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IR FUTEBEMIEAREEINTZZ VRV ETHY, AN EO X F AL D
HIR% BT, #o RV BEOEMEPRD HEERREZHo TS, 2 X F AGICIITEEEE
#ED, I FURABEE), 2xF ) H—EESD 3 DOEABERIC & o THRRIZ
HEICa X FUoNEBEINS, ML, DNABEISETL5084 REKE D, 2 EXFF
AbiE, BUF O DNA BESEREEZHET 5, O RARBEDORE (X7 VAT FREEHR)
1 Gi) BE L85 DNAICBWTHE DNARY A5 —E¥RMEE L& &0, ERAFHIYE
DHEE (BEREZ CERA L »F) 2, (i) MEREERZICE 2 2 BEHOMER 3, =512, Ml
B ORERLTF = v 7 B4 MilH7e £ DNA BEISEIZBW THEDEEI ZRIZLTWD 4 L
DL, FNHEBERBEOERN S 7 BN TH S 72902, DNA BESCEBEISE RT3/ 7s
BRI R TH o 7o, AHFFETiE, DNA BECHREIGEICEb 5 2 v X F 0 U —EEES RNF8s,
Rad186, RNF168, RNF169, RNF4 OEH) & o X7 B ORRE1T o7z,

[k & ik

=7 + U DT40 B U > 3fifatk (DT40) 1%, L bR U4 LV RABRLEZ=U NI DT 77 VXY
ZEIVEE L, B UL SEREROMARTH D, DT40 ML, 1SELEMIMIAIE X 0 HERRGHE
Tz RN ML LB L | BHIRICE G TRELZEICERTED L, £, REHBZ OO T
RETHY | BEEFERDOY — & LTER TS, E72, DT40 M, MEEHO 7% DNA
BEEITHY ., GIEITOF = v 7 RA 2 bHBEREL 2V, #iZ, DNABBIC L ERT +—7
DARZEIC L BT ) LOMHKEL K b IRIITHRHTE S 8,

DT40 #ifaiz SILAC (stable isotope labeling using amino acids in cell culture) ZiSAT %
HOERFIEDPHL SN TS, SILAC Lix, BESHT OO ZHERKRITENT OO,
BESWTENSHBICR L CERBT AT FETH D, SILAC 245 &, #5 THEEDOZ /37
5T (REESLaEXF AR EOFENM) &, 2 FEOREHM TRBREIC” ™ T 5,

IHETIZ, 2% F{LEEE RNFS, Rad18, RNF168, RNF169, RNF4 23 DNA {£E X
BIREICEDL I E2MELTVAN, ZHDENH R BIRRESHTWRWZD, YO
X5 A D =X L TDNABESCHRELEICEL TWAONARHDEE TH o7, £ 2 T.DT40
KR HERL L 7= v % F L {LBEE%E RNFS, Rad18, RNF168, RNF169, RNF4 @/ v 77V
MR E AW T, LT ORECTEBROBERN Y R EORRE(T T

SILAC 7 7Fu—FIZ kb, 2 X F LAVEER DL RIK (ENFS”, Rad18”, ENF168”, RNF169”,
BNF47) ¥ AR D X 287 BB O FEIC DWW TR T 5, MR R ERMETT T 5,
(THE ; BAR) & (TRA ; BRE) 2HERORRLITAY P—FTERENTNVTHT L
W5, WfEE I v 7 ALT, 2 EXF AT F FEHEEZRAVCREL. HEOWEITS, 7
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et al, 2007. [4] Hirota ef al, 2014; Xie et al, 2015. [5] Kobayashi et al, 2015b . [6] Okada et
al, 2002; Yamashita et al, 2002. [7] Buerstedde and Takeda, 1991. [8] Hirota et al, 2010;
Hirota et al, 2015; Kobayashi ef al, 2015a; Yamamoto et al, 2011.



o SO PSP PPPPPRN 3
I =2 T PPN 4
2. BRI .ot e e e e e e e e e e e e ere e aae e 7
B BRI e e e e e e e e e s e e e 21
@SILAC D72 D DT40 FHAZDEII . ce it eeeiee et eeeire e eeeeee e ren e 22
O@SILAC D=8 D DT40 # U NI E R ) TV B b 22
O 1 U et e e e e rt et e ean e 23
@ GXA1 & Affigel10 B R DA e eeeie v e eeereaetereareareareveesreaesennenens 23
OGX41 iR — X2 L B2 X F AMERTF FIPo i, 23
A BT B oo e e e aa e e e e 25
A1 STLAC et eeaeeteeveeeeveae e saebsaaeaesaeaeaeesaesaeaaereeaaens 25
4.1.1 GX41 & Affigel10 B — R DFE A DFETR vr e ee et eeeiie i eeeie e eeeeeeneeens 25
4.1.2 [UBC13 DFEMTHERT oo, 25
4.1.3 [RNF8 DFEMTHEEE] oot e e, 26
4.1.4 [Rad18 DFREHTHRER] oo 26
4.1.5 [RNF168 DFFEHTRETE] oo e, 27
4.1.6 [RNF169 DARHTHEIR] oo 27
4.1.7 [RNF4 DFEHTHE ] oot e 28
BB BB e 51
B B TR e eee ettt et e e e e trn e e e 52
T ettt ettt et e e e e e e e e et aeeae e eaa e tan e e atn e aeaeee e e 66



B EE—

APS ammonium peroxodisulfate

BPB bromophenol blue

BSA bovine serum albumin

CIAP Alkaline Phosphatase, Calf Intestinal

D.W. distilled water

DTT dithiothreitol

EDTA ethylenediaminetetraacetic acid

FBS Fetal bovine serum

HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
HRP Horseradish Peroxidase

MOPS 3-Morpholinopropanesulfonic acid

MQ milliQ

dNTP deoxynucleotide triphosphate

PAGE polyacrylamide gel electrophoresis

PBS Phosphate Buffered Saline

PCR polymerase chain reaction

PS Penicillin/Streptomycin

pH logarithm of hydrogen ion concentration
rpm rotation per minute

SDS sodium dodecyl sulfate

SILAC stable isotope labeling using amino acids in cell culture
TEMED N,N,N’,N’-tetramethylethylenediamine
Tris 2-amino-2-(hydroxymethyl)propane-1,3-diol




1. ¥

E

1.1 = % F {Eff & DNA #IEE5E

2R FUREBAEMICES BREENTZZ U RIETHY, FURTED
BT A L ABIERBIEMIT, XL s BOEMEBRD D EEREEAHE -
TW5, 2 EXF UEMIICITZEXF URENSY VAN EIZ 1L ORETHE/
ZEFFUACREERRICER VEETARY 2 X F UALBFEET D,

X F AICITIEE L EERED, 2 B X F U RAEEE), X F I
—EBE)D 3ODEEMRICL > THRENREH I EXF B 8BBIN D,
RY 2 EXFUETRELT 268 T T T Y — AL L > CHENSES NS
B, FDOAEXFFUEHEBETDE RAL L ERFOFZ U RNITERY I V—F &
N384 b5 (Komander and Rape, 2012),

HfLX, DNABBIISE T 52804 L b D, =X F Ak, BATF
® DNA HEISEREEFHIET 2, ) RIMMBEORE (X7 VAF FRREE
1) (Marteijn et al., 2014; van Cuijk et al., 2014), (i) 8% L 7z8% DNA I
BWTHEEDNARY AT —EMEIE L L X, BRE2FASELHIE (BIE
Tl 2 LA 1 v F) (Lee and Myung, 2008), (i) FHFIFE# 212 X 5 2 HH
BIWrETE (Doil et al., 2009; Fradet-Turcotte et al., 2013; Kobayashi et al.,
2015b; Li et al., 2010; Nakada et al., 2010; Zhao et al., 2007), = 52, HfaJE
HOFAEHCF = v 7 KA M7 £ DNA BIEISEIZBW TUEOEE % R
7= LT\ 5 (Hirota et al., 2014; Xie et al., 2015), AW {LFHFIFEE T, T E
TR X F ALICELS 2 X F U HABREDC X T U H—E(E3)
DBGEF 2 RN L a2 % F U AIZBb 5EEE O DNA BER T
JDATF VAR DRI L CE, UL, ZNOEERHEOERN
BRI ERRETH D02, DNABECHRERZ IR T 3 MR MBI
BTh o7,

1.2 =7 LU DT40 B V > ik (DT40) TOZEXF AR OB D

H =L
H 2R

=7 +U DT40 B U > fakk (DT40) 1%, v oo VARG L-=T b



Vo777 VX RAELVEBELAZ, B Y U SBEREREOHIIRTH 5, DT40 MiE
X, IITLEMAIEAR L 0 LAERE AR X RN U EE L. BHEICERT
B8 % e 3212 0 T & % (Buerstedde and Takeda, 1991), £7z. REAN X DT
RETHY, BEFEHEOY —NLE LTENTWD, £72, DT40 M, Hika
JAEAD 7 EIHR DNABREATH Y, GILEITOF = v 7 R A 2 FHBHERE L 220,
iz, DNABBIC L AR T +— 7 ORZEIIC L BT ) LOKEE & b
B2 RR H C & 5 (Hirota et al., 2010; Hirota et al., 2015; Kobayashi et al., 2015a;
Yamamoto et al., 2011),

