8skcot ypoxXvirus replication
ThePS of the host notregulpatpitey®l 221 pbuouci al
is also required (fRoirgupt MNamy)s preplei aat iican p
parthavesbeen sbhownhe83 abe8M)hi bihkPS S nbyfthe
proteasome i nmmphkiitrerd, pMGN¥3 2 us DNA replicatio
(81,. &2)rt hedremenhstthatetbot h proteasome actiyv
expression were required f dr79po0xWii,rgwB#A ¢urnc Ba't
). However, treatment-4vi,t hatdheoE:fifeltit bioiho v,
suggesting t-madi apreadt edsgmadat i on rat her t |

ubiquitylation was ned8&8glglonyetftloel et viowaisn gn
24



treat -pokectred cells i mpaired itnhkda ctiahbaitmagt i on
ubi qui tyleagtuiiorne dwafsorr poxvirus repli(&4d4)ion a
(Figureg 1.8

1.5.2 The a@grxwiesmmes odéEE3pilriaglases and adaptor

To hijpheacskt Ub system and supphreeesmsoochiosst @ mm
OPVencdadar grnougsd -lbbfgases and adsa@dioat epdr owieti
cellul «4i g3 eUld & impelu el XL eOSp )

1.5.2.1 Viral adaptor proteins

Poxvirus genomes encode thm&kgri &@miokipeat 6f
(ANKR-b B)X, AN KHRd xB,C a kadl cBhT Bg(r 103 GegTshes vi r al pr ot e
interact with distinct cell ul arf dEMeUCUIE3pr ot €
Ubl i gacmp |l eXxHXHi gure 1. 9. ATheBegeamddber®@e viral
protaerienosdainet he var itdded eo me gdarochsarod someti mes
both arms dfh.4)6eXYeaomwmmede@BPaAatdbapfami presebhs,
some genes of these adaptor protei(nls32,an be
133)These adaptor Q@PVWanedi ntsh efirro nf usneclteicotnesd ar e
Tabl € 45..2 54)

PoxviralbodXNKRI/dteins péwagmdimwsitt ii pnimal nreo Ir @ pior
For i NsAtCavh c@9 L ( OPG25) encodeisterferon(@ F)Nt ei n t h

induced proteins with tetratricopeptide rep
25



degradagdaB8sS)FI Ts bind directly to RNAs with
transl at nosneloff (RINBSsAgpart from synthesizing Vv
resi st@h37papviirus genomes encode C9 to degr
is essential for poxvirus gEehdamA nu3kNKRY iFng at
box protein OGRXVYOWHoxORGENWFsEIle p 10 5 hadtrihdet s

NFaB si gnal i(nlg3 8p,.a tdhdvda)yt i on, CPXV0O006 is known
RI PK3r addeagt i o 14 ¥)RRBK3 is a necropdeastils afdapt
i nf ecsteod ccoenltlr ol p o xI4ilrTuos irnehpilbiicta tnieocnr opt osi s
CPXV@toar e P&3 for wubiquitylation anld4O0degr ad:
Some viral E3 adaptor proteins have redundae
examplCP XVORG623), al so krsowe lesCPr7dngeedefuec
by del etion ofs KkElgugerae whirclvi r al replicat.i
celLg2)

Poxviruses also encode anothe# egmowmml ofBCAN
box that int(elrdBOANKWRI/IBRC GuloZx eins of ECTV ( E\
(CPXVADOPR)GCLANI bit i isnagtnea | i mmyrmuedi ng DNA sensi
sensing,l i&rd rTeoclebpitgonrapl ltTiHMRILWYS3 )Anot her ANKR/ B
protein encoded (bQP GILP/IWV,secocCHPEKE O J N plalt ihmwa y .

The efE¥M@10fon the inhibition of i nnate ir

associati 6a4®@j)rthh s Cuhnezhiec atbwidriatly AONNMKR/IiBC pr ot e
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Early Virus Factory /F'\

Proteins Intermediate -
" :
4 'o. Proteins r e Nucleus
/‘“O"“\-VO'. e \ |
Virion . @] '.5 ) iy \
o Proteins @ @ —_—— Virions

Genome .
— / -
A= e

requires proteasome

T virus factory formation
@ MG132 requires ubiquitylation
(@) UBE1-41

FigurTehelb 8 ystem is required by poxvirus rep

Thechematic shows the steps of poxvirus rep
systewsl132 inhibits pmodtiempomimes a8 &x41tryg.

i s an E1 enzyme inhibitor and i nhi bits the
ubiquityl ati onusf nygdtdBiphafiercst evdi rcuesl Ifsact ory f
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Cul 1 Cul 2
@O
 sipl RING £ E LIILE:
5 on Bn
< | F-box E2 E _§ 2
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& 2 .
2 | ANKR @ 21 BC @
z ‘ ¥ '
” : = |
Z | ANKR
I <
C. D
Cul 3 @
s 575 RING 2
@D
g E2
= ( KilA-N RING
@ | kelch
,‘ p28

Figure M.i9ga&s3esUband adapt cOP\{permesmd ns encoded

OPYWemeencode four groups of protei-hexinvolywv
(A) ANKR/BBCand B({T®j)rkeelwihr al adaptor p+oteins
Cuilaznd -Bas8dsmbubi-ti Baseb, respectively. Vire
borsddep28 c onttaeirnnsi nashl dNKm& iAnt earnndi nrma IC RI NG d o ma
functions as a -Isiignagslee. sTuhbeu nfiitguB3&) Ubs adapt ed
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dependpartt ioni £at 2 o4& 8igdadsrep.| e x

Viral BTB/ kel ch proteins are associated wi
innate I mmune responses. The | oss of VACV C2
size Vv(iltdHo)r t her @@Bppepears to play a roodlel i n pr
infiltration i nto iIinfectdgd 4etglrhse idne laent iionnt roafd
F3L (OPG47) did not affect virus replication
l esion and increased-iminitderesgd @IadBK ode Mk < ei n
si gnalaltihmmpgy was also inhibited by a BTB/ kel
(OPGU8M4 6) nterestingly, the inhibition was n
with cellular Culd&l omen dwa s es kfeflaBdii egmotanbati aa nigmp
(146)This suggests that the funacttimeceeds arhiel
require their assocliiagadsen owd mpho nceenltlsul arr tEBe
activity.

Both vir#&loxAMKR/ BTB/ kel ch proteins are i mp
VACV B18R €0rRG203YH9NHBRAXF protei @85Lanh0OPGEFEAC)Y, a
germemcofilonga BTB/ kelch protein, were identif
replication factors wi &0 nB4,uadrhpXNKRI/oFfh é a nt
encodebvAlICW B4R gene (OPGEPIdR)y, ian ssrvodiegge st elde
and spPX¥4e&a)daken together, poker aat wdaptaoel b

proteins, inhibit host i mmune responses, and
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Structure OPG CPXV-BR VACV-Cop ECTV-Mos Role during infection

induce RIPK3
proteasomal
degradation and
3 006/225 Ci9L 002/17% prevent necroptosis
(140)
inhibitNF~e B p a't
(138, 1:
4 008/223 C17L
9 11 5
15 17
ANKR/
23 25 hostrangd 1 4 2
F-box
induce IFIT
ubiquitylation and
25 27 CoL degradationthereby
enabling viral genome
uncoating( 1 3 4,
189 198 B4R 154 virusspread 1 4 7
203 211 B18R 165 virus uncoating 8 0
205 213
211 220
14 16 10 inhibit innate immunity
(143)
ANKR/BC
17 19 inhibit TLR signalling

pathway( 1 4 3)
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11 13

30 32 C5L Uncoating( 8 0)
inhibit inflammation

33 35 C2L 18 (144)

BTB/kelch 47 50 F3L 27 small lesion sizé 1 4

imparNFe B pat

184 193 A55R 150/167 (146)

196 204 B10OKR

206 215

Table 1.2 E3 adaptor protein genes of OPVs

The table shows the poxviral CexX¥s(Bntcgtdtog
Red straBR), VBEXY, anMdo<E£CTVhe table includes
of the genes i n OPVELPX&BBR WeAbVpasagMnECHH mes
Al so showme table are the roles of these po
i nf e &Tthieong.enes presented onPCPoXtVWh3 2a rommsl yo fh atsh eB
domaBAOR only has a kelch domai ret ZEHO3 dat a
anSlenkevieth2®dI54B.., 54)
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1.5. 2. 2 tpsPBo lammgdu e s

p28 (OPG21ik)Dai sE-Ba ¢fbBi@gur e tllso MdDl)ogues are foC
t hrougfiChuwtrdopeXkiiguwrselst6 10} 4&EXCEPTXLd,mr
whilcdtso mp | ledtstiped 8 ,g edie@€ ¥ t rWestern Reservg/ A C-WR),
which expresseftl@Dhtarmuimeoataecdi dp2i8dent ity betw
hool ogwehowhahbinel h®.o3wl pox virus (FPXV) genome
prot(eli5nlswhi |l e most ot herARM,r ainrcso,d d.6okpe 8 pRWBV
i's expressed at both early and | ate stages
factotB®S5) There are two f unct-tiemmiln-&llo mkiiInA
domai n -taenrdmian &Cl KRIFN @ udroemdh eNDKddmai n was previ
found in bacteriophages and | arge DNA virus
APSES ngatbi DNIA ng( 1dsoemah en pr edi ¢ tkeidiNAsd o mait mr e
h atswoeb-s2 r-Gmelluin t s, whiichli ¢ 0oi deh@lBAPTES damair
encoded by ShopeNIR)baomaxvirus Ilf®&Wwoitrof ect s
si nYtlreabNA OENA aPNA cosl(dmibr) addi trancated p2
encoded -WR WAELVidentified IDNAt aedcompltex nsf d
poxvirus(l5pf8ciwi amout a RilIN®I diosufifni dip&mBt f o
virus Ifoaccatlo(rdyd 2 )Tchre deheghby obnserved seven
resi ddb®ds F4ANI TKI-N oheni n hegpKEBUpAti rus factory |

(1530 The& BbMain of -fp2n8geimai a RicW@skrgkdycyste
32



D6R
p28
C7R
D5R
EVMO12
N1R
FPV150
FPV157

D6R
p28
C7R
D5R
EVMO12
N1R
FPV150
FPV157

D6R
p28
C7R
D5R
EVMO12
N1R
FPV150
FPV157

D6R
p28
C7R
D5R
EVMO12
N1R
FPV150
FPV157

DGR
p28
C7R
D5R
EVMO12
NI1R
FPV150
FPV157

D6R
p28
C7R
D5R
EVMO12
NIR
FPV150
FPV157

M-EFDPTKINISSIDHVT —==——--—- ILQYI-——-DEPNDIRLTVCIIQNINNITYYINI
M-EFDPAKINTSSIDHVT-—------ ILQYI----DEPNDIRLTVCIIRNINNITYYINI
M-EFDPTKINTSSIDHVT-------- ILQYI----DEPNDIRLTYCIIRNINNITYYINI
M-EFDPVKINTSSIDHVT -===---- ILQYI----DEPNDIRLTVCIIRNINNITYYINI
M-EFDPAKINTSSIDHVT-—=——--- ILQYI--—-DEPNDIRLPVCIIRNINNITYFINI
—=-MDH-NVKILDNAY------------mmm oo GINIVFLRS----NHYINI
-—-MSHLHLNNGDTEYRV-=--=-==-==—-——————— IEDNGFSIILLKH----TEYINY

MKEDDSSNINNIHGKYSVSDLSQDDYVIECIDGSFDSIKYRDIKVIIMKN-=-=NGYVNC

TKINPHLANQFRAWKKRIAGRDYMTNLS--RDTGIQQSNLTETIRNCQKNRNIYGLYIHY
TKINTHLANQFRAWKKRIAGRDYMTNLS--RDTGIQQSKLTETIRNCQKNRNIYGLYIHY
TKINPHLANQFRAWKKRIAGRDYMTNLS--RDTGIQQSKLTETIRNCQKNRNIYGLYIHY
TKINPHLANRFRAWKKRIAGRDYMTNLS-—RDTGIQQSKLTETIRNCQKNKNIYGLYIHY
TKINPDLANQFRAWKKRIAGRDYMTNLS--RDTGIQQSKLTETIRNCQKNRNIYGLYIHY
TRLCNPMKKSFTNWKSLKNSKYIMNSISIEENIDIDDLTFR-IYKN-KYSVYYHGIFVHP
TKLCKIHNKEFYRWKRLISAGRIIETVS--RDISNQGFESPLVYVNRKGNKEFYGFYAHP
SKLCKMRNKYFSRWLRLSTSKALLDIYN---NKSYDNATIVK-VYGK-GKKLIITGFYLKQ

KilA-N domain

NLVINVVIDWITDYIVQSTILRGLYNWYIDNNTYTPNTPNNTTTISEL-————-——————-
NLVINVVIDWITDVIVQSILRGLYNWYIANNTYTPNTPNNTTTISEL----——----———-
NLYINVYIDWITDVIVQSILRGLVNWYTIANNTYTPNTPNNTTTISEL-—-—————-———-
NLVINVVIDWITDVIVQSILRGLYNWYTIANNTYTPNTPNNTTTISEL-——————-————-
NLYINVYIDWITDVIVQSILRGLVNWYTIANNTYNPNTP-NSTTISEL-———————————-
KL-LKYVLSWISEEYYAKY-YGIINEYDENTLKNTMLTLHVNYTIYCLKQEDTLYKATIQHR
QL-ALYTAKWISEDIFNKI-KHLINSY--TISDKTYVIKDFSYCDELCPDAIIGKCCKTK
NM-TIRYVIEWIGDDFTNDI-YKMINFY--NALFGNDELKIVSCENTLCPFIELGRCYYGK

