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Possible Roles of UL112-113 Proteins in Human
Cytomegalovirus DNA Replication

Young-Eui Kim and Jin-Hyun Ahn"

Department of Molecular Cell Biology, Samsung Biomedical Research Institute, Sungkyunkwan University School of

Medicine, Suwon Korea

DNA replication of human cytomegalovirus (HCMV) is a highly regulated process that requires specific interactions

between cis-acting lytic origin of replication (oriLyt) and frans-acting viral proteins. Formation of the replication initiation

complex is also regulated by specific interactions among viral replication proteins. HCMYV replication proteins include

origin-binding proteins, core proteins that work in replication forks, and regulatory proteins that modulate host cell

functions. This letter describes intriguing questions regarding how HCMV origin-binding proteins interact with oriLyt

to initiate DNA replication and how the regulatory UL112-113 proteins, which are found only in beta-herpesviruses,

function to promote viral DNA replication.
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jiZelth. HOMV 5792 2 myeloid lineage®]
Az A dojul= Blo R delA] lont oW
4 Aol A mle] ]2 genomeo] A H A= U A
AA et (D).

A AEEE OFEEY HCMV A 54 vle]g 2~
DNA polymerases EMIC.= 3l Iytic 7FellA] wlol
2 genome?] HANAGS JAIsH= AEC|H AN o]
218k ofAlo] WS zte HbolE| o] WIHE Edow
QI3 TheFgt HCMV SAAof digh 7to] 87531 Q)
o} 100%50] B+ thsh 3T 2ufo]E =504 genome
A 714 A= fFAkek ofd #oldte o2 f4
b0l & BEo] ok AR o] AT ARES
g2 dul-3] 3] 2nbe] 2 24 o], herpes simplex virus type-1
(HSV-1)] =& Zul-3]yj2nto] [ d], Epstein-Barr virus
(EBV)JellA = EA] &= 553 vlo]g 2 7]5o] H
Ef-3]u]2nfol g 2 HAo] Fofstal -5 HolFaL §)
th & ZellAE HCMV HAlel olsh= ofg] npoje| 2
Tl E S0 s HA 22X (origin) ] Al s 1t
o] AwEaL, HER-8 g 2upol 2] 2ol At Ik B =
ULI2-113 S 5ol tigh 4l A7 Aas vge=

ol=2] DNA A ¥4 7S 5o s divh

p
.



HCMV DNA Replication and UL112-113 Function

HCMV =X a9 =5 22|

HCMV genome ©]%7}5 DNARA F7|& oF 235-
kboll &3l HCMV DNA HA1= w9 55338 o=
ofe] vpoje| 2 vl So] hejskal Qlrh Lytic 70l
/] DNA HA& Als<] UL (unique long) F-21ol $1*|3}

39 she] HAl L Z(oriLytyell Al AIRFETE (2) (Fig.

