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Mechanistic analysis of small molecule-induced degradation of
DNA repair factors

EHRREEFR AR R e
R
B R



Nucleotide excision repair (NER) is one of major DNA repair pathways and protects cells
from deleterious biological effects (e.g. cell death, mutation and neoplastic
transformation) caused by DNA damage. NER removes a variety of helix-distorting
DNA lesions; UV-induced 6-4 pyrimidine-pyrimidone photoproducts as well as
cyclobutane pyrimidine dimers and bulky base adducts. We have identified a small
molecule named A6 that induces the degradation of ERCCI1-XPF, a structure-specific
endonuclease essential for NER. In the meantime, Alekseev ef al. reported that
spironolactone, an anti-aldosterone drug induces the degradation of XPB in TFIIH
complex. These degradation mechanisms depend on the ubiquitin-proteasome system,
but detailed mechanisms were unclear. In this study, I have tried to uncover the
mechanism underlying the chemical-induced ERCC1 and XPB destabilization. I found
that CDK7 kinase and SCF'™®X18 E3 ybiquitin ligase are required for spironolactone-
induced XPB degradation and the Ser90 residue of XPB is essential for this process. In
case of A6-induced ERCC1 degradation, I revealed that FBXO11 interacts with ERCC1
as well as XPF, but not their heterodimer. I also mapped FBXO11-interacting domain
of XPF and XPF Ser805 that may partially enhance A6-induced ERCC1 destabilization.
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HIFANIZTEET D DNA ITEBEERZH O BEERWE Th D5, RIMNROIE
PERRSE . FBREMUNAR. LFWE . DNA HElo 5 —45%1C L - T HFMICHEE A
ZAT TS, 26 OBEPMER S IVTITHE S LD & HIRRIECH A b7 £
FIEEZ SNDT20, MIITER %~ 225 IS L 7o 30D DNA BTG 4 (H
X TCW5, ZOHRTX 7 LA F RREMBIE (nucleotide excision repair: NER) 13,
AR ATEIZB W TR b H TR KGR ORI LD . DNA 85 ETBEEV & 9
2 OO Y IVUNHKIGT DI ETERIND (6-4) KFEMSST I uT X
PRIV IV EA— R EIEBET D, Flo. XUV @EL T 7T bR
VBl 4-=btaXx Y 0-AF T R, DNAEERFINAFDO L AT ZF
R X DI EONERMMIMABEE TE, x5 L 725 DNAEED AT |
VISRV DINFFIERCTH 5,



NER (2%, #55 & 34% U728 (transcription-coupled NER: TC-NER) & 2/
J LExtgE LTk (global genome NER: GG-NER) @ 2 S D4 7R
DIEE L, GO EN R D (Fig. 1), TC-NER TliX, BERGO#HH
£ 725 DNA S HEEEZZ T ZBRICRNA R U A T —F N OEIERKEZ Y, £
DHFALIZ NER (K13 EF84 5, —J5 T, GG-NER | DNA 8573 UV-DDB #
AR XPC HAKIZ L - TR S L, EOELITMLO NER K+ EFRET 5,
ZDH DT HFRKE CHETH Y, TFIH HAERIZ L S B EA T O DNA 4
BEREIRE L, £ U7 A DNA |2 RPA X° XPA WA T H 2 & TRTILRD
DNA SH{203EAR S iR = R X 7 L7 —+¥ T 5 ERCC1-XPF & XPG
NY 7 —FENT, THZENADNAEED 5 Ml L3 HZ2YKd 25 2
CIZE-oT, HEZEDK 2EEDOAY IX T LATF RRREEIND, AL