* *
_________ DITKILDKYEDYY----—--—=———-————————————KVSKEKECGICYEY
_________ DIIKILNKYEDYY----—-——-———————————————RVSKEKECGICYEV
,,,,,,,,, DIIKILDKYEDYY-----——-————————————————RVSKEKECGICYEY
,,,,,,,,, DIIKILDKYEDMY------—---———————————————RVSKEKECGICYEV
_________ DIIKILDKYEDVY----—-——-———————————————RVYSKEKECGICYEV
NKTYYRLLKTIPNYVNEYEMLH-=========——mmmm oo NRYKGEECATCMEP

SSCEY-VHGDICDICG-FEALHPTDIDKRLTHEKVCM----QLLCKEDIKYDKCGICLDA
—KCKY-IHGDQCDICG-LYILHPTDINQRVSHKKTCLVDRDSLIVFKRSTSKKCGICIEE

* * k% * %
VYSKRLENDRYFGLLDSCNHIFCITCINIWHRTQRETGASDNCPICRTRFRNITMSKE -~
VYSKRLENDRYFGLLDSCTHIFCITCINIWHKTRRETGASDNCPICRTRFRNITMSKE-—
VYSKRLENDRYFGLLDSCNHIFCITCINIWHRTRRETGASDNCPICRTRFRNITMSKF-—
VYSKRLENDRYFGLLDSCNHIFCITCINIWHRTRRETGALDNCPICRTRFRKITMSKF--
VYSKRLENDRYFGLLDSCNHIFCITCINIWHRTRRETGASDNCPICRTRFRNITMSKE-—
TYNKSIKNS-FFGVLSHCNHIFCIECIDRWKKQ-——-——~- NNKCPYCRTIFISVTKSRFF-
IKG-——-NKKPYGILSDCNHMFCINCIKTWMTT-—-INSKKQCPECRVPSKYIIQSPIWT
INKKHISEQ-YFGILPSCKHIFCLSCIRRWADTTRNTDTENTCPECRIVFPFIIPSRYWI

RING domain

———————————— YKLVN--—-------- 242
———————————— YKLYN--=====--== 242
———————————— YKLYN--—=———--—- 242
———————————— YKLYN--—-—------ 242
———————————— YKLVN--=======-= 241
———————————— YKG--—-———------ 234
VDKVSKNQLSVSYKTVY----- IKSC-- 276

DNKYDKKILYNRYKKMIFTKIPIRTIKI 311

47
47
47
47
47
27
34
56

105
105
105
105
105
85

92

111

152
152
152
152
151
143
148
167

179
179
179
179
178
179
202
224

237
237
237
237
236
231
255
283
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Figure 1.10 p28 proteins encoded by poxvirus

Al i gnment of p28edhot @opax \Wihremsiessalli eatt ed p 2 8
sequences were aligned by CLESSTALK vfford@a&t .alTih
relative | oc-dlt iamm &fi NGH&aBkal dhsder | i ned. Ami
which conserved in RING domai n asrteerhD&gk;l i ght
VARV (S-a@m@lF) a AAAVAQCnde(natipnal 8lealth Departmekthite,

| HBV) ; Al X98929, EVM012; ECTV (BRs)CAAANMO®23B,18
D5R; MP X V9 8(169i;r eAAL40466, N1R; Rabbi't fib
NP 052029, FPV150; FPXV (lowa); NP _03%9123. 1,
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D6R p28 C7R D5R EVMO012 N1R FPV150 FPV157
D6R - 95.45 9752 95.04 95.02 29.67/ 29.03 29.26
p28 - 9793 9587 96.27 30.14 28.57 28.82
C7R - 97.52 9751 29.67 29.03 28.82
D5R - 95.44 29.67 29.49 28.82
EVMO012 - 29.81 28.7 28.51
N1R - 32.59 29.2
FPV150 = 35.42
FPV157 -

Tabl e 1. 3i ®dtked wiekkeantpi2t8 and its homol ogues

The overall per ¢ emett wvaeneinn o haec ipd2 8ia daenndt iiictia$ el o mc
D6 R; VARV -1(9S7o7ma |l iAAAAG6 9414 ,-W)p;2 8AIl XNALY2 4, HBV MO
ECTV (Mos); AAM923R18, CBARA0CGRXV D®HE:1 6NIPXV ( Zs
AAL40466, N1R; Rabbit fibr®Md50ir FPXVYKEI davg
NP_039113. 1, FPV157; FPXV (1l eveaier edtPed®3bg20
Clustal 2.1 and determined using the EMBOSS N
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and histid@Hm@Ge Fiegsuirgathelsc A Ohas t he (albiOl,i tlys 8t)o |
The ficehnsemwwed cysteines of the p28 RING do
for t-akbiquibyl ati obh5actilSRjy of p28

p28 is a <critical virul enceSefnketvorchbf EC’
generated a p28 de lpe2t8i"Ph byu teaxnct R &vh @iudsg nieERCET V
of p 2 8 xamthineglnaniae phosphoribosyltransferqgep s el ecti on cassett
orientation oppO0E58&@hén sheapl8Agewmecepti bl e
with -ERFNP' t he medi ans)l etf heEICTdosvaas( lihcrease
compared -twipteh EWDFI8)The t it e pREYHFF nt hlei ECITVY an o
spl eens ionff eftcatoktmnase wer e signi f i etaynptel yEdToMve r
(15M)f o-uppawdy showed that virus repl-ication
p2RgNFPwer e sever elryesiimeindi tpedr iitoREM&Y omMmacr op
Ssuscewpttri amil €45 4 Macrophages are vectors that t
t hseki n (foon psidt d)nfteacttilbpe organs where the vi
the liver (4nhd. 5PAepennhi bipRBBMYT eogfl i E@QTV oOn i
macr ophages may be the r etab&tleinvefrorantdh es prleedeunc
i nf escttreadninc eA Furthermolrkeowedp&EEPVYi ngt p2Bnac
prtereated withi{18@Yerexapi @assiomg NBAR sroedwaded a
fragmentation of nucl ear (DMNA)Thnedsuec erde sbuyl t\8A C\

p28 may inhibit the apoptosis of infected ce
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factor of CPX¥lilinlIlmaesopRAYWe264. PMsnandl774A.
human #@BMCved maré6@phag® NG domain of p28 w:
productive replicati omemotfi ohRd)/6dhhornvtebddicei dn
overexpression of p28 |l oca(l%k,dhbsBujiugydtagd ou
assays indicated that both the p28 of ECTV
catalytedkKd8pol yubiquitin chains (Ubc4 and
heterodi meric ER2inked phambselbEcM@tresnul t s s
t hat p28 may functHomaae. aHpwaever al h&® N»8

Ssubstrates and what the substrates of p28 ar

1.6 Thesis objectives

Poxviruses manipulate the Ub system of i nf
evade innate i mmune responses, and prevent g
t he ot htehttkb hagwdtitem i s al so ei meslpwead eisn algas n s
infedt iwanst. erested in further elucidtaheng t he
host Ub system, i ncl adheonsgt hlbbw spyosxtve m -utsherso uegxhp

|l igases and what c¢hamigigetsy |ldaotciuanngs polR o s r ugr o0 n ¢

p28 is a critical virulEehz4e, fEE&jJjour timemrs padc
the functiithmpdferw®8 ¢ odngll etheed gene of p28 fro
(ECHgy28). As an initial char acttehcaoanptl iedre of

del etion ofvipa& ipmpaatcad on, iinncdiufdfienrge nctelcle |l
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muri ne PBMss cferpam bl ei e ath arpe skirsutdaendt sever al me t
establpi28bhbbsamat e e funcNidbamaifnnhiSmgKd 8 A

scaelxeperi ments demonstsiab@alcttilveat feea siintielriatcyt
(UBAITe c @ptodirree ncsl os e pp2rBouxritnmietpymotrok | etbh ep 28 v i @
bacul ovirus exprwaddiadbmady =t  mo,r twhdirecnit u tf yr ¢ het
substrates and itnh efTidt uuocd & rosntsa nod tph2e8 gl ob al [
i nf ectUibmaod iofniicnatiincfeelcitte,dpt,avree rbr i whegdii t yl at ed
pept i dens {phda pst icdaeslse gwiytchi mo t i do Gl Y wCected and
uni nf ecQueadn tciethaatsoglbee tdhieGsley @ é pBICY¥e s nfeercda i on w
detected by mass s pfarcttireofmernr mat i dmi &b utovt e c
ot htekb systuebmqand yl duedxpgr posi ibfiecheonstudi e
the effwegsnfedcdtower oofn t hese udDjrippite motit at ed pr
containing protein 25TR I M2 Swh i <édv er al d iw@lreye tpheeprt iedxecsl usi v
found or en+iindleedlopdnodadsrTeRleMd5 as a novel
pot enitnvadI|llwed -vii nt wiegHwea r it didelds y stTeéhms r esearch fu
enhances our understanding of the interact.i

system of the host cell

38



Chapt®at @ri als and Met hods

Parts of tktikecihapha&ve ofeem publi shed i n:

AJianing Dong, Patrick Paszkowski, Dana Koci
of Ectromelia virus p28 impairs viransd genome
mul tiplicitependemtVeooabodR@2&2alfebh23) 198968,
10.1016/j.virusres. 2022.198968. 0

Antdhmnuscript:

AJi aning Dong, Shu Luo, Summer Smyth, Grace
Characteri ziomtgeicnh anbgiegu iitny Ipart i on .dpuUrnidnegr v acc
review, manus-24)pt # JVI 00430

The schematisofr &pree sseexmpteatiimemt were created
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2. Materi al s

The materi atlhsewseissed | i st eldi el ow.

Tabll€ ome rkciitasl

Kit Source

Aurum™ Total RNA Mini Kit Bio-Rad
QIAprep Spin Miniprep Kit QIAGEN
QIAquick Gel Extraction Kit QIAGEN
QIAquick PCR Purification Kit QIAGEN

Superscript 1| Reverse Transcriptase System  Invitrogen

Tabl28u2 f er s

Buffer

Composition

1%WNP4A0 Lysis B

51 Protein Lo

EMSReacti on B

FACBuffer

MowiMolunt i ng N

Ubi quitinatio

50 mMmMMHTHtiIi pH 7. 4, 150 m
Ethylenediaminetetraaceticadid D T)A 1 %4 (N
10% gl ycerol

312.5 NI TrpiHs 6 . dthiothEeiboD
DODTY 10% gl y sodiumododecylkulfate
(SDs 0. 1% Bromphenol B I
10 mMHTti pH 7.5, 100 m
EDTA, 0.5 mM DTT, 1@ Pomli
BSA, ed/Oploddy | C)
phosphatébuffered salindP B) o nt ai fefaln
bovine serumK B)S

0.1 mg/ mL Mowi ol , 0.1
glycerol, 2.4% triethy
50 mMHTHt i7patb, 200 mM Na
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Tabl3®l 2gonucl eoti des

Name

Restriction sites Usage

Sequence

Smapl2-8e v Smal

SmaUbr ev Smal
5-FL AGwd N/ A

Bam#li INX wd Ba mH |

Bamil7-f wd BamHI

Ba miRIl NfGwd Ba mH|I

Bg FEIVIMO-L &d Bg | | |

EVM049 (V/N/ A
E9)Ist andar
templ at e

PCR

PCR

PCR

PCR

PCR

PCR

PCR

gPCR

590
CTAGCTGACCCGGC
TAACTAGCTTATAG
590
CCCGGGTTAACCAC
AGTB0

590
CGATCACTGACTAC
ACGATGACGABAAC
50
CGATCACTGGATCC
CATAGATGAACCAA
ATAAGAC-BAC

50
CGATCACTGGATCC
ATATACTATADAG
50
CGATCACTGGATCC
TAAATACGAGGACC
AGAGTABG

590
AGATCTGAACGGAT
CCAAZO

590
GGATTGGCAAACCC
ATACCGTTAGATAA
CTCCATTTAGTACC
AG
ATACAAGATCATTC
CCTATGGATGTGCA
TAGCCGAAGCGTAT
TAGA
GCACTATTTCTAAA
CAGACCATIAT
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EVMO049 (V/N/ A
EQ If)wd

EVMO049 (V/N/ A
E9L)ev

EVMO-iL td N/ A
EVMO-iLé&v N/ A
EVMO-1 &d N/ A
EVMO-t &v N/ A
EVMO-5 &d N/ A
EVMO-b &v N/ A

Hairpin DIN/A

Kprali n-kWbfrwcKpnl

gPCR

gPCR

RTPCR

RTPCR

RTPCR

RTPCR

RTPCR

RTPCR

PCR

56
CTCTGCTCCATTTA
GATT-G0

590
TACTCATACGCTTC
AGA3 0

50
GTCTAATTGGGCAC
ACBO

50
CCGACGTTATATTT
GG&KRB o6

50
AACCGTTCGTACC/
G360

590
CGTAGTGAGGACAC
GAA3 O

590
CAACTGGCCAAGG(
AT G 0

590
CGTTAGCCACCACI
AT G 0

590
ACATTTTTTTCTAC
AAATAAAATATTTA
AATATTAATGTACT
TTATATATTATTAA"
AACTAAAGTTAGTA
TATATATAATTTTA"
TTTAATTTTACTAA
TTAGTGTCTAGAARA
360

