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Explore cellular functions of the interaction between Pir51 and CDC20
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F P DNA £ eniz ¥ o Flyt 423 Pir51 3 %27 ATR-dependent

pathway > ¥ ¥ & DNA @4 > 6 b3 £ & chdk ¢ o
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Abstract

Pir51(protein interacting with Rad51), is found highly expressed in
aggressive mantle cell lymphoma but not in indolent small lymphocytic
lymphoma patient samples. Recently, Pir51 has been detected in a
variety of cell types. The expression level of Pir51 is regulated during
the cell cycle in a pattern nearly identical to Rad51. RADS5I plays a
major role in homologous recombination of DNA during double strand
breaks and interacts with a lot of proteins. We found that there were 124
proteins associated with Pir51 by using the BacterioMatch Two-Hybrid
system. One of the interesting clones is CDC20. CDC20 is highly
expressed in M phase of the cell cycle, and appears to act as a regulatory
protein. We performed IP-Western and immunostaining to verify the
interaction between Pir51 and CDC20. Indeed, the data showed that
CDC20 associates and colocalizes with Pir51.  Pir51 is ubiquitinated via
APCP Moreover, we found that Pir51 can interact with ATR.

HelL a cells were treated with 20ug/mL bleomycin for 2 hours, and then
observed the relationship between ATR and pir51 in response to
bleomycin by immunostaining.  As a results, we showed that Pir51 is

involved in the ATR-dependent pathway.

Key words: immunoprecipitation; immunostaining; ubiquitination;
protein interaction
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3-AT 3-amino-1,2,4-triazole

ATM Ataaia telangieatasia mutated

ATR ATM and Tad3-related

APC anaphase promoting complex
APS Ammonium persulfate

DMSO Dimethyl sulfoxide

DMEM Dulbecco modified Eagle medium
FBS fetal bovine serum

IR ionizing irradiation

IPTG Isopropyl-1-thio-B-D-galactopyranoside
1P immunoprecipitation

MCL mantle cell lymphoma

Pir51 protein interacting with Rad51

PI Propidium Iodide

PS penicillin-streptomycin

SLL small lymphocytic lymphoma
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B P 4
Bl 1-Rad51 Lim it Tl AT R Fmt d o
Bl 2 ~ RadS1 chd-s 54F & M550 o
Bl 3 ~ ATR and ATM & DNA % 3f chp# i #7 fachz Tk Jiy o
Bl 4 ~ CDC20 15 5t % 3 o
B 5 mEEER i b o
Bl 6~ wmE i f i ks o
B 7~ 00 d B k-0 S B EF KA PIrS1 & CDC20 § 2 3 (7% o
Bl 8 ~ CDC20 12 % PirS1 fd & ¥ k BAcE ™ cha # 525 o
B9~ #31 CDC20 € 22 PirS1 § 2 3 {F% chk & o
B 10 ~ PirS1 ¢ 5 APCTP 4t 3% it o
B 11 ~ PirS1 27 ATR 7 DNA 5P » A d B & KB ACE T cha # i
Ilj °
Bl 12~ 2@ & BEE 2 R PirS1 Atdrd| iz o

Bl 13 ~ MetaCore A 47 * 8f 2 A F1 £ I f P APM B IZ 2 5% o
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DNA 2if Wehpsiz > 5 pFig § A2 p 2 Hensiiipe > ofp
AR R B SRS 4 b i DNA A Bl ehil AR ¢ A0 1 I el

A ELEF DT ¢ BATBH kAT DNA AF QA 7 Ry

da

DNA 2 4 47 & =10 T B4g:
1.7z 4445 3818 4F 1F * (mismatch repair)
2.4k 2L P “f i% 44 (base-excision repair)
KR B2 g “f 12 4% (nucleotide-excision repair)
4.® 12 4R (direct repair)
5.% & 348 iT * (recombination repair)
6.% 1145 enig 4T {¥ * (error-prone repair)

DNA =% 3| *h 2 B B TP o Gildofg ST8enR &t > ¢ 513 de A 4
e & > 12 2 DNA %74 ehfi-/<(Lowndes and Murguia, 2000) ; @ UV
IR b 0 ¢ R e M 0A 2 & - X A 4 (Sage er al,
2010; Tremezaygues et al., 2009) ; % #v » & & 14 F = B bl doig it H) o

DNA /i ¢ & 2 45 ¥ — 4 i direct repair &2 base-excision repair



PR OEHE o - L BT R T i £ & 2 FR
f et hoy A F OV RE A kS A e E 1R
b gs enig AT (T K i3 A X 45 5 DNA o

Rad51 & E 14 F MM ch—- f5 3% F 4% *S Ri1 4 # RecA -
DNA &X FI3F G enpriz » mie § A4 — 2 5 RELT > & 3518 mie iF
Hpizak o E 1Y DNA B4l 7] > el § % w2 4w 7= (Du et al,
2010)° IR & i 4] DNA 348 5 B » H ¢ RadS1 &iw?e ol iR
Tad - BiRE&endd > § DNARFIREH G > BReH o
Priz > Rad51 ¢ A3 £ IR I ¥ fod - i B eid 44 54| (Bugreev ef

al., 2007) (B 1) -

‘ Processing

l Invasion (Rad51)

X\

Extension b
(DNA polymerase n)

x %, D-loop
‘Dissociation{RadSzl) c
_ T

‘ Annealing (Rad52) d

SDSA
(Bl 1) ¥ DNA ¥ % chp i3 » RadS1 i 7 R E

R F L
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Rad51 % 4 -9 F4f & $ <0738 £ (8] 2)°RadS1 43 3w
% iT R E waeie? o F DNA £ F4F 5 i3 > RadS] chi
€ W 4v > TP REIRA PELT o — B R A F] 0 8 pS53, ATM,
BRCA1, BRCA2, BLM {- FANCD2 ~ ‘%’Kﬁ?ﬁt’% .22 Rad51 ehiRJ5 7 %
*7 1 B3 (Beucher et al., 2009; Henning and Sturzbecher, 2003) - Rad51

s BB IRF M R0 FAE LM 5 & ¢ 35 RPA > BRCAL »

BRCA2>'ATM % & & 3¢ ¥ 2 RADS1 3 % *» 0% 3 ¥ % (Jacquemont

and Taniguchi, 2007) °

ErcR) .

(] 2) Rad51 # 12 3= 5 4F £ 403558 % & o Pir51 +

Rad51 en# ¢ — B 3—v HAF & 48 o



ATM ¥ ATR #_% DNA £ 4FehpFiz > 5% DR A4 8 ek
v 7 (Kim and Burke, 2008) » ATM i ¥ &A% IR (ionizing irradiation) f&
S DNA BE9L 87 5] p i 1 (Pandita ef al., 2000)» @ ATR % DNA
. UV PR 52 5 47 @ = (stalled replication forks)4s :%-pF € 3 & &
(Wright et al., 1998) -

ATM 2 ATR &4 f63-d ¥ 7 & & DNA S3fpF ¢ = Tia it > 18
g T RN Bt B B BAE B AF £ R 6 IR moE o i 2
T E B o (G E_i¢ % 3 H & F (Abraham, 2001; Lin and Dutta,

2007) > N E ¢ w4 = (B 3) o

DNA damage

Nuclear

export

(B
CCD Protessoma
(P~ Myt1
(62) (™)




(%] 3) ATR&ATM 7% DNA £ 4f chp$ i s fchz T 5 i o

ATM 2 ATR % DNA Z4FpF > € 2 g it » T frdh T 25348 18
F]> & fw¥z ¥ P iz 0k (cell cycle arrest) (Hekmat-Nejad et al., 2000) - ATM
112 ATR 1 & ¥ Adpme 3 HhanSEH > e L M- 5 21 F
i R FREAHAR S EFRRAEE ) MREFAATM S £ F
Bakehkd v iR TREA A EAE S ATM € DR- &3 1§
e d R 2 FP D OATM AeieitRRE Y S HF T £ 8
ek ¢ (Andegeko ef al., 2001; Yang et al., 2004) -

Pir51 (protein interacting with Rad51)&_# 1997 & 11 f¥# @22
/% (yeast two-hybrid system)4g 2 15 7> Rad51 f3d-v 45 & 48 7
(Kovalenko et al., 1997) > & & fa %9 B2 B3 23 % @ 7 £ o PirS1
4 A5 f5 &2 RadS1 25 % 49 i7(Modesti ef al., 2007) o PirS1 ¢ #— &
Beamre ¢ X A AR s AL KRG s 0 R B B
M ek & e e ¥ 4F I (Henson et al., 2006) -

Rad51 i & A #-wm*e p R £ 2 i3 4 (Wiese et al., 2007)> @ Pir51
22 RadS1 § A4 23 (t% > 4u5 & & fF g 12 & §T84 DNA i3 4 -
- PirS] eiE g i DNA S 4F g 22 £ g 52 > B g s =
Ad FenETH o L FIREM T PirSl E R0 B PirSl Al i {7

FihEed A€ & ag- B %5 o PirS1 & Rad51 e 5t 2 A5 5 2% 4p



iT > ¥ Pir51 22 Rad51 % » # i@ mre F e o

CDC20 F Pz ix Hp e M P ¢ € & chm e P A & Jﬂ" (cell cycle
regulator) > ¥ * ¥ A lwie A B e BRIz BFiE i APCo # (7%
¢ 18 4 Hr(Eytan er al., 2006; Nilsson et al., 2008) - CDC20 3 # 7 # i
£ % % (function domain)(B] 4) (Yu, 2007) » & 3573 7 1 WD-40 repeats
¥ g v B v F2 B 3 iF* (protein-protein interaction)
(Fraschini et al., 2001) > C box 2 %2 IR motif ¥ 4% APC/C
(Schuyler and Murray, 2009) > KEN box & APC/C 4% ™ & 7L v it

(Pfleger and Kirschner, 2000) °

Human Cdc20
S41S72592  S153,T157,5161
@G WDA40 repeats
1 [ 1| 3] ﬂﬂ-—w 499
Chox KENbox CRY box IR motit

Mad2-interacting
motif (MIM)