1A). Transfection® Al|3ZoA orlytE X &3}= plasmid2]
A S A3} transient transfection replication assay=
st A3 11719 vlo]# 2 genetic loci7t &&4 QI
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oriLyt-2]E% DNA HAlo] gk Ao=w et
(3) (Fig. 1A). o] E25F A= nlole]s dijd &
o= DNA 34| forkoll A 2H&-38= 6714 core A&
o] ¥ 3}x|=1] DNA polymerase (POL; encoded by UL54),
polymerase processivity factor (PPF; UL44), single-stranded
DNA-binding protein (SSB; UL57), helicase (HEL; UL105),
primase (PRI; UL70), ~12] I primase-associated factor (PAF;
UL102)7} o]l &3t} o]& 6 core T AE2] FAAl=
EE herpesvirusE2] genomedl] & HAE] 9T} 4,5).
HA4) core T 9]oj = UL36-38, IRSI/TRS1, UL122/
123, UL84, 183l UL112-113 & 539] genetic loci”}
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- -
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Figure 1. HCM V-encoded replication proteins, the structure of oriLyt, and a possible role of UL112-113 proteins in the formation
of the replication initiation complex. (A) The HCMV genome consisting of unique long (U ) and unique short (Us) sequences bound by
terminal repeats (a/a’', b/b', and c/c') and the position of open reading frames (ORFs) for replication proteins are shown. (B) Schematic of
HCMYV oriLyt showing the relative position of two essential regions, oriLyt promoter, small replicator transcript (SRT), binding sites for
C/EBPa and IE2, a highly pyrimidine-rich sequence (Y-block) and the RNA stem-loop structure. Nucleotide (nt) numbers shown are with
reference to the AD169 strain DNA sequence. (C) A possible role of UL112-113 proteins as a mediator between the origin-binding complex
and the polymerase complex in the formation of the replication initiation complex.
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transient transfection replication assay®lA 5221 DNA
Aol #od3it} (3, 6, 7). UL122/123 locusOll A= alternative
splicing®l] 2]} immediate-early TH¥ <1 1E1 (IE72)9} IE2
(IE86)7} &t} IE2= HCMV thiti-o] 4zt
ol A transactivator® &3l 27| AT A= B2
o] o]# gt 7]%5o] DNA EAE FXA7]=d Hofsle
Aow AZtE AT (8). HLell= [E27F A 7R IALE
el UL84St A orilytell 2% #-8-38ko] DNA 4]
o] A&l Fagk A o= ZoRE BRIt (9). IEL
L 1E29] transactivator 7] o= =2 ¥ olyg}l, PML 2
Sp100 9] M| restriction factor, histone deacetylases,
STAT29} Agsto 2 M 7FFA| oA Blo]2]2~ genome
9] epigenetic suppressions = 53FAL; type I AEHAE
NEAEL Al 715 2Rt} (10~14). UL36-38¢]
M S0 MXEAFES JAsHE duld o] H s
(15, 16), IRS1/ TRS1<> protein kinase RNA-dependent (PKR)
I Agste] JAejEEel oJal] Fi¥= & nfolg 2 Al
E7)5S A 715E 2T (17, 18). ULS4= HA|
WA RIALZA] orilytel]l EA|3H= RNA stem-loop 725
A5kl DNA HAIE AlZfsted Ta3k A3s 3ot
(19). ©]*¥ HCMV DNA EAl1= 1E2 3 UL84 5 54|
Lzl Agtehs dild, B4 forkell A 2H8-31= core
il Z(POL, PPF, SSB, HEL, PRI, PAF), Z1#] 1 UL36-37,
IE1, IRSI/ TRSI 5 %7¢] AE7]'5& Z43}lo] DNA &
Aol frelet $S vheE vk Eo] o V)eS I
8= g}

HCMV genome ‘3] HA| 2%l F 7o J4H-
?(essential region VIS 7FA3L It} (20) (Fig. 1B).
Essential region 1> ¢ 7l¢] Y-block®]2} &&= 31 nt-
oligopyrimidine sequence$} transcription factorg©| 23t
T = F 709 29-base pair repeat sequenceS 7FA AL Q)
o1, o]®]o|| = [E2-binding site”} =4I $HT}. Essential region
I1°ll== DNA/RNA hybrid 9]¢} RNA®] stem-loop -]
7} &A1, o] FZ2% FYAI=ol packaging® genome
o= Holgl= ASR Hol genome MO FHH
Aoz o] AR} L3 UL84E in vitro binding 2]
A1 RNA stem-loop¢} 23 233 4= 212™, chromatin
immunoprecipitation (ChIP) =418 53l vlolg]2~ A
A% DNA/RNA hybrid F-9]ell Aftel= Aoz v
A (19).