590
GGTACCGGTGGTTC
GT&0
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NoiENMMO-L 8 v

p28(fiwd )

p28(rienvt )

PGEX 3' S

Pri mer

pGEX 5" S
Pri mer

gPCR probi

Sa-EVMO-1 wd

SapeBwd

SmaKli INA ev

Smapl2-8e v

S maR| NiGe v

Sp&€NMO-L & v

Not |

N/ A

N/ A

N/ A

N/ A

N/ A

Sal |

Sal |

Smal

Smal

Smal

Spel

PCR

PCR

PCR

PCR

PCR

gPCR

PCR

PCR

RTPCR

PCR

RTPCR

PCR

PCR

590
GCGGCCGCCTTCAC(
GATGAATGB8®6C

590
AGAGGGTTGGTAA/
ACAZO

50
CAACTTCATAGCAA
ACAT BO®

50
CCGGGAGCTGCATC
AGAGBO

50
GGGCTGGCAAGCC!/
T GG T30

560

56 FAM/ AGATCAT
ACGTCCTATGGATC
C/ 31 ABKFQ/ 36
590
CGATCACTGTCGAC
TACATCATACCIAI A
590
GTCGACGAATTCG*#
CCAAAATE

590
CGATCACTCCCGGC
TAGCTATGTACCAA
AACCC-BG

590
CCCGGGTTAGTTAR-
TTATAGAAC

590
CGATCACTCCCGGC
TAAAACGGGTACGC
AGGAZD

590
ACTAGTCTCTACCT
TAT GATFAL
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TK f wd N/ A PCR 590
TATTCAGTTGATAA
CCCATGB®T

TK rev N/ A PCR 590
GAGTCGATGTAACA
TACACA GCH®G

XhelVMO-L&2gv Xhol PCR 50
CGATCACTCTCGAC
CCTCTAGATAT-8BAT

yellow fluorescent N/ A PCR 5490

protein(Y FY» g p t GATGCCTTCTGAAC

q P GfRwd AAAGBDO

YFP/ gptr ewlN/ A PCR 5490
GTCGTGATCGTAGC
AT O

b-a c #f iwrd N/ A RTPCR50
CCTGGCACCCAGE!/
360

b-a c trierv N/ A RTPCR50
GCCGATCCACACGC
CT3 0

Tabl4d®|l 2s mi ds

Plasmid Characteristics Source
pDGI ox P Vect or fopoaxgerDr . David Ev

with YFP/ gpt ca (University
pDGI 0oxP The target walsasuConstructed
EVMO-E¥MO:to gener atvo@aitpZE&L Patri ck Pas:
pFast-Bac Donor plasmid f Purchased f
ECT¥28 generation. Con

| ength ECTV p28
pFast-Bac Donor plhkasanldovi Purchased fr
ECTwW2Bi INNgeneration. Con

Ki INA domain of E
pFast-Bac Donor plasmid f Purchased fr
ECTW2-RI NCgeneration. Con

Rl NdGo maifn ECTV p

=
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p GEXT

p GE-XT1-
Ki INA

p GEXTl-
p28

p GEXTl-
RI NG

pSC66

pSCH66
FLAGB2S

pSCH66
FLAG28

b

GST gene fusion Purgsdidd from
GST under the ¢ Biosciences
i sopbD-pyl

t hi ogal actloPplyG a

induci bl e promo

GST gene fusion Constructed
gene of-Nt de mKi h

ECTV p28

GST gene fusion Constructed
gene of full | e

GST gene fusion Constructed
gene of dtohmeifRl B\(C

p28
Vector with pox'Dr. David H.
promoter. Expre (University

p o x v-ii m fueccetl el ds
poxvir/luateaplkgpym Constructed
(pE/ L), foll owe

full | ength ECT

tag at the N te

peE/ L, foll owed Constructed

full | ength ECT
tageatN ttler mi nus
with Ub moti f a

Tabl5&n2i bpodb ek

Ab Application  Origin  Source Dilution
61 His, WB/ | P Mous #6600 7%, 1:1,2090/
t ag Proteintec
A34 WB/ | F RabbDrBernard N1:1, 000/ 1
(National
Al l ergy an
Di sease)
B5 WB Mous Dr. Stwuart 1:1, 000

(Universit
Pennsyl van
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CDK2

FLAG
FLAG (
HJ URP
Heat s
protei
(Hs p)7 O
| 3

mo us e
Al exa

mo us e

CD11b

(M1/ 70
Cyanin
mo us e

F4/ 80

eFluor
( BMS8)

mous e

| RD§ @

p28

rabbit
F Il ueodr
rabbit
| RDy e
TRI M25

WB
WB/ |
WB/ |

I P
WB

WB/ |

FI ow

FI ow

WB

WB

I F

wWB

WB/ |

=
F/

F

P

Ub (FKWB/ I F/

Ub (P4
b-act i n

b-t ubul

wWB
WB

WB

R a
Mo
R a
Mo

Mo

R a

R a

R a
Mo

us

bb
us
bb
us
us

at

t

t

at

bb

at

at

bb
us

Mo u s
Mo u s

Mo

us

#MAB7052, 1:1,000

l nvitrogen

#F7 422i5g-mladr 1: 1, 000/ 1
#F 3 1Bib5g-mladr 1: 1, 000/ 1
#7034860)tr 150¢g
#sec698&8nta 1:500

Dr . Davi d 1: 5,000/ 1
(Universit
#A110GYV,itr 1: 1, 000

#2182, 1:2,000
|l nvitrogen

# 4-88 B10 , 1: 1000
eBi oscence

#9263 R2PRKLOR, 1: 20, 000
Bi oscience
Bull er and 1:1, 000
(St. Loui s
#1%610-644, J 1:1,000
| mMmmunoRese
#9266 BLOR, 1: 20,000
Bi oscience

#abl6AHL&dm 1: 1, 60 @y!
#BMPW8S8EAz 1:1, 0020(g
Life Scien
#397Mclt,ive 1:1,000
#A54Mill, 1 i pc1:5, 000
Si gma

# T M1 5EACIM 1:1,000

Bi osci ence
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2.2 Met hods

22. 1 Lel |

2.2.1ldn€sl |

Table 2.6 Cell l i nes
Cell line Source
293T American Type Culture Collection (ATCC)
BSCG40 Dr. David Evans (University of Alberta)
HelLa Dr. Jim Smiley (University of Alberta)
Neuro2a Dr. Roslyn Godbout (University of Alberta)
Sf9 Dr. Matthias Gate (University of Alberta)
YAC-1 Dr. Hanne Ostergaard (University of Alberta)

BS@ el l scuweiukierdi mEs s e nMeida lHang ( ME;M S g ma
suppl emebthe FBBigMlad) i chHBsmemti al amino acids
mM ¢l utamine (Gibco), 1 mM sodi danmtpi yntyucvoattiec (
solution (&&nHc@*®3TKelwaere grown in O6»sul becco
Mediilhmgh dIDMEMsR)gmappl emented wigl it AtndonkEB S,
and 1% amttiibriyoctoitd ¢ s oidlutcied b 8( @Gieb €olo)s. weYlAIC Par
Memor i al l nstitut@i blicbomedi( RPRbontl®i4d®i ng 10%
antidinot mycotic -Solwuellon. wdNeeer gr own i n DMEM
FBS and 1l%nantmybciodtiieccasnonlaeceibdis. whlrle i ncubate
and 5%fCO insect ce3H@Y weSRMighaomewn iincubated

30.
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2212 Puri ficatpieon toherad PiMemtophages (

Str aial sAdo known as A/J or A/ JCr) and BALB/c
River -Co%aitmmnt , QC, Canada) or Jackson Labor
mi ce were obtained from the breeding colony
Mi ce mwmeirnet ai ned in accordance with protocol s
Ani mal Care andl AuULPdOoCOoO2mMEdr @éent PMs were |
previ ousl|(yFidgewrcér 1 gRajdAgf | vy, cells were flushe
cavity wijthtBSel emlrd ched bylgéent ndtf y at i on
and then wéhiteslu®encudl2t ure tr eaftced Ipsl/anlLes Ceetl |
were incubated in macrophage media (DMEM wi i
10@/amL streptomycin)horat23F. amadaréafohlEy enso,n t h
isolated cells were washed with warm PBS thr
medi a at 37 overnight. The I s&lWAaABOdamdcanoph
CDl1which are two sacrrfoapdheh@aenigmady emesr oédntmage of
with both these macrophage antigeeBce®ye te
(Figure Ratl®) was analyzed wusing FlowJo soft
showed that greater than 80% of thkei gedé s we

2.1B) routinely isolated ~1 million cell s pe
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A.

Cut skin

Inject ice-cold PBS Massage

Peritoneal fluid

Cell pellet

__ Washthree times
— S L

v
i

Seed cells in plate Incubate cells
and in fresh media
incubate for 2 h PMs ~90%

o
3256

Collect peritoneal fluid
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Fi ga@rRM i s ofl rad i om

A,Di agram of PM i sol ati oincuesPMg wereei osel gt @c
met hocd&Mo)t a l cells in the peri-¢cmneaPB%$I|] uTlde w
cell sememre fuged and resuspended siene dneadc ri onpt hoa g

t i ssuet rcaud tt eamrnédnlcautbeast e d at TEdend hfeaxrre nZe s ke
washed awa¥ Fwiotwh cB 8 ®aneiitghye macr ophage surfac
on the isel bsedecel I 8 xe@F A/NBI0 s&€@d Aealhdvi t h an
t hen anal yzed RBoutfihmeatdyanto Benelt CH 1 wiek €h 8 0
doubl e.positive
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2213 Generation-deffi vende maBVMDMsi)ages

Bone marrow cel |strwaiireeA ael prted( Bugimye desc
2. 2(A)63The femurwanwmed hbi as Wd8@m|diet eaf ot mt .
| cceol d, swasi useBB®%0 flush the lbboné& wudbkrr ow c
througm ael’lD stwas nesedvhoechtli FfreBme@émarr ow
cells were centrifuged down and resuspended
(RPWMK40 supplemented with 209/ mMBSstit@@td/mmlci
2 mMGILut ami ne amac r20p hnaggemiLenaill @ WHCH,Fflact or
unit/ ng) ).( PeelrlosTewédrtei seeeaeduli numentreated pl
at 3hd 5Mo0CO0O4 dayswadFraddhednetdgarcde |l del losn vdery:
then incubated f-macronophbhges3wdagsiwladbRBS away
Fl oowt ometry (BD Biosciences) reveal ed that

CD11b and F4/ 80Fidgpwhe e2 pdB) ti ve
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Harevest femur and tibia Cut edges of bones
« D . / ){

400%g, 10 min, 4°C

= __—_ Add fresh media . Wash three times
Resuspend .~ N 3days /L . with PBS /- =\
e —_— —_—

(Qeee )1

Seed cells in plates Incubate in media Incubate cells
and incubate in media with M-CSF in fresh media
Cell pellet  with M-CSF for 4 days  for another 3 days BMDMs >90%
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Fi gu2BM2M sol at i mboefr om

A,Di agr 8mWDbdfsol B8tMDEN .wer e i soilcaetsechgf pomv mous |
describedlé@grmeodmar wewe c e lolPsBeSc.t eTdh eisre cel | s
seedendotning ou et rceaud tt asdnemlicautbeast ed i wi t CISWur e med
at 374 daysdest med-C&8Bwdt hnMubate cells for
Nomdherent cells wer 8 lwad ales daseg fwi xdd P8BS
withFah80 -ebdAband t hen anal yz®&oduby nfell gw onp tr
t han 90 % Cdellllbs awmaelr &4/ 80 doubl e positive
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22. Yi ruses

Tabl7¢i 2 uses

Virus strain Characteristics Source

ECTV-Mos Moscow Dr. Michele Barry
(University of Alberta)

ECTV-qop 2 8 Moscow Knock-out p28 Generatedby

ECTV-qpp 2R&v Moscow

Department

VACV-Cop

VACV-IHD-W
Health
White

VACV-WR Western
Reserve

VACV-TianTan Tian Tan

ACAM2000™

CPXV-BR

vP811

vP759

Copenhagen

International

Brighton Red

Generated from p28
knockout ECTV;
expresses p28

Deletion viruses
derived from VAC\+

Cop ( gf@dl23L
@B 1 BEOR)

Deletion viruses
derived from VAC\+
Cop( B BWR)

Patrick Pa:
Generated in this study

Dr. Michele Barry
(University of Alberta)
Dr. Michele Barry
(University of Alberta)

Dr. David Evans
(University of Alberta)
Dr. David Evans
(University ofAlberta)
Dr. David Evans
(University of Alberta)
Dr. David Evans
(University of Alberta)
Generated by Dr. Enzo
Paoletti grou164)
Obtained fronDr.
Michele Barry
(University of Alberta)
Generated by Dr. Enzo
Paoletti grou164)
Obtained from Dr.
Michele Barry
(University of Alberta)
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vP738B Deletion viruses Generated by Dr. Enzo
derived from VACV Paoletti grou164)
Cop ( gi@ld 3L Obtained from Dr.
Michele Barry
(University of Alberta)

Del etion virVva€Xope ( wWPF&@dEBIdr vW&dO®8) gi nal |l vy
generated by t(Hé&dpPhwedl et i sgrpupvided by Dr.
Lysates of MPXV e(cClealddelLlab)c ealolvs dvedar e yg eDrer dt
Evans.