(Bl 4) CDC20 =774 it 1+ % & (functional domain) - # 7 7 C box ~
KEN box - Mad2-interacting motif ~ CRY box » WD40 repeats ~ 12 2 IR

motif e

APC ¥ % w2 i¥ #p e12% £ (Manchado et al., 2010; van Leuken et

al.,2008) > &= M #ppF > APC &2 % 5% » & 3| Gl 3 (Baker et al., 2007,
6



Herzog et al., 2009) = APCT" ¥ f 4 $r4] securin %3 & L Fori 1t e
# i 0 #-securin *# fZ{s ¥ % it separase  iE @ & cohesin A&7 & o {#
Wqd Fadp Eiwmieixdpd ¢ ¥ (metaphase)i& » % ¥ (anaphase)
(Hagting er al., 2002; Kimata ef al., 2008) o 7 ¥ #p T| ot 8 iz @ -
proteolysis £~ & B 4E(Kraft e al., 2006) » — £ % FH A7 H § 44
ubiquitin #TFEE D F fE 0 5l ﬁjﬁa’-; Z_#-v it (Reddy et al., 2007;
Stegmeier et al., 2007) ¢ APC 7= ¥ #-— % 7 PN jHfpdsifa 85 3
e 3-v %7‘2%""%%‘# P F i F F ke FARE Ak L 0 o ¢
% F-v fF 4 (proteosome)FFas it #-2 A fiE o

d 3 CDC20 AR % fs > w2 iEd 7 s~ oLdp > {8 ke AR
Riwte F P ¢ M B EFED CDC20 7% i APC 2 {8 > i ¥ km % ¥ 3
d ¢ Hp & » g8 8P (Li et al., 2007; Mondal et al., 2007) -

E_Few EE R A R AR oL Fed — Fev BEAE k Aerirdl kv A
fRoBFIERZ e d g o R EEER A G 2] o X 3%
GO EE 2 e a0 & fEime A B DNA 34R ~ < - 4D

£~ M EL % YR ¥ (Fasanaro er al., 2009) o



Y- &% PP

Pir51 7 & RAAFRAF I Hpipore? €3 F AR B
g hnte o AR REY & k0 22 B BRI o A PiIrS1 §
X F A ek 3o g PIrS1 MIRANF S Rpogmie ¢ 3 ¥ 2 Rad5l
F AP LT EOF AL > ¥ 0L3ER] PirS1 22 DNA AT e e Mg o~ d
% APCPV B 4 i gov (L ensb iy T - £ % 2 P AP A E
FF R A 2 AR = gy PR N S 2 Bed AR
AF IR 2 wieH i WEPFAREA FO R 2P o X E A
BT YT 2 e gy 0 # 3w o 5 S DNA 4R~ -~ AR
WELBIEE o FptH PirS1 e B 9 FRH 4R T4 H 0§ DNA &x
FIBE AR G chpfig o PirS1 “td>iwend ¢ > 22 PirS1 & d B R ™ £
7 88 APC P e j2 s #r % §_Pir51 %2 ATR-dependent pathway »

IR A BB T ] S



2-1-1:'m %2 }x

HeLa cell: * £+ § 5¢ fgpbm ¥z o

2-1-2 BacterioMatch II Two-Hybrid System XR Plasmid cDNA
Library:

1. Amplified premade library constructed in the pTRG plasmid and
harbored in XL 1-Blue MRF’kan cells

2. BacterioMatch II two-hybrid system plasmids: pBT bait plasmid
and pTRG target plasmid

3. BacterioMatch II two-hybrid system control plasmids:
pTRG-GALI11P control plasmid and pBT-LGF2 control plasmid

4. BacterioMatch II Screening Reporter Competent Cells

5. BacterioMatch II Validation Reporter Competent Cells

6. 14-ml BD Falcon polypropoylene round-bottom tubes g BD

Biosciences &1
7. His-dropout bacteriological media:
10*M0O salts p Genemark = & Pi¥
Adenine HC1 p Sigma F-{7
His Dropout Supplement p BD/Clontech f-%

8. Isopropyl-1-thio-B-D-galactopyranoside(IPTG)
9



9. 3-amino-1,2,4-triazole(3-AT)fE-p Sigma
10.Dimethyl sulfoxide(DMSO)

11.SOC # % A& PEp GeneMark 2 L3 o 7

2-1-3 DNA h 2 FE:

R RS S

2-1-4 4. % ¥z (immunoprecipitation):

1.Protein G beads:f:-p GE 2 > #2520 & o

2-1-5 4 # 24 ¢ (immunostaining):

1.Culture slides:/%_BD Falcon FE§ > G dL £ ¥ £ 3§ 2 2 0 ff o 77
i o

2.Paraformaldehyde: P& p Sigma °

3.Triton-X 100: FEp Sigma 2 $ g o & o

4 DAPI: F£p Sigma 2 $» FH o & o

5.BSA:pEp Sigma 2 Ffr o & oo

10



2-1-6 ATR » ATM > Cdc20 > Ubi-1 > Flag 144
1.ATM % ATR:PEp Genetex °

2.CDC20:F£p Abcam o

3.Ubiquitin-1: P& p Abcam o

4. Flag antibody: PEp Sigma 2 = F = & o

2-1-7 e 32 %97 % ok

1.Dulbecco’s Modified Eagle Medium
2.penicillin-streptomycin
3.trypsin-EDTA

4. FBS

2+ g Invitrogen
5.tissue culture dish
6.1 g 17

7. 5c.c pipette
8. 10c.c pipette
9. 6 well plate

10. 15¢c.c ¢ +
11.50c.c ¢ +

12. #%3% 2ml 4 % ¢ ™ pp Corning

11



2-1-8 Western-blot #1 % +7#L:
1. &A% » 2% 5 d Bio-Rad P
2. Next gel: Amresco

3. PVDF % Millipore

4.7% 5 : GE Healthcare Life Sciences

5. Next Gel Running buffer : F£p Amresco
6. Methanol: w MERCK P %

7. Protein assay: PE% p Genemark

8.24well : pp Corning

2-1-9 #k #]i#& 7z (Molecular Cloning):

1. % JL§% # (vector):FLAG-pCDNA3.1

2.q‘i » 3 (insert):d B *t e11 Protech §i 7 & = » MERCK p£ % o
3.5 %8 (plasmid) % # :44 B~ B 48 ¢ * Plasmid midiprep- purification
kit:F£ p Genemark °

4DNA Z F:d P a2 pRBETHE -

5.4 2 ¥ b5 ik Ep TOYOBO -

6.5 & p* % ¥ 7% %M p New England Biolabs °

12



2-1-10 # 4 & (Transfection reagent):

Arrest-In 3##|: B p Genediscover °

2-1-11 Flowcytometry

1. Triton-X 100: P p Sigma 2 FFH o & o
2. PI: fp Sigma 2 FfH o & o

3. FLOW -| ¢ : Fp BD Falcon

13



¥o8 AR
2-2-1 ‘m*% 32 % (cell culture)
WA TS F SR e th(HeLa)it % 25 3 10%FBS(fetal
bovine serum){r 1%P/S(penicillin-streptomycin) €77
DMEM(Dulbecco modified Eagle medium) ¥ - #c % >t &< 37 & >

5% CO, 3 % 45 ¢ # % & & X JU trypsinization * 3% #1832 % o

2-2-2 w*z & 4 (transfection)

48 3%105 g /well + § 5 w2 h3C 6 well 32 & 4% > € fw
A L3R G6T T ABomie ik L 2w {3 ImL (hETEE n
P PAA E RN R G AR o 2 fo e B transfection
reagent(solution A: 2ug 2 DNA = 50ul 7 7 24 % % 752 o b
DMEM - solution B: 10ul 77 Arrest-In reagent f= 50ul # 7 324 2%

2 Fu2 i 5 e DMEM) © #-solution A 4¢ » solution B # » j& & 3=

\¥

JRFRE 2044 RiHIDFLREARY P X A6 B FE

3

(H IRt i o tn  GAREE L T2 1o

2-2-3 Bacteriomatch Two-Hybrid system:

14



® Bait Plasmid Construction and Validation:

pBT %2 pTRG #_BacterioMatch Two-Hybrid system =7 plasmids *
BT KRBT P G B2 Bend 3 (F % (B.5) o % pBT
% Pir51 (53§ digestion(BamHI, Xhol) 2% & 37°C sz i B (dry
bath) 1 -J- B¥ » »* % ;8 ligation — /|- B¥ » 12 % transformation {$ > F§
X P 2 £ EE Y 3ml LB 3 &k L& 3ul ehd
(chloroamphinical )4 & o [ % 14 Boiling lysis method( L
2-2-6)3 B~ F AR ¥ ¢ 12 P (BamH1,Xhol)*x & 37°C 5 dry bath
1] % 2215 run agarose gel 2 AL T & Bg izl » ¥ Byt H
- F]7% & = 100ml ™ 2 100ul e%2 % (chloroamphinical)® - F&

% £ 12 Midiprep kit 3 B~ % % (pBT-Pir51) -

chloramphenicol I’ lpp/lac-UVS
FRMAP

\ tefracycliney FRMAP-alpha
PET (recombinant) pTRG (recombinant) 1 )
bait insart rargst insert
-'IJ- SA o \

ac-UV5E LCalEl on

NS

coexpress in the reparter strain

bait

/-‘ Jm{ Piacz

Al RNAP
e " hisa

— gadA (Sh'] =—

15



(Bl 5) =@ i Si(BacterioMatch-Two Hybrid system)

e[ - Modified from STRATAGENE protocol.