INE T, X FUAUEMEER DBIEF & LT Ubcl3(Zhao et al., 2007),
RNF8(Kobayashi et al., 2015b), Rad18(Okada et al., 2002; Yamashita et al., 2002),
RNF168(FK %), RNF169(K %), RNF4(Hirota et al., 2014) 2 B FHEE L. T4
& BESR DHERE 2 DT40 Hfa TRFEHIIHRE L T X 7z, UBC137 DT40 #ifa TiZ,
FERIFEAHE 212 & 5 2 EEHUIWHER b EE(K T L 72 (Zhao et al., 2007), SED 7
N—FIZEo-T, ZDOUBC13 &R L TE E3 =X F AvEEFR L LT,
RNFS8 & RNF168 & NRIE S, siRNA OEBRNMH, T b E3HFH 2 H
SHUIWrHEEICE 5T 25 Z & R &7z (Kolas et al., 2007; Stewart et al.,
2009), AV LFHETIL, 3O X F AMLEROBMRIIEETHY |
UBC13 /% RNF8,/RNF168 LS. L CHEET 52 L 3HB L, —F. RNF8/
RNF168 /X UBC13 &S L CHET 22 L b dH 5D Z L &3 A L7=(Kobayashi
et al., 2015b), F7-. RNFS8 X Rad18 &3z SHITD DSBEHIZB W T, FE
MHRERGHEEZMAD I L TRFHMERAEORBELIMA TVWDLIZ LERAL
7z (Kobayashi et al., 2015b; Saberi et al., 2007), & 2. RNF47-DT40 Hifa T
i, MBEEF = v 7 BA o PORFESLREERENS DI, RERERICYL
HOREBEZRZTZ L% T E TIZHE LTV A(Hirota et al., 2015),

DL, FREXRTF AUEDLLRFORETEENOWVNT, REA%E
AR L LI HRPBEONTND N, ED X512 DNABEREICEHE T
D DNFHEMR D FEBIITADEE Thole, £NIL, THOERHEOENZ
YRTEBARATHL D TH D, RO BRYIE, £ FF ALEEROIE
& R B BERICERE L. T OGRS T & OB THRE DM O
EODERMREB/LZ L THD,

1.3 SILAC



AR EE X  DT40 # a1 STLAC (stable isotope labeling using amino
acids in cell culture) ZIGHTAEDERFIELMS LT-, SILAC Lix. B
BT OB DN 2B RRICENT D0, BESHRNTMAICS L TERM
THRMLEEFIETH D, SILAC Z2fES &, Kb FREDX 7 ¥ (BREAES
a2 X F bl EDLEEM) &, 2 BEOREM TRBIRIZ” BT T b, Z
D7 B X, DT40 MO X 5 72, BBy 7 7T v RRE— ORI TR
PRI CEET S &, BRLBNEHEET D, SILAC OFREZLLTIZEAT 2,

SILAC 77 u—Fiz kb, 22X F L MLBEROERKLHERMOZ 1T
B DT, MRERSZERMAETTI VTS, (KH1E; B4H) & (5
ERIK) 2EEBEORRDZTA Y h—TTENENTNLT B, Wiz Iy
JALT, X FUARTF FNEEBEL, BEOWZIT. 74 Y h—=TD
BEES, BESHOE—I OMNE m/z i3y 7 FLTERLDZOT (K1F)., %
AR L BEEOXBINHED, BROBMILEKT 5 2FOMKEE I v 7 215
DT, BRBR CELIBELEZBER T HILENRR, 5T, DT40 Mg H
DTHENRETR—OEBH Ny 7 75 ROBAR L8 BAKD B K
50T, SILACHIEIZEE TH D, EEAETII2 X F ALBERERR2VDT,
EEIZHIGT D B — 27128\ T Heavy/Light DR RKE L 1 hHEENAZ & &
25, bNEHEAKEL LETFTHERT, 1.8 FUrETHE BETHDL L
FEHHNZ A T E D,

SLACIC L SLE8

KX ; 1

u

BEo+—s0OME




2. R KEHR

2.1 AR

Acetic acid GREERHR) Ttz T3
Acrylamide(monomer) (BRKENH) FOEHiSE T2
Affigel-10 BIORAD

APS (BERIKENA) FootAiE T 2
Bacto Agar FOYEHMISE T 26
Bacto Trypton Mg T3
Bacto Yeast Extract FOEMIZE T %
BPB (RRZEA3#k) FOYEAiSE T3
BSA ICN

Chicken Serum Thermo
CH3COONa FOYEMIZE T3
CH3COONa - 3H20 FoLMZE T
DMSO L3R T 2
DTT FRYEHIZE T 5
FBS Biosera
Glycine GRIEFFR) FOYEMISE T3
GX41(Anti-DIGLYCYL) Luceruna
G418(50mg/ml) Nacalai Tesque
HCl GRIERFR) FoEMgE T3
HEPES SIGMA-Aldrich
Immobilon Transfer Menbrance(PVDF) MILLIPORE
Iodeasetamid e T2
KOH FAEMIE T
Methanol GRE&FHL) oMz T
MOPS SIGMA
L-Glutamin Nacalai Tesque
Ligation high TOYOBO
N,N’-methylenebisacrylamide FOOEHMIZE T3
NaCl FGMZE T2



NaOH

NaH:PO,

NazHPO, + 12H20 GREERFHR)
NH3;HCO3

PCRO0.2ml Fa2—7 "V F L —| 8
Penicillin/Streptomycin

PMSF

RPMI11640 £

RPMI1640 B&#t  without Lysine,Arginine
SDS (4:1b5F)

SYBR Safe DNA gel stain

Sodium Azide

TEMED (EXkE1 )

Triton X-100

Tween 20

2-Mercaptoethanol (ZE{LHH)

AFx LINT R (EFER)

FyeAiZE L2
TR T3
FOLHIEE T3
FOYERIZE T3
Greiner bio-one
Nacalai Tesque
SIGMA
Nacalai Tesque
Nacalai Tesque
FEAEE T3
Invitrogen
BRI
FyGHEE T2
FCHIZE T3
B
FyeAtigE T3
oGRS T3




2.2 FHEEAIE

[SILAC 5]
® 05M VU EEbuffer pHS.0
RS fif FH & IR
NaH2PO4 0.53g 0.5M
NaHPO4 16.7g 0.5M
NaCl , 19.5¢g 300mM
D.W. up to 1L
*»H % 8.0 IZAb¥ED, A/ L—7 THHE L7
® 1M MOPSbuffer pH?7.2
R , fEHE B IRE
MOPS 209.2g 1M
D.W. up to 1L
*»pH % 72 128b¥ 5, — s/ L—7 TRE L7
@® 10x IP buffer
IR i & BACTRE
1M MOPS(pH7.2) 25ml 0.5M
NaCl 2.9g 0.5M
0.5M U & buffer pH8.0 10ml 0.1M
MQ up to 50ml
® 1M HEPES buffer pH8.5
R i & BAERE
HEPES 238.3g 1M
KOH pH8.5 |[ZFi
D.W. up to 1L

-y L—F CRE LT,



@® 0.2M HEPES buffer pHS8.5

1M HEPES 200ml 0.1M
D.W. up to 1L

® 0.1M Glycin HCL pH3.0

a3 & IR
Glycin 3.75g 0.1M
HC1 pH3.0 IZEHLED

MQ up to 50ml

@® 10x PBS

FREE fEHE AR
Na2HPO4 anhydrate 115g

Na;HPO, 29.6g

NaCl 58.5g

D.W. up to 1L

XA — 7 L—7CRBE LT,

® 1xPBS

R fEHE AR EE
10x PBS 100ml

D.W. up to 1L

® PBS(0.02%Sodium azide)

A EHE IR
PBS 50ml

Sodium Azide 20mg 0.02%(w/v)
D.W. up to 50ml

10



@® D-sol

IR EHE AR EE
7T =V R 66.8¢g ™

1M Tris-HCl pH8.5 50ml 0.5M
EDTA 0.37g 10mM
MQ up to 100ml

@® 3M sodium acetate, pH5.2

e S A& AR B
CH3COONa - 3H20 102.1¢g 3M
CH;COOH pH5.2 |ZFHH

D.W. up to 250ml

A—h7 U—T7 TRE LT,

@® 10x BT buffer

e S EHE AR
NH3HCOs 7.9g 100mM
D.W. up to 1L

@® 1x F47 buffer

PR FEHE RIEBE
10x AT buffer 200ml 10mM
D.W. up to 2L

11



[DNA B3]
@® 50x TAE buffer

SR EHE AR
Trizma base 242¢g

Acetic acid 57.1ml

0.5M EDTA, pHS8.0 100ml

D.W. up to 1L

@® 1x TAE buffer

B EHE AR
50x TAE buffer 200ml

D.W. up to 10L

@® 10x TE buffer

IR fit & AR
1M Tris-HCI, pH7.5 50ml 0.1M
0.5M EDTA, pH7.5 10ml 0.01M
D.W. up to 500ml