2.2Productiomsof poxvirus

Virus wetreclgener atfdd ebybr0 rtrfieencp li aedt@e sc ed fl sB aa
a multiplicity of infection(MO)o 0. 06 r .HBIBe hi nf ewetreed hcaerlviesst e d
scrapingedind oandcdebon inércit ¢ amlg ttmbes. The cell s
centrifugadgfioorn 1la0t mBisnbs@ @1 wi t h PBSuspérdednidn
mLofL onM TP Hs)8. The virus was Doaea Irheasoegde nbirzoant icoen |
Cel | f wegmenmtesmoved by cegfndarri fQugrmitnonamd 200
wer e trans fceernrtetdufiueg eaThheewpel | et @mls afgalh r e
mM TpiHs )&a I0l o wbB d u flhgpemo gaetni ildzes.u p e r fatoam ttshe t wo
Dourmhoeno g e nwerad ieaddy ulsd@ mbLmM sTi(pnHgs )81. 88Lo B8 6 %
sucr osmMiTpiHsO)Bva ® ay emaecer t heTdepexnatantd vi
in the super natcaerntawn éucueg 4| Inetnesd Tagy ZBe 500

supernatant wawviasupi mpetdet damLiOm&SuIpesded
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(pH )B820L of resuspended & adhisgeusa tw\tisu hpd easc ewe ri ¢
stdats 0.

2.2Pb2termination of wvirus titer

To dettelranitpietxeveissafmp| es wi t HF odidr sserwerld yl1 i
with MEdptropri.atTeB&@ 0 gaeelrles i nfected with dil
in trif2ied ds@plAdttadsirnocut hei dn|l uted sampl es we
VACVnfected cell s wermp merewb d tog di 2Zi4nedef.treddChl V
del etion viruse-£€oge@ivwe/da afdr oviP T\RABBM ed cel | s
incubated in fresh media containinfgheln% car b
cystal vi(@l 8% eoystabmaneoW®e flor %Wl dOhyde i n
was directly a@heat troodrtmhet emmule ad hwme ftoa fviix a
Thel ateerse was hed twhiet hp |waagtoeerd taanddr Les at cuéeat i on

BLUO ONOERIOHHP@ Q&

WQI OV o, O Q0 0 @& B
WE O 00 @We € WO NUEXD Q& &

2.283. Generation of recombinant virus

ECT-Mogenomic DNA was used to generate a t
encoding for p28d BYMaAcBaFsPRwatst er efpllaanckeed by |
generation of recombi nant v(ilreuss)rsi eraldy ,b eBRSHC |

cell s were Iinfegsnedt wané&f £€CtT&d wi th the | i n
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Recombi nmrsti tYRR viruses were selected for i
25 Og/ mL mycophenolic acid, 15 Og/ mL hypoxan
Sigma)posYiFtPi ve plaques were plaque purified
selectional Imarwerege cnpestedvei vhr ¥Pand tr an
pl asmid expressing tmeg@re viee @d mlgiureass eveared s
fl uorescence -nmeigcartoisvceo ppel .a gvuFePs wer e pl aque pul
resultwag viat Pdayemer bge REGRSICrReadtnigomnd wh
genome sequencing. The revertanifgpadassust twas ¢
wi th EVMOnle2gatYFR pl aques were selected und
YFRegatiese wkagquplaque purified for three r
sequencing were used to validate the virus.

2224Virus growth curve experiments

Growth curves were performed by infecting
MOI of 3tepiggloawa hMOIUr¥.e)-8togmuyt owt h curve).
cells were harvested by scraping detl mesnto
poshfection. Virus was rel easteidawirrogn ared | tsi tt
were deter aiOnecde loins BaSC praviothebypyadevenriubed i
was s htohen hag i met o iinm t he curve

2.2\5 rus DNA isolation

Tot al cellular and viral DA WLR osolqataad i
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PCR/i rriunsf ect ed cell s were harvestedhlyygiscentri
buffer2% SDS, 504 mvM TEDTSA ,p Ha h8d f4r encdns @ar® t e

was addedd 5 Og/ OL beforEhesed¢l fory#dahé awas$ 7mi
saturated phenaphase Ilceqt g@e@O® 8i20,). Quant ab
The upper | ayerclalqaucctoaucs ilmyaernewacsentri fuge
et hanol and O®. 5odo lunwesscdaltead8 eand mageeows t h t
| ayer. Theplnicx@&du oaete waisPiNewapsel | eted from the
byentirrnage 0 QIO ormi3at ,4 iwaes hed oncec wli d he @10 &n oL e
Thet hanol wadrtiheed taunbde t henrebeaespBAdDeel | et wa -

~

To prepare viral DNA for sequencing, 200 O
OL virion | ysTird stHCflf @erH 95, mM. 7 M NaCl, 10 1
and incubat addwiditapsrefotke5s hPagt/ ObF er ni ght . The v
DNA was mixed with 360 oirkos wlatmy& p uarlec ofhnloé n oslc
(25: 24daéantri fugedy.erThwa supcpoelrl elca ed i n a new
mi xed wi-thl @hieihaad my | alcohdafFteonl aenonhftggi n.
aqgueous | ayer was mixed with chlorofor m: I s
DNA was precipitedtleed eidn fertohna ntohle asnadmppl e by cC €
in the tube was dried and the® the DNA pelle

2.2.2.6 Quantification of viral genome rep

PMs were infected with viruses foNA the i ni
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were i1 sol ated FRor dtelse rad ytedas ia@he veex.@mdn inmesn tde, (
were pretreated with com@gl é¢té® Dgdimahewnf oh @&r
infected at a MOl of 0.03 for 1 di.a Twiet h ndrec
witho€t fArathe indicated times before total
phenol extraction.

Virus genomic co0py gnuuambteprb bwanse edaestee cctheadi nb yr
(gP@R)an BFOAM € ar boxy f l uot ®F caed npr eviodo®8I(y des
166) The region amplified is an 89 bp conseryv
A The primers used in this experiment were

EVM049 ( VAICWd -B®BCYTGCTCCATTTAGTAGCGATTC

EVM0O049 ( VAC&V-EACTICATACGCTTCGGGTAAGA
A Astandawa aqgemweds at g@ nleyvwiltoht foighl es wigmu:g n c e

58 GATTGGCAAACCGTAACATACCGTTAGATAACTCTGCTCC,
TACCGATTCTAGATACAAGATCATTCTACGTCCTATGGATGTGCA
GCCGAAGCGTATGAGTATAGAGCACTATTTCTAAARTCCCATCAGH
A The probe was I|dypeehadi wigeiem@mhaeF&EM uencher

| owa Black FQ

586 6 FAM/ AGATCATTC/ ZEN/ TACGTCCTATGBATGTGCAAC
The gPCR master mi xewhsaprepawetha? @M obne

1 OM proolpe.otestensheéi hegmeseber mi x was aliqu
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tubes and@20st domegpra@ipare nheestdamddadmud i omsv @ f
bl ock wer e frnraddnel5 8o @ rirtesisaicgt i on *ctoop i2e.s8/ TrielaOc t i o n
each experiment, the 41 gqPCR PeasfteeQTamiFxa sa md >
Quanbdwadi ® mnxad lan2d rtahteinoileh x®lasefdwetdh t o each
react i DmesODubef DNA  alksit rbfgdidveadl u me. 2Dhelassay
was pmedr aammaCrEXOMRedli PeCR {RBicddt FDmiad, and
then 40 csg@at e895ahsd@BO0OGmI | oWweé d ob @ s=e@aigtc e
the end of each cycl e. The standard curve v
sampllkased on their cyc(l53,qulatnet)i fi cati on ( Cq

2. 2. 2. Tt rRaenvseelPrGilgp tPiBdRn

Tot al RNA was 490 |ldestlfdtds d miomff 8StCed aovi t h i nd
virusesg the Aurum t-Rdad), RANAd mi me RT tr g &8Bd toi o
using the Superscript I ViRevgresane . TTDMNAC wiapt a
by PCR with the following oligonuwciBavat)i de pa
and rever sep2p8eivmer E(VIMWMObI6 f or wlwd) pamndier e { €NV¢
pri mer frewNQ56EVMO011 for warwd )dp rairenee r s(eE VMOilrh
( EVMEO el ) ; EVM013 forwhwd) pander ey EVMO1IBri me
rev) .

2.2.2.8 Whole genome equaemdi mgvef ttame p28

Viral genomi c DNA waspuaxtfriaedt ewi rfursonprsipa
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prewsiloy described with t(hhe 7hDeNA sferqoune nCcri.n gRylai
wer e gdenuesriantge t he Nextera XT sample prep kit
(21300 bp) was performed using an |1l lumina |
de novo assembled into contigs and mapped
referenes sasqugncC€LC Genomics Wor kbench 20 sc
their identity. The sequencaevensaabdrsi tftoerd tthoe t\
Nati onal Center for Bi otechnology I nformati
PRIJNA882034) .

223Mol ecul ar bi ol ogy

223. 1 Polymerasgq PChHRRgi n Reacti on

A typECRCR cormMRaNmnefd eac2h0Oddr a@iNd Prsh er mo
Sci enlttUiofPhus i on-f hd @WNiAt Pol (TmMeearame JandntiDDI og
of DNA templ ate. Al pri nmMarbd3susxed in this st

223. Restriction endonucl ease digestion

Restriction endonucl easeoddigrgttont was mae!
instructi omlsasoind RGR ewead d g eitsnt ead t ot 410 v ol ume
50Lfeord &t 37 The DNA fragment pubwieefagalrsoosleatgdall

el ectr ommhsa rneQd iAsh @iICRKk puo kif¢giQd aAtGE N)
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2. 2A8aBose gel electrophoresis

Sampl es werBNAnorddngiTbhf mer Fi s,lmeaBINAci ent i f
fragmenttdhewssmplagated by gel el ectrophoresi
UltraPure Agarose (lnvitrogen) and 0.01% SYE
buféelrs were run at 10Gm©MWIlI nSelpAeEr a(tulirhoenr m¥py dtud if
Scient DNIAcpands wer MovVieswalairze dnageirmgsed Doc
Sy s tBeir®a)d.

2234DNA purification and Gel extraction

DNA fr awgamreentcsl e an &é@ Aigu iucsk nRRCR puri fi cati on
QI AGENQI Aguwied k e xt rQd cAtGHOMn| |kd wneafguf act ur er 6s
instruat bomeasni XONA wi t h the buffers in the k
Ql Agui ck DNA column. The DNA on the column w

contai ni ng beetibnagn b2 @Oklechfo ra@d H

223 5 DNAnligatio

Al | i gati on r eactcioomds mae uéoapéeref er dedpr ot o
T4 DNA Illnwiatslebgemol ar rati o whkvARIclt olri gaot ii Nres
wer e i ncubfadredl 8th 16

2.2.3.6 Tr am.sfcooolmati on of

CompeEemdel |l s were transformed with | igati

heat shock method. DNA and competent cell s
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heatedfatr &P sec followed by a 2 min recover
i ncubateBleritharniur(ilaB) medi a i med oslealperatfiong 4
agar plates containing appropriate antibioti

2237P1 asmi d purification

E. cellil s containi ngwetrhee c wWheasti eldBd meldad sami vdi t
appropriate anotvéerotghsPhasam7T dh®dKNAr was prepe
Ql Aprep Spin Minigeccor ddintg (tQ@ AIGEeN) Maeuf act ul
concemt rafti DNA was examined wusingharmanodr
Scientific

224Pr ot ein Methodol ogy

2 2.4.1 SDS polyacrylamide gel electrophoreisD - A GE

Cell s were washed omde MBI tlhy sHBS baunfdf elry s(e5d0

HCIl 7pH, 150 mM NaCl 40, mUOBDGA Yy c & el cont a

i nhi bitor cocktail (1 t abl epghenyimethyldblphorlyl of | y s
fluoride P MSBi o0 s h o p N-ethylhalemdtie NEMMi | | i por eSi gma) , an
NgvaQf or 30 min oinnscacleubl|Detmatgernital was r emovVe

20, [@0®r 10 mime aBr &ddf ord assay (BioRad) was
protein concermomati on saimpb ¢ 3 wiw@abmed fleorb us f er
min and thenrce2ntmiinf ugtedl14, 000 rpm in a mic

Samplweg e separ-BAEH bgf &SP i meidngwi t h Coomassi
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transferred to nitrPad)bl o ocdereys mtemnmebr safneers  a pBp «
( BiRad) .

2.422eM ern blotting experi ments

Pr osseeipnar at ePdAGiltlye t & sf erred to nitrocell ul
Rad) wusidirgy at rsaennsif edRadppaMambs apgBsowere t hen
milikh PBS for 1 h before beingAbisn Melmbtr @ach ewi t
were then incubAb&geavi abbisteco@himapde gBao,;
LICOR Biosciences) for 45 min at room tempe

scann€OR(Blosciences) .

