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The ubiquitin like proteins, FAT10, is involved in KSHV viral productions
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After primary infection, KSHV persists lifelong as a chronic asymptomatic
infection in its human host but establishes latency. Productive infection, which occurs
spontaneously or can be induced artificially, lead to virus production. It is well established that
herpesviruses hijack host machineries for their lytic replication but little is known which factors
are involved in KSHV. Here, we performed proteomic analysis with KSHV lytic replication-induced
cells to explore a new mechanism of KSHV lytic replication. E1 activating enzyme Ubiquitin-like
modifier activating enzyme 6 (UBA6 or UBE1L2), which activates both ubiquitin and FAT10, were
identified by proteome analysis. Knockout of UBE1L2 reduced KSHV viral productions. We also explored

target proteins of FAT10ylation by immunoprecipitation-MS using FAT10 specific antibody and some
viral proteins were identified. Our results suggested UBE1L2 is involved in KSHV viral productions

by FAT10ylation of some viral proteins.

FAT10



X C—19. F—-19—-1, Z2—19 (@)
1. WML DOE &
FHZEE$L 300 T AIZE#ET 2= A ADOERDZ 130 AR PAHERE AL~ 2T A L2 (KSHV)
ko THIERZINDI AR VHEED B FEIYE TH 5, £, IBEBHIZIE 5 KSHV 75
Plifgn e M LIz vy FOFEEG E DR CHERE S WO FiAENE LTS, &
AV ANRA T ANV AR L TT v 7 8 BV EOERIRME & RWHL D A L AR Z IR 3703,
KSHV EYEIZ B L CIEBIAMIIC A B 7 B3 72 < | 2R CRICIRZI M & 72> T B,
KSHV (3t #F I 9 2 R0 R B A B3 2 S TICBIRIERT 5, & L CHEHMRIBYE O
FEARARC, KSHV 34K PHES B #lfatt ) > EPEL) 25| k24, &7/, BIRERL
7= KSHV O — BT fRIE G~ L BAT L IRN T U AV AFAC LB 72 & v X 7 B A 3881 L §R
UANVAELEIT D, KT KSHV OREMRGIE IR TEM SN TW 20 k& <,
KSHV [ZH N RIRIEFED & — 7 > MIRVEZITRRSINTORVORBURTH L, ~_A T A
VAR ER 72 ISR IRR G 24T 5 2 E N CE P, BRI OBk %~ 7218 TR %2 A
Yy v 7 LTHHD DNA LT A VAR ATERICENL T TND ZERMbBNTND, L
L. KSHV TIIVafEEGIC B 216 ER TIXIZIEM 5N TR 59, KSHV IEARIE GRS o fit i
DT=DIZIE KSHV ORGP OMEEI 2 R 2T ERF 2B AT 2L NBH TH 5.
HEFILZNE TOMRICBNT, 20X I ICEET HEERFBRE SN THNRNTZDIT
KSHV i iG] S Tunign & S BT 2 Rk 3~ R8I 7 v 7 A4 — ST %

1TV, KSHV WG ~BATT 2208 E1 @R TOTF4+— AR IcL 3B R EREZ D15

B O EALT 5 1EER T % W ER oo riom  [)vs T2NBREBR() [BREBRT2
. . tiiE  |[EEE ERE

L72(K 1), TORER, e F o8y v FAT10R8:E

) 9:// \oaA 6.644327| -1.418154 5.226173]
7B (UBL) T 5 FAT10 $ L0 ISG15 v AN e ]
ICRHEG A & R BENRBAE ISR BN X h\\-mmooe 3.943611
FH L EFERL LT, -0 khb FATIO. X (w1282 TOYTFA I LB
ISG15 %X U 3% UBL #EOTIZIE X w0 E%?%
KSHV DBz % U CHULEY I < X 140

N . FAT10
%)@ZPT?E L CWARBEMENFEF IZE WD Z’gj?ﬁg \ 100-E§§9>l\°7A
LEZTND, X P— .

BRELFES, FESAENTIBEIERF LE7OERLTNS

2. MO B

ABFFEO BIX, KSHV ARG .08 @ < UBL OIRIE & 2 ORI R 1o 336
R EIZ A O NCTH 2 LT, KSHV ISR EiE 2 il 2 2 & Th 5,

IHETHEZA, UBL EALRATA A ZADBEBIZAERHINTE LT, SRS
DR L TODOR R E 72D, S HICUBLEEO FICITHEEA RN RHRLO LB |
A VAERRALIE T TR RICEBR T TS b HITE R R E 52D LN TED
EEZTND, EBIT, AFETIE, A2V —=2 ZICHREN 7 a7 4 — LR 2 VT 5,
KSHV (359 90 D ¥ v R Baa— KL TRY | HEFICEMRAFRE L OUANVATH
Do, WERDIFIEETRIRDMRARA T ) —= 0 TRZPMEL 25T 5, AV
BT 0T A —AENTICED TCICHBEER T2y 77T v 752 LICRIILTREY,
MHER) 7 0 7 F— LRI ITRE 2R &L B R Do NV RAT A L A DUSFRIER G T IE LT
DL ZOXINTAMEEIGHT D Z & TRKSHV OAHR LT MDA~V RAT A )L AD
IR YFE O R LB S DL LN TEDL EEBEZ TS,