@®70% ethanol

e S fift I &= AR E
99.5% ethanol 70ml 70%(v/v)
D.W. up to 100ml

@® agarose gel running buffer

RER FHE AR
1x TAE buffer 200ml

SYBR Safe DNA gel stain 2nl 0.001%

12



® 1.0% TAE agarose gel

RS fERE IR E
1x TAE buffer 50ml

agarose 0.5g 1.0%(w/v)
SYBR Safe DNA gel stain 0.5ul 0.01%

@® SDS-PAGE running buffer

A fEHE AR EE
5x SDS-PAGE running buffer 200ml

D.W. up to 1L

13



[# 7 ]

® 10% SDS

AR R AR EE
SDS 100g 10%(w/v)
D.W. up to 1L

® 1M Tris-HCl, pH6.8 (for stacking gel)

I A& AR E
Trizma base 121g 1M

HCl pH6.8 |7 H

D.W. up to 1000ml

@® 1M Tris-HCI, pH8.0

I fEHE AR
Trizma base 121g

HCl pH8.0 (= FHH

D.W. up to 1L

*F—h7 L—T7 TRE LTz,

® 1M Tris-HCl, pH8.5

I fE & IR
Trizma base 121g

HCI pHS8.0 (7R

D.W. up to 1L

**—h7 L—T7THRELE,

@® 1.5M Tris-HCl. pHS8.8 (for running gel)

AR fEHE AR
Trizma base 181.5¢ 1.5M
HCl pH8.8 (Z7AH

D.W. up to 1000ml

14



@ 30%7 7 VN7 I NEIK

RS i & AR
Acrylamid 145g 29%(w/v)
N,N’-methylenebisacrylamide 5g 1%(w/v)

D.W. up to 500ml

*0.22pm 7 4 VA —TRE LT,

® 5x SDS-PAGE running buffer

o o FEHE IR

Trizma base 75g

Glycine 450g

10%SDS 250ml

D.W. up to 5L

@® SDS-PAGE running buffer

FREE EHE AR

5x SDS-PAGE running buffer 200ml

D.W. up to 1L

@® 2x SDS gel-loading buffer

FREE FHE RACRE

Trizma base 12.1g
100mM

SDS 4¢g
4%(w/v)

BPB 0.2¢g
0.2%(w/v)

Glycerol 15.8ml
20%(w/v)

D.W. up to 100ml

15



@® 1x Sample buffer

AR fE A& AR
2x Sample buffer 0.5ml

D.W. up to 1ml

@® 10x TBS, pHS8.0

AT fEH & AR
NaCl 87g

1M Tris-HCI, pHS8.0 200ml

D.W. up to 1L

® TBS-T

IR fEHE RAEIRE
10x TBS, pH8.0 100ml

D.W. up to 1L

Tween 20 0.9ml 0.1%(w/v)
@® Transfer buffer

A EHE AR
1M Tris-HCI, pHS8.0. 40ml 25mM
Glycine 14.4¢g 192mM
Methanol 200ml 20%(v/v)
D.W. up to 1L

® 5% AFXLINT

A i & AR
RAELINTEHE 5g 5% (w/v)
TBS up to 100ml

16



[R5 E REE]

® LB-AMP

AIE fEHE IR
Trypton 5g

Yeast Extract 2.5g

NaCl 2.5¢g

5M NaOHaq 200ul

D.W. up to 500ml

*h— k7 L—7 CHE L. 60CRREFE CHEIL72%IZ Ampicilin 100ug/mL

2725 L O 'BMA T,

® LB-KAN

foe o fEHE IR
Trypton bg

Yeast Extract 2.5g

NaCl 2.5¢g

5M NaOHaq 200ul

D.W. up to 500ml

*F— 7 L—7 THE L. 60°CRRE £ THHA L7-#IZ kanamycin 50ug/mL (2

A XHTIMAT,

® LB -AMP-plate

e d EHE I
Trypton 5g

Yeast Extract 2.5g

NaCl 2.5g

5M NaOHaq 200ul

Bacto Agar 20g

D.W. up to 500ml

*— N7 L—7CRE L. 60CEEE THA LK Ampicilin - 100ug/mL

WA X5 EMAZ,. 10em DISHIZE L., B LED D,

17



® LB KAN-plate

A EHE AR
Trypton 5g

Yeast Extract 2.5g

NaCl 2.5g

5M NaOHaq 200ul

Bacto Agar 20g

D.W. up to 500ml

*F— 7L —7THEL, 60CEEE CTHRAIL7Z#%IZ kanamycin 50ug/mL
B Lo &E Mz, 10em DISHIZE L, G LED 5,

@® Soltion I

R i & BACIRE
T a—R 0.45¢g 50mM
1M Tris-HCI pHS8.0 1.25mL 25mM
0.5M EDTA pHS8.0 1mL 10mM
D.W. up to 50mL

@® Soltion II

A fEHE AR E
NaOH 0.4g 0.2M
SDS 0.5g 1%(w/v)
D.W. up to 50mL

® Soltion M(5M KOAc pH4.8)

AR fEHE AR
KOAc 29.4g

CH3;COOH 11.56ml

D.W. up to 100mL

18



W 5258 SEBR B
® VU LUREEEH

AR fEHE AR EE
RPMI 1640 500ml

FBS 50ml

L-Glutamin 5ml

PS 5ml

Chicken serum 5ml

2-Mercaptoethanol 500ul

*2-Mercaptoethanol (% 0.22um 7 4 V¥ —TA@ L7z,
*FBS i3 56 £ 30 4 fEFE@bk L=,

@ SILAC E&th

RE fEHE AR
RPMI 1640 without Lysine, Arginine 500ml
FBS 5ml
FBS(dialysis) 50ml
L-Glutamin 5ml
PS 5ml
Chicken serum 5ml
2-Mercaptoethanol 500ul
Lysine(Heavy or Light) 500ul
Arginine(Heavy or Light) 500ul

*2-Mercaptoethanol |X 0.22um 7 4 V&# —TCAiE LT,

*FBS 11 56 B 30 sr[EFEEVE L L7z,

*FBS(dialysis)id 56 £ 30 f#i3E@E L L. 2L ® 1xPBS(-), 4 COLHT 1.5
el X 4 B OFENT & Lz,

2.3 ERICAW - EEE

AUTOMATIC HIGH SPEED REFRIGERATED HITACH
CENTRIFUGE Thermo Fisher
Nanodrop ND-1000 Scientific
LAS3000 FUJI FILM

19



TRANS-BLOT SD SEMI-DRY TRANSFER CELL BIO-RAD
Gene Pulser XCell BIO-RAD

20



3 EBREME

[SILAC D#%E]

AFETIZ, 2 EXFUENLES ) DA VYT TV AOBME L BET 57
W, X F{vEE#E UBC13, RNF8, RAD18, RNF168, RNF169, RNF4
W hoTa X F UMbE2FZITHENE AT EOHEENRE 2T/, ZDH
D7, DT40 Z# AW T, FARME L = % F A BER R EME L L+ 5
BEFHFE L BRI RV EEZRIECEIEEMMEZMEIEDZ LI
L0, WBRENIC2EXF UMEMIICEDOD DIEMZ VNI BRRIETHZENT
x5 SILAC #1T-7z, FFARMME & = B 5% F L LEER KB %2 12C(ight)
721 18C(heavy) TT RV ENTEHITHEEL, 2 X F UAMLENTETF FE
EUR L. EESTThHiT,

X FUAERE L OFARMBE CREFICZEXF ALBEZZD T
¥ FoAbanieXTFF FPBRE<EREND, —FH, 2 EXF AR KBM
BTIXEEIZZEFF AR TERVODOT, 2 EXFF U LENE=TF Figd
B, TOEYD, HBAERMEAL 2 X F U ALBERRBHRO 2 X F 1L
SNERTF FEREHAS EHARMRNEL 25,

FNHLEEZEEB L THEONOBREZ A5 L, TORODO X S IZFRMETT L
ENTWHED, HFERMRE 2 X F U ERXBEMREO 2 EXF 1T
FROEY—I BR—ERFEGBENT-XT—¢L LTREHENS, £, BARM
jat RNF4MRTENR Lz X F A7 F FEBIEIE—70B 3 L LTEN
L7, BEMMBO Y —73E< ., ERETERY—7 BB RS, (K2)