224. Bmmunopr e(cliéplipteartiinoennt s

Protein |ysates Owge daRrtl iiM2&Su oathatd mMyirtallv &r ni g h
bef or @ ncasibmg esck wathetlFepbbeioseAbeads (Milli
for 2 h at rBoecand st ewnepreer amausrhee.d4 Qviltyhs ils mdu foff e rl 9
and boi Dedof-RASBB sample buffer to el-ute boul
conjugaPed Qgow& K2i ncuba@lt epda ovki e dhA B B obbesaechs G
for 2 h at room temperatlurmL B&fdddldd yNeR rse bwd I h
and then incubated &«i tbBewmodtsgegmwer eyshéemrswashe
wi timL 1of -4 NPsis buffer and bouWld odr StDSi ns

PAGE sample buffer.
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224. Quanti fipcat evimn sWwestern bl otting experi
The | evels of the 1 mmunoreactive bands i
detedmueéeng | madgleh eSdguaii m I|5esvaarifide eien necarcmha | i z e ¢
to the b-detwdieht elmypwedt ern. Pl otgauiamg i fi cati on was

rel ateii vdneitrof e cotrerdf eccetlvdidd hcoeutl sany. drug treat me

2.42%ransfection

Cells were transiently transfected with |
by the manufacturerdds specifications. Cel | s
i n-wél | pl at es. The meMEM WG@isb ccoh)asnflyeecidoirtenm . t QO pe
Pl asmi degDNAeh(d2o b | i pof ect ami-MEMwfeare 2n0 xmidn . nT

mi xture was added to cells drampd b»%dE@pP and
protein expression, cells werkfoth2#f oncadahe
transfection andEMnimedti aomnwast hhespOptait ed and
i noculated with virus for 1 h fahdo®wn@GOi ncu

2246GST fusi ernppeusssiBEnbgnc ol i

E. ¢CBLZZ@&j)teransf or med Tlwionh atphBde Xgge ne of p28 o
t hesol at eadf dp2@eild s wer e grown iunn trLieBa crheidngg wi
amboeo D6, ThemMPTG was addlee ptreesisndbincef t he G
prot €ehbks were i nfcarbataerdt hhdirth@&B& ehoumsubati

temper atiumset gad8B of )hwaepusmdl t87reduce the
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GST fusion proteins, thereby enhancing the
foming i ncl(uscBgot bollarewesteedabpmandnOOOf ugm f
40 miniatal@d@LAS50Celi wésoe r esiuns pledhdMRIysi s buf f e
containing protease .iSomiilciattp eoenf ewadiehdt amM | PMS
sonicator at ObOs%Cp &wweni mnS5Feecsubsequent exam
of protePAGBEbgelSPDS200 OL of |l ysate was remov
To separate the sol ubl e epceeonttedartfsulfzg rO OPu rripfm o
30 min iant adl @LAS0Prpoeondeifroreelalnd afitoenr | PTC
soluble phet sumpasgrtferh acnatnidm s d lugkel) e predtleitns (
after cwearte i dnugleyzAell del sSDISol | owed bypgCoomas:

2247Hi-tsagpedtein a&xdresmcudoincq@aubowni rus expr e:
vecgyyst{ 8mVs)

Theoopti mi-tadgelds BBOhTdV sp2 & ol avteesdy ndchmea d n s
(GenScrdlpanednidnt el tvhegcltmpWiast Baewal) ovirus prod
protein expression, and pur pfieovadbasdryinveerde p
prot 6t 6Byrj eonor pl aslmi d& ( b E atgaeddgeecdo fp 2H8i so r
Hi-tsagged p2we rdeo ntariannss)f or med i nto competent Dt
recombinant bacmid DNA (W&Or €gd arlLe ktasmmch mlyyc i an t i
tetracycl igret amy@onhhmber ate baculavirmes edbac

from thesetbacskectceediinsaeotd&€EO®NVEd, from t he
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ovarian tissue ®&fpotdloet eall Mfwiutgry pggeord,m, pr ovi de
Matt hi a(sUnG°tetresi t yBaaful Alwnb etruisew)eneealli laect ed and
ampl i ficadamhst tSH&n uta |liazayeddrfodeilf nofsetcidigyg e d
protein Bhk®freswahdnsvested bylgeebt mi Gallgld § 100
pelswveertehen resuspended piHh 81 @M niLl 0c0f nMa CTEr i bsu, f f1eb
10% gl ycer o201, Ot. alkb eltwepemot efaR @ cpheerh ilOi tmdr | y®a
buf)bededysson(ibcasteecn gON/ 5 .s eCce | QWeH cpesbattnel h g e d
for 3@OmMIgAtatid.nbL oNTHNigawase used #p®8pdrmriofmy Hi
the supernatant. A stepwise gradi(émiomof0i nc
mM to 5@WGdsmMsed tobelmnmd ebtepardtslh @iiPmMs sampl es w
fracti onaRAeEd gked o BB Siamn ea Hli desttier n bl otting we
toi subhezxzkdigged protein in samplues fiedmppoot
was then concentrated andattbOored in 50% glyc

225Analgkidi Gly peptides

2251Di Gl'y peptide enri chment

HelLa cel)l swsef2] poetreated with 10 OM MG132
Science) for 1 h. Cel |l sCaverwi nthees iantocal MOle d
anidncubated for a further 4 h wand 3B O™M MG1
Cells were lysed in freshly made 9 M urea |y

1 mM sodium orthovanadate, 2bg59 yntM rsoopdhiousnp hpaytr
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gentrlodoep soni cat ed, and clarified by spin ce
4 . Proteins were reduced wjtal KYl antMe D TWi tflor
i odoacetamide for 45 min at room temperatur
Proteitnlrserwediegested with trypsin in 1:100 en.
and trypsin was precipitated in 2% trifluoro
SOLA HRP SPE c ar0Otlr,i dighee r(nmfo6 OFliGsher ). Desalted
subjected to automated di GlYybremmiaah memott i disik
(#59322, Cel | Signaling) on aofepgBdshaevr Dt
resuspended in 1 (m@lel HS Sbigmuaclumdig)dedan@1OL of t
Abbeawr sy at room temperatur é ofuo rwti2ztrie sl Tnhle b «
HS I(ACRI | Swasnhal b wtg®y iemciet daan dkO. mLPeHpt i des wer e e
ti mes with 50 OL 0.15% TFA at room temperatu

2252Mass speanaloynei sy

This work was done by LkPepShdeisnwer.e adleiswalil
Cl8 ziptips (#ZTC18S960, Millipore) and recc
to mass spectrometry analysis. ThHP LLampl es
( Thmer Sci entniLfG c 2BDASYSystem) coupled to an Or |
Mass Spectrometer (Thermo Fisher Scientific)
was done with an Aurora Ultimate analytical

me d ioan,Oplt i cks) . Peptides were eluted with a
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for 120 min. The gradient was run at 400 nlL,
at 45 Data were analyzed using Prot eome Di
concatanabaededof the human profCepmer @t ®meO0 C(
(UPOOOO008269) , with relaxed false discovery
parameters included a maxi mum of t wo mi sse
tolerance fafaghengpmasa tolerance of 0.8 Da,
carbami domet hyl ati on (C), and v artieahm)e mo d
deami dated (N/Q), oxidation (M), and Gl yGly
vari abl e modsiefti ctad i dns Swasi sti cal anal ysis
Di scoverer u<iarsgt cebsac kagnrdo upnrdot ein abundance r
using pairwi Maspeppederometong.data files are
Repository QMShIOs0 0OHM4®Rd i s, cdédszhlAedern Do
revi ew) .

2253Pat hway FEMmralcyhsmesn t

di GI'y peptides enriched in either uni nf ec
Met ascape (v3.5.20230501) usiprgiexXdgeds i agal
Categories with a significant adjusted p val

2254Examination of |l evel s of protein assoc.i
VACV/nfected cells

The dat aetowalSoaldayt y zexami ne whet her | evel s
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enriched di Gly peptides c¢h(alnigllend tohviesr stthued yg o
MG132 rescue ratio was i ncluded.
D@ oic’ Qi daya Q¢

Protein abundance( VREVtenheabaddanWEBULIR)ELY infe
Protein abundancejPfonienfne @atberch dawBaB2)uni nf ect

2261 mmunofl uorescgnde microscopy

| solPaMseedr e s eeded oinn ccuobvaetwesdl lipnp [la2héd at 37
5% £&Overnight before infection. Cells were i
then incubated in fresh media for the indi
par af or maR Fifephry d22 h at room temperature. Afte
containing2@®. @¢P)B,Fweelnl s wer e Abtsadirndd hwiatth rpra
temperature foll owaminduws es tAalfexnan ig4adnBol g-gro)g b at
antabbit ReaxdyP8odéBes reagents (Life Technol ¢
with-TPB&ree times, cover sT igon tweeirneidn gy 65ul ant ge/c
di amidino 20DpRlEmyil i mdgpém) to visualize nucl e
cells warae@smogntM®wi ol mounting medium and vi
81 sp-dnecngonfocal microscope equipped with
these exper’t mé AMEs WwWersd 1@sed in each well

227F1 acwt ometry asnalysis of cell

Cell s ®¢ceél ksnwel |l )i weoeaharSemtedentrifuge
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with 1 mLThRBSOoR®®EWas used to fix cells for
were then washed anFdACSe soRBBecndefd aii mainhdy0 1 &L F E
i ncubatdien dviilht ®@rd 2 h on Cedder ent b boan cdeas k e d
wi t h FACSL banfdf ereslus p&EACAL buafnhipelrean avley 2zed vi a
flow cytometry-20sifh@wa(clyD® oBnesd @i &Xnces)

228Autucbi quityl ation assay

Hi--28 protein was incubated with 50 nM E1
eM E2 (recombBmdbrctHS5lad BrE2®1 protei n, Boston
ATP (Phar maci asMBipaitrd fSii)gggnaa mdhe2 8 eact i on was p
ubquitination reaeHGCloTpHhuf2@€0 MMBONan®I Tr i1 smM
for 90 amidn st oppe@dobhei addiomBlamipl déufwemre run
SDPAGE whidqui tyl ati onwewsatse rwni sbul acttiitzaendgr bwa n hi a

conjugéabed Ub

229El ectrophoretic BEWMPAI ity shift assay (

EMSA was wused i n tihntsersatcutdiyo nt ob ed esmeeecnt ptuhre
VACV hairpin DHA idretser a dtqicbo3mphreeAZVibaisl i n
oligonutbhbetidds withwédiexabtadiuowmed 6847om Dr .
(University of Al berta). Purified protein w;
EMSA reactiinom blwf fGlr reaction. Thefora8®ions

min and t hen | oedaedneadt uornitnog ap ol Wy encare/ll awna d er wgre |
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V, 100 mA for 2.kbe phth aimedei nthoa i h a h bdwwraienngp etr hae u |
ruhhelg was I maged us({Gregmea aTy EHeacrt riimager

22 OProteasome inhibition experiments

HelLa cells were pretreated with =@ GM MG13
and 5% C®OI | s wer e t henCoipn ovciurlMaStleesdb fantilt@h f oA C V1
and ingubahdd5b%nC®he pUWGdgemrced4d odr 8 h befor e

22 1Mleddyl ation inhibitor and cycl ohexi mide

HelL a cell s wer e pretreated wi t h t he i nd
(172.05477.0001, iEODMDx oMripllleitpeo rmee diroad pfiser C200 h
Cells were then -CopcMdlaaodd 1wi tflorVAICVW and i n
3 h in the presence ofMLINMe 2idodbeeclhaeciedgcloypsedt
were treated with-1500, CGgl/unkLa CAhXa | (y#0i1c8ll0) i n ¢
1 h aan®@75eG@®@re being infected and process
treated with MLN4924.

22 2UV i nactivation of virus

VACXZowas di lmit edEMn(pRaqdqOe for mimlg) uand (P
pl acedweiln al6at e befwirteh btehengi ndircaati ead eldV e ne
1000 Ultraviolet Crosslinker (UVPXopH®eka cel
UVi nactivated virus at, aafMQIr owhilOh ftohre 1Ivilhlr u:

from the culture and.r éddelLéase dvewiet hatr vesh enmhe
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thanal yzed by western AHdsotltni fhtpresmti Bedt hbeti he
VACXZop andi ndaet iUVat ed40i cebks as BEEVBpPusIy
22 3%t ati stal gale sA
When compari ng-ttawd esda mptidess,e do mageun @ée-per f or me
waw al ysvasi afice ( ANOVA) was performed when
sampTwaay ANO&AIl owed by Bonferroniwas multip
performed to test bévri rsitsatginotpwit dvad | use gofi f Oc @

considered i<d@dnioOf5i,canrt p<0.01 and *** p<0.00:
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Chaptlemveé&stigating t ELCTWelpd icfatp2d&h durin

Thetphr es@nt t hi s bceheanp tpeurml:hiassh e d

AJianing Dong, Patrick Paszkowski, Dana Koci
of Ectromelia virus p28 impairs Vvirus genome
mulltiigi ty edfe piemfdeantMiomasn&k@e2&afebh23) 198968,
10.1016/j.virusres. 2022.198968. 0

Contributions to this chapter:

All experiments presented in thigecbdraatieonwe
of ecomlEiCrile¢m 2,8 wilwiacsh dgné®atri cka rRibestzekr onw snkait i o n
ofwirus carrwweitda aAnGlc I Fi g3u)r9e wiwiegple r fdb r me
byorDana Koclihrecoma.ting of this cehtapabl2.B, i s ac
whiwd written by Dr. | ngham and me.