® Preparation of DNA from the pTRG Plasmid HeLa- cDNA Library:

% 1 & r3g pBT-Pir51 £ ¢cDNA library target plasmid DNA £_.% 3 3
B2 e HAehL 3 8% > 4 £ F & # pTRG cDNA library ¥ 9
DNA %%’ d 4 £ A LB-Tetracycline 732 £ x k% i* DNA» ¥ 7 @ * ¥
5 4l 7z 7 LB-Tetracycline =% % m (50 plates) % i# library
amplification - % & * 150-mm ¢ plates > + B35 % x© Bk %%
25000cfu » 7% A 50 32 % = BISEH € 4 1.25%10%fu > @ library & ¥
AR € F 7.15%10°%fu/ml > FptF - B A w E R F R 40 170l
1 library stock ¥ o #- 1.7ul e library stock /& & ¥ & 2 g 45 ends
i #1350 432 % r (5 tetracycline et #)3cd & 30C 2 & 4
PRt o MR Mg X r FoeanEE AT ke {8 0 12 maxiprep

DNAKit 4 P~ 548 » ¥ |7 DNA % 2 pTRG-cDNA library -

® Library Screening: pBT-Pir51 and pTRG-cDNA library

#- pBT-Pir51 and pTRG-cDNA library 12 co-transformation =77 3% »

% B~ 200ng 7% » 4v » screening reporter competent cells 3< & 7k + 30

&

A dB o2 1 H-H 2T~ 42°C endry bath 35 #5186 i iE 3 g 7k F 2 A dd o

16



£ 4ex 09ml 59 SOC 3 % AL 1830 37°C e % $a46 5% 90 & 4&1s >
% %32 & m (LB-Tetracycline) } 14 2 % %3 7 &FiE i * T3 &

(LB-Tetracycline-5mM 3AT) » % (F[f X 3+ 5 7% crlicp o 35802 & &

Jay

# (LB-Tetracycline)#s % = } ehp % fic o #dd= 2 £ &3
(LB-Tetracycline-5mM 3AT)3 % x chjFE — — $+1 k > § aR7en
(LB-Tetracycline-5mM 3AT)3: % = F » 3 ¥ 37°C 12 & 45 16-24 /| pF »
AT A S o I A EE R 2 K &7 5 (LB-Tetracycline-5mM

BAT)HHE]i » X gl Fi BT %A B D P RS b 1 .

2-2-4 CDC20 and Pir51 & % ujk-& > gh % 2 (IP-Western):

W IP pFs j8£-80°C B~ ! HeLa f %% ciaf & »4v » 420ul 510.1%
NP40+PBS :#-7 ? e R S > DAk b 10 440 P oenE_G T #
9% R R > 2o 15 1 14 13000rpm 0 4°C 0 10 A B2 e o plpE L
FRETFUTRDEM R Gz g 0 B - f e 200l
st ik 0 I8 R E)-80°C k4 0 F FIE X B Western ; H 4k eh
B oF o A4~ 200ul 0 FiR 0 B P - o 4o r 20ul P PIrST 4R
Mo Vg2 rTrill MR E 3 g RERE 4C
¢f1shaker & /| p¥ o @ ] PFF{S & ¥ fo BF4e » 80ul 5 protein G

beads » T2t » 4°C ek a4 5 — JPFF o 2 1880 k> Mg g 2
17



ikt 0 % 0.19% NPAO+PBS ¢ lysis buffer 2 i i = =
TP OGRS o URY T LSBT D F L NPT A
0@ g - FRFI-80°C vk 4 0 & FFFE X A Western © Ff % =
k4B o A W4 ~ Joading dye 2 95°C F 5 448 o AR
%+ :fe ¥ 10%<0 acrylamide gel » 2~ 10ml 77 next gel buffer > 4r
» 100ul # Ammonium persulfate(APS) » 10ul 7 TEMED ° 11 & Z_
100V » 2 ] B ok A g dev G o A 430 15 ALY 200mA - I
% 3] ¥ 2 PVDF membrane } ° B ) PVDF membrane & » /= 5|
5% 5%% *34m4 ¢ blocking buffer (* PBST %) 2 8 T4 % 1
/] pF o #- PVDF membrane f£=+ 45 ¢ B~} > 32~ 2 5 — 1 PBST
? (1:1000) » 4°C F§ e 3% ° [§ %= B~ PVDF membrane > 4 PBST
’F o BHLE 52 FT PBST > £4F 6 X - 2_ {5 P~ 11 PVDF
membrane > *x > 7 7 = Fea PBST ¥ (1:7000) » 8 T # & 1 |
p¥ o B~ dt PVDF membrane > 12 PBST ik » & 45 & 5 & &4k #7600
PBST:> £4F 6 =X o Bfs i # iV B4 B & Al & 5 R R Fv

Ben& 3o % Adobe Photoshop ##8 4~ 47 & &% o

2-2-5 CDC20 and Pir51 4. % 4 ¢ %

PORLE R dm - X > Al e fd B culture slides 0 dwde
18



£ F_10000 #f/well » & B well 200ul 32 % i T+ %

g

9

2

F_&

AR R FERRY 2K o IR 0 KA Y B
Koo B AREHE > T2 PBS A ik iR RS 0 4o r 4%
¢ paraformaldehyde(4& % ++)F 15 4 48 > I 12 PBS /2= = ©
‘)?“J%i%i 8 » 4 > 0.1%0 Triton X-100 200ul/well I <7k b > 3R
dnPe oIl ik M 4e > R PR E E B~ > (53F 20 A 4818 - Triton
X-100 |4 > e » 5% BSA+PBS > ## iz Western » blocking 74
it 0 60 & 4t B o B - o Bd) Pir51 1 2 CDC20 skl
£ oul > 12 1:100 50t 5173 & 5% BSA+PBS ¢ » 4z 4 4°C Ff & o
X o JEATC k4 ? Budi= dao 2 3o x5 1§ £ R A
2 2pl» (FITC % % ¢ » Rhodamine 5 44 )» = F.12 1:100 et i
22 5% BSA+PBS & & » 15— & Jp H ABJHAH K T ¥ 2 37°C
sk Y k- B P BARELS ¥ PBS kG H
25 A4 E R LI Mm e 1 Ak s B JE & 4 » DAPI % 4| DAPI
"2 1:50000 HFE 0 38 e h 2 (5 F 4R SH AR K r 37°C g
FEC BB ISAM 2 (SR UPBSHR 6% E x5 A4 T

-

N PRI B0 £ 5 e BRI I i

i

I o
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2-2-6 4 + i% 78 (Molecular cloning):

% FF o 7R ER % R(OLBmedium)it 2 1l & 0 fud 2
B & % 2 1:1000 0t 63R & 40 ~ & Bl ¥ 0 3§ (colony) e
>0 B 37Ceawfar & 12~16 ) pF o
46 P~ F 4 (plasmid) <~ ;= :  Boiling lysis method

Med B 12-16 /) PREDFIRIEIE A f P PO BFR S B A
" ? ® 5 12 13000rpm 0 1 A dade > F T pellet o

4v » DNA lysis buffer 50ul 32 3 % ;4 pellet » T *x ¥ shaker # %
S5m4ak ol 95°Cenigib BA B 1 24818 > g3 g kb ]
&4 o g 2 13000rpm > 15 4 48 0 4°C Sk T dpes o bk e

3 “7% & “hplasmid °

"4 p= ek & (Restriction Enzyme digestion)
#-Boiling ;2 #74 ! ¢ DNA plasmid 14 *3+4|fF ( EcoRI, Xhol)

Wit AR AR 2 0UL37°C chizip B AR o | [ SRR o

DNA 2ug (x ul)
EcoRI 10 units/ pul 1 ul
Xhol 9 units/ul I ul
10X buffer 2 ul

ddH,0O (16-x) ul
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® ¢ 3 4 P2 (midiprep extraction)

PEH - At & &3mILB B &R E 3ul g ¢ 5 & 37°C
TR A Y HAB A 12-16 /] FF o 2 12 B 500ml R 4 > 500ml
1180% glycerol * » R & 353 2z » -80°C 73 o F| 4R DF)R 4 » 100ml
LB &R A 100ul st 27 > A 37°Caz % ¢ £ 4 12-16
] P e 2 {3 1 * Plasmid midiprep purification kit (Genemark) % 3 B~
B8 o B B 50ml shges g ¢ 0 A% =012 6000rpm s HEes 10 4 48 o

4 FiR 0§ T pellete 2r » Sml % & 4c4F RNase A 7 Resuspension
Buffer » :Jé’s-%ﬁ’é‘_ FTR £ 323 o 4v > Sml ¢ Lysis Buffer » % frei & #ic
X & F 24 42480 4~ Sml i3 Precipitation Buffer » & foeif & #ic
Koo BB REF anR &1 > 12 8000rpm 0 Hres 10 A 4E o R BEEL iF
f et ik 3 A0 S0ml s g 0 T 4e ~ 10ml 5 ethanol » R £ {8 2%
»-20°C ek 48 30 4 4807 3 4 DNA Uik e 5 o B~ 41 18 14 8000rpm>
4°C 4 10 A48 2 P% € 5 71 DNA ehpellet 3 o8 B4 o o] w2
"1 i o g 4e ~ 500ul 9 binding solution 3 % % 2+ éh DNA ©
#-% DNA ¢ solution 4 » Midi-Spin column > % F 1 & 4518 > 11 § &
#i3# 3o 2 A 48 o #- Collection tube e % @HL2_ 18 o £ 4e > 500ul

e11 Binding Solution > & F 2 & 45 » " B i #id HLo 2 4 458 BRR
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F# o 4 » 650ul 77 Endotoxin Removal Wash Solution(/f & e »
isopropanol) » £ {2 A 4afs U Bk 2 L &EsBARREH TP &

AF 24 F A =0 o 4e » 600pl 57 Washing solution I ¥ v/ § i #rw 2 4

&

fs #prie BB > EAF S FE X o o E§ i o midi-spin

column 5 4 4& > & 7 § A%} e ethanol 4 "ﬁ-: # o % midi-spin column
2l 60°Cengzis B 10 2480 2 “,f 5 A eniFpE o #- midi-spin column
W TRTOEL G B ¢ o gt R 4o » L SE #50 60°C chElution Solution
150pl & midi-spin column > % 3 245> U F @d e 2 A48 4

R ? PR R T G A7 & 11 DNA plasmid °

® 3 FopEsEiR S it DNA F F(gel extraction)
* midiprep 44 B~ % F 48 2 {5 > 12 *U4IFF(EcoRL Xhol) 48

100u1,37°C 7 Jis | -} PF 2 Ik

DNA 10pg (x ul)
EcoRI  10units/ pul Sul

Xhol  Sunits/ul Sul
10X buffer 10ul
ddH,O (80-x) ul

i 1) PEAE Y 37°C 528 B ¢ digestion 2. {8 0 B3 7% 4~ 6X
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e7loading dye T 3 {7 1% agarose gel 7 & o S5l U |pE (T H
#@cDNA 24 > & 1% agarose gel » € ik # Bl /] PFd A 3 |
¢ * DNA Clean/Extraction Kit (GeneMark) k % it A5 7 7% &
e DNA 5 £ o #-agarose gel *c ¥ A% ¢SS F o 7 B iF
EPH R B L 2 18 0 #-97F & e DNA B £ (5.4Kb)~ T ok o R
* 1.7ml spic 2 3 ¢ o 4o » 500pl 5 Binding Solution > iR &

b oo #-

v“

93 154t 60°C F s 10-15 448 > & 7948 >

Ti\4

"%

N

i
Spin column 2z » Collection tube » > 3 DNA solution 4t » Spin
column p > 12 13000rpm v 1 #4818 - # ",f % Collection tube
¥ 48 o £ 4e » 500ul £ Binding Solution » 14 13000rpm &< 1
#4812 > 47 i Collection tube ¥ & 4 o 2 15 4 » 700ul >
Washing Solution’ ;& £353 6> A3 BT Nk G EE Lo 1 245
TEAFRHIRT X o f Mg 3-5 /w\%'/ﬁ%“f Spin column
¥ 2§ <fethanol o #- Spin column # I AT E g ¢ ¢ o 4o 2
50ul 7 Elution solution(3g #1%% 60°C engzis B) » £ F 2 £ 4518 >
Mk B 1 A4 elute AP R GODNA A o BA P E

