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Translesion DNA synthesis (TLS) is an emergency system activated to inhibit cell death caused by DNA damage-in-
duced replication arrest. Thus, TLS enables cancer cells to acquire resistance to alkylate anticancer drugs. REV7 func-
tions as the hub protein that interacts with both the inserter DNA polymerase REV1 and the extender DNA polymerase
REV3 in TLS. REV7-mediated protein-protein interactions (PPIs) are essential for the activation of TLS, and are there-
fore attractive targets for anticancer drug development. To clarify the REV7-REV3 and REV7-REV1 PPIs, we deter-
mined the structures of REV7-REV3 and REV7-REV3-REV1 complexes. In the structures of REV7-REV3 and REV7-
REV3-REV1 complexes, REV7 wraps around the REV3 fragment, and the REV1-binding interface is distinct from the
REV3-binding site of REV7. We also identified a novel REV7 binding protein, transcription factor II-I (TFII-I), which
is required for TLS. Of note, TFII-I binds the REV7-REV3-REV1 complex, suggesting that REV7-TFII-I PPIs are in-
dependent of other REV7-mediated PPIs. Furthermore, we found a small-molecule compound that inhibits TLS by tar-
geting the REV7-REV3 PPIs. Lastly, we determined the structure of REV7 in complex with chromosome alignment
maintaining phosphoprotein (CAMP), a known kinetochore-microtubule attachment protein. The overall structure of
the REV7-CAMP complex is similar to that of the REV7-REV3 complex, but the REV7-CAMP PPIs are markedly
different from the REV7-REV3 PPIs. These findings improve our understanding of multifunctional hub proteins, and
are helpful for designing small-molecule compounds for novel anticancer drug development.
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AEENEHIN TS, EFIIERNTHELHD
PPIs @ H1 T H 2 A PTHY A BRI 2 5815
5 FETHERKZEK T 5HEMGFERZ DNA &5k
(translesion DNA synthesis; TLS) ¥R AELIC
959 % REVI ONT 45 2 )N\7'BHE L TOMBEN
BREICEH L, YRHEMATIC K 5372 PPIs ©
RS & Fi REVT 555 > X7 G OFEE, © Hi
AFIBEFEICAT 7= REVT 241 L 7= PPIs ZfEf & 3
LHEFMCEYORKY 217> CT&E /. ARKRFHTIZ,
TLS AR BLIC B W TIER S5 REVT 2 1
T ETBY NI BEAGERDOMEE PPIs, N1 X
W—Ty hAZU—=27 (HTS) L vHEohn
7= REV7 PPIs Z 21 &9 2 [HELEMIT DN TH
N9 5.

2. TLS 2185 REVT OSF A hH = X LDFERA
=5 OBEMEEREHEDS S/ L DNA L, RIME
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Fig. 1. Crystal Structure of the REV7-REV3 Complex and Sensitivity of REV7 Mutant Cells to an Alkylating Drug Cisplatin
(A) Overall structure of the REV7-REV3 complex (PDB ID: 3ABD). (B) Structural details of the interaction between REV7 and REV3. (C) Sensitivity of
REV7 mutant cells to cisplatin. The results of survival assays using wildtype (WT), REV7—/—, and Y63A/W171A (YWAA) cells treated with cisplatin are present-

ed.

IS EDOHUNRR, B - BERICEENSLFEME,
RN TREAEINDIEER AR EICL VDA TEEZ
ZF TS, 2N 5O DNABEHIZI A~y FEE
DOEEREBE, X7 LATF RREBEREDEE
BRI XD ITEICEINS. — 5T, Efict
U152 E1E 8912 DNA G ETO S LT
TLS 733 %. ® TLS |348{512 K 5 84E 11 % (Al 9
%2 ET, MMESE/R EDMIRIC &> THFEL <73
Wi ZPF <. TLS TIE@H% O DNARY A 5 —1F
(EHRALRY X5 —F) b0, 2ED TLS R
JAT—Y ([ >H—F =TIV AT 5 —) I
B ZEME L= DNASRZH LTI 2 &
THE X 2ERE L 20T 5. £z, TLSIX
7 IVFIVEAT: £ D DNA 8152 23 Hia AN
K9 BN AR OFEAP DK L7122 2 &0 5,
TLS R YU A T — OIEPEEAL D HE & E AR T HH O
PN AKIOBIFRITENL D, ITEOHE <SS LWnKEE
MEOREIZED, REVIREITREEINS 1>
Y= —PERARY A 7 —F XD bZEHMICKE
ISIEMEERAL 2R Dz, REGHEEZEI & U= EE
OIFARG (1> —ar) 2FFHTEMTES
ZEMBHSMMERD 2. 91 T EDIH AL,
PR OMEMS (R AT > ay) 2H5T10
AT 2 —DOEERBIIFONTEST, (28—
H—EITIAT o —=NEDIDITH L TTLS
IO OMIARHTH 2. T TEHFITIV AT
>4 —& LU T< Polg (REVI-REV3 #&1K) 1T
FEHL, TOIMIAHEEZ X S EEEmRITcX o
B 5T U7z, 9 REVT-REV3 # & 1K1%, REV7 @