=—REH DNA ¥ v v 71X DNA 7R U A Z—E 7 PCNA,RFC & i L T DNA
B AEITR>THD, DNA U H—PIZ X588 &L DAL > TEENET
T %, GG-NER OREEARKIGNT, E7 VS DNA LR & X7 8 % Fv TR
BRAENTTHIEER SN TRV, 30 U EDORY XT7F RRNETHD Z &N
7o TG, LoxL, fIEN T & 5 NER SUGIE S BICHEMET, 2h=A 72 NER
DHEITITHE % 7 BHAOIR F2MERE L TV D Z > TE TV D,
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MHFRE Tl AbEWM T A 77 —% A7 J—=27 LTNER %#[ET 5
{LEWME RO, ZOIER A B = X L& T 5 2 & TRAOER RGO+
ZRETHT 7 —F 2T/ >TWD, ZIVETIC, BYRPAFEET - RJMEE
M)/ (NPDepo) D/3A vy bFA4T7FV— 376 {(LEMDAT ) —=27
1 &2 LT NPDI3405 (LR, A6 LIRS ZFE L, 7'uT7 7 YV — MMEFH
\Z ERCC1 Z#53fifikE 35 Z ENXNER FLEDORK THH Z L 26T L,
—F. 2014 1T Alekseev © (% Prestwick Chemical Library @ 1200 {t.&%) % %t 52
IZ NER [HEIEMED A 7V —=2 T 247720, FLT IV RATa Al TH Y oA
ERIRIECH DAY /) Z 7 hod, TFIH BAKICE £S5 XPB &=
EXF T uTT V=LA THRT 52 LT, MBEN NER ]S ELET D 2
LA BT L7 (Alekseev et al., 2014),

AR TILRIEFE LW A D = X LT MT 0 o TR /77
N2 LD XPB R A T = A LOfRAZRAD & LT, YHFEETHED L
TX72 A6 128 % ERCCl i A 1 = X LOERMRIZ B L CTHIT 21772 -
77,

(=TS

DA E ) F7 AT LD XPB S fREE A T = X L OfEMT

FT, SiIRNA 7477V —%HW\WT, AR/ T 7 hiZ kb XPB 4 f#RIC
b2 E3 b xF o ) H—VEE Y X EORIERZRATZREE. BXZE 70
FEEEAFET D F-box Z /X7 ED—>TH5H FBXLI8 23t v h L7z, FBXLIS
i%. Cull = Skpl. Rbxl & 32 SCFBXUSE3 % F o U H—VPEAKE B
THIENRMBNTEY, FBXLIS (Zx4 5 2 FHFAD siRNA DI1EHy, Cull (2
%4 % siRNA, BELOZOEEEKD E3 U —BiEMZ40H 45 MLN4924 %
MET 252 LT, WInb AR T2 bl LD XPB 4 fif 2 B (2] 5
HZLEWALMILE (Fig 2) » £72. XPB BL OV FBXLI8 O¥H = X b
77 N BRI B S TR 2 T e o o & T A WE O AALE
M Sz,

A siCtrl siFBXL18 #1 siFBXL18 #2

spironolactone (h) 0 1 2 4 0 1 2 4 0 1 2 4
— e R ———— — —— | XPB

[ ——— o —— o | FBXLIS

| ——————————— o | GAPDH

B. spironolactone - + + C. sironolactone - + +
MLN4924 LiCull

. xe XPp
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WIZ, A a ) T 7 b AUV SCFRPBXUS A RIKFAYIZ XPB DR Y = &
FF AR ELCLTWAED, invivo ZEXTFALT v A 2T E Z
AL AR )T FUBRME LIS 7T XPB OR Y X F oAkiE L R
bivs@Ea oy RS, a7 7 YV —AHESO MG132 % 4L
LY TV TEBICHEEF IR >7- (Fig. 3), —Ji. Avtn/J7 it
12 MLN4924 ZMLEL L7=4 > 7L Cld, @0 FERo N Rt S $,
ZORY X F AN SCFBXBELMRIZ L > TIT bl TWb EE 2 61
Too WIT, FEELL 7= SCFBXLIS M AR & 7213 SCFIBXON 45K & Flag-XPB %
UBEI1, chH3 Ubc5c, ATP, =% F o 2R F U TLT kb REEALT,
in vitro L EXF AT v A BT o7 2 A, SCFBXMS AR ZIRIN L 7=
TN TR 2 EXF AL &7z XPB O 7 psi it & (Fig. 4).
XPB & SCFPXB AR K » THEHENICZ EFF ALIND Z LR nno

776
HA-Ub + + + + + +
spironolactone - -+ -+ -+ SCFFBXLIS = - §
MGI32 S O “ “
::;\.\IN:)ZJ ---- + + SCFH!\ 1 -
poly-Ub
% 180 - -XPB
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] XPB
° 100 =
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IB: XPB
Figure 3 v vivo 2 E'FF L ALT vt A Figured ivvitro L EXF ALT v A
2L D2 E%F 1k XPB Ot IZE D2 BT 1k XPB O