F74c ~ Spincolumn & &3 24518 L U B FEEHEC 1 A4

FEFER {4 DNA A4 o
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® i £ & Ji(Ligation)
AU RE T g3k £ hinsert DNA 7 378 ot 1:10 0t GiR &
4e » 10X e ligation buffer » 122 T4 DNAligase > 7 7 & £

VR KA R AR OF LR

® i35k & (Transformation)
J=80°C ek 48 ¥ B~ 41 2% iF fm %2 (competent cell) » #x ¥ f ik F
EFRR - BEFRETAY > B AP B ST e R L0
3 o B S A48 0 2 183 B 42°C s B¢ B 1 90
#)(heat-shock) » £ = %[22 B 7k b 5 A48 o 2 18 & FHK F S P 4o
» 400u] FHLB #2 %% » B3 37°C 2 & 45 ¢ 12 250rpm 45 & 1
DR ek Ll 250l ShEE B A 0 % A3 4 SOmg/ml

4 £ 12-16

ampicillin 732 % x o #33 £ w 22~ 37°C o932 % 45 ¢
TR RABRZET Y FE AL o FIENRE > T PE

T A 0 1 miniprep # P~F A2 1 0 L U FE AR AT S 7
7 insert (RF 4 DNA o - 7 @iz {6 » L B H- Ak 2d P ix

2 P @327 DNA B 5[ eh]3f e

2-2-7: 3 B~ siPir51 % $7+4] & 7 RNA(RNA extraction)
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55 RNA e - % > L¥me fE 0 6 well e K45 ¢ » &
B well him?e B 3*%10° me £ o

B 0 4 SiPirS1 Plimie @ 5 S X A pedle - 4z B oo

J B~ RNA & F 284 [ w2y » 15 RNAHRSL 3 3 %12 o
v L RNase free 7% 4d B~ RNA e9%k 5 o 4 » ImL 7 TRIZOL
T EY e > B FES A F Ao 02ml g B
(chloroform) » ' T4k N ISH T P 2y T 2-3 248 14
12000rpm ~ 4°C gk ;™ 3w 15 A 45 o 3 {8 o o] o e B b
R RNA I R7erpc s 3 g o 4v » 0.5mL 03 [ % (isopropanol) »
2 E kF 10 2485 B o £ 12 12000rpm  ~ 4°C ek R T g 10

A g"“ | RNA w7 i % g B2 o et %‘ni’;ﬁ’ﬁ— > T

-W\-

" TSt FE e S iE 0 WY iR T g kR

5 AR eniEpE 0 £ 14 50ul 3 DEPC sk w3 o

2-2-8:  in3 v ik 1) flag-PirS1 ~ siPirS1 22 474 fecnim e i g
i Flowcytometry 5 — % » b #-m9e #6784 6 well e & 2
+ oo &R owell i #ics 34107 wmE B oo
B % -well 832 & §a 2~ > & ® #& 4 Flag-Pir51 2 % siPir51

CIE
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F R SRR B v BB PBS 7 o & B owell £ 4 2
trypsin 300 pl > # fw¥e 8 {2 {4 > 12 3ml & medium HrfR a4
15ml engg. ’F" Mg A S A dm o H L F Gk o £ rSml k4 eh
PBS ik im¥e 3 5 o 4v » 0.2ml ek 4 PBS 353 dhgvdgimte o -
B RR L e BIER 0 P F - OF b~ 3ml FE4 hT0%F
AL m o R 520 Cokfad 10— | BOEIF AR B S
FTEEER)-

Fp X #-mre K20 C kB0t Mg e 5 4 46 v;»éf‘ iR
£ 4~ 53 1%FBS cAPBS % i fo% 5o 3 1 i o e » 1.0ml
PI/Triton X-100 % ¢ ;% » #-‘wPe @H.323 w37 T 53R L& >

BTk IT 30 4 4EM0 o

folk

e

2-2-9: ¥ % Pir51 ¢ &2 CDC20 1% 3 ¥ * T ¥ (interacting domain)
& 3 CDC20 1 5t 1 % 3 (functional domain)2_ & > & R
AT 9 CDC20 7 F % £ 0 (1500bp ~ 500bp ~ 400bp ~ 14 %
WD-40 repeats) > 5°% 3’#8 4 %|d EcoRI ™2 % Xhol & & k3K 35!
—+ (primer) °
#-31 3 $ e CDC20 4% (template) © F & f= (polymerase) ' %

dNTP 2 # PCR -
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#-PCR 12 $ & b i& 7 DNA 3 *3 pE %% (agarose gel) » = -+ 4 45
fe BT ER Y BB BT BT PCR A4 4 B ¥ gEiE 7
P27 T % s 3z~ eppendorf tube 0 B GE T DNA W jgenfh b o

1 DNA gel extraction kit -7 T %k c9 & 1L 2_ (5 5 35 ¥ #3%
i DNA A # if # 3| TA cloning kit ¥ mi\ o s
(transformation)q &% > 2. {6 A Ex + o

X o B3 & w B B (colonies)dt 41 F ¥ o] £ (3ml)
FILB 8 % o

S8 12-18 | pEefus & 2 150l % iR 14 boiling &7 3% 3
P~ B %8 (plasmid) » ¥ ¥ 14 EcoRI r % Xhol & i 4 f% (restriction
enzyme) i digestion X F/Z T A F F & > AT F TR & R~ 3
(insert) & A o

FEXFE ~ + F #& ~ TAcloning kit 7 enf 4 2 15 » L #46 »
FEgEG7 ST ko £ 0 EATHDNA G it o B pARAL
el ~ + Feor AP ATE & PR flag-pedna3 o i * flag-pcdna3
TR PR FIAS RS N F g B gAY R &
e

#-7 e B e flag-CDC20 5d # 4 w2 2_ (8> - = 6 g
- BLE X > @ * anti-flag antibody k 7z %_flag 3 % Rehwt i ;¥
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~ S G 0 %45 E PirSL £ & w2 flagCDC20 4 2 3 %+ F
SPGB U Kk-0 > Bk & E (IP-Western) k453 0 & & itk 2 (IP)
B*z,”]‘ be Pir51 3248 > @ & & 8L % % 17 anti-flag antibody % L% > %

Pir51 £ X f< flag-CDC20 3 < 3 8% » {f ¥ @ P35 o

2-2-10: PirS1 £.2 5 d APCP s o a5 3w it
FE31 PirS1 2.3 ¢ 55 APC P et o4t id Fv 10 5 4
£ # 4 flag-CDC20 12 2 siCDC20 3| fm¥e ¢ o #-48 4 i w52 |z
Tk AP AR TR S EEEE R o
1A PIST R ALL Fed 1o B o LR TR R T e
Pir51 #4% > & = 2L % ;2 2 anti-ubiquitin antibody kL& 1 ¥ o
v ~ i 2 flag-CDC20 i ~ 3 4 siCDC20 ihim™ o ¥ — = 5 >

1A E_PItST AR G0 1t A T4 » MG132 i B v fe

ETIRS

8 4| #| (proteaosome inhibitor) § ¥+ P& ‘e % Fx T_o

2-2-11: Pir51 #_F %¥2 ATR-dependent pathway
AT R K E ER S 2 RE% PirSl 4% 42
ATR-dependent pathway o L & F 4 ¢ o > Jf L R-lmve f8 &8
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BD Falcon Ff-§ £ culture slides + > &+ & well #& 7500 % Jo %2 o %
1L PirS1 A% %28 ATR pathway > f % ‘w?s (ff % > fm%e ,,9]\
4v bleomycin 20ug/ml » d % fn ¥z 7 e bleomycin ¢ & ¥ DNA #
VORCE ST A R DNA 353 > & F Sk cnpFiE #-dm?2 12 bleomycin
FdZ R L PERS 0 MEEE TR R REATE RS P A Y
3 = Lw | pF o fg X > #-culture slides €32 & 7 B4 > I 7 R
AR KRS TR m e m B 2 {8 AR KRR PR E

¢ L% Pir51 ¥ ATR 74c » bleomycin 2. 15 e FLFFA) o
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e A% A
4E Bt AT & 57371

B4 £ AtGER AT 4 + | 345

B4 EaBibR AT g+ | 124

Bl 6 * 'miffEsed 4 %éFiE chi % o % pBT-Pir51 2 pTRG-cDNA
library co-transformation » 2 % # 7 (LB-Tetracycline-5mM 3AT) 32 %
r b iz £ 4 4 & A (LB-Tetracycline-5mM 3AT) 32 £ x + >
A 345 B R Rl s/mme s G 124 BAEB 60 & 1) ¥ #
TR LD P A pE S PR (F TR 02 {8 & NCBI 12 BLAST
HoF L 124 B PirS1 F 23 (8% chh F 0 B IRiE 124 B AT 448
X5 ] o o WAL iz § 24 (cytoskeleton) ~ #E 45 F] S
(transcription factors) ~ fi% % (enzyme) ~ ‘w2 /¥ = T (apoptosis

pathway) » 12 & m*z 3F Jf (cell cycle)(% 2) -

2/ % _PirS1 82 CDC20 § F-v B R i 3 (8%
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FAERE 124462 Pir51 § > 3 E% ehf Fl2 {8 > d 2t CDC20
IR G AN el M o ¥ A iriee & LR B2 PirS] B
13T > Fp i  CDC20 #a 5 L 4T 5 7 /& T CDC20 ¥ Pir51 7 3
BOFS RS BRI (F% > AR LR 2 K0 S B ER