AEFFORRRILIESFERESY

® ®
@® 4
AFFFHERTFFRE
RNFAR MR <HFETdEm
L vyroume
~IH L2 z T
- iL ¢ ’
AEXFALRTFEOBRY o
HNESWH

X 2 SILAC iZ X A= EXF L ALEEERE
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[SILAC B8 EER]

@® SILAC @728 ® DT40 Mg D [EIIY

BFARME, X F U ALEREREME (UBC13/, RNF8/, RADI1S/,
RNF168+/-, RNF169+/-, RNF4--) % =7 KV 58£&H# 10ml T 39.5C, COziE
BE 5% Che#e L7z, 1200rpm, iR, 5 0 CT@LOoEEL, EEZBREL. Heavy
S~V E 1% Light 7~V & 7= SILAC R 2 B AR & 7213 RNF4 X8
FRIZ 10ml ANz, $:2& U7z, 150cm2FLASK C SILAC ££# 100ml 55%& L 7=,
—fFlL LT, AR L RNF4 REBOMIREE A EZ L TFICRET 5,

AR/ mL A L7 E (mL)
B A R HEH(Light label) 7.4x105 70mL
RNF4 x1Ea(Heavy label) 5.0x105 100mL
B A R H B (Heavy label) 6.8x105 100mL
RNF4 x##ifa(Light label) 7.2x105 100mL

FNbH%a 75ecm2FLASK It L. o<k T 10Gy (14MH). BH L=,
1200rpm, 4°C, 5 o CELBEL. EEZBREL. 10mL 1xPBS T Heavy 7
UL ENTZEBPAERL L Light 7~V &R RERZBE L, B, £z, Light
TV INTEFHAER L Heavy 7L SN EBEMIEG FROBIELZIToT0, B
B % 15mL F =2 —712% L. 1200rpm, 4°C. 545 CELOBEL., EEEKRE
L. REERICOT, BRELE,

OSILAC D7D DT40 # /37 EF U 7L ViHAb

[EX U7z DT40 % 5mL @ D-sol CIEMEL, Y =4/ —+a > TF /) L%&E]
Wri7-, 1400, EFEHAZITV. 10mg DTT (n 100ul D-sol) #{EH. 90 4
SR CHE L/, 26mg 3— K7 F7 2 F (in 100ul D-soDZ#M L, H#ES
LT 90 &M =IR THE L7-, 10mM HsHCOsbuffer |29 > V2 &FHr At/ e
—AF 2—7 TAEEN (3FFHE. 3K/, O/N, 3KH) 2fTo7, v—U—
TZXE "I EREZREL, YA —Z2HWT, 37C, O/N THZ X
JEED1%EED N) T UEEEITo T,
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@O —U—ik

25ulBSA@2mgml % 1.5mL F2—7I1ZB Lz, T bE MQ TEREFR L.
2mg/ml, 1mg/ml, 0.5mg/ml, 0.25mg/ml, 0.125mg/ml *# A& L7-, Bio-Rad
DC protein assay /8 1@SILAC D72 D DT40 # X7 & MU 7T U 1Hk
00ul A-Soltion Z#f1%. 800uL B-Soltion #/M%x. 1 5%fFE L. 750nm T
OD ZHIEL., REFLEZF W, ZLT, Y7 VBELZRIE LR,

@GX41 L Affigell0 £ —XDEE

K ET Img GX41 % 500ul. @ 0.2M HEPES pH8.5 #/lx 7=, Fv 7D
eEEIn, B —X250ul % 1.5mL F=—72t 5%, 3krpm, 4°C, 545D
=LA TV, EEZBREL. 1ImM HCl T — X% 2 [E¥E - 7-, Skrpm,4°C.
S5oMoRELLBEEZITVD., EEZBREL, 250ul. OFEE 200ul @ 0.2M
HEPES pH8.5 #/lix. 4°C O/N Tr—5—3 3 %fT-7, 3krpm, 4°C,
5 o OEODBEEZITV, EEZBREL. ImL @ 1M Tris-HCL pHS8.0 /1%,
3krpm, 4C, 553HDELTHEZITV, BIEEHRE L7, 1mL @ 1M Tris-HCL
pH8.0 #fNx., 4°C O/N CTu—75—3 v %17o7z, 3krpm, 4°C. 54D
ELDEEEITWV, BB AR RE LB L2 B — X% 1mL ? 0.1 Glycin-HC1 pH3.0
T3[EPE->7-, 0.5mL ® PBS(0.02% Sodium Azide) %% 7~

SDS-PAGE iZfRfF L7z LB L TOHEEERKEI L, Filk L ©— X DA%
RO,
OGX41 ikt — X L B B FF L Ab2TFF N IP

FU T b ERAT 2 T2 F FERIRIZ 2M PMSF(Gn DMSO) % 4mM 272 %
XoTmx, 4krpm, 4°C. 10 ZEDOELSBEEZTTV, 16ml F=2— 72 Lg%
L. 250uL @ GX41 Hiffv—X %%, 4C, O/N Thr—7F— 3 V&>
7zo 3krpm, 4°C, 54 DRELZBELZITV., EIBEEREFE LT, /2, LB L=
v —X% 1mL ® 1xIP buffer T 1.5mL =2 —7~EIX L7z, 5krpm, 4°C. 2
SEOBELTBEZITV, BEERWE, 2E, 1mL ® 1xIP buffer T 5krpm,
4C, 2 R LMEEZT o7, EEERE, 3E ImL ® MQ CTREZEDOEMET
TRLDEEZIT, EBERWZ, 0.1mL @ 0.1%TFA #ix, X7FF K&
tHL. Skrpm, 4°C, 5 OB LGBEZITV., EFEEZEIR L, LELZYE
— R~ 1xIP buffer #x. *FELEZEEICMLZ, 4C 30 oMo —7—3 g
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L EATo T, O, AT F NEILE TOBEE EROBELTV, 300ul D
7F FEREEI L, EREAHFIC T T,
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4. FEERARE R
4.1 [SILAC]

4.1.1 [GX41 & Affigell0 B — X DfEA OReR]
GX41(Anti-DIGLYCYL) & &' —ZXH#EE L TV 2 iR T 572, SDS-PAGE
#17\ ., 25kDa fif % Multi Gauge THIE L7z, £DfEH, GX41 & Affigell0
E— X136 99% A L TW5E Z L R Sz, (X 3)

Lane 1 /X GX41(2mg/ml), Lane2 | GX41 & b — X% fEE &, HO0BEE
FFOEI L7 FiE, RIZ GX41 ¢ E—XRERCHEE SR me. £E

OPEET 1lmg/ml (2725,

1 2 GX41 Supernatant | Background fEER
203467 3059 1633 0.992884516
o K3 GX41 & Affigell0 £ —XDFEE
-
R
1 GX41
- 2 Lk
o —
-

4.1.2 [UBC13 OfiEtris 5]

BESICHIT R, FAEEMIE (Heavy) & UBCI3 X#EHE(Light) %R
T HDOTHZEXF M7 F R 619 B shiz, —F, FAERMR
(Light) & RNF4(Heavy) %R 7-H O Tid= BXF AL~ F Fid 815 kR

HEh, KBTI EXFARTF RiE 381 E7E~7=, (K4)
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X 4 SILAC TRHENEFHAR vs UBCIAD 2 EXFF ALRTF NI

4.1.3 [RNF8 D it i)

BESWICHT IR, AT (Heavy) & RNFSX4BMM(Light) % B
2b DT EFF LALTF i 575 EfRH & iz, —F . BAERMK (Light)
¢ RNF4(Heavy) #{BH7- & O Tl X F b 7F NI 591 R S i,

HFET B2 EFFAERTTF NIiL 287 flE -7, (K 5)

5 SILAC THERHINWB4AR vs RNFSAD = EXF L Ab_TF R

4.1.4 [Rad18 DOt 5]

BESWICT - fE R, BARM (Heavy) & Radl8 xiBfifa(Light) % R
EbD TR EFF AT F Fid 867 AR S iz, —77., B M (Light)
& RNF4(Heavy) ZEE - D TiE2 X F b7 F FiZ 731 fEfRH S iz,

HETH2EXTFT ARTF R 411 E#Z-7=, (K 6)
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K6 SILAC THRHEN=HAR vs RadISAD 2 EXF U AL_TF R

4.1.5 [RNF168 Ofifttrs 5]

BRAOFIC T T-FE R, B4R (Heavy) & RNFI168 KiEAEH(Light) % iR

LD TR EFF UALRTF it 826 BRIz, —FH. FAERMAE
(Light) & RNF4(Heavy)Z B b O Tixa ¥ F U AL_T7F Rid 967 @

HEhi, H£EBETI2EXFARTF FIZ413EE 7. (®T)