74



3.1 I ntroduction

p28 poxvUWhl algaB&st an i mportant v-intéeéened f a
suscept i dnirc eA Senhkdavs.rcthbeed uncti on of p28 i
repl a®il Ng dosmai n gpftelpe8t wo¢ab8Aheetp28 mut ant
of ECTV-llogs i atélemosr & uossterpadnirolel c onepialrde d
type ECHY)Furmhwesti gati oonhadenpo2n8stira E€dgui r ed
replicaéesiodentn PMs dtrroamine s c eobpuithiobsliedt He& o m
resi stanmi cGb [sBEE4fpinnce macrophages are the «ce
i nf ecit(isskion )mous e mir ghatn ste Ix i lhra esan doonwney rif rour s t thiet e r
ot hpe28 mut aompar ewisit @gp ¢ heihreus itretrhgegeti enoy gan,
susceptimiecmedeby fOdT phbsS4dpadmbtihiengenf f ect
of g2l NG d-omaant virus ndeilhod®hEl@dve-8e
del €Cadd (-HFLCTW%Ans gehex plhewdve p28 functions as
factor. I n this c¢hatphte€iT-q 2t8h ewienrheasr as ey zeddi C
di fferent cel |l types, i nsctl ruagniinc ggA, ¢ SIMDME | n @ ©
resident PMs from saussterpatTimbsl. exr teamteda | reeds i tsht aatn t

effect of p28 on ECTV virus production depen
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3.2 Results

3. Leheratiomwmpd»8 ECTV

The gece pR8&EVMOWLZS délretmed he HEHG&TAMoOse of
(Figure Weenler at eidngact ar g €edoNA awmiicmlg i ncl ude
EVMO11l tooEVHEIY replaced the HYpiOals2s egeree w
flanked byFil pwtRer=3 tred9xcombi nase was used to c
YFM® pctas santdt eg d rheco mp leet e -opu28 vkinregpsk, 8 .ECT YV

To determine whhpelBepgedelr ami amnfi ggftein@mk i ng
p28,i sweltaotteadf rRANmMi n fBeS@ @ dooe| IBSDC cdenlflesct ed wi th
ECTV or-gpBE®T Ww4Rehver se t-PA@RRSIEClramtailyrsi s of t he
RNAhsevdt hat p28nRDA det-texpde dENd/cwieldd cel | s, W
consistent with previous repoftFEFisgueandds2y at i
151,. 1RAQvasabsiemel | s i nEGTedp @8, wiwhheh Iter anscri pt
OoEVMO11l andwaaEs\oMiOd i fi impeadh tr | Fq@T2V he transcripti
and trans| atbiegeanmalf ypeA@VY rlad( li7mMf.e cdrfibdfmhree

ECTV homol aywvme,wafs lurasd ime@orcadfr us i nfection.

3.2.2 CharafctEe@i2228ti on
As an initial ECTh&pr2a8c tienrfiezetitbei do @B JoGt ywpiet h  wi |

ECTV or-gp&8Twvt a MOl of 3 for 1 h, 4 h, or 24
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Variable Variable

M‘ D TIR

EVM011 EVMO012 EVMO013 EC TV

EVMO11 YFP/gpt AN (NRY— Targeting Vector
\0‘13 \G‘f’g

EVMO11 YFP/gpt - AAYIIIRE- ECTV-Ap28YFPiert

P

\O S

\O

l Cre Recombinase

o

Figure 3.1 Gengpr2a8t i on of ECTV

Schematic relpeestematae g yRuEepid )2 no the-METF ¥

BS@0 <cells were transfected with #Htlygpetar get
ECT-Mos. HC28®Pf ecombinant virus was selected
mycophenbalypoxaait thj ne, -mmngi txiamd hplnaeaqu &d Pwer e
recombinase was used tgopctae mmghireorelhy crl eemosvag et hc
siapd generate th®udcompl-gose8 LT Wkenlolcokw f | uor
pr otgepitnx awtukainpiteoes p hor i b osTyhli st rmen shfoedr avsaes de s c
(165h)i s figure was adapted. ahgldzd)di fied from

77



EVMO12 e

EVMO11 s gD

EVMO13 | » s -

EVMO056 o -

f-actin | e

FigurTer a3ns2c rofi ptt hepen ds si desarmdodEYNMOLI2cantl| y
i mpaired-gp 2B EfCaAVt-éd B&ICI s

RTPCR examination of t40 deldlis aitrefde ogteende sf drn Z
or E@T28a aM®i 3. EVM011 and EVM013 flank EVMO
igsed here to i ndhe-BKBR wasuper hdoemedoby Patr
anld repeated fThiesrespétismepntesentedi nn3the f
independent eaxpdetihmemt ur e di sTphliasy sf iognuer eo fwa
adapted feobmabDphdh3d) J
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Western blots showed no pBA8eptetewnwigpt2hBas heb &€
vi rad safn ytihnee s(pfuirget; 3 t op).Tthaenelx pr essi on of the
EVMO56 (VAE&WVetl é&qgst eedar |,y aanamd thhrepi ofi nEVMGS & d
at |l ater (Figgar@oBnB8s secd®ndalpahaetefpomt ¢iop)
( VACV ,W3a4) observed (aRi gdurend3.ZB4 hpiirdNopanel
significant differenceshwseeevioahdqpi288t ehes ek
i nf eBcS@@el |l s comparyepd vwWECThV. wi | d

Thweirus produgpt2Bas ekam@nhn®¥admpared with the
of ECTV-4i0n cBI$grsowt ho ECTVeBmOTdyp 28 i-A0BBEI | s
dirdoshowia@gni ficant di f fsetréepuage )3mr4 dnsutlletpir si n
(FigurergSwuBPDveraésr resdéktst sbopwoitmhpa®i8r does
vimep!l iicnatB®Gcel | s.

3.2.3 p28 deletion compiPPdMmi §&brmEMCIACVA,pr od u
especially at | ow MOI infection

Senkevwigdhowed that a functional p28 is ess
in resident P Msst rf amond €5 Wl 9Tcoe pdteitbelremi ne whet her
knocking out p28 from ECTV also i mpaired vi
PMs fsrtamminddA62)These i solated PMs were infec

qgqp 28 at high (MOI 3) or | ow MOI s i(gniOf3i)c a nA
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é ECTV ECTV-Ap28
P~
S 1h 4h 24h  1h 4h 24h
T —
25 kDa — SO - , p28
L o — o | EVMOS56
25 kDa
- - e M| EVMI36
20 kDa
—— —— e <~ | (3-2C 111)
37 kDa —

Figure 3.3 Viral spnot eii im®e-¥pp2tidensfseicooned cel | s

Western blotweng eprpéehbhée meolsaf c@B13 0l ceadtl s
i nf ewcittend ECT V-qpo2r8a Ea@M®Y¥Y f &r, o24. hEVMO&Eogdni zed
by -488i and ErVetlo3gon i(zA3IAbayr eamptpix v, ealmdi cating
virtrafFeaznd olnat e pr,tree npEwd Heawstlsiy waibnh olt uded
to show protein | oading. Mol ecul ar.Tlmass mar
results presentdd ciant etdh e nf i3g u rned eweerned ernetp e x p «
di spl ays one ©Dhi ¢$ hfei urephvas edtemdl@&3)r om Do
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BSC-40 (MOI 3)

1x108+
~ 1x1077 ns
E ns P
5 1x10° —3
e ns
& 1x10°% _'ns - ECTV
8 = ECTV-Ap28
= 1x10*
1%1031
1X102 I T T 1
0 12 24 36 48
Time (h)
B.
BSC-40 (MOI 0.03)
1x108+
~ 1x1071 ns
3
58‘ 1x10°+
=
& 1x10°7
5 - ECTV
.*[5 1x10%7 = ECTV-Ap28
1x103
1x1024 - - -
0 24 48 72
Time (h)

FigurTehpgdrrodduofi ECTEFCa-W2i8s not signifncantly
BS@Q0 cell s

BS@0 cells were infeqp2&di akthGIthMECA)IE ow ECTV

MOI (@®B). 0OBnfected cell 4« d&mpdiecsatwed et ihmea vEsit retd
for titer-otro nytlgmowtimgduwr ves. Viral titers a
Results presented for the growth curves rep
i ndependentAvwovpgr ANEEVA sucsaldctiloat e statistical
bet ween E@e¢andGTeyp 28tfF t he i ndi cad aefleobmenpoi n
not si gmiifsi damtur e was edadagd2@&3)rom Dong, J
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decreaseqpi2® PCBMucti on was observed at 12 an
at hi ghomd@ired wt ypet @EUly.Abd Howeveqp,28ECTYV

virus productiiomhwlaesmmsargend fti cvwBE@®YY eHcMse d

~—

FirgBuB3To test whet hhefCTtdp P8I mesupgwaswsekon

dependént sol ated PMsstrmranmcmealsepamdateémal dhe

o

f E@T28r oduwadlosner meRiMMder dmt h femal e, and mal
suggesting no séwx gdBitfiéef er ences exi sted

To confirm that this decrease in virus pro
a revertantgp vRerusi gQUEENCETS/3 ngAXt lyp ewiEICA YV genome
a ntpe at e, DNA fragments containing tere EVMO1
obtained by PCR. The PCR #d40odett swasandr amef €
also infecitgped8§aWi twhiEcChTVi s the virugp2we. used
The rpe2v8ert ant virus wagadelvectpe é qfuceust. t dlredeY PR
revertant viruses used in this chapter were
The sequence reads for these viruses have |
Bi otechnology I nformation BioSample database

Next, |l examinedandevéhprepsiooei o pa8cel |l
ECT-& 2-Rev. Western blots showed p4208 cperloltsei n

infecteg28Wi revehé ant virusypée EEVEUrse s3 .miB;a

top panNeol )signi ficant di fferences were founc
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A strain PMs (MOI 3)
8
b0 «~ ECTV
3 1x107 ns -+ ECTV—ApZS
[
& 1x10°
g 10
= 1x10%4
1x10° 4
1102 : :
0 24 48
Time (h)
B.

A strain PMs (MOI 0.03)
1x10% 1 -+ ECTV
1x107 4 =+ ECTV—APZS

—
g 1x10° ] ok ok e
[
& 1x10° A
S
= 1x10
1x10° 4
1x10? T T T
0 24 48 72

Time (h)

FigubbPeldeti on ofvipr2ids ipnriioncbuties ® thr @ imh ¢ &
i nf eaxtt eldownfM@Ict i on

SinglA@and wak®Br owt h curves in PMs were perfo
stranmninceA were i nfect eqp 2v8i itanth BICNT&d to8 v EMAIV

(0.@OB)or the i1 ndicated ntiemdesas VRKFW/I ml.i tRa sulatr
represent the mean and standar dA dtemayati on ¢
ANOVA wascalsedl atoe statisticalEGTYnorfr-iEQ@QNVY e
gp 28t the indicad4 e@d ewmismoetn psoii gnrtisf ipcoasntt , * * p
O. ODHi.s figure was eadaagR@&3)r om Dong, J
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Female A strain PMs (MOI 0.03)

B ECTV
B ECTV-Ap28

1x10° 7

Titer (PFU/mL)

Time (h)

Male A strain PMs (MOI 0.03)

@ ECTV
1}106 - ns @ ECTV-Ap28

Titer (PFU/mL)
%
2

1x10° 1

Time (h)

Fi guéwi r3us production i n PMsr amince f emal e and

ECT-d2B8r oduicn i B2 Ifartoemd f(eAdhalde (89 ter aminc eA

| solPaMse dwer e i nf ect e dgpwi8t hatE dTow oMOHBE.MOV. 0 3)
Viarl titers are presented as PFU/ mL. Resul ts
deviation of 3 indepwaye ANOYAX pwacsarhecsuid sh.t €A
statistical signi fECBRVIcer-qgpR@WY¥ ¢ rh et h en dti ictad re d
poimd-shf ectnisoon not si Bni*f*i;c @mtiQs 0f.;i0dur@ @.aG a
from Deothgal 20 2 3)
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Variable Conserved Variable

TIR TIR

EVMO11 EVMO012 IARINEE— ECTV
EVMO11 YFP/gpt (o AARNIIRE— Turgeting Vector
o BT

|

EVMO11 YFP/gpt EARIUE}- ECTV-Ap28YFPlep!
E— (L ——

EVMO011 EVM012 AR ECTV (PCR)

EVMO11 EVMO012 IR (DRE— FCTV-Ap28-Rev

& ECTV ECTV-Ap28 ECTV-Ap28-Rev
4h 24h 1h 4h 24h

- - -
2 . l p28

25 kDa

B

20 kDa —

- - e

g — S — — - — | [i-0c(in

37 kDa
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A strain PMs (MOI 0.03)

1><107_ R

ek ok EECTV

’-g 1106 @@ ECTV-Ap28
£ 3 ECTV-Ap28-Rev
&
& 1x10°
5
.g lx 104 -
1x10° -

Time (h)

Fig3reduE€E€dYp 2@Broducti onstirnam®sA cfan be resc
by insertion of the p28 gene

A, Schematic representation o-fp 2tReed, \Hetsrtaetrengy U ¢
bl otting exp40imehts ohf 8SCed for th-e indica
qp 2 8, oqp 2HRGTvVa a tMGfl f3or drR24 4h. EVMO56 (VACV | .
EVM136 (VACV A34) @ard ngoxwinifalghgrodwtadien pr ot e
expression, refdpecit nvdlpyt WwWaes amtciluded t o
Mol ecul ar mass mahrek elresf falveef nlmigdaticdas emlr ¢ ©ent ed
were re@l ndapeddent experi ment s, 2raemd itchae efsi.g
C,Resi dent PMsstirsaminaeredef eomnfected Ffor 48 h
gp 28, o-qp 2RETVE aM®f 0. 03. Viral titers are pre
presented represent t hedimedaenp eanndde nstt aenxdpaerrd noe
results from i ndiiwiaduweall Aaetxwmeprii AlNeSNVtAs wiars us e d
calcul ate statisticalEGTW,ni-gpdZI8va n @ aqpBCW&en t
Reat 4.8 *h*p*i; PhiOs 0f 09dre was adapted. mmd mod
202273)
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ECTV,T v§C2 8 , o-gp RGN\ f ec t(ei gwerld s3. 7 B; second
top pBmel decreased vi r-gps2 8p raotd udcd i hopni owa sk CTavr
in PMs infeeagpe2BeWRitdhurE€TRAkK/IeEOn) t oget her, these
that p28 is required for eft i @iMsn A epsrpoedcuicatlilc
atow MOI .