T CDC20 &2 Pir51 #.F Ech3 3 i8% (B 7)-

1 2 3
WER D20 _— Sy
Lnput mock Ab

Lane 1« total cell Ivsate
Lane 2 IP with no antibody

Lane 3 : TP with anti-pus [ antibody
B 7 4R k-F > BRE G kAT % Pir51 &2
CDC20 3 = I i * - Lanel : HeLa X ## 3% 3-v (total protein) °
Lane2 : & d & STAk P 7 7 *¢ Pirs1 FURE o Lane3 : R d & 70K P 4e
»~ Pir51 748 - & = BLE & P52 CDC20 #2248 k3% » /2 2_Pir51 &2

CDC20 % 2 3 (&% o
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3. ARG EFETCDC20 22 PirS1 22§ 23 (7% o

CIH20

Fir~ 1

DAPI Merge

Green: CDC2r 3 Red : FirSl ;  Blue: DAPI

B8 CDC20 2 % PirS1 fef & ¥ KB HcHT chs T |77 %
d ¥FRICDC20 =9 ¥ K H PirS1 > ¢ & DAPI> ¥ L w5 »

M+ T & F R B (merged)siiE %k o
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4. CDC20 & PirS51 5 = 3 £ % % 3 ( CDC20 interacting domain)

% ¢ * BacterioMatch-two hybrid iz & 523 3 CDC20 ¥ PirS1 3 %
3 ie% 2 {5 > 548 NCBI 9 BLAST 4% > 3¢ 3L CDC20 ¢ £ Pir51 7

L3 fE* o 57— e CDC20 £ Pir51 gt 2 3 % ehpd 14 o
A _CDC20 2. 5’ =3B 4s 0 K27 £ &R 400 Bag A1 2 500 3 sk
A ¥ DNA » 22 CDC20 57 WD-40 repeats 338 & » § ¢ba 2K 3 -
£ CDC20 e 2 & (1.5Kb) » % & w B > K 4F 3 Pir51 &2 7 F region 2.
CDC20 2. [ et iy i o d Bl 9a k5 £ F 7 & & 1 Flag-CDC20
i total cell lysate » * Kk 7z €5 L Flag-CDC20 % ¢ # %> d =@ + 4

B §_CDC20 =572 & 1500bp ~ 500bp ~ 400bp ~ WD-40 repeats = = £ o

d B Ob kF o ¥ L@ - % 0 PirS] B §# CDC20 02 £ 5 2

A % o
Input: total protein [P:pirSl
WB: flag-antibody WB: flag-antibody
-
-
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B9 #34 CDC20 ¢ & PirS1 § 2 3 6% ch i o(a)d = 3 & A W &
> B & & CDC20 7 total protein » 4 %] #_CDC20 2> & 1500bp ~
#£_CDC20 7N = 500bp ~ CDC20 17 N 3 400bp ~ CDC20 7 WD-40
repeats 995bp » 12 % M Flag-CDC20 } %3 < (b) & = 1 % 4 &4 (H
9a)¥ e B 7 F £ & 9 Flag-CDC20 » IP 4r » Pir51 » Western 1/
Flag-antibody % @ /] » 3 3 Pir51 ¢ £ Flag-CDC20 ch>& 5 < 3 1%

* oo
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5.PirS1 ¢ j5d APCTP™ @ 4fif Fev 1t o

Flag-CTDim20 + +
Flag-i"[70 - + Mer13™ - +

L il

SVB: ubigquitin- |

}1 Thi,-Furd |

= Heavy chian

CirEn 1-cantol ggumgn nEI-NJ §2£|!!gl’l ug‘-NE
g_
23 o
% ™ g
& &8 s5g
g sama 83 c2/mM : G2
= 2=
-l
50 100 "o 200 =0 100 150 e 50 = 100 150 o 60
Pl-A 0 1,000) Pli x 1,000y PLA e 1.000)
o hr ling & hr

Spgcimen_001-MNG

B
@

Counl

foe

(h

. AVRPVRHKKPVNYSQFDHSDS DDDEFVS ATVPLNKKSRTAPKELK QDIKPK
PNLNNLEKEEIPVQEKTFKKRLPEGTFSIPAS AVPCTRMALDDKLYQRDLE
VALALSVRELPTVTTNVONSQDRSIENHGSSKIETMNNKSPHISNCSVASDYL
DLDEITVEDDV GGV QGRKRKAASKAAAQCRKILLEGSDGDSANDTEPDFAP
GEDSEDDSDFCESEDNDEDFSN RESKVKEIKKKEVE VRS PVERKKER KSKSKC
NALVTSVDS APAAVRKSESQS LPREY SLSSDTTREPLEIRSPSAESKKPRKWVPPAA
SOUSRSSSSPLV VSV KSPNOSLRLGLSRLARV KPLHPNATST

DiDestruction) box: RNNL

D box aid KEN box are tequued fo1 ellicient ubiquitination by APC
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@ Flag-DO0 - + +

S1CDC20 - - - -

NGL3Z - - -
Nocodazole + + + +

WB: ubtguitin- 1 o~ (Ub)-Purd ]

“—  Heavy chaimn

"
.

B 10 PirS1 ¢ 554 APCTP a4k 3% it o (a)2 ¥ ¥ Hela
% > 4§ 14 % Flag-CDC20 chim™ > 12 ubi-1 4248 % BL% PirS]
‘m 2 A% ubiquitination 3 o (b) = # 2 + i ¥ 7 #& % Flag-CDC20
fmre > Lyl /,9]‘ 4e 7 MG132 » MG132 #_proteosome =43 o (¢)
2 nocodazole B e 17 /| FFis » ¥ I F R im e i 8 2 i M ) < (d)
Pir51 15 71 » (e)™ Ubi-1 #4848 R B2 PirS1 &7 5 2 7 & 3
A5 d 2@ 4 4 B E_ HelLa %2 ~ & 4 Flag-CDC20 sim?z ~ & 4

Flag-CDC20 £h/m?z 7 ¥ 4v » MG132 E&J2 ~ $# % siCDC20 erim e o
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6. DNA f % 4 ¢k ;™ Pir51 £ ATR 2 [ ehBd i%
ATR 4% . E_Rad51 «hd @ — i F-v 4§ &8 > @ PirS1 4 A% R
< _Rad51 enf ¥ - i F-v 47 5 4> 2 AR AEF AT > Pt e R R
Pir51 £ ATR 2. ¥ e % o

DNA %72 chpsiz » ATM &2 ATR ¢ = v 1130 & DNA < df «hi-

pua
o

oo - @B NBAT ] o d 3 PirS1 #2 Rad51 § 244 4p if ehs
> ¥ Rad51 & DNA 418 » %87 iR € v g% £ & hig
A d Feofdl ;s x F]G PirSl Ak RE R 2 BFFLL LS

Ft FE ) DNA B 452 {5 ATM 22 ATR th g + £#% 7 >4 Pir51

W

g

NA

4 R AT T A B TEE € H e o AP RAR R
iz > f4v » Bleomycin(¥ & DNA strand ¥74)i¢ DNA % 4f e {5 -

BL% ATM,ATR & Pir51 é04 3R -
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{e)

WB ATK

put mock Ab

Lane | : mput
Lane 2 TP with ne antibody
Lane 3 : IP with anti-pur3 | antibody

38




Bl 11 Pir51 £ ATR #4c » bleomycin 2. {5 f 7 % % B e ™ chlfF
A% o 4% ¢ B ATR » 4= ¢ £ PirS1» ¢ £ DAPI- (a) % Pir51 2 ATR
himiz \ oA F A5 0 ATR 4 & A F fiwmbe +5 > PirS1 B A # fimve
¥i % % B o (b) Pir51 &2 ATR % 4v » bleomycin & | FF2_ {5 > & 373
BERER 0 BRTE 2 P ALE Y REMET O o (o)
Pir51 22 ATR % 4c » bleomycin & | BF2_ {3 » & 74532 & 7R it w2
B4R 18 /] PFIS B & ¥ R ACELT i) o (d) PirS1 &2 ATR f4e »
bleomycin & | PF2_{s > & 37 R R A 0% B4R 24 | PFiS B d

T B kB HCAR T ch Ao (o) SR STk-0 > BE B E Fr 2_PirS1 2 ATR
2. B3 %3 1% o Lanel : HelLa fn%s e533%, 3-v (total protein) > Lane?2 :
Rad B TR PE A 7t Pir51 48 o Lane3 : & d & JTHK PF 4 ~ Pir51

PRy o @ > BRE 2P ATR $u88 k3% - R @ PirS1 &8 ATR 5 2 3 1%
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7. Pir51 #&c*L 3| (Pir51 microarray)

#-3 ¥ 3% w2 (HeLa cell) ¥ #-m %% i3 4 15 $r3] PirS1 4 Bch
siRNA ‘wm?*z » i Western blot £z & 4745 % b fiidd 1 siPir51 fwmPe (5]
12) o 36 B~3 F S imP2 11 % siPir5S1 e RNA » — < d Genetech 2
P FL o F i {7 array data 04 15 o d data 4 7 0% % 0 g IR PirS1

BAREF et R el % o

siPir51
C 1 2 1+2

st — [
A -actin— D _—  w -

1.00 0.80 0.91 0.35
B 12 B PirS1 A Frd| e B o e PFfE L 1 11 % 2 ¢ siRNA

T R AT 14 PirS1 chA R o

8. #-siRNA 12 2 Hela w?2 i¥ 3 Genetech = 7 farray en.% % (% 3)e
tFE €_PirS1 5 AFrd|erc sk 2 15> #-Hela 14 % siPirS1 ¢ RNA

% d Genetech = # L array 4 17 °
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9. Metacore ~ 7 * 8@ > A FI L L P M B IES %

T

IF N-g-fm;_—___"m‘——_ s

IF N-gamma 8

receptor - -
ST o

—

o §.
Calmodulin
G
PDK (P

Caf'
Kﬁm; gi“'“

ATMIATR regulation
of G S checkpoint

- |
TGF-beta Ak
receptor
signaling

o 3"

ISGFS\

B 13 MetaCore A 47 A FF 2 A Fl LR &H P APMEL /T2 5% o d b fic il
A7 e B R (S 0 F LB T H-Pir51 knockdown {8 € B2 fm e iE

WA AP AT
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Fr i odw
*h e U FERER f Sk HE S PIS] § T (F Y ngd o