3. WDk

DKSHV OATFERICEE2 525 UBLBLCHEESY V7 EDORE

£ .UBLOHTH &N KSHV OEfFEGUCEE TH L ONRET 2 2 ENRBRETH D,
ZIZ T, TTICH LN E /2> TS FAT10, ISG15 LS KSHV OATRERICHE LY 5 2 5
UBL 05, FAT10, ISG15 & &7~ UBL 7 KSHV OAJHERIC ED & 5 ekl -+ o
. R Z2AT o T2,

RN 7 0 7 A4 — LEHTIC X > T UBL « UBL B &% o X7 HIZHOWT A Y U —=2 7 %47
S BT, FRFICELTEEMN PCRIES IOy =22 7 a v MEEFWT KSHV {5 iR
LFZRBN LA LT D b0y 77 v 7 L, KT & Lz, b EMEFIZo0n
C. CRISPR/Cas9 # T/ v 7 77 47\, KSHV OREMEEGD AT — P THRICEHE /2
7 A VA DNA B E I3 T RIS EZ 525 b OEK VAT, B, MEN T e T4
— AMEFTICE LTI T e T A — AR O T 0 7 = v v a T Th D ESRHEA - i - ST
i7art—nUb—FFuad s WL TER L,
2)UBL MERATAHE—F vy v I BOBRE

UBL 3R EDH =7 N2 NI EEEMT L2 LT =0 v b F 37 B ORRE & il
LTWbZEnmbnTnd, 4l DTRESNZ UBL b % —5 v & U8 BIERT 2
Z & T KSHV ORI B % 5 2 T D AR E WD X —F v N Z X B % RIE
THZEDNEFICEETHD EEZDNS, DTH LN KSHV OFEGIZE P 5 UBL IC
DWT, Z—Fy MU RITBEOBRREAT T, BARMIZIX, Z ik S v/ UBL O3B
T A3 FafEfl L, KSHV ISR 2 58 L=l 8 A U7 B ok S8, thwico
WTHEBGIT Z1T o7, TIC X o THE LN BEME 712 oW T, Bl Ity =2 &
7y MEEZHAWT UBL & EHER LTV D0 REIT -7,

ZDXH5Z, KSHV BRI IZEHLS UBL & ¥ —Fy b2V X7 BOMEER%H
LEMZT B LT, BEANICIE KSHY EMBRLEEELZHD T 5,

4. FFZEECE
1)KSHV o 4
FRCE®E % X2: & UBLsD & & AYPCRARHT
4000 3 Y hion it 25 1.4 1
5% 7% UBL B S a0 FAT10 s ‘Ublqumn c s ISG15 < 1o NEDDS8
C 3000 < ® T 20 g _
FOHBESX v 5 § 2500 58 2] 55845 "6%08_
o - & 8 2000 %8151 %8 S0
R BEDREE §§1soo s8 | 5810 5806
s S 1000 L L S %04
KSHV @{%‘Fﬁ¢ E 500 E 0.5 1 E 5 E 0.2
o 0 0 0 0
JRYL I EETH Oh 48h 72h Oh 48h 72h oh 48h 72h Oh 48h 72h
161 UBE1L2 10 1
507 UBL & 5 14 s [ORFS9
REdaimic, S5 £
Rl & ZD - s % 11 s 9
. %8081 o 8102
ERH PCR 5 86 g
© 7041 59 10
Z I TR IR £ o2 3
. 0 11
RFEZ O oh 48h 72h Oh 48h 72h

UBL @ mRNA OFBL L~V AT L72(” 2), ZDOfER, FAT10 & ISG15 [ZRBL L1



EA LTV, KSHV ORI DD AN H D LB X T2, — T, 2 EFF |

NEDDS8 72 EIZPH L TIIHBLL NABIZEED SRV D TN Th o727, A ENET L 72
W,
FAT10 © KSHV VA& Iz 351F 54| % BE3:UBELL2/Y U7 IRTIAVA N AKFEENET TS
N.S. N.S.
fiEMT 9 572, FAT10 ® E1 BEEThH D 140000 7 212, 70000 | 22022
= S 120000 £ 60000
UBEIL? % CRISPRICas9 ¥ A7 22T/ § (000 § o
v 77U b, RS 48 e, 72 &g 80000 & & 40000
% 60000 $ & 30000
Fﬁﬁ?(ﬁ@ 74} /I/X*i¥fé§$&0\'74’/l/1 DNA % 40000 % 20000
BRLALEMN LT, ZORE, UBEIL2 %] T
Vs T RTERY hr— TR T, Y oot 1@ O o
. . 400 ) LSBT 18000 |
A4 VA DNA G L~V TIEIER T LT 3 350 3 16000
& 1 & 14000
Mmoo LK 3 BB, v A L AR RE 3eg = 12000
s S 10000
AL~V 48 BEREI1L T2 IRpRE#E & HIZBAEEIC S 2ooq S 8000
g 1%0 € 6000
BT LTV 3 FEY), iz, Mg 5% g 4000
s s
W#E%E T UBE1L2 O RFEZ R LT & O ot ko ot ko