IS A EL of2] DNA Hpo]| =9 HA| e z|xlel=
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transcription control element”} EA|3}H,  transcription
activations &3l HA|7F AZE ALY HAQ] g8 F
7FA T} (21). HOMV 22| F o %= A3E transcription factor
9] binding site®} B}0]2]2=2] transcription factor®! IE22]
binding site”} =g}t A3 9] transcription factor?] C/
EBPoi= UL849} 23] Age 5= glom Ha] SejxlefA
T e YA BEEY (22). Z 2ol transcription
coactivator 7|52 H.0]%= hnRNP K= HCMVS] &4 &
Zxlel] EAlshE Ao BaE AT (23). haRNP K= 7
nl-&| 1] 2~nlo]#] Q] EBVLF Kaposi's sarcoma-associated
herpesvirus (KSHV)2] lytic 2 latent L 2] X %= A3t
t} (24, 25). HCMV 54 Q@7 o] F R0 A tran-
scriptional activation®] %74 %]=H, orilyt promoter2} SRT
(Small Replicator Transcript) promoteroll A doJdt} (Fig,
1B). OriLyt promoter+ bi-directional promoter=. IE2-binding
site”} EA15kH, UL84¥} 1E2¢ o3 &Adshrt 4w
t} (26). SRTE= 794 2AIXHE ¥HE0] %= 2 non-
polyadenylated transcript® 7+do] 3o we} 7}
Ht}. SRT promoter?l] A1 €] transcription A| 31} H}o]
29] transcription factoroll ]3| A= FHo= AZtEUT}
(27). F - SRT promoter F-¢J ol = IE2-binding site”} =4
apw [E27F A= o] 5o S AT (22). Transient
transfection replication assayS ‘&3l 4], IE2-UL840l| <]t
oriLyt promoter2] transcriptional activation®] LojupA] ¢F
oW DNA EA17F Asfjdo] #2E ATt (26). T3+ SRT
5217} deletion® orilytS ©]-8-%F in vitro replication assay
Aol A SRT7F 4= #] 2597 DNA A7} A3l ]
At (20). wWeEkA, HA 22719 replicator transcriptE©]
DNA EA|9] initiator= 2-83lAY A8 243 7]
5 7H Ao w AZHATY Oriytoll A AAAAE T ranscript
o 71 9 el xdol tigh 5= HCMV DNA
Al 71& B olslsh=dl Bagh Fag A72HA

ol

HCMV DNA =AH[0AM UL112—-113 HEIE|

—_

18
m

SHE A% HCMV DNA Ao s 7304} Fol A
UL112-1132 H[E}-3] 3] 2nto]e] 2o vt So]H 0w Eaj
St} 53] ULLI2 sequencet™= Z.E H|E-3| 3] 2~ufo]g]
ol Al HlaA Z BEEFo] It} (28). ULIIR-113 T AS
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Sh}e] transcript2H-E] alternative splicing®ll 2]} 470
SAER wEolA= olE 57 ULLRE &)
encode™ = o} -t 2527119 ofu|:AkS Ff-Sh)
UL112-113 952 3 vjof] itshe dfd e el
su] FAzpol] o5l 717 p34, pd3, ps0, L)L pRaz P
wET (29~31). HCMVZF 73 ®l A4 UL112-113
ch g o] kL 7141e] Xldel wef AR o R A
ok pd32 7P wol I Eo] 7 il =2 level®
A% W, T isoforme T2 74 $7)el gl
Z7Fset (30). UL112-1130]] th$h anti-sense RNAS ] 2]
A vholelze] HAlZk AsiEo] BAAUT (2). E,
HCMV genome®l| 4] UL112 ®&= UL113 917} deletion

1 rlo

5 wlolel = Ae] FA5A Zato] FHAT (33, 34)

olglgt f3lehA FAES ULLI2-113 Tz Eo] njok
AlsEoll A 8291 nfolg] o] F2jol] g o
Atk
UL112-113 @& 52 o9 HCMV DNA 5418 <
AZ1=712 ULH2-113914 s = 430 did S
247y BolARl 7S zhevk 271l A= ULL2-

3 dEEe] vpo]g 2 {Hzt WAXRE 75| AA
= Ach ULL12-113 @A 53 H]5o]4 o2 DNAEY
3FA 3L (35), transient transfectionS ©]-83F reporter
Axp A eA IEIIE2 @A} B&Eo] UL112-113
WSS DNA Ao #AHAE early FHAY] THS
= 7FAIFTE (8, 36, 37). SHAIRE o] 3} reporter 2o A
9] transactivator 7] ©] HlolE]2 719l contextol A=
UehbsAs e vk gloh SvlsAls UL2-113
Sl So] whgo] KSHVY A&dstel] Slojr Fa
St transcription factor?] RTAS] H-& F7IA o2 M

s
to W
N

=

¢

KSHV S41& 51 Al 5= 3l 1mard vh )tk (38).