SRR q_jrg/%EmSATgﬂ’.lfﬁ:]%b% oo BMFERG 124 B
A PirS1 3 2 4B (Bl 6> & 1) #:35 124 B R A HEF TR
(sequencing)!” % # NCBI } #A BLAST & 2_ {5 » % Ri& 124 B 4 7]

AEE S ST e e o A WAL dmve 2 (cytoskeleton) ~ ## 4% 7
=+ (transcription factors) » fi¥ % (enzyme) ~ ‘w¥e ¥ = Fj% (apoptosis
pathway) » 12 % ‘¥z i¥ #p (cell cycle)(# 2) o

B2t PirS] ¥ £ e SR H A EE 0 A 0 AT E k0 h3F SRR m e

¢ g EEZ\IFL %mﬂq‘—)%zmng,éfv}%§{nﬂ_jﬁ5au£ )%‘E&,}'i»_rh

Z

# % B PirS1 g8 g * £ &I - PirS1 § X wie ey > 0 1

gL g MR e Ft o EE CDC20 %37 3¢ Pir51 ¥&2 CDC20 72 4~ %8

pENFhE d > AP L L EFE

ETIS

TFE AR A A m F SR Rk 3uiE 01 eh CDC20 FE & PirS1 €}

T APRE R Tk o AP F G SUHR-T > BEE R U R L Y kB
KZFEF PirS1 22 CDC20 2. P el % o JE 2 % 81 > d L FE k-0
BLE T AE T Pir51 &2 CDC20 3 % 3 8% (B 7) 5 e d & & -k Fcst

4 X i

BT > ¥ 4 | PirS1 82 CDC20 4 # fdp fp chiz g » T §

(colocalization) s13E % (8] 8) °
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KRBT 2 B 8 FEE_Pir51 22 CDC20 3 = 3 8% 218 » H&F Bovif
CDC20 ¢ £ Pir51 @ 3 i¥* 7% % (interacting domain) » ]+ » 34 i
EHIT e 7 & AR SCDC20 0 4 B E_CDC20 2> & 1500bp ~ £ N
=5 5 4= 500bp ~ f£_N 4 & 4= 400bp ~ 14 2 CDC20 7 WD-40 repeats ¥
B oo

SORErEARERDOCDC20 i 54 x 4 it K7 kL
K CDC20 &~ Wlid ¥ 5 7 3 flag 2 pcDNA3 §4 48 - 70 s 7 i 3%
D PEEA B AR o LT LR flag-CDC20 &% 43 % o
BAEL e K7 i flag-CDC20 7 £&.3] HeLa fm#z ¢ > ¥ ¥ G =
B 5 F kg 2w £ flag-CDC20 e3-% F (total protein) ¥ 12 % I.(]
9a) o & L flag-CDC20 ¥ " & 2 {8 » £ A Rihk-0 > B &2 k5
7 e 3 B flag-CDC20 2.7 ¢ 22 PirS1 3 = 3 1% » d B % 7\'J§ )
Pir51 & ¢ £ flag-CDC20 s> & 5 = 3 £ % (] 9b) o o & +] Pir51
22 CDC20 ch= Blg it Jf (xR FEDRRT > 5 dﬂz 161 Rf ACRIY
i e B R CDC20 0 H f‘:é,:ﬂf#’b Ay & PirS1 2 B 23 18% o
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1 2 Pir51 5 & 4p m?j,‘?‘;’ d NCBI 7 BLAST » 1543 11 £ Pir51

7

SRR RS X

Individual | %) &F NI E A K
clone
1 Homo sapiens mitochondrion, complete genome 16
2 Homo sapiens tubulin 4
3 Homo sapiens prion protein interacting protein (PRNPIP), mRNA 1
Homo sapiens trafficking protein particle complex 1 (TRAPPC1), |1
4
mRNA
s Homo sapiens processing of precursor 4, ribonuclease P/MRP 1
subunit (S. cerevisiae) (POP4), mRNA
6 Homo sapiens non-metastatic cells 4, protein expressed in (NME4), |1
mRNA
Homo sapiens FXYD domain containing ion transport regulator 5 |1
7
(FXYDS), transcript variant 2, mRNA
Homo sapiens VAMP (vesicle-associated membrane 1
8 protein)-associated protein A, 33kDa (VAPA), transcript variant 2,
mRNA
Homo sapiens NmrA-like family domain containing 1 (NMRAL1), |1
9
mRNA
Homo sapiens methyltransferase like 9 (METTLY), transcript 1
10
variant 1, mRNA
11 Homo sapiens chromosome 6
12 Homo sapiens cyclin-dependent kinase 5 (CDKS5), mRNA 1
Homo sapiens protein phosphatase 1, catalytic subunit, alpha 1
13
isoform (PPP1CA), transcript variant 1, mRNA
14 Homo sapiens galanin prepropeptide (GAL), mRNA 2
Homo sapiens peptidylprolyl isomerase A (cyclophilin A) (PPIA), |1
15
mRNA
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16 Homo sapiens Keratin 7 (KRT7),mRNA
17 Homo sapiens coiled-coil domain containing 95 (CCDC95), mRNA |1
Homo sapiens NADH dehydrogenase (ubiquinone) Fe-S protein 3, |1
18
30kDa (NADH-coenzyme Q reductase) (NDUFS3), mRNA
19 Homo sapiens proteolipid protein 2 (colonic epithelium-enriched) |1
(PLP2), mRNA
Homo sapiens glyceraldehyde-3-phosphate dehydrogenase 2
20
(GAPDH), mRNA
21 Homo sapiens HLA-B associated transcript 3 (BAT3) 1
Homo sapiens ATPase, H+ transporting, lysosomal accessory 1
22
protein 1 (ATP6AP1), mRNA
23 Homo sapiens N-acylaminoacyl-peptide hydrolase (APEH), mRNA 1
Homo sapiens acidic (leucine-rich) nuclear phosphoprotein 32 1
24
family, member B (ANP32B), mRNA
25 Homo sapiens ribosomal protein 6
Homo sapiens secretory leukocyte peptidase inhibitor (SLPI), 1
26
mRNA
Homo sapiens transcription factor binding to IGHM enhancer 3 1
27
(TFE3), mRNA
28 Homo sapiens zer-1 homolog (C. elegans) (ZER1), mRNA 1
Homo sapiens COP9 constitutive photomorphogenic homolog 2
29
subunit 7A (Arabidopsis) (COPS7A), mRNA
30 Homo sapiens aldolase A 3
31 Homo sapiens moesin (MSN), mRNA 1
32 Homo sapiens 24-dehydrocholesterol reductase (DHCR24), mRNA 1
33 Homo sapiens molybdenum cofactor sulfurase (MOCOS), mRNA 1
Homo sapiens family with sequence similarity 62 (C2 domain 1
34 containing)
member B (FAM62B), mRNA
Homo sapiens pyruvate kinase, muscle (PKM?2), transcript variant |1
35

3, mRNA
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6 Homo sapiens cutA divalent cation tolerance homolog (E. coli) 1
3

(CUTA), transcript variant 1, mRNA

Homo sapiens DEAD (Asp-Glu-Ala-Asp) box polypeptide 54 1
37

(DDX54), transcript variant 2, mRNA

Homo sapiens eukaryotic translation initiation factor 1 (EIF1), 1
38

mRNA
39 Homo sapiens collagen, type V, alpha 1 (COL5A1), mRNA 1
40 Homo sapiens actin, beta (ACTB), mRNA 1
41 Homo sapiens clusterin (CLU), transcript variant 2, mRNA 1
42 Homo sapiens 24-dehydrocholesterol reductase (DHCR24), mRNA !

Homo sapiens eukaryotic translation elongation factor 1 gamma 1
43

(EEF1G), mRNA
" Homo sapiens procollagen-proline, 2-oxoglutarate 4-dioxygenase |1

(proline 4-hydroxylase), beta polypeptide (P4HB), mRNA

Homo sapiens testis enhanced gene transcript (BAX inhibitor 1) 1
45

(TEGT), transcript variant 1, mRNA

6 Homo sapiens FAD-dependent oxidoreductase domain containing 2 |1

4

(FOXRED?2), transcript variant 2, mRNA

Homo sapiens regulatory factor X-associated ankyrin-containing 1
47

protein (RFXANK), transcript variant 2, mRNA
48 Homo sapiens amino-terminal enhancer of split (AES), transcript |1

variant 2, mRNA
49 Homo sapiens enolase 1 1
50 Homo sapiens transmembrane protein 138 (TMEM138), mRNA !

Homo sapiens branched chain keto acid dehydrogenase E1, alpha |1
51

polypeptide (BCKDHA), mRNA

Homo sapiens COP9 constitutive photomorphogenic homolog 1
52

subunit 6 (Arabidopsis) (COPS6), mRNA
53 Homo sapiens interleukin 17 receptor A (IL17RA), mRNA 1
s Homo sapiens amidohydrolase domain containing 2 (AMDHD?2), |3

mRNA
55 Homo sapiens coiled-coil domain containing 59 (CCDC59), mRNA 1

6 Homo sapiens trafficking protein particle complex 1 (TRAPPC1), |1

5

mRNA
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Homo sapiens GABA(A) receptor-associated protein (GABARAP), |1
> mRNA
58 Homo sapiens BAT2 domain containing 1 (BAT2D1), mRNA 1
59 Homo sapiens cytochrome c-1 (CYC1), mRNA 1

Homo sapiens family with sequence similarity 20, member B 1
. (FAM20B), mRNA

Homo sapiens solute carrier family 2 (facilitated glucose 1
ol transporter), member 1 (SLC2A1), mRNA

Homo sapiens WNT1 inducible signaling pathway protein 2 1
°2 (WISP2), mRNA

Homo sapiens tumor necrosis factor (ligand) superfamily, member 92
. (TNFSF9), mRNA

Homo sapiens cell division cycle 20 homolog (S. cerevisiae) 1
o (CDC20), mRNA

Homo sapiens heat shock protein 90kDa alpha (cytosolic), class B |2
% member 1 (HSP9OAB1), mRNA

Homo sapiens S100 calcium binding protein A4 (S100A4), 1
06 transcript variant 1, mRNA

Homo sapiens protein phosphatase 2A activator, regulatory subunit|1

o7 4 (PPP2R4), transcript variant 5, mRNA
68 Homo sapiens uridine-cytidine kinase 1-like 1 (UCKL1), mRNA 1
69 Homo sapiens hypothetical LOC401052 (LOC401052), mRNA 1