C Rim I MM — b X))V hD X ST REV3 28l A
ANTHEE T DR BASHEEZ B L Tz [Fig.
1(A)]. PPIs 2 L<ADEREVID2DDHE
W7 I R (Y63 & W171) 2TREV3 D2 DD
70 > (P1884 £ P1880) &A% w7 HMHAELE
M7z L TWw/z [Fig. 1(B)]. %7z REV7-REV3
PPIs Z REXE7-HIIETIZ, REV7 /v 7 77k
MfEFEARIC, TIVFIUETFIRAR T X T 5 F Tk
% DNA I U TEEFERNE R L 72 [Fig. 1
(C)]. REVTIZREV3 L#EGAKRZFKTZHIET
IVAT>H—ELTORREERIET S 05,
REV7-REV3 PPIs I3 PN AR ZFFET 2720
DRI FENERDGESZEZRLE 25
IZ%#F13 REVT 28 REV3 7217 T/ <, REV1 &%
WHEEMICHEERL, = HEEGRERRTS2 8%
~U7z. REVT O FREICEH L2 I/ BREE
Y I VICEARERKREMERITIHERL,
REV7 @ REVI # & E A & X7z, 2 DfEHE,
REV7 @ L186, Q200, Y202 7% REV1 & DA A {E
MICEETHD ZLzWone Lz [Fig. 1(A)].
NS DOHAIRIZ DB D REVI-REV3-REVI # &1k
TG 5 2 & TREB E Nz [Fig. 2(A)] .39
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Fig. 2. Crystal Structure of the REV7-REV3-REV1 Ternary Complex
(A) Overall structure of the REV7-REV3-REV1 ternary complex (PDB ID: 3VU7). (B) Structural details of the interaction between REV7 and REV1.

3 72HBH, REVI @ L186 i REV1 @ L1203,
Y1244, L1248 )N S22 BUKMER T v NS T 5
ZEEHSMEL [Fig. 2(B)]. REV7 ® Y202,
Q200 & REV1 &N T NHUKMEM AIER &K FEkE
BEERLTWE, D EOREEMNS, REVI NS
&2 )N78E &L TREVL (>3 —%—) & REV3
(VAT 2H—) #DORBEIL®HDH T ETTLS 217
INTANZ A LZERAL 72

3. TLSZH5>HMREVIEEY > N7 EDFE
£

HEFEREAZ PR  (proliferating cell nuclear anti-
gen; PCNA) 13EROBRICHEHEITIRY X5 —En
DNA G275 720D EHE L THIET 22, #
BhCHEENECREE, /1 EFF A&z n
5 ETHEEMNS TLS DY D EZEXZITD. %
FHIZE/ LEFF L PCNA & REV7 2D/ & |k
WbHEY )N E E L T, transcription factor 1I-1
(TFII-I) 27N F 027 veAiEEEaathzM
AEbE DT ETHELZ. Y TFI-L 136 R
DEEBZRRET 2T 1 U Y LA EERICEET
55 NIBEELTHSNS. W TFII-L I REVT &
REV1, REV3 A AL &1 87 2 EAL THAEEH
T2 EMBELHFH LW REVT O PPIs 578, D
G « U 7 L DEBERE & TLS ORI #EEIC
Y 2HAIEEsN TV (Fig. 3).

4. REV7T-REV3 PPIs # B & L-FB AN A
BDBRRICET-EELEYMDIRER

TLS I3 AR EHIR iV = 59 % ECHE
B THSD. LEEN>T, TLSHRY AT—F

Fig. 3. REV7 Binds REV3, REV1, and TFII-I Simultaneous-
ly during TLS
Model for TFII-I-dependent recruitment of the REV7-REV3 complex to
monoubiquitinated PCNA at DNA damage sites during TLS.