X7 SILAC THRHSN/-B4R vs RNFIGSAD 2 X F L AL_TF R

4.1.6 [RNF169 OfEtrhsR]
BHESTICOIT R, B4R (Heavy) & UBCI3 KiB#(Light) % i
HELOTIEHZEFF ALRTF Fix 592 RS-, —F., FAERMKR
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(Light) & RNF4(Heavy) B 7 D TlE2 E X F AL 7F FiZ 1030 {E#%
&k, H£BTH2EXF AT F RiZ 320 H7Z -7, (X 8)

i Heavy
: Light

8 SILAC THHENI=EAR vs RNFI6IAD =B X F A7 F R

4.1.7 [RNF4 O it ]
BESWICINT TR, AR (Heavy) & RNF4 KiBHIIE(Light) % JEE

bDTE2EFF AT F Fid 570 ERH S, —77, FARMAL (Light)
& RNF4(Heavy) # BE 72 b D TIEA EFF ALATF Fid 957 R S iz,
EBT D2 EXRF AT F P 283 f@7Z -7, (K 9)

4B Heavy
RNFAR RN : Light -

B9 SILAC THRHEH SN2 EXF AT TF

28
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KPAGPSVTEIITK(gl 1.1435 Histone Histone Histone Histone Histone Histone
JAVSASK z H1 H1.01 H1.03 H1.10 H1.11L H1.11R
SAPATGGV : -
K(zDKPHR 1.0840 Histone H3.2-like
ATIAGGGVIPH = .

THK(gDSTIGK 0.8281 Histone H2A.Z(H2AFZ) Histone H2A Z(H2AFV)
SIVSK(gl 0.7894 Histone Histone Histone Histone Histone Histone
GTIVQTK : H1 H1.01 H1.03 H1.10 H1.11L HI1.11R

Histone Histone Histone Histone Histone Histone

IGIK(gDSIVSK 0.7834 H1 H1.01 H1.03 H1.10 HI.11L HLIIR

FfLE T ~NEARAL v F LI 2 2DOERTHBE L2 EXFF AURTF &S
F717ay KL, fitihli= % F /b7 F K Intensity ODEHETH Y |
L 2 SO ERITH T 2 FATMA L RNF4 REMAO 2 X F A_TF
RDtE(Normalized) Z ¥ L, TR Lz, £/, 2EOERTHET S5
EXFAERTF R 283 DT —F 22 TR Lz, RNFA/WT (ZEARHIME &
RBNF4 XM O = % F b7 F RO h(Normalized) TH ¥ . 2 [] D FEEk
DEHETH 5,

SILAC ratio fER @V EH DB RNF4REME T EXF U EMOETAA LR
e B NI ETHDH 6> T . RNFA DIER) X R 7 B OfFE#RE & L T Histone H1,
Histone H2A, Histone H3 ARIE X7z, & HIZ, BEATH S SUMO2 D= &
FFUEMOIKRT bRERICA O, £/, Blast Z W TEEDT TRE S H
7= Ub{b_TF F&EEDE A R 2BE LR, (®10)

757 TUFP —
— e — —— - = — o—:ﬁ”:-—i —

—_— : e % . * .

g & . "nu::m

E L ™ - - ':‘ ?::. ’:": '.:. SUMO2
- .’ < it .J'..‘; e = =

B AT ;"c‘-"f‘!-. S g

£ TSI TEY L eonem

-; . - - - - :U- ‘..- L

. Sl T —

&

-A5 - -3 h -3-.5 -3_ 4_1._5 - -1 0.5 o o 0;_ 1 :.5

SILAC ratio(Log-57 4 B! #ifa /RNFA R 18§ Ra)

X1 10 RNF4 KIBHIIQIZBW T EXRFUAEBRE T L TWEZ 7
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[283 fH D= B % F AL~ TF R]

WT/ ARNF4 gene protein sequence
1.143580995 Histone H1.11L KPAGPSVTEITK(g)AVSASK
1.084056371 | LOC417953 Histone H3 SAPATGGVK(ghKPHR

Small
0.963312933 SUMO2 ubiquitin-related HTPISK(gh)IMK
modifier 2

0.828125221 H2AFV Histone H2A.V ATIAGGGVIPHIHK(gl)SIIGK
0.789475571 Histone H1.11L SIVSK(g)GTIVQTK
0.783400477 Histone H1.11L IGIK(gl)SIVSK

VTIAQGGVIPNIQAVIIPKK(g)TD

0.768496904 | HIST2H2AC Histone H2A

SHK
60S ribosomal
0.707931575 RPL36 AIK(g)FIK
protein L36
0.683193282 | LOC417953 Histone H3 VTIMPK(gl)DIQIAR
Uncharacterized

0.648179109 RPS16 . TIQYK(gDIEPVIIGK(gER

protein

0.586793093 H2B-VII Histone H2B HNIPGEIAK(gHAVSEGTK

Uncharacterized
0.580752648 TRIP12 . GSQAIK(g)FFNTHQIK
protein
Uncharacterized
0.558345394 RPS25 _ GIIK(gDIVSK
protein
Ribosomal protein
0.557193991 RPL15 GIGK(g)GHK(g)FHHTIGGSR
L15 R
Uncharacterized

0.550518577 POLH _ TIDFFFK(gh)R

protein

0.548796524 | LOC417953 Histone H3 YQK(g)STEIIR

60S ribosomal
0.517929297 RPL10 YMVK(gl)SCGK

protein L10
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gene protein sequence
Ubiquitin YVDKIEK(gDIFQSAPSDP
0.515581879 USP5 carboxyl-terminal
TAQDFSTQVAK
hydrolase
Ribosomal protein
0.509091349 RPL15 L15 R IGYK(gDAK(g)QGYVIYR
Uncharacterized
0.509071159 RPS16 ) VK(g)GGGHVAQIYAIR
protein
0.50576611 H2B-VII Histone H2B SRK(g)ESYSIYVYK
Uncharacterized | NCAGPTNSIK(g)YVPIVTGIASA
0.502275293 FBXO38
protein R
0.501793128 H2B-VII Histone H2B HAVSEGTKAVTK(gl)YTSSK
40S ribosomal
0.471180045 RPS13 K(g)GITPSQIGVIIR
protein S13
0.442490236 H2AFV Histone H2A.V SIGK(ghK(ghGQQK
60S ribosomal
0.435977094 RPL26 ANGTTVHVGIHPSK(g)VVITR
protein L26
0.432246517 H2B-VII Histone H2B PEPAK(gl)SAPAPK
Enhancer of
0.426978519 ERH rudimentary (ac)SHTIIVQPTK(g)RPEGR
homolog
0.411865425 H4 Histone H4 GVIK(gDVFIENVIR
60S ribosomal
0.409898048 RPL13 IAGINK(gDR
protein L.13
Dnad homolog
0.404587632 DNAJBG6 subfamily B K(g)PHKPASSPR
member 6
Ubiquitin—40S
0.394973147 RPS27A | ribosomal protein [ HYCGK(gl)CCITYCFNKPEDK
S27a
0.394623848 RPL10 60S ribosomal INK(gD)M(ox)ISCAGADR
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protein L10

gene protein sequence
Uncharacterized
0.394579482 RPL27A YHPGYFGK(gl)VGMR
protein
50S ribosomal
0.389683886 RPL37 STCGK(gl)CGYPAKR
protein L37e
Uncharacterized
0.386762568 MRPL20 _ TFK(g)SIAAIAQR
protein
Thymidine kinase, | IGAEREVEVIGGADK(gl)YHSVC
0.366068248 TK1
cytosolic R
Uncharacterized
0.360771868 RPL27A _ SGYYK(gVIGK
protein
Uncharacterized
0.358613993 RPS14 _ EIGITAIHIK(gDIR
protein
0.345487353 SLC6A9 Transporter IFNATQK(ghR
60S ribosomal
0.338610054 RPL7 K(ghIIYER
protein L7
60S ribosomal
0.337979505 RPL35 VITVINQTQK(gl)ENIR
protein L35
60S ribosomal
0.336371153 RPL7 K(gh)VIQIIR
protein L7
Ribosomal protein
0.333188506 RPL15 FFEVIIIDPFHK(g)AIRR
L15R
myc
0.331351337 MYC proto—oncogene VVSEK(gDIATYQASRR
protein
Uncharacterized
0.328776685 RPL3 . K(gDIYKIGQGYQIK
protein
Uncharacterized
0.318569603 CMIP . TFISK(gDIITSK
protein
LOC41795
0.298393856 3 Histone H3 K(ghIPFQR
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0.296005649 CNPPD1 Protein CNPPD1 K(gl) YVSHVSR
gene protein sequence
Uncharacterized
0.295735673 RPL24 . AITGASIAEIMAK(gR
protein
0.293694281 RPL10A | Ribosomal protein K(gl)VICIAVAVGHVK
Uncharacterized
0.2760252 RPL4 _ VMIK(gDINPYAK
protein
60S ribosomal
0.275879733 RPL13 . GFSIEEIK(gDIAGINKR
protein L13
60S ribosomal
0.275283821 RPL27 SFVK(gDVYNYNHIMPTR
protein L27
LOCA41795
0.274930455 3 Histone H3 K(g)QIATK(gDAAR
Uncharacterized
0.270202928 CUL5 i TQEAIIQIMK(ghMR
protein
Uncharacterized
0.264293459 C16o0rf5 _ AYIYTYK(gDR
protein
Uncharacterized
0.25899308 RPL14 _ RQAMPFK(g)CMQITDFVIK
protein
Uncharacterized
0.252676519 DPAGTI1 . INPTTGKIEMSY SK(gl)FK
protein
Uncharacterized
0.245968233 RPL23 . K(gl)VHPAVVIR
protein
60S ribosomal TGVHHYSGNNIEIGTACGK(gl)Y
0.232615471 RPL30
protein L30 YR
Uncharacterized
0.227055959 RPS25 . EVPNYK(gDIITPAVVSER
protein
40S ribosomal
0.213670659 RPS17 VIIEEK(gD)YYTR
protein S17
Uncharacterized
0.208856645 HNRNPU ) HAAANPGK(g)YNIIGTNTIMDK
protein
0.208798697 RPL7 60S ribosomal QIFNGTFVK(gDINK
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protein L7