T A, UAINVARATERIC D 5 2V VIR

JRTET 5 Z LR ST, 2D Z &b, UBE1IL2-FAT10 52 1% KSHV IR Y2 B8\ CH
BRRFTHY, FICRFERICED D LRI D,

2)UBL B3MEAT 24 —5 v b2 U RIBORRE

FAT10 34D % —  EarFATI0LEMOS—5 Y MEHT

Ty N R EERAE HisTag-FAT10 FAT10 IP
fiThrZ & THE—F

k&N E DR Y::\/;:é i‘?} i:,%i& YLX\%}
FEEL TWDH Z & KSHYV off KSHV on KSHV off KSHV on
ENTNDT, F— | |

v N B YR B E R

THLILENEHETH D,
AR —5y NN
B ERET DD

His-tag % /0 L 7=
FAT10 % KSHV 23
RIEG L TV D ffifalc
CWNG T YR
L Histag 77 4 =7
A E—=ATTNVE T
AT o 1o LT D

W MS T 24T\, 18T RO # X7 R RE Lz, -,
FEAAD, [RIRELC
7= KSHV YL fas >\ CHREm&E 21T - 7=, [FEE

14 fEETH - 72 (X 4

pu

¥

787 Protein IDs
(14 KSHV proteins)

1402 Protein IDs
(15 KSHV proteins)

HisTag-FAT10 FAT10 IP

ot KSHV H3ED S D1
. FAT10 {ZxF9 2 R BRAPUR Z W CIR R 2 58 L
\ZIEREMIZ DT MS fif T 2470, 1402

FEEEDZ XN xFIE LTZ, ZoHTKSHV HkO b DI 15 FBETH - 7-(K 4 L1, &
LIz, I B 2FEDMNT T v b L7 KSHV fH13kD & O & AT L 7255 5 His-tag £ FAT10



ERMNET AL Y2 L B FATI0 SRR E IO R TH— ST » 7 LT 60
T 10 CTH o724 TRD, ZNHDZ EMnD, 20 10 FEO KSHV Hk & 2387 BiZo
T, FE 2R AT A HE D T2

KSHV H3k FAT10 b4 — 47 v MERZ VXV BEDI BT ANVAL NI HEA LA NVAH
VXU BIZOWT, Stag ZfHN L., Histag f1/1 FAT10 L R STV L T 2 21772 o
7fER, FAT10 & OFEAER SRR BE5:KSHVE RS2 /O E DOFATI0E D 2—4"y MEHT

*n7=(¥ 5), His-FATIS (18kDa)
— jj—\ i u%@@@@ BNy g H - Stag-A (42kDa) Stag-B(88kDa)

N L . TCL Pulidown TCL Pulldown
U AT N o - N RER (S E PTG ! = S 1100
WELIIHRTHIENTE Do a8 446.2 188

oo TNHDZ EMMB, Ml B2 "
D2 FMEOTANAX NI EI - |* .jmo
FAT10 L&z 0 5 = & TH i ﬁw.a *
YD — a2 H > TN D Z ENE * :ORF-FAT10
ZHND,




2 2 0 1

Sugimoto Atsuko Yamashita Yoriko Kanda Teru Murata Takayuki Tsurumi Tatsuya 14

Epstein-Barr virus genome packaging factors accumulate in BMRF1-cores within viral replication 2019

compartments

PLOS ONE 222519
DOl

10.1371/journal .pone.0222519

Ishimaru Hanako, Hosokawa Kohei, Sugimoto Atsuko, Tanaka Riho Watanabe Tadashi and Fujimuro -

Masahiro.

MG132 exerts anti-viral activity againstHSV-1 by overcoming virus-mediated suppression of the 2020

ERK signaling pathway

Scientific Repots

DOl

FAT10-UBE1L2 KSHV

33

2019

DNA

78

2019




Functional analysis of the ubiquitin like protein, FAT10 during the KSHV lytic replication

67

2019

Functional analysis of the ubiquitin like protein, FAT10 during the KSHV lytic replication

41
2018
1
Tadashi Watanabe, Atsuko Sugimoto, Kohei Hosokawa and Masahiro Fujimuro 2018
501

Springer

Human Herpesviruses