OIEMERALZ VT TR L, TLSIZRb DY 2N rE
@ PPIs i3 7= 1T ARIBAFE D 728 D 4r THERY &
2%, 8400 b &AM W/ HTS IZX D, REVT-
REV3 PPIs 2 & L = ELEMNE SN
[Fig. 4(A)].9 S S iCkR#E L 2T ZHFLED
1%, AT S5F T K% DNA BEICKH L THED
HHEREZERT IS~ (TLSHEZSEHILE)
[Fig. 4(B)]. HTE, BHEREZ I SITHEOLED
DRAIMZEHEL TS,

5. 3a{ENBixiE > CAMP & REVT DEAE
DREE & A REE DR

LR EL 2T OBE, F3x ha7 EHUNE DY)
IREEBITHEDSY )N E & L T chromosome-
alignment maintaining phosphoprotein (CAMP) 73
FE XN 1D £7- CAMP OfEEY N7 EEL
TREVI WEESI N EMS, REVTIZ TLS 72
TR PEAESEICBNWTHERELRY NVET
HHEMRBEIND., T 5ITHKIE, CAMP O
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Fig. 4.

Identification and Optimization of the REV7 Inhibitor

(A) The structure of the REV7 inhibitor obtained by HTS. (B) The structure of the optimized inhibitor. The ICsy of the compound is 78 uM.

Fig. 5. Crystal Structure of the REV7-CAMP Complex
(A) Overall structure of the REV7-CAMP complex (PDB ID: 5XPT)

=3ZA

SR D ABRINEEEE R E T D FEEE TR
DEFOBLBTNOFERAINL. 1O Lo T,
REV7-CAMP # &K O LAKRKE & 13 A5 958 D FEAE A
HNZZX LD D EMHETE %, REVT-
CAMP # & KD 2K 13 REVI-REV3 &Kk &
K< bROY—%2KL T/ [Fig. 5(A)].7
REV7-CAMP PPIs #5£ L < A% & CAMP @ 2 D
o7y > (P336, P341) A"REVI D2 DDFHE
Wy I WA (W171, Y63) LFNFNAY v
FOUMEER, TRZY v F T HEERZERK
L TW/z[Fig. 5B)]. I 5 OBiKEHAERZ,
REV7-REV3 PPIs TH A 5N 5 R{F S /= AAE
T®H% [Fig. 1(B)]. REVI-CAMP #H &K TD
HAIH LN DA PPIs & LT, CAMP ® N K
SN AT % P333 & REV7 @O HI51 D2 4% v &
> MEANEM, CAMP @ W334 & REV7 @ L173
D77 >FIVT—)V A}, CAMP @ K335 & REV7
D D178 DA F AEENET 515 [Fig. 5(B)].

(B)

. (B) Structural details of the interaction between REV7 and CAMP.

REV7-CAMP PPIs TH 537/ Z1 5 DFi =721 EH
EFIZ, REVT ZZEE LB S ZEHRETT 5
FTCTHEMSHEERETR2725D.

6. BHYIC
ARHTIE, ZHEENT ¥ > )N 8 REVT O
# & REV3, REVI, CAMP & DA, TLSIC
B % REVI O F AN A L% Uiz, HTS
X D572 REVI-REV3 PPIs Z2#ER) & L 7=FH
ELEMIONWTHHRN L. — /AT, FillEE
N8B ELTHELZ TFI-L & REVT OE &K
DHEESFFM 7R PPIs IZBI T 2 HIAIZE S N TWR
v . REV7-TFII-l &k, REVIZ2a7 &L=
TLS #/r FTEGROHBEERZG2720DI1T, X##
i A MR & X SR IREGELIE, 7 oA A E T
MEEE A ETDETNA T v REERIT SN ET
& %. ¥£7-, REV7-REVI PPIs X REV7-TFII-I
PPIs Z#EM) & U =i 7= Iagins AU KIBR FE 2 1Al 7= FH
EEMOERZDLEEND. HEIZ, PR E7
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EITRFEFEEIN D REVT O =/l NHEEE =Bl 5
MZT 572012, HEEMAEHBEIIZEDER SR %
ﬂ L7z,

BE AWEERZRTTRICHLD, TiRE
KRB D £ Ui RN REREE mA 3
B, EHITHIFRICID A TE 22 EOERHIZLK
DEGHIE L BT EY. £S5 HETIHE & THikE
Zi 0 £ Uz B, BREm S RERFBAEmER
WEFeRE ek @8R, FOLRFERFB AR
B BB ZEE, KETFIAKRFFTATIA
5 > X5 1 f1)Lt >4~ — Hongtao Yu # %12 &5t
LU B ET. AU, SHACKZINEE EZERT
M =#0%, kEYE > N2 2 — R/ANBIFZEHRBE
PR E I L & OILFERFSE, KOm TV F — I

AR FE B B E B F i 98 e 5% Photon Factory,
KEHF e i 3% SPring-8 & DL [FFIH R &7 D
X9, AEmEzBMEO UTHESE#HZHEL EF X
ORISR, HAENIRE SR A B A B <
(15K18491, 17K07314) DOBhkZZTTEMLZH
DTHO, TIIWWEHFL LFET

MR PR NEHZRAA TN,
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