gene protein sequence
Uncharacterized
0.207185303 RPL9 . TVIVK(g)GPR
proteln
Uncharacterized
0.202155378 BCORL1 . RIIVNK(g)NAGETIIQR
protein
Ribosomal protein
0.201022895 RPL19 L19 KIIK(ghDGIIR
40S ribosomal
0.189577816 RPS13 FVTGNK(gDIIR
protein S13
Uncharacterized
0.188640011 DYNGC2H1 TRIDEWTK(gl)SAGIEK
protein
Uncharacterized
0.187845994 PEST1 _ FIIHEPIVNK(gDFR
protein
60S ribosomal
0.165305372 RPL30 YVIGYK(g)QTIK
protein L30
Uncharacterized
0.165251133 PPP1R7 _ K(gDIFIVNNK
protein
Suppressor of
0.156813409 ST7 tumorigenicity 7 SATICYTAAIIK(g)AR
protein homolog
60S ribosomal
0.134690796 RPL10 ICANK(g)YMVK
protein L10
Uncharacterized
0.134367342 RPL4 _ KNPIK(gDNIR
protein
Uncharacterized
0.124324738 RPS23 . ANPFGGASHAK(gl)GIVIEK
protein
Uncharacterized
0.095010656 KLHL24 ' FADTHSIK(gDTIFTK
protein
FACT complex
0.090593279 SSRP1 VAIGHGIK(gDIITK
subunit SSRP1
0.089751609 FANCI Uncharacterized DSIHIVIQK(gDAIFSR
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protein

gene protein sequence
Thymidine kinase,
0.086320869 TK1 _ K(gl)AFGSIINIVPIAESVVK
cytosolic
Uncharacterized
0.084985463 DDI2 _ WAGIAK(gl)GVGTQK
protein
Uncharacterized
0.082369401 CSTF2 _ IVDPEIAIK(gDIIHR
protein
Uncharacterized
0.080033011 RPS15A ) INK(gl)CGVISPR
protein
Uncharacterized
0.079621371 BIRC6 ) GSSYK(gDIIVEQAK
protein
Serine/threonine
—protein
0.069935525 PPP1CB phosphatase AK(gDYQYGGINSGRPVTPPR
PP1-beta
catalytic subunit
LOC39593 | Uncharacterized
0.052388807 IFAPNHVVAK(g)SR
3 protein
Uncharacterized
0.052022125 CHTOP _ IGK(gl)SNIQAR
protein
Uncharacterized
0.047296538 RPS23 _ AHIGTAIK(g) ANPFGGASHAK
protein
60S ribosomal
0.046052078 RPL26 GQQIGK(gDVVQVYR
protein L26
Uncharacterized
0.045263585 RPL24 _ TDGK(g)VFQFINAK
protein
Uncharacterized
0.041598938 NDUFA4 _ IAPNDQYK(gl)FYSVNVDYSK
protein
40S ribosomal
0.040743506 RPS15 EAPPMEKPEVVK(gl)THIR

protein S15
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40S ribosomal

0.040092131 RPS17 NK(gDIAGYVTHIMK
protein S17
gene protein sequence
Uncharacterized
0.038009792 RPL4 _ NIPGITIIDVNK(gDINIIR
protein
Ribosomal protein
0.034763751 RPL15 L15 R GATYGKPVHHGVNQIK(g)FAR
0.01694999 FAM208B | uncharacterized DYINFTVTTK(g)RPGR
Uncharacterized
0.010558413 SETX . K(gDIFQSTIK
protein
Uncharacterized
0.005414553 NCAPG . HIIVIIK (gl)
protein
Uncharacterized
0.001832578 TNPO1 . SISGIIKNNVK(gl)
protein
Uncharacterized
-0.003119342 | RACGAP1 . IHDFVSK(g)TVIKPESCVPCGK
protein
60S ribosomal
-0.008349073 RPL30 SGK(gDYVIGYK(g)QTIK
protein L30
Uncharacterized
-0.014028114 POP5 . TCQK(g)FIIQYNR
protein
14-3-3 protein
-0.024341263 YWHAG NIISVAYK(gl)NVVGAR
gamma
Uncharacterized | VIK(gl)VISVCSSNKPAIVEAGG
-0.029231354 | CTNNBI1
protein MQAIGIHITDPSQR
Uncharacterized
-0.034372014 | OC426240 . GIIYGPPGTGK(g)TIIAR
protein
Uncharacterized
—-0.038797361 RPL4 . SQEIQK(gAIRAPK
protein
Uncharacterized
-0.06094515 LSS . FTQIPENPPDYQK(gl)YYR
protein
Asparagine
-0.061289294 ASNS GIINIK(ghHSTSIFPK
synthetase
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Uncharacterized

-0.068738959 RPL21 ' K(gDHGVVPIATYMR
protein
gene protein sequence
Uncharacterized
-0.070712575 PSMC2 ' THIFK(gDIHAR
protein
Uncharacterized | SAVPPGADK(g)K(gl) AEAGAGA
-0.074552516 RPS10
protein ATEFQFR
Uncharacterized
-0.083087586 SGTA _ AAAYSK(gDIGNYAGAVR
protein
Sodium/potassiu
m-transporting
-0.085784178 | ATP1B3 TFGYSK(g)GTPCVIVK
ATPase subunit
beta—3
LOC39593 | Uncharacterized
-0.086870176 _ VEQIAASK(g)CR
3 protein
40S ribosomal IASIIEEQFQQGK(gDIIACIASRP
—-0.087107288 RPS8
protein S8 GQCGR
Uncharacterized
-0.099985517 RPL24 _ VEICSFSGYK(gDIYPGHGRR
protein
14-3-3 protein
-0.101039713 YWHAE . NIISVAYK(gDNVIGAR
epsilon
Uncharacterized
-0.107846821 PSMC3 _ ACAAQTK(g)ATFIK
protein
26S protease
-0.122118786 PSMCH1 regulatory VVGSEIIQK(g)YIGDGPK
subunit 4
Uncharacterized
-0.122580024 RPL23 . K(g)KVHPAVVIR
protein
Uncharacterized
-0.128931739 MTCH2 . AGIFK(gl)GIAPR
protein
-0.12982376 H4 Histone H4 DAVTYTEHAK(gl)RK
GPI Glucose—-6-phosp | IIPHK(gl)VFEGNRPTNSIMFTK
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-0.143705025