Homo sapiens N-myc downstream regulated gene 1 (NDRG1), 2
70 mRNA

Homo sapiens heterogeneous nuclear ribonucleoprotein F 1
71 (HNRPF),

transcript variant 5, mRNA

Homo sapiens pyruvate kinase, muscle (PKM?2), transcript variant |1
2 3, mRNA

Homo sapiens sterol O-acyltransferase (acyl-Coenzyme A: 1

cholesterol
73

acyltransferase) 1 (SOAT1), transcript variant 688113,

mRNA

Homo sapiens phospholipase D family, member 3 (PLD3), 1
74 transcript

variant 1, mRNA
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75 Homo sapiens Yipl domain family, member 2 (YIPF2), mRNA 1
Homo sapiens protein tyrosine phosphatase, receptor type, F 1
76 (PTPRF),
transcript variant 1, mRNA
77 Homo sapiens ferritin, heavy polypeptide 1 (FTH1), mRNA 1
Homo sapiens cleavage stimulation factor, 3' pre-RNA, subunit 1
78
2, 64kDa (CSTF2), mRNA
Homo sapiens isocitrate dehydrogenase 3 (NAD+) gamma 1
(IDH3G),
79
nuclear gene encoding mitochondrial protein, transcript variant
2, mRNA
80 Homo sapiens ATPase type 13A1 (ATP13A1), mRNA 2
Homo sapiens tumor protein D52-like 2 (TPD52L.2), transcript 1
81 variant
5, mRNA
Homo sapiens dullard homolog (Xenopus laevis) (DULLARD), 1
82
mRNA
83 Homo sapiens prefoldin subunit 1 (PFDN1), mRNA 1

3
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Tubulin TFE3 G3PDH Clusterin CDC20 PRNPIP
Collagen EIF1 APEH WISP2 TRAPPC1
actin TEGT NADH dehydrogenase TNFSF9 POP4
COL5A1 BAX inhibitor 1 Protein phosphatase 1 NME4
ACTB EEF1G Leukocyte peptidase FXYD5
AES ALDOA VAPA
FOXRED2 NMRALL1
Enolase 1 CDKS5
Amidohydrolase GAL
METTL9 KRT7
PPPICA CCDC95
PPIA PLP2
NDUES3 BAT3
Aldolase ATP6AP1
DHCR24 ANP32B
MOCOS SLPI
PKM2 ZER1
DHCR24 COPS7A
P4HB MSN
BCKDHA FAMG62B
AMDHD2 CUTA
DDX54
RFXANK
TMEM138
IL17RA
CCDC59
GABARAP
TRAPPC
BAT2D1
CYC1
FAM20B
SLC2A1
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ERAE -
SYMBOL f&®(sipir51/Hela) DEFINITION
Homo sapiens interferon, alpha-inducible protein 27 (IFI127),
IF127 51.69292833
transcript variant 2, mRNA.
Homo sapiens interferon, alpha-inducible protein 6 (IFI6),
IFI6 25.00881524
transcript variant 2, mRNA.
Homo sapiens pregnancy specific beta-1-glycoprotein 5
PSGS5 15.32011004
(PSGS5), mRNA.
Homo sapiens 2'-5'-oligoadenylate synthetase 2, 69/71kDa
OAS2 12.72178838
(OAS2), transcript variant 1, mRNA.
Homo sapiens interferon-induced protein 44-like (IFI44L),
IF144L 12.25329827
mRNA.
Homo sapiens pregnancy specific beta-1-glycoprotein 4
PSG4 11.92737465
(PSG4), transcript variant 1, mRNA.
Homo sapiens pregnancy specific beta-1-glycoprotein 3
PSG3 11.25729259
(PSG3), mRNA.
Homo sapiens pregnancy specific beta-1-glycoprotein 4
PSG4 9.679536654
(PSG4), transcript variant 1, mRNA.
Homo sapiens interferon, alpha-inducible protein 6 (IFI6),
IFI6 5.709091356
transcript variant 3, mRNA.
Homo sapiens major histocompatibility complex, class I, B
HLA-B 5.569509114
(HLA-B), mRNA.
Homo sapiens pregnancy specific beta-1-glycoprotein 6
PSG6 4.951365761
(PSG6), transcript variant 1, mRNA.
1F144 4.920502991 Homo sapiens interferon-induced protein 44 (IFI44), mRNA.
Homo sapiens poly (ADP-ribose) polymerase family, member
PARPI10 4.913795882
10 (PARP10), mRNA.
Homo sapiens pregnancy specific beta-1-glycoprotein 6
PSG6 4.881319762
(PSG6), transcript variant 2, mRNA.
Homo sapiens interferon regulatory factor 7 (IRF7), transcript
IRF7 4.807565616
variant b, mRNA.
Homo sapiens transmembrane protein 16B (TMEM16B),
TMEM16B 4.732065652
mRNA.
OAS1 4.587219183 Homo sapiens 2',5"-oligoadenylate synthetase 1, 40/46kDa
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(OAS1), transcript variant 2, mRNA.

Homo sapiens interferon-induced protein with

IFIT3 4.557961803
tetratricopeptide repeats 3 (IFIT3), mRNA.
Homo sapiens pregnancy specific beta-1-glycoprotein 4
PSG4 4.515411739 P pres P Veop
(PSG4), transcript variant 1, mRNA.
Homo sapiens signal transducer and activator of transcription
STATI1 4.508247518
1, 91kDa (STAT1), transcript variant beta, mRNA.
HCP5 4.490156953 Homo sapiens HLA complex P5 (HCP5), mRNA.
HRASLS?2 4.488280997 Homo sapiens HRAS-like suppressor 2 (HRASLS2), mRNA.
Homo sapiens transporter 1, ATP-binding cassette, sub-family
TAP1 4377921391
B (MDR/TAP) (TAP1), mRNA.
Homo sapiens keratin 80 (KRT80), transcript variant 1,
KRT80 4.369785029
mRNA.
KIAA1853 4.353405254 Homo sapiens KIAA1853 (KIAA1853), mRNA.
Homo sapiens 2',5'-oligoadenylate synthetase 1, 40/46kDa
OAS1 4.312560985
(OAS1), transcript variant 3, mRNA.
Homo sapiens DEAD (Asp-Glu-Ala-Asp) box polypeptide 60
DDX60 4299139858 5 1 P POPER
(DDX60), mRNA.
Homo sapiens radical S-adenosyl methionine domain
RSAD2 4.265959354
containing 2 (RSAD2), mRNA.
Homo sapiens ubiquitin-conjugating enzyme E2L 6
UBE2L6 4.198172045 ‘. a e
(UBE2L6), transcript variant 1, mRNA.
PLACS8 4.188860335 Homo sapiens placenta-specific 8§ (PLACS8), mRNA.
IL6 4.165637472 Homo sapiens interleukin 6 (interferon, beta 2) (IL6), mRNA.
CPA4 4.147630469 Homo sapiens carboxypeptidase A4 (CPA4), mRNA.
Homo sapiens interferon induced with helicase C domain 1
IFIH1 4.10694532
(IFIH1), mRNA.
Homo sapiens cysteine-rich, angiogenic inducer, 61 (CYR61),
CYR61 4.074169923
mRNA.
Homo sapiens interferon stimulated exonuclease gene 20kDa
ISG20 3.091120211
(ISG20), mRNA.
HSPB8 3.069639459 Homo sapiens heat shock 22kDa protein 8 (HSPB8), mRNA.
Homo sapiens bone morphogenetic protein 2 (BMP2),
BMP2 3.056542569
mRNA.
Homo sapiens sterile alpha motif domain containing 9
SAMD9 3.054243911
(SAMD9Y), mRNA.
PLCG2 3.030416726 Homo sapiens phospholipase C, gamma 2
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(phosphatidylinositol-specific) (PLCG2), mRNA.

IRF1 3.028639439 Homo sapiens interferon regulatory factor 1 (IRF1), mRNA.
ANXA3 3.011822756 Homo sapiens annexin A3 (ANXA3), mRNA.
Homo sapiens pregnancy specific beta-1-glycoprotein 2
PSG2 3.002084238
(PSG2), mRNA.
Homo sapiens zinc finger CCCH-type, antiviral 1
ZC3HAV1 2.952999468
(ZC3HAV1), transcript variant 1, mRNA.
RND3 2.901334232 Homo sapiens Rho family GTPase 3 (RND3), mRNA.
HERCS 2.89521216 Homo sapiens hect domain and RLD 5 (HERCS), mRNA.
Homo sapiens interferon-induced protein with
IFIT2 2.844027909
tetratricopeptide repeats 2 (IFIT2), mRNA.
Homo sapiens interferon-induced protein with
IFIT3 2.837297244
tetratricopeptide repeats 3 (IFIT3), mRNA.
Homo sapiens solute catrier organic anion transporter family,
SLCO2A1 2.804393523
member 2A1 (SLCO2A1), mRNA.
Homo sapiens XIAP associated factor 1 (XAF1), transcript
XAF1 2.796993514
variant 2, mRNA.
Homo sapiens activating transcription factor 3 (ATF3),
ATF3 2.752283101
transcript variant 4, mRNA.
Homo sapiens poly (ADP-ribose) polymerase family, member
PARP14 2.739186099
14 (PARP14), mRNA.
Homo sapiens zinc finger CCCH-type, antiviral 1
ZC3HAV1 2.725539468
(ZC3HAV1), transcript variant 2, mRNA.
KLF4 2692131711 Homo sapiens Kruppel-like factor 4 (gut) (KLF4), mRNA.
PLSCRI1 2.678686125 Homo sapiens phospholipid scramblase 1 (PLSCR1), mRNA.
Homo sapiens glucosaminyl (N-acetyl) transferase 3, mucin
GCNT3 2.673826902
type (GCNT3), mRNA.
Homo sapiens nicotinamide nucleotide adenylyltransferase 2
NMNAT2 2.668199071
(NMNAT?2), transcript variant 1, mRNA.
Homo sapiens BMP and activin membrane-bound inhibitor
BAMBI 2.66704355
homolog (Xenopus laevis) (BAMBI), mRNA.
Homo sapiens colony stimulating factor 2 receptor, alpha,
CSF2RA 2.663137291 low-affinity (granulocyte-macrophage) (CSF2RA), transcript
variant 2, mRNA.
HDC 2.643693742 Homo sapiens histidine decarboxylase (HDC), mRNA.
Homo sapiens tripartite motif family-like 2 (TRIML?2),
TRIML2 2.636503868

mRNA.