F-box % L /X7 B DIERFHD—DIZ, U Uibd LMY bz L
TebDORMBETERY , SCFPBEEKDRIDOEE THLZOREDRDH D720
A¥nm /)77 b THEINLD XPB HfiFicb U LGB 595 Ald br
N %, XPB 3 E £ 5 TFIH HERIZIL CDKT 23T CAK 7 a7 L
v I ANRFLELTEY 20 CDK7 DX —BIEMEOEGIZ W THRET LT,
2w /77 hAUEIREIZ, CDK7 #rEAHEAIO THZL 20 L7 & 2 A,
XPB Dy /N (PN v (Fig. 5). F 72 siRNA ZfHW T CDK7 %/ v 7

Z o LTZHII T b [RIERIZ XPB O3l &l 2 & 726 (Fig. 6). CDK7
DX —BIEER AR ) T 7 FAZL D XPB SR ETHD Z &N

S72,



THZ1 siCtrl siCDK7

i ironola 0 2 4 0 2 4
spironolactone (h) 0 1 2 4 1 2 4 spironolactone (h)

-——_--3-] XPB — —i =\ xpB

| — —— ==] cok7
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g;gg;(;}g ,T\%fgﬁzﬂi;é AERSTT R Figure6 CDK7D/ v/ X0k %
iy TTHE = 20 ) 57 k3 XPB RO MLE

% Z T, CDK7 2 & BT VERLEAL (Ser90-Pro & Ser515-Pro) &V >
Pl T T = R IRICE S LT XPB-EGFP 2L ERIT HMBER L, A
B'n ) T 7 NAT K DRSO R T T, F ORGSR XPB(S515A)-EGFP (%
NAE & [AERICAE r 2 T 7 MK D02 T T-Dlzxt L, XPB(S90A)-
EGFP 133 L\ o fiEdhitE 27~ L (Fig. 7). XPB @ Ser90 13 Z O i Z EEL 7R
TEZHSTWD Z L ERB I,

spironolactone (h) 0 1 2 4

& XPB(WT)-EGFP
~— XPB
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@A6 12 L% ERCC1 53k 8 X T = X I OfR#r

MHFZERICBIT D ZNE TOMFTNS. A6 I2X D ERCCl D4y fRFHEIC
SCFBXOWH AR D Z LAVRESN TR Y\ ETHEZRIKTH 5 FBXO11
73 ERCC1 & %\ ME XPF & AHEAEH T 2 i ib e 2 -V TRt L7z, Bk
IMAG DR T —mERBLSH7- & 2 A, ERCC1 § XPF & & B HLREZ 1T
Flag-FBXO11 & L& L7243, XPF & ERCC1 % [FIRFIC B SE-FIiTz &
Ao E LRSS (Fig. 8). FBXOI11 I / ~—IkH&?D XPF <° ERCCI (ZI3FEA
TEDLN, ~T XA ~—EaRFICIIHAEERCEnEE b, KRIZ,
Flag-FBXO11 % ffifid|c —id MR <& CNIED ERCC1 F£721% XPF & OFHA
TER Z 7458, BERCCI 1% A6 OF TR SN D ®ICELIZ R Do T
23, XPF 1 A6 Z ML L 7-BRICHIERE S D &0 X (Fig. 9). A6 IKAFHY7R
FBXO11 & XPF & OFAAEHADPRBE I NT-, £ 2T, 5D XPF RIAR%
Har 2727 F&2/ERI LT, FBXO1l & OMAEAEMAEREZBRFLIZE 25,
ERCCI1 fHAAEAfEIR & A —/"—F v 7§ 5 C Kl 825-916 fHIK TH D Z &M

o T,




Flag-FBXO11 -+ -+ o+ Flag-FBXO11 - + +
non-tagged XPF + + - - + A6 - - +
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Figure 8 ERCCI-XPF ~7 B XA ~— Figure 9 N1t ERCCI-XPF &
& FBXO11 & OFHAEAEM FBXO11 & O HAEM