hate isomerase

gene

protein

sequence

-0.167314569

MTCH2

Uncharacterized

protein

ICSSAIGTVVHGK(gh)VIQR

-0.167722312

CDCATL

Uncharacterized

protein

NARPPEK(g)FAIEK

-0.168645288

TBC1D15

Uncharacterized

protein

IFIK(g)CIENHVVIR

-0.184685848

CCTs

Thymidine kinase,

cytosolic

IMGIEAIK(g)SHIMAAK

-0.18758136

TK1

Integral
membrane

protein 2B

CIIVK(g)YAK

-0.187622523

ITM2B

Inosine—5-monop
hosphate

dehydrogenase

VKVSFNSAIAQK(ghEAAK

-0.188610419

IMPDH

Ubiquitin
carboxyl—-terminal

hydrolase

HGFCGIPITDNGK(g)M(ox)GGK

-0.189933685

USP5

Uncharacterized

protein

FASFPDYIVIQIK(ghK

-0.190255037

RPL35A

Ubiquitin
carboxyl—terminal

hydrolase

NNTVTPGGK(g)PNR

—-0.195312132

USP5

Uncharacterized

protein

SVAIK(eDTTR

-0.195346406

TKT

Ubiquitin
carboxyl—terminal

hydrolase

K(gDAYGIAIAK

-0.197844826

USP5

uncharacterized

MFK(ghAIIGK
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Uncharacterized

-0.199047529 PXMP4 ) AAIAVIK(g))GFR
protein
gene protein sequence
T—-complex
-0.199428833 | PABPC1 | protein 1 subunit TVPQYK(gl)YAAGVR
eta
60S ribosomal
-0.209918361 CCT7 K(gl) TFSYAGFEMQPK
protein L30
Uncharacterized
-0.215205344 RPL30 _ AK(gDIVIIANNCPAIR
protein
Uncharacterized
-0.215900453 RPS10 . MIMPK(ghK
protein
LOC39593 | Uncharacterized
-0.217686901 RPAVK(g)QFHDSK
3 protein
-0.218754923 ATXN3 Ataxin—3 VQQVQRPK(gDIIGEETAQSR
Inosine—5"-monop
GSIHK(g))FIPYIIAGIQHSCQDIG
-0.225277783 IMPDH hosphate AK
dehydrogenase
Heat shock
—-0.234850594 HSPAS cognate 71 kDa IQK(gDIIQDFFNGKEINK
protein
Uncharacterized
-0.237511418 TOMM7 ' IQQIFK(gl)GGQFAIR
protein
Amidophosphorib
-0.238384631 PPAT K(gl)FGVISDNFK
osyltransferase
Uncharacterized
—-0.238883671 PABPC1 ) AIDTMNFDVIK(g)GKPVR
protein
Uncharacterized
—0.24488737 NAPRT1 . IIAGPQMK(g)IMEIGIR
protein
Uncharacterized
-0.249674891 | SCCPDH HTK(g)YPEFFSAGR

protein
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gene

protein

sequence

-0.252396268

APLP2

Uncharacterized

protein

HISK(g)DMQNHGYENPTYK

-0.254353706

ATP6VOA
1

V-type proton
ATPase 116 kDa
subunit a isoform

1

K(gDHIGTHNFGGIR

-0.265562121

RPL10

60S ribosomal
protein L10

IPDGCGVK(g)YVPGRGPIDR

-0.265744023

HNRNPH1

uncharacterized

protein

FFSDCK(gDIINGAIGIR

-0.277626515

VCP

Uncharacterized

protein

VAIIK(g)ANIR

-0.278018479

USP5

Ubiquitin
carboxyl-terminal

hydrolase

VCASEKPPK(g)DIGYIYFYQR

-0.287828565

PSMC2

Uncharacterized

protein

VIGSEIVQK(g)YVGEGAR

-0.288471172

PSMA3

Proteasome
subunit alpha

type

IVISK(gDIYEEGSNKR

-0.291901028

LSGt

Large subunit
GTPase 1

homolog

NEIEIFK(gDTIHSGPR

-0.294008519

AUP1

Uncharacterized

protein

ITAADK(gl)AEHMKR

-0.295117834

UBFD1

Uncharacterized

protein

IHSITGIPPAMQK(ghVMFK

—-0.298547342

UFDI1L

Uncharacterized

protein

RGIPNYDFK(gDIGR
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Uncharacterized
-0.306883897 CLIC2 _ THIK(gDIAAK
protein

gene protein sequence

Glyceraldehyde—3

-0.3085347 GAPDH -phosphate GAAQNIIPASTGAAK(gDAVGK
dehydrogenase
Asparagine
-0.324930511 ASNS NGIEK(gDYIIR
synthetase
Proteasome
-0.329957253 PSMB4 CMK(gDIIYYR

subunit beta type

Serine/threonine
—protein
-0.334297632 | PPP1CB phosphatase - GCRPGK(gDIVQMTEAEVR
PP1-beta

catalytic subunit

T-complex
-0.335706859 CCT8 protein 1 subunit AVDDGVNTFK(g)VITR
theta
myc
-0.347260427 MYC proto—oncogene HK(gDIEQIR
protein
GGA.4755 | Uncharacterized
-0.350558888 FAGK(gDQIEDGR
2 protein
uncharacterized
-0.351168271 POLR2E _ GQVVK(gDIIRPSETAGR
protein
Uncharacterized
-0.362881594 RPL11 ) VIEQITGQTPVFSK(ghAR
protein

-0.364953767 | RPL10A | Ribosomal protein AGK(g)FPSITHNENIVAK

Uncharacterized | IAYMPNTFFIGDHANMFPHIK(gl)
-0.369377131 OGT
protein KK

Ubiquitin—40S
-0.380532929 | RPS27A . IIFAGK(g)QIEDGRTISDYNIQK
ribosomal protein
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S27a

—-0.380701976 ENO1 Alpha—enolase (ac)SIIK(ghIHAR
gene protein sequence
Triosephosphate
—0.38455682 TPI _ IGVAAQNCYK(gl)VPK
isomerase
Tyrosine——tRNA
—0.385256293 YARS ligase, NFITK(gDIGSISCK
cytoplasmic
Uncharacterized
-0.386342137 IDH3A _ SHVTAVHK(gDANIMR
protein
Uncharacterized
-0.388242889 HK1 _ TVCGAVSK(ghR
protein
Uncharacterized
-0.394896952 RPS3 ) GCEVVVSGK(gDIR
protein
Uncharacterized
-0.406091784 VDAC2 _ DIFNK(gl)GYGFGIVK
protein
Pyruvate kinase
-0.4079399 PKM HIK(gDIISK
muscle isozyme
Proteasomal
—-0.409192749 ADRMI1 ubiquitin receptor MSIK(gDGSTVTPDKR
ADRM1
Protein transport
-0.418579228 SEC23A GAVQFVTQYQHSSTQK(gNR
protein Sec23A
Uncharacterized
-0.420640003 NOP58 _ IITDNITYCK(g)CVR
protein
Ubiquitin—40S
-0.422366312 | RPS27A | ribosomal protein TISDYNIQK(gESTIHIVIR
S27a
GGA.4755 | Uncharacterized
-0.422366312 TISDYNIQK(gESTIHIVIR
2 protein
Uncharacterized
-0.426990329 UBE2J2 GPETTPYEGGYYHGK(gDIIFPR

protein
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Uncharacterized

-0.432908115 | CTNNBI1 _ NK(gl)M(ox)MVCQVGGIEAIVR
protein
gene protein sequence
Uncharacterized
~-0.435390278 CUL1 ‘ . FINNNAVTK(gDMAQSSSK
protein
Uncharacterized
-0.44120305 | SMARCC1 _ AK(g)HIAAVEER
protein
Uncharacterized
-0.442417638 RPS3 _ IREITAVVQK(g)R
protein
BTB/POZ
domain—containin
g adapter for
-0.443153647 | TNFAIP1 TCSFK(gl)VGSIGNK
CUL3-mediated
RhoA degradation
protein 2
DDB1- and
-0.454238399 DCAF13 | CUL4-associated VFAK(g)PFISSIDGHR
factor 13
Inosine-5'-mono
IMPDH phosphate
-0.46040938 YRGMGSIDAMDK(gl)NIGSQNR
dehydrogenase
LOC42968 | Uncharacterized
-0.463522972 _ K(gDAFISTITAQSITR
2 protein
Uncharacterized
-0.467663211 SREBF2 _ K(g)IAHGFRPAYR
protein
Uncharacterized
-0.46821067 TQNVIGEK(gDGRR
RPS3 protein
Eukaryotic
-0.482192206 EIF4A2 initiation factor | AIIPCIK(gl)GYDVIAQAQSGTGK
4A-1
Uncharacterized
-0.482287722 PES1 ICIIK(g)GIYPHEPR

protein
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GTP-binding

-0.505915871 RAN AK(g)SIVFHR
nuclear protein Ran
gene protein sequence
Methionine YREIGNIIQK(g)JHAQANGFSVV
-0.515184285 | METAP1
aminopeptidase 1 R
Uncharacterized
-0.523930536 HMGCR . HIPAYK(gDIETIMETQER
protein
Uncharacterized
DIP2B VSTK(gDIQQIINTIK
-0.532223281 protein
Uncharacterized
AURKA GK(gDFGNVYIAR
—-0.55193848 protein
Uncharacterized
-0.555986348 ILK . ISMADVK(gl)FSFQCPGR
protein
Mitochondrial
-0.556073977 RHOT1 EMKPACIK(gD)AITR
Rho GTPase 1
Uncharacterized
-0.558986684 PLK1 _ HINPVAANIIQK(gDMIR
protein
Glyceraldehyde—3
-0.57212902 GAPDH —phosphate SIK(g)IVSNASCTTNCIAPIAK
dehydrogenase
Eukaryotic
-0.572619048 EIF4A3 initiation factor | GIYAYGFEK(g)PSAIQQR
4A-1I11
Uncharacterized
-0.582261219 IGJ _ IVPIK(gDSR
protein
U2snRNP
-0.589719074 U2AF1 auxiliary small GGFCNFMHIK(g)PISR
subunit
Uncharacterized
-0.591877117 AMFR K(gIPCGHIFHNSCIR