3.4.28 del eti on dindp akedCtT psriogdruicftii cwann ti Iny cie | |
BMDMs der is/terdantinmcosin
Thereviown sthedyeplicatiansofupp28c@EIGNE dbmavi
defeceplinandotbs eivwreeat her cellilndsy pdeesrtiavaetldn f r o
Ami ¢ 4d5We) i nvesti gawaed twhwed hefr ttthd sp28 del eti o
cel | l ines sdeamneeAY-EC oimymphoma cel-2a line)
(neurobl ast o m@e c allssendl cirnoep)h acgedl ilesall an M-ng f act o
CSR ondear macrophages fr eamr tahiec e oanned dridderdr eorwmi onf €
effect of p28 deletion om ECH&se@rodalulcs i war é
with ECTV-qo28tEQToMvo MOM8 h andwéehentNestad ti
di fferengrodwmctviicruswasl obslelr @ridd@uAlp YobAUQ a
modest decrease i n it € dli \griByéonb sBevrDvMesd, i1an t N eeur
towards a reduction i n EICT-&s2-i8nrfeductdi ocne | wass,
t his watsatnaetti ca( Fiyglus€iegnThbuwsx,antata supports

i mpairment of ECTV replicati onr ygau ssepde ch yf iccan
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>

YAC-1 lymphoma cells (MOI 0.03)

1108 1
1x107 -
1x10° 1
1x10° 4

Titer (PFU/mL)

1x10*

1x10° -

B.

ns @ ECTV

Time (h)

@@ ECTV-Ap28

Neuro-2a neuroblastoma cells (MOI 0.03)

1x107

1106 .

1x10° 1

Titer (PFU/mL)

1x104 4

1x10°

e

1x107 -

1x10° 4

1x10° -

Titer (PFU/mL)

1x10* -

1x10° 4

Time (h)

*

@ ECTV
e @ ECTV-Ap28

48

A strain BMDMs (MOI 0.03)

_ns @m ECTV

Time (h)

@@ ECTV-Ap28

48
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Fi g83rBCTWYroductiebihcxilordér nesslt f anoimweds not
significantly inhibited by deleting p28

Virus pobdeECTVo-mp 2 ECWH¥s ieixrameYAt€E(dANe u-r o

24B) and BuUHEMsMOf © 04083 hpi . Viral titers are g
Results presented represent (thhe@ ome é&éB) and st
independent experiments with result® from i
t woay ANOVA waal wwdaltsdt osctal ns;i gmotf i £iagrief i can
O. Whrus growt-h datda@2Meowa¥ACGcquired by Dana K
figure was adepteadpflZ&m Dong, J
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3. 2De5l et ip2lecfr easepdr &dCuvVt i onl amed Msr dms ot he
BALB/ ¢ suscepti bbet h@o/sBeL /s6t rracisni st ant mi ce

Besisdagsain A mice, there are several other
to ECTV infection, such4.Banse xBALiBVvce satnidg altBeA /w2h
was essentpabdboti &@&@€TWVMn the PMs from other
BALB/ ¢ mi ce awe rde spuriibfeidedgrevi ous!| ygp@®8d i nf ec
or E@2AMBevaaMoOil 0. O3EC DY 288 p hiwaast icooompr omi sed
in BALB/ c PMstand hee gteyieewrd2aApitT her etior e, p28
requi r eedCTIVorprtohdeuct i manr @ nt $Pdvesc erpraeairdbd désnt r ai n .
additiohmhr smskedpt ilklixammned, whet her ddl eti on
ECTV production in the PMs i s(odFa)Medweérem r e
infected wi tqgp2BCTVYgp HCEMWA aMOf Or 038f b before
testing tHeouwtnhdBusT,Vt wit telm sor wri & ghloiud atplee8 ,P Msa n
from CS57BICF6g3mB%Tehi s ireowmilst stent warlk prev
d e monsttrhathiereg | i ¢ &tCiToWnn oFfMs from wasi sbant r
compr obmy sckeidsr uRt NGndofma@h¥4aken together, the
indicate that p28 is criticalwousrceptfiibdiee mti c
strain A and BAlLB/ Q8 demguneMed of resistant

C57BL/ 6.
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BALB/c PMs (MOI 0.03)

ns
oy et EECTV
- @8 ECTV-Ap28
£ 1107 . M o ECTV-Ap28-Rev
=
a9
T 1x10°] .
= 1x10¢ ]
1x10°
0 48
Time (h)
B.
C57BL/6 PMs (MOI 0.03)
1x107 ns
~ X % @ ECTV
£ @ ECTV-Ap28
= 3 ECTV-Ap28-Rev
S 1x10°-
3
2
1x10°4

Time (h)

Fi gBr@28 deletion compromikMssol atusd pfroadmct
susceptible mouse strain, BALB/ c

Virus pr ®Ms stoil an eidn f(rAgmd BEEBR)=/I8 s i nfect ed

ECTYV, -gCZ18, o-qp 2BETVV was &&8& nh mie.d aVier aplr etsietnetresd
as PFU/ mL. Results presented regdqrAgsEeB)t t he n
independent experiments with resultd®& from 1|
t wsay ANOVA wasl wslealt ¢ ost atnisrsdti cxil g rsii fginad & n tc,a
0.05, **: p O Dhiod ,fi*gudre pwdds ead@de@@d3jrom D

91



3.2.6 Complete deletion of p28 impairs vi
expresst oaf MisnAi nfected at | ow MOI

Di sruption of the ECTV p28 RI NG ddiomaign i nft
ECTV regdlni cPavtsi ani nliie@h 5 Kb 1 nwheestthiheigs trwaaes
duri nggpRPB8TM nvect nbear aPeMisviAt h ECT V-qpo2r8 aEaGT V
MOlbf 3 and examined virus factolr@eflbs maéern en
fixed and s-t abhn evdail wilot hr siachasgi nhiozneo EE § M0,5 6
anwad wused to iinMfcdcidhaetodlBbarlasso recognizes its
ECTV, 1BD2Mwlsiedl®e iaardi chabe pfoteWen uddx&flessi on.
to stain the niugd edi ant e df ghuyZed fRe@img odil re s s
whet her infectedgpwi8tlH eex@IrVesose EICITA I protein
under high MOI (MOI 3) iwéretiaoid ctlihmed i dcealtei tnig
of p28 did notnafiegairngl yusteontyr f obmathi on ws
ECTV andpBE8AdWVePcM$eRi 3udgd n addiet i deh etti on of p:
not bl ock the expr(eBisgduwgldfe svea rdealh ali sstt e nptr onti
our previous plindatmnigon haft E@G&Vamieno eAPMas f notn
dramatically i mpaired Fiyg @GoRé8 3BdeAdtetaxamiarte difg
formation and gene expression in PMs infect
were observed wntheEC3IVi-gpicdBetvbee i EQBEV at 12 h

few factories wer e obser v-egu28i neveal st ih5©F e
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A strain PMs (MOI 3)

EVMO056 EVMI102 DAPI Merge

10 pm

12 hpi.

24 hpi.

B.

A strain PMs (MOI 3)
< 1501 B8 ECTV
2 B ECcTv-Ap2s8
=
=
> 1007
[Sa]

P

@ 501

o

o

=

3 4

(S 0

12 24
Time (h)
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A strain PMs (MOI 3)

150 - B3 ECTV

& B ECcTv-Ap28
2
S 100+
>
[84]
S 50-
p=
P
[84]

0_

12 24
Time (h)

FigBr &0 mpl ete del etion of p28 does not affec
gene expeseteasasiRmMdsA iimf ected at hi gh MOI

A,l sol ated PMs were seeded on glass slides &
ECTV, -gC2ZIeva aMot 3. €efl gsewweand permeabilized
stained-l i ahDlhfms ias wel | as DAPI . Virus fac
arr ows. ScemlTeh ebarreesul@ s presented in the fii
i ndependent expedimphtays ame Bhibehpglreepage
of infected cells (EVMO0O56 positive) with an
i mages. I n each experi ment, 10 random field

repeatedTheigertenntgeted cells (EVMO0O56 posi
gene expression (EVM102 positive) was detern
10 random f i elTdhsi swefriegumeea swarseedadadapd@@a@ 39 )r om D
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(Fi gQuriplical cul peedenthage of infected cells (
obvious virus fact OFygtB¢gim dl Gt dneatrdducsimef $§aicd lod s
werfeound i n more than 80% off HEHFAMMsL 2itnf ect e
hpi. The percentageavofr utshd aicnfoeyt ediceelalse dwi
48 h post E@PRPReor i BCEMJEUBA Ho wke/leat,i on of p2
inhibited the formatibPeawnffedte¢ @ddwibdl ieb live mwisr |

fadteastr 12 hp(FiogBu ¢t hp@giBeshspit,hadn 10% eolfl st he i

had virus factories, which is significantly
virus factories in the PMs i ffFegleBdl wi t h t
Li kewise, expression of the vitalilhadeetpdowe

the EHLZI® virus (aRi ghuocAel avhAF W)t heatmolr ew MOI
infectiona( MOlal 0. @&Iritss ome roefa ri en f E Ehb@sSI 6t a rv e
(Fi gBumdl A compar aPbMe<p&@ypgrneoens ot EMLMO hép i
ECTV, -gCZT8 orqpR®EWVFIi Builg Tshuigsge haedt he PMs we
infected witdofsitrmiels&r svya gqouisfeisc a ngr a moorfteiacsre o f
EVMO-p6sitiivne RMsl lisnf ect ed -qpi2-Bbw&ablsveaomre ECT V
24 and( BEBg3hm@ell n contrast, no increase in th
positive cell Mwas$ eobseér-gu&dh (-G Ig&.r0el
Overabblbr respBt swashofwmprmohwiarmnius factory for mat

expr enshsePibiswer e i nfectlemdd addil tolinveoaWO2iEgepravi r e d
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virus rieplPMEacactoeddow MOI

3.2.7 p28 deletion inhisbi &a ®dMsAki rus DNA rep

The observation that virus factory format

whet her viral genome replication was compro
ECT28 virud .atTol awsM®r this question, | pu
PMs and examined viral genome copy number

met (cdbd3) The genome copy number of ECTV and
increased wi(BRi 3BnA®c However met he viral genor
ECT-& 2-8nf eccetlelds di d not( FingBBureske alVego ¢é&Xxami ne
changes in viral genome copy number of the t
c57BL/ 6. At | ow MOI infection, genome copy I
comparalllFa gBuB¢2 No significant difference in
was oOobserved in the C57BL/6 mice PMs infect
(Fi gurBg2 Neéext determi nECTwppe@B8heagrenblme replicat
complen eg yirmp a,i ule@gt osi ne -G,natlooghl AAcka DNA sy
(135pnd examined the viragp2@emnome ndegy edu iRiMs
or unt r e ateGle nwimehn cAorpag r s o f bot hqpRB&€V and E
dropped signifitcaamatleyd PMst he¢bmgasit.e aAB nlrZe)nmdi C €
t owar ds r e-dqqux& d g eEnCormve replication was al so

reducti on was not statistically significar
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12 hpi.

24 hpi.

48 hpi.