FBXOI11 %, FBXLI18 & [AARIZ F-box # L /X7 ED—>TH Y, FHERHIC
U UBREE TN Y BB X DRRET S ST D, — ., MIFRREICE
T D ZHE TORNT TLA61Z X D ERCC1 D 45f#I% Alsterpaullone ZLFLX> CDKS5
D)y 7T ALK S TEGITHIH S D Z E DN RSN TV D T8  XPF I
BIFL Y UEBRLOBEIZOWTHE L7Z, CDKS I2X 5 XPF O 1Y Rl
BRI, Thr219-Pro. Ser521-Pro. Thr719-Pro. Ser805-Pro @ 4 7>ff T A 03,
T D SAEFKE FHWTHNT L7= & Z A XPF(S805A) Bl X 7=/ T
D F BERCC1 D43 R A3 43 Bl S 4v (Fig. 10), T OEALO U o FRE A
FBXO11 & O AAEA 258 <& 5 AR R~ ST,

Ctrl TF: XPF(WT) TF: XPF(S805A)

A6 (h) 0 1 2 4 0 1 2 4
XPF | —-----——|

ERCCI \—C.—— - ————

GAPDH l---------l

Figure 10 XPF(S805A) f#7E FiZ31} % ERCC1 ® A6 12k %
53 FREH B DI

WIZ, A6 DHIIEN CEBEEMNT2EN Y X7 EDORET 57012,
DARTS 7% (Drug affinity responsive target stability) % N THET L7-FER. A6
DIFIEIZ L > TERCCl O 7 a7 7 —B il Snsg Z Engnn, -
BAERIA ERCC1 % W= fi#AT T, ERCC1 D 216-260 OFEIKIZ A6 23 A L
TWD A[REMENRIE S L7,

B
AWFZETIZ, A6 L A1 )T 7 b2k % ERCCL 8 LN XPB D43 iR A 7
= A LDEM ATV, 2L ODHRER/T, Zx b &l TNETHLNT
WAHHR E B TET ST D L Fig 11 O X D127 5, ikt & 312 CDK,
SCF AR, 7a7 7 V—ANREG L O THEULIEA I =ALTHHZ &

Mooz,
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Figure 11 A6 At/ Z 7 hAZX% NER HTO50fFA 1=
R LORELINE

ERCCI1 % XPB % DNA ([Z/EHT 2HERE A Fro72 0, MBI AT
% & IR DNA TR L CEREL 52 28N 0 60 @EITZnziE+ 5
T2 OIS DY AT DOMBINT WD afEEME S 8 5, NER FLELAH D
AT = R BFRNT OFE SIVIZFRE DA 5N 0 | MR HIEN NER S D4
KEHO—Bh L 70D Z L 2R T 5,
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BEEBROER

FHFHERD DR SN HOLGHRIITON T, b ADOFEEZBICL 2Euik, 201942 A 7 HIZ
ABRF RS DTOIL, FIHOEKEALZESTHERLICHER. LT LBV HIELE,

DNA BEEIE DO —>ThH H X7 LA TF REREEE (nucleotide excision repair; NER) D X 7 =
X LEICENT T ALEW T A4 77 U —» 6 NER [LECEW 2 Jo1F ., & OIERBERFOENTN G T
Ta—FFHMENETER S TWb, FHKAFTRT 28%8= Tk, NER K1 ® ERCC1 %%y
fifz58 L C NER #fHET 26 (A6) /2T, £pO 7 NV—T13H0 TV RAT v oHlD A
v'm /57 ko NER KT & A GR T 0 — Efghe 2> TFIIH B4 140 XPB 7 2=y
EOMRAET A L EARE LT, FHEKIE., 20 2 >O{LE8WiHE NER K -0 A 71 = X L O
B OMT L CHUD fA, FRIZ A< RATE 5 72 5%3E O XPB i 8 sz 20T, CDK7 ¥+ —E8d
B5, HEEAEE 2RO XPB EOtv Y ik, RN abexF o Abichnbsd E3 U —E &l 50
IZL, ZORGETLVERE LTz, E512, A61C L% ERCCL D4 fEahE A J1 = X L OfREHIC S 2
HL. 202 >OLEWFHESREDRIEFITHUL TWDH 2 &2 6T LT,

AWFFEIL, 2 FEOIRG TR CTHE SN 5572 D NER K7 D4R A 71 = X ADRIIIZK & <
EHifk L. NER K+ DM L~ LTI B0 D AR A MRS 2 rlREMEZ R L7z & O & 3l S 4,
it (KY) OBALITET 5 & HE L,