protein
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Uncharacterized

-0.59231982 PDIA4 _ KFDVTGYPTIK(gDIFR
protein
gene protein sequence
-0.596991423 RFTNI1 Raftlin EGNISTK(g)QIVFIQRPSIPQK
Uncharacterized
-0.604176395 EIF2B3 _ CYVHIMK(gl)EGICCR
protein
Uncharacterized
-0.613000032 SREBF2 _ K(gl)VFIHEATVR
protein
Uncharacterized
-0.613786869 | OC426240 . K(g)YEMFAQTIQQSR
protein
-0.615382578 FAM46C FAM46C GGGIIK(g)YSNIIVR
Phosphoinositide
-0.635610594 | PIK3AP1 | 3—kinase adapter | RFVGHTK(gl)DVISVAFSSDNR
protein 1
Uncharacterized
-0.642085629 RPS3 _ YK(gDIIGGIAVR
protein
Uncharacterized
-0.64397495 PABPC1 . K(ghEFSPFGTITSAK
protein
Uncharacterized
-0.662514535 | RABGEF1 ) K(gDFFTASSR
protein
Uncharacterized
-0.667349877 ATADI1 _ GVIIYGPPGCGK(g)TIAK
protein
Uncharacterized
-0.677849814 NOP58 . HPASTVQIIGAEK(g)AIFR
protein
Elongation factor
-0.678448671 EEF2 ) VMK(gl)FSVSPVVR
Uncharacterized
-0.682559356 | PABPC4 _ AK(gDEFTNVYIK
protein
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Uncharacterized

-0.700526723 RPS10 _ PK(gl)GIEGERPAR
protein
gene protein sequence

Uncharacterized

-0.715905889 LSS _ QVYIPM(ox)SYCYAK(gl)R
protein

Uncharacterized

-0.741615724 GNAI3 _ VKTTGIVETHFTFK(gl)DIHFK
protein

Elongation factor
~-0.748488858 EEF2 ) STITDSIVCK(g)AGIIASAR

Uncharacterized
-0.754816045 VAMP1 _ VNVDK(gl)VIER

protein
Nuclease—sensiti
ve

—-0.77244992 YBX1 NDTKEDVFVHQTAIK(ghK

element—binding

protein 1

DNA replication

-0.783411854 MCM3 licensing factor | THIACHIKQMSK(gl)
MCM3
Pericentriolar

-0.793514088 PCMT1 AQIFNK(ghDMR

material 1 protein

Uncharacterized
-0.800988136 HMGCR . IQK(gDIISIAGR

protein

Uncharacterized

-0.817146627 | CYP51A1 . MIK(g) TGINIAQFK
protein

Hydroxymethylglu

-0.822485483 | HMGCSH1 taryl-CoA IVQK(gl)SVAR
synthase

Uncharacterized

-0.822753458 SCD ) VSK(gEVIIAR
protein
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Nuclease—

sensitive
-0.83156526 YBX1 VIATK(gDVIGTVK
element-binding
protein 1
gene protein sequence
Uncharacterized
-0.83442056 HNRNPU . APQCIGK(gl)FIEIAAR
protein
Uncharacterized
-0.836682295 RALYL ) YGK(ghIVGCSVHK
protein
Uncharacterized
-0.83863781 HSPH1 . GCAIQCAIISPAFK(gl)VR
protein
Uncharacterized | FAANPNQNK(g)NVAIISQICHS
-0.861942891 ELAVLA1
protein PAR
Uncharacterized
-0.863890138 DDX3X . RK(gDQYPISIVIAPTR
protein
Casein kinase |
-0.869122491 | CSNK1AT1 IEYVHTK(g)NFIHR
isoform alpha
Uncharacterized
-0.882242704 RIOK3 _ ISNQVFNAIK(g)DQHAYSEERR
protein
Uncharacterized
-0.895879183 HSPH1 _ NHAAPFSK(gDVITFYR
protein
Uncharacterized
-0.906121516 SRP72 ] IAQGSVTK(g)ACMIIR
protein
Uncharacterized
-0.925973713 STT3A _ FGQVYTEAK(g)RPPGYDR
protein
Uncharacterized | AAK(g)VIEQITGQTPVFSK(ghA
-0.926134552 RPL11
protein R
Long—chain—fatty
-0.930929513 | ACSBG2 —acid—CoA SVGAK(gl)SSTIRR

ligase ACSBG2
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40S ribosomal

-0.939706896 RPSA AVIK(g)FAAATGATPIAGR
protein SA
Glyceraldehyde—3
-0.94133872 GAPDH —phosphate YDSTHGHFK(g)GTVK
dehydrogenase
gene protein sequence
Uncharacterized
-0.971547344 | HSD17B7 . YHSCTSGIGK(g)NFVEPR
protein
Uncharacterized
—-1.002768831 DOCKS8 ) TSAVSVGSK(gDIIQSR
protein
Uncharacterized
-1.002789651 GBA2 _ TIFEK(gl)NVMSFAGGK
protein
Uncharacterized
-1.036976237 HSPH1 _ NQQITHAHNTVSNFK(gl)R
protein
Uncharacterized
-1.123726171 HNRNPU _ MMVAGFK(gl)R
protein
Uncharacterized
-1.153808061 RAC1 . KITPITYPQGIAMAK(g)EIGAVK
protein
Elongation factor
~1.169546008 EEF2 ) YFDPATGK(g)FSK
Uncharacterized
-1.19844277 SREBF2 . HRK(gl)QADIDIAR
protein
Uncharacterized
-1.215363412 ABCF2 . TIQK(gDMMASGITER
protein
Tubulin alpha—1
-1.235591223 . HGK(gl)YMACCIIYRGDVVPK
chain
Uncharacterized
-1.237976367 EIF3A ) TVYEDK(gDIKQFQER
protein

-1.250451536

Tubulin alpha—1

chain

VGINYQPPTVVPGGDIAK(ghVQ
R
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-1.270493096

Actin,cytoplasmic

K(g)DIYANTVISGGTTMYPGIA

type 5 DR
gene protein sequence
Uncharacterized
-1.298619133 | PABPCI1 _ IVATK(ghPIYVAIAQR
protein
Uncharacterized
-1.298911154 | TUBAS3E _ DVNAAIAAIK(g)TKR
protein
Uncharacterized
-1.328304499 | TUBAS3E _ HGK(g)YMACCMIYR
protein
Ig mu chain C
-1.347485193 , IETAIGK(gl)R
region
Uncharacterized
-1.353263929 MCM2 _ FVVNSHVK(gl)HHPGSK
protein
Eukaryotic
translation
-1.366604231 EIF5A2 o GRPCK(gDIVEM(ox)STSK
initiation factor
5A-2
LOC42602 | Uncharacterized
-1.477746948 ‘ IVVPASQCGSIIGK(g)GGCK
3 protein
Uncharacterized
-1.492723077 SNX3 _ VVVPPIPGK(g)AIIR
protein
Elongation factor
-1.572019202 EEF1A KIEDGPK(gl)FIK
1-alpha 1
Uncharacterized
-1.697936494 CCT2 ] ITANTGMDTDKIK(ghIFGSR
protein

49




Cycllin—dependen

GVIK(gDIADFGIAR

-1.698613122 CDK1
t kinase1
Insulin—like
growth factor 2
-2.003203073 | IGF2BP3 FTEEIPIK(gDIIAHNNFVGR
mRNA-binding
protein 3
gene protein sequence
Uncharacterized
-2.063127482 PCGF _ VSGEATIGHVEK(gDFIR
protein
Ig mu chain C
-2.221971324 _ VITPSFVDIFISK(g)SATITCR
region
Tubulin beta—7
-3.040309705 ha ISVYYNEATGGK(gl)YVPR
chain
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Eilas

KPR EZITTOICHIZY, THEETHELZIEEE L, BHRFREKE
e BILEHEHN SFHELMFEER EWEFRE EEHEEE. HE
FIEBBUZ L GRS BHBILE 3 & L BICESEHILR L ETET,
HBIC—FHFRODITHNEZTEESE LEERHMRERRAKRER BEIFEHER
SFHEAFER RIOBAREEE., LNTHEL, EETK, BETER,
REAEHKR, BEEER, PJITRFE, MABETFR, ER2K, &EH
B, BIIARRK, BEZK, REAKK, BEHERKK, ATHER. BR
BRIK, A)IRER, EERBEZERK, JIBERKRK, IMHER, aAFERK, 2
MEAR, MEEARER, REEAK, HRKERERICHELZHR L LT ES,
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