F HCMV7ZF 2438 AlEo Al ULLI2-113 ©hadEo]
A 227 A3t @Al ULs4 E IE29} complexE
o]FiL lom, 58] [E2¢9h= A AFE o slow
TEEATE (39). HOMV A4 22 7oA 2] DNA HA)|
A2}l orilyt promoterdl| A12] HALZ} HQ3ka1 o] g
transcription factor?] 1E27} ¥ojgkrh= Fell A, UL112-113
9] transcription coactivator 7]5-©] orilytol] 5] DNA 4] 2]
MAE FXet=dl 7198 & 7FsAde] vk 129 2
&= 3HA %8k UL112-113 mutant Hlo]2] =5 ©]-&-3}
o] oriLyt promoter] A1 2] transcription®] 333 RH=X],

1231 o)A o] DNA EA| &89 Astet ## gJeEx=
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TrEEkE A7F Za g Aotk

HCMV #3olA vlo]#]2~ genomed] EHAE $3
pre-replication site2} DNA A Al ¥ (replication center =
2 replication compartment)= A3 3] Qkol|A] FA =1,
o] pAolli= wlolg| 2 HA ddE ko] SolA 4
gro] "ask Aoz A7} (32, 40, 41). S EAE
UL112-1135 67} core A5} A HAA A 7
-, UL447} UL112-113-2]E£2 S 2 pre-replication site=.
recruite ©] TEEJTE (40). UL112-113 A 5L o}n
w-wke] 125 o] AkS B8 selfiinteractiondtH A E
U2 isoformE 7] AEATE o]Fo] T} (28). Self-
interaction®] Z ¥ mutant T HEES AHFH Q0 AxE
W X5 Holx] om TE core HHNAES pre-
replication site= recruitsli= 715 %= A ©Ul (28). o]
st A2 5E HCMVE] DNA pre-replication site 3 =4
AE Aol ULLR2-1137F 583 d3s slal glom
olg| gk 7I%5ol opn|i—Eehs F3 ULL2-113 Thild s
o] Ao Agol dedks 5 o vk

SHH, UL112-113 S92 self-interaction ¥ o}2h
UL44 (PPF)ot= 25 AjHe 4 o] Walzlth (39).
UL44:= UL54 (POL)®| 7H3AI=eke] 227) opv|aths:
F3) ULs43} Agsh ULs4] 23 long-chain DNA 3
do] 7VsstEE FE 715S ZEET (42, 43). UL449)
opH| -tk 2907) oAk F-91= HSV-19] UL42, Al
9] proliferating cell nuclear antigen (PCNA) 2! polymerase
11°] B subunit¥} M8 225 ZH=T} (44, 45). UL42+=
monomer, PCNA head-to-tail 2] trimer2A] processivity
factor= ZH8-8F= WHHol|, UL44 (1-290)> C-clamp F%
9] head-to-head dimer= 283t} (46). UL44 (1-290)+= &
gk UL447} AW ALl gl DNA A% 9 ULs4 A% &
3} in vitro processivity factor=2A] 2] E44S EF 7R
ATH (47). AT UL44 (1-290)= UL112-1132] p84ol=
AgetA] Eahe UL44 (1-290) Frxks 2t 599
o] upolgl e w9 W& FA Y-S Helo] HEHIUT
(39, 48). 1] Yol7k, HA| core WA, ULS4, [E2, 18]l
UL112-113 ¥ plasmidE ©]-8-2F cotransfection replication
assaysOll A UL112-113 p849} UL442] AELS UL442] &
S22 oriLyt2.Z9] loading 2 ©]o] WE orilyt plasmid
o] HEAe] Hggto] T} (39). HESH ULIIR2-1132
TH p34, p43, pS0 WA= A RF pg4= W EHA] sk

mutant HRo]HAE AL FA R o] dRlET
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(39). °1#%t AvR= ULH2-113004 2e = v so]
¥z} BolHQl 75& 7HAAL s AlAEkL ok
=, UL112-113 ¥MZAEL homo-dimer =< hetero-
dimerE ©]F1 ULS4-IE2 EA| 227 23 complex ¥
olE} UL54-UL44 complex®t= Z33}HA replication
initiation complex 4] 9] mediator &S & 4= US A
o7 AZFETHFig. 1C). 3k UL442] FHEA-doka)
UL112-113 whaldo] Agteto 24 PCNASL AFSH ring
BeFel G325 ©]F DNA polymerizationol] 31141 UL44
of & AAlE 24T 7Fe A= Utk UL449F ULLIR-
113 whalA 7ko] Asto] processivity factor 48 A F
Z73}=A]= in vitro DNA polymerization assayS 3§}
o gld 4 JS Alolth o8 HCMV DNA 54
A S 7he] AR 1e]al o] 5 orilyt {He] 5]
| tigh E= vlole] s JA| 71dE o8
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