A strain PMs (MOI 0.03)
EVMO056 EVM102 DAPI Merge
. . ..
10 um
o
" . ..
Rev
e ~a ~a Sa
~-~— -~ -~ v -—
o ....
" . ..
a
®

..
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EVM102 / EVMO56 (%) : Factory positive / EVMO056 (%)
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—
w
T

1004

tn
je]
1

o
1

._.
W
g

_.
o
T

n
T

]
1

201

154

10+

A strain PMs (MOI 0.03)

B ECTV
B ECTV-Ap28
[ ECTV-Ap28-Rev

ns ns ns

Sk kokk kkk kkd dkkk ke

12 24 48
Time (h)
A strain PMs (MOI 0.03)

B eCcTV
@ ECTV-Ap28
[ ECTV-Ap28-Rev

ns ns ns

wkk kkk kdkdk kk% kskk kkk

12 24 48
Time (h)

A strain PMs (MOI 0.03)

B ECTV
[ ECTV-Ap28
[ ECTV-Ap28-Rev

dokk kol

ns

ns * .
ns
ns  ns ﬁ I
12 4 48
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Time (h)
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Figdr&ompl ete deletion of p28 impairs virus

expresgiranPmsmAi nfected at | ow MOI

A,l sol ated PMs were seeded on glass slides &
ECTYV, -§C218v, or t he raevMOilt at O0O3.irCel lag wer e
permeabilized 12, 24,-18r a4l Apst asndved il aiase dA
Virus factories are isdikcatradsblyt arpoasentSed
were replndapeddient3experiments, and the fig
B The percentage of infected cells (EVMO056 p«
determined from i mages. I n each experi ment,
experwame ntepeaCddheld3 peirmesnt age of infected ce
with visible | ate gene expression (EVM102 pc
each experiment, 10 radben humbdses wekr & nfeat
(EVMO56t ipwes) was determined-i af ed¢thieoni.ndl T ate
experi ment, 10 random fields were measured.
standard deviation of 3 independent experi me

indi cpopedt sway ANOVA waal wslealt ¢ ost atnisst i cal
not significant, *Thips Of i0gWr5e was ;eatpagd ed Of0r
2022473)
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A. 3 ECTV

A strain PMs (MOI1 0.03) @ ECTV-Ap28
3 ECTV-Ap28-Rev

ns

10000+

1000 -

100

—
=]
1

EVMO049 copy number / ng

[u—
[l

Time ()

B. B ECcTV

C57BL/6 PMs (MOI 0.03) [ ECTV-Ap28
[ ECTV-Ap28-Rev

ns

10000 -
1000 A

100 A

—_—
o
1

EVMO049 copy number / ng

[u—
L

12 24
Time (h)

Fig@8r &®R2ral genomic DNA r aprlaizmadA ©m7BIln/ & Mmi d¢ e

PMs isol arad A Ao @5 §Bhi/ dernenfected with ECTV,
aqp 2 8, or the aeM&Oft ®nt0O3vi Vusaht and cell ul ar
phenol exatnrdact4i chrpil,2 and Vvirus genome Ccopy nt
Results presented represenf AdmheB)meampeanddendst a
experiments with results from iMAdt-waydual e X
ANOVA wascalsedl dtoe stamnisstinoal ssiggniffiicaance*
p O OO.h0OGlfigure was edadap®R@&@3)rom Dong, J
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( Fi gu.rNe3 Thus, compl ete deletion of p28 r esu
replicationssrraiPMaAaeptliobM eMDlgeinmimec triepr .i cat i
defiecduced byi p28ocheaeablom to the in@ibition
treat ment .

3.SBummar ywradedscussi on

I n this study, we show that the requiremen
only dependent on the infected cedfl ntoytpee, an
unl i ke previous st udiypse, EtGTM psidgliuncdtii eans ¢olfy
i atrainnX ecMsed althias hmagyh bMOIdue to a | ow pro
which might [ i mit the resources available f
replicati ont ylpeweH@agf owislcdure t he effect of
production at high MOI .

Using a Poisdén —el—iA—s,tn'risbummisort hfe wumbemns of
per (cleflélXhe probability thtatl eeasteldnaevivilr iban
of @Gresha@B¥%kel |l s inobattyed st MOIOITI ednf5 @3 it e
totlal i s itrot enrbé@d@en hnigb ivtiirawrs dfact ory formati on
expresasiaceedsyer ved in the infectwhd cohtdlsi n A P
l ess than 15%Tbic shieahitstohtea | 0 bcsed rlvse)f ecoenleldsn t he
at a MOI wHi dOh OvBer e most | ylkisnef ercatspugletssi ¢ ¢v o & 1

t hevemalolporti on odf fiencftescttelde creed dq i r e ment of
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replication in PMs from strain A mice.

We show that ECTV comp(Etguyehadawéyag, pRBei
a severe impairment I n virasi dmactanyg f at ma
expressraPMsAiIi nf ect e(dFiadg3unled WoM®O®I st ent with
findings for -delleetRldNGE GBVIRRE2NB8 i r ement- for p2.
spec(ilffidc)we f ound a mini mal role for p28 for
der i vestdr dimimcm a st rweeBlMD KYsF+ i Bu)rBeowever, p28 del e
compromised virus production in PM&Figauolated
3. 9A)al beit the defect wasstt aRKé promoend&edC}) |

Our results i neiscaetng ditalihrauws pridedp ¢insc @aat § oaont e x

Mor eover, p28 is important forl tve malse agre naotme
what 8stepsofeplication p28 is required. This
on and diesowsg ailn tdi scussion section. I n add
wi || be critical to further elucidating the
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A strain PMs (MOI 0.03)

1000 A o*lﬁk
B |
100 4 !ns

EVM49 copy number / ng

MITThNS

0.1

ECTV

C3Ji12h
12h+AraC
3 24h

24h + AraC

Fig@8r &®Bral genomic

PMs i sol atanmhné¢ & d meesad e d
with ECT-4n2 &,CTovr

by

was purified
determined by

ns
[ I ns

Ap28

CJi2h
12h+AraC
B 24h

&3 24h + AraC

DNA

12h+AraC
O o4n
24h + AraC

replicatiCon in PMs wi

wi t h or-Cwaindfoaudt e4ad Og /
t he a eM@ ir t®.nd3 .viViursalatand c ¢
phenol
gPCR.

extraction 12 and 24

Results presented repre

independent experiments ewiitne ntess ulntds cfart erd ial
t woay ANOVA wasl|l wislealt ¢ ost atnisst inodl ssigaqn if fi icaa
was eadapd@& 2)r om Dong, J

O O0.TohOils. figure
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Chapteevdlopi no vtesd ludyatt ed tleisn cdinng properties

Contributions to this chapter:

All experiments presented .i nThehidso ncchra pptlears mvie
to gemecwltevi rus-tagpgreas pi2B8g aHids i t s 1 sol ated
and or dered&dglwy Tchesnokov.
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4.1 I ntroduction

p2i8s an E3 ligase which is expressed at bot
(151 Previous studies have showhetmanap2&i ¢t an
N domain and a Rit{tNGMiIbOMM&), n Th &N KhemLi p 28
shaa esommon stthedAbumei wigt APSETD6 pr2daiemcoded
by SNAWRsheaen shown ¢tel |IbulnasE™1Ndo)ltununnsc at ed p2
encoded -WR wWaALVdetected in 4 hakceobimpsp ebryt onfa sDsN.
spectromet r(yl Sareli wNAad o mpauitn n ot RI NG domai n ¢
required for p28 yYilBAGID)dlaecttioany dfocsad viemthiogh
ami nor acii(dd®s YI NI TKI-N deomaihre Kedwl ts in the
virus factdgrnyBhecRI NGadomain of p28 is cruci
in y¢yi1®88) n addition, di sruption ofi caheoRI NG
human and mouse mat6GEhabEd NGe Inlg elrs tadheesna i n
RI' NG domahasotop28rveddtcpet e(elsexd)amd thiisdst t
consersenckesdBIAING domain of p2&reCetsl3eceamndaClie®
ubiquityl ati 0h5bIRNHesd yr eofu lpt2s8 i nubbi cgaset hat
activity, howevehawbhgesubeenaidenoi fped.

Il n thisudiépaeteirvated i @WBANDetaosmallapscale
det er mi nec owbled aedroiod app2t8BwrbisnlgBaftlelss. i s a met ho

capture and i dengstihfryouEg3h |HE 3g af 6uBd3ilsqunbsshtavs athd) bJ b
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moi ety cani hrapopeopEBxBwWMi tgr mbnyg(hla7Tov al ent
capture substFirA&GGt agged P28, f(@slGAH 2B8bwi tvimasUb
expr e s adc eCopAnCiVertetlead .c el hddet udyg, t he DNA bin
propertilespuHi-ttmp2Zpgler drmcul ovi /ThE3IsYPYbygame
actiawnidt ¥ he DNA bindi nm2webriel ietx@uo fnpetplii2e8f paedi f i
wilh Beluable tool ffesaf usrlBobesutudy tkbeefunct

4.2 Resul t s

4. Thhracteri zapg2-®mn ionf iFLfAeGct ed cel | s

The UBAI Ts appr oacshevvea shilBblail ¢ al satar ebdp pvei dt h
only the substraitescl|l buet @i & BhPIERGEBEE 7N s
Theftolmdopt EBALtahpepr nde he whienidteaemu ded avol to
captpurod ei ns ass.ode ait ghile Adaaghy efddfGux8 on pr ot ei
(Figuréamd linsert ead vieeS ©6 éwmhei aimtwas tihseed t o
transgapexVvroms ear(lly7l8haet @ | mrs svifmlaA-@ 2089 C 6 6
was transfectedviitmt e&2A@&IWhs cihnfiesctaedpoxvi rus
endogeno@uwsr apt2i8o.ndlhea hwaAE2-8bwoul d coval ently
substrat(esd gafr ep)Bhe coval ent bond between th
associated proteins would allow usFLHLAGpPpuri fy

Ab.s
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o @& = > —O

® @C p28 ) @ E2

l

o @ »m O
Target Ub
Protein T

covalent bond

Figurle a4grl&EmA@R2-8bt rappi ng potential substrate

1The schemapi28bDHELFAGC®R®zsagadded at the N term
Ubwa | inked to thei& ftleegxmimluda tliommkper&8i d | i nk
consi Bt iGGHEGopepgtthee Ub moi ety i s activated |
t B23 A covalent bond i gnofi carinngle d hbee tpw eoetne itnh ea slsbo
the p28 moiety of the fusion protein.
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To ttehget oteexipmr essiodn Flpe2@di n di fferelnt cel |
transfecRkleApPEEDOCO6IBStE@0 BHaHa cel |l s. Cell s were
wi VACCZoaa MOIT 3 flospB&6EKR ARBL28 as a pbsertive ¢
FLAGagged protei Wniexfpeetssd o€ ephbecaerds VACV
transfected wi tihn cplsu@leeay av @ cvtelblrceowstxrpr less.si on | e
FLAGagged m@mreoxtaeminnse dwLbAYyBeasnteir n( Bi gatéendg. 2, t
pand@gloffFi A-28 ane 2BbA&er e o0bs eCovpendf eBcBt-GEVA CV
40 and Hedmd stelkées op 2-FHL AG~38 kDa) i ncreased
compared-p2&8 KFLASrlkbdg)ft gdre 4. Howeoprpahnhbbkje
FLAGagged proteins were expressed48@tchlbhber
( Fi gdu.r2e, t oph e agme8@bivas al so used to examine
FLAG28 and2BbAGAEK28 i-A0BBEI | s awmas Hebsaercwedd s
i n wester narp 28bt Finggumwe th. 2, secold fiptaocel tfr o
di savdhrern herp 2Bbw&s ecogni heerdp 2BBPpbecause the band
FLA®B2-Bb mer gtlheomipelo i fatc -bIHA4FdkdPwr e 4. 2, secon
from.t ANmnet hael escker bamndpSvaeEe Ag2d8dr ved i n
transflat eeld deetshtkitmMgs2-8b may be rteheco-g28 zed by
Abl Figure 4. 2frecmctodfple peameesuhas the expressi
p28 anedg 2@BbAGan be tdatkkicA&Adtby he praemdcted s

the expewdbiF@o&&b i n HelLa cell s wa4s0 haglhleg. t h
108



FLAG-p28-Ub - - - + - - - - +
FLAG-p28 - - + - - - - + -
pSC66 - + - - - -+ - -
VACV-Cop - + + + - + + + +

34 kDa — ==|<—FLAG-p28-Ub

e A A — e

26 kDa — - —

— — —

o & [—FLAG-p28
anti-FLAG (M2)

26 kDa — - - @ . FLAG-p28
anti-p28

34kDa—|_____,_ —— |3
anti-13

55 kD2 —| o c i e i e i i | «— f3-tubbuilin

anti-f-tubulin

Figure 4.2 Expp28biiom ionffidodtheBdd BseC.a cel | s

BS@0 cells and HelLa cells wer-E At9r2a81,sferct ed
pSC66 A228Bhand then inf€opadM@it 8r VABVh. VACV
| 3ueed as anvAICAZdipc dtnd re cd-b-tounb.l iTnh eb laontt iwas i n«

show protein |l oading. Mol ecul ar InoafEsse mar ker
western blotting was perfmeifimedrbguPbasrpclksPé
the figure were replicated in 3 independent
3 replicates.
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It i s known that p28 Il ocalizes(16D5%) rus f &
Il n addition, -locmjlu getdeideodplmiveeas pr & safsli @& of
p2i8n icdflHel & 152!, ICsLf3i))r mi ng pl2-8Bb mhenFHAGS t |
same | ocaaldi fzeadti aen p@B 1 s cruci al for us to
proteins that Taos siorcv eadlteo @uailt tielda pARER+8 baorf d
conj ugaHelda Ubel Edtirweenrssf ectadf ected with pSC6
FLAG28, oFfLAHBECBH and then i nCept ed®wi 3 h VAC)
The | ocalciongtuigan edfAGlagged proteins were ex
mi cr oaspapynt onj ug Ab(eK )b tFor A DAPI was wused
stain the nucil &isn da ncdatveidr bsy ufade & tdtiB A-6 h 8
and FoL2Awer eocat oz edsi disspdtiacrat ecdatby RDARI 8 hp
(Figure 4. 3, cQ,njdy,ateadd, Ubndvals2)di fficult to
cytoplasm in infected(EegusewdtBpoualB3mp283exep
contaoarcjtyugated Ub was enriched in -ph& oirus
FLA®G2BL Fi gu,r ec 3#,. 3d3 ,.Tlg8s e amas thl3t)s dabonstrat
to the C terminus of p 208 tdsi da eniorte @aylj fuegpcatt epd2 8

Ub i nto iwvésus factor
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