62




Homo sapiens fibroblast growth factor 2 (basic) (FGF2),

FGF2 2.629287884
mRNA.
SCIN 2.622759607 Homo sapiens scinderin (SCIN), mRNA.
Homo sapiens SP110 nuclear body protein (SP110), transcript
SP110 2.60531413
variant b, mRNA.
SMADG6 2.598743535 Homo sapiens SMAD family member 6 (SMADG6), mRNA.
Homo sapiens mucin 13, cell surface associated (MUC13),
MUC13 2.590222986
mRNA.
Homo sapiens interferon regulatory factor 7 (IRF7), transcript
IRF7 2.5862912
variant b, mRNA.
MYPN 2.579507963 Homo sapiens myopalladin (MYPN), mRNA.
HEG1 2.543228101 Homo sapiens HEG homolog 1 (zebrafish) (HEG1), mRNA.
Homo sapiens folate receptor 1 (adult) (FOLR1), transcript
FOLR1 2.535141052
variant 7, mRNA.
Homo sapiens interferon induced transmembrane protein 1
IFITM1 2.528044331
(9-27) (IFITM1), mRNA.
Homo sapiens chemokine (C-C motif) ligand 5 (CCL5),
CCL5 2.520522988
mRNA.
KRTS81 2.490785678 Homo sapiens keratin 81 (KRT81), mRNA.
Homo sapiens disabled homolog 2, mitogen-responsive
DAB2 2.480277478
phosphoprotein (Drosophila) (DAB2), mRNA.
IFI35 2.455731912 Homo sapiens interferon-induced protein 35 (IFI35), mRNA.
LAMAI1 2.433672293 Homo sapiens laminin, alpha 1 (LAMA1), mRNA.
CD24 2432619405 Homo sapiens CD24 molecule (CD24), mRNA.
Homo sapiens protein phosphatase 1, regulatory (inhibitor)
PPPIR15A 2.428521005
subunit 15A (PPP1R15A), mRNA.
MYPN 2.42227674 Homo sapiens myopalladin (MYPN), mRNA.
Homo sapiens DENN/MADD domain containing 3
DENND3 2420241717
(DENND3), mRNA.
Homo sapiens dual specificity phosphatase 16 (DUSP16),
DUSP16 2.405355047
mRNA.
Homo sapiens RUN domain containing 3B (RUNDC3B),
RUNDC3B 2401237611
mRNA.
Homo sapiens tryptophanyl-tRNA synthetase (WARS),
WARS 2.400954392
transcript variant 2, mRNA.
Homo sapiens TBC1 domain family, member 2 (TBC1D2),
TBC1D2 2.400282245

mRNA.
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Homo sapiens folate receptor 1 (adult) (FOLR1), transcript

FOLR1 2.374887976
variant 8, mRNA.
Homo sapiens chromosome 19 open reading frame 66
C190rf66 2.358446509
(C190rf66), mRNA.
Homo sapiens dickkopf homolog 1 (Xenopus laevis) (DKK1),
DKK1 2.357004988
mRNA.
Homo sapiens pregnancy specific beta-1-glycoprotein 7
PSG7 2.355308899
(PSG7), mRNA.
Homo sapiens DEAD (Asp-Glu-Ala-Asp) box polypeptide 58
DDX58 2.351937304
(DDX58), mRNA.
Homo sapiens eukaryotic translation initiation factor 2-alpha
EIF2AK2 2.348198237
kinase 2 (EIF2AK?2), mRNA.
Homo sapiens tryptophanyl-tRNA synthetase (WARS),
WARS 2.341129469
transcript variant 1, mRNA.
Homo sapiens colony stimulating factor 2 receptor, alpha,
CSF2RA 2.337339345 low-affinity (granulocyte-macrophage) (CSF2RA), transcript
variant 6, mRNA.
Homo sapiens monoamine oxidase B (MAOB), nuclear gene
MAOB 2.336599294
encoding mitochondrial protein, mRNA.
PI16 2.327455843 Homo sapiens peptidase inhibitor 16 (PI16), mRNA.
Homo sapiens keratin 80 (KRT80), transcript variant 1,
KRT80 2.32498109
mRNA.
CRYAB 2.317822625 Homo sapiens crystallin, alpha B (CRYAB), mRNA.
Homo sapiens protein phosphatase 2 (formerly 2A),
PPP2R2B 2.307503105 regulatory subunit B, beta isoform (PPP2R2B), transcript
variant 4, mRNA.
Homo sapiens interferon-induced protein with
IFIT1 2.293822913 tetratricopeptide repeats 1 (IFIT1), transcript variant 2,
mRNA.
Homo sapiens major histocompatibility complex, class I, C
HLA-C 2.293148817
(HLA-C), mRNA.
Homo sapiens inhibitor of DNA binding 2, dominant negative
ID2 2.292568789
helix-loop-helix protein (ID2), mRNA.
Homo sapiens disabled homolog 2, mitogen-responsive
DAB2 2.286385311
phosphoprotein (Drosophila) (DAB2), mRNA.
Homo sapiens REC8 homolog (yeast) (RECS8), transcript
RECS8 2.284780414
variant 1, mRNA.
PSMB9 2.282169968 Homo sapiens proteasome
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Homo sapiens similar to 2010300C02Rik protein

MGC42367 2.281858493
(MGC42367), mRNA.
Homo sapiens inhibitor of DNA binding 2, dominant negative
ID2 2.274320294
helix-loop-helix protein (ID2), mRNA.
Homo sapiens caspase 1, apoptosis-related cysteine peptidase
CASP1 2.272968782 (interleukin 1, beta, convertase) (CASP1), transcript variant
delta, mRNA.
Homo sapiens signal transducer and activator of transcription
STAT2 2.269776846
2, 113kDa (STAT2), mRNA.
Homo sapiens chromosome 10 open reading frame 54
C10orf54 2.253350745
(C10o0rf54), mRNA.
SDSL 2.253248945 Homo sapiens serine dehydratase-like (SDSL), mRNA.
Homo sapiens von Willebrand factor A domain containing SA
VWASA 2.248714467
(VWASA), transcript variant 2, mRNA.
Homo sapiens zinc finger, BED-type containing 1 (ZBED1),
ZBED1 2.242560542
mRNA.
CD24 2.242000592 Homo sapiens CD24 molecule (CD24), mRNA.
Homo sapiens cytochrome P450, family 11, subfamily A,
CYP11A1 2.241632948 polypeptide 1 (CYP11A1), nuclear gene encoding
mitochondrial protein, transcript variant 1, mRNA.
Homo sapiens collagen, type XVIII, alpha 1 (COL18A1),
COL18A1 2.238382299
transcript variant 2, mRNA.
Homo sapiens regulator of G-protein signaling 20 (RGS20),
RGS20 2.099766206
transcript variant 1, mRNA.
Homo sapiens chondroitin sulfate proteoglycan 4 (CSPG4),
CSPG4 2.096749582
mRNA.
Homo sapiens phosphoinositide-3-kinase, class 2, beta
PIK3C2B 2.096384335
polypeptide (PIK3C2B), mRNA.
Homo sapiens UDP-Gal:betaGIcNAc beta 1,4-
B4GALTS 2.096170945
galactosyltransferase, polypeptide 5 (B4AGALTS), mRNA.
Homo sapiens insulin-like growth factor 1 receptor (IGF1R),
IGFIR 2.095151782
mRNA.
Homo sapiens butyrophilin, subfamily 3, member A3
BTN3A3 2.09220597
(BTN3A3), transcript variant 2, mRNA.
Homo sapiens death-associated protein kinase 1 (DAPK1),
DAPK1 2.088960655
mRNA.
Homo sapiens WW and C2 domain containing 1 (WWC1),
WWCl1 2.085167389

mRNA.
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Homo sapiens hairy and enhancer of split 4 (Drosophila)

HES4 2.085162492
(HES4), mRNA.
Homo sapiens pregnancy specific beta-1-glycoprotein 1
PSG1 2.083286097
(PSG1), mRNA.
Homo sapiens mucin 1, cell surface associated (MUC1),
MUCl1 2.07246327
transcript variant 5, mRNA.
KLHL3 2.069761728 Homo sapiens kelch-like 3 (Drosophila) (KLHL3), mRNA.
Homo sapiens complement component 1, s subcomponent
CIS 2.066118052
(C1S), transcript variant 1, mRNA.
ZNF548 2.065632833 Homo sapiens zinc finger protein 548 (ZNF548), mRNA.
CASP1 2.06373155 Homo sapiens caspase 1, apoptosis-related cysteine peptidase
Homo sapiens Rho GDP dissociation inhibitor (GDI) beta
ARHGDIB 2.059924708
(ARHGDIB), mRNA.
Homo sapiens sphingomyelin phosphodiesterase, acid-like 3A
SMPDL3A 2.057534782
(SMPDL3A), mRNA.
KRT86 2.056658063 Homo sapiens keratin 86 (KRT86), mRNA.
TGM1 2.05542967 Homo sapiens transglutaminase 1
Homo sapiens transforming growth factor, beta receptor I1I
TGFBR3 2.054229052
(TGFBR3), mRNA.
Homo sapiens RAS guanyl releasing protein 3 (calcium and
RASGRP3 2.046656012
DAG-regulated) (RASGRP3), mRNA.
Homo sapiens transferrin receptor (p90, CD71) (TFRC),
TFRC 2.044008356
mRNA.
Homo sapiens optineurin (OPTN), transcript variant 4,
OPTN 2.043616221
mRNA.
KIAA1618 2.041945627 Homo sapiens KIAA1618 (KIAA1618), mRNA.
Homo sapiens host cell factor C1 regulator 1 (XPO1
HCFCIR1 2.041605151
dependent) (HCFC1R1), transcript variant 3, mRNA.
Homo sapiens mediator complex subunit 16 (MED16),
MED16 2.041354553
mRNA.
Homo sapiens sterile alpha motif domain containing 4A
SAMDA4A 2.038100304
(SAMD4A), mRNA.
Homo sapiens solute carrier family 27 (fatty acid transporter),
SLC27A2 2.027815405
member 2 (SLC27A2), mRNA.
Homo sapiens ras homolog gene family, member B (RHOB),
RHOB 2.026436171
mRNA.
LMO4 2.023526061 Homo sapiens LIM domain only 4 (LMO4), mRNA.
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Homo sapiens insulin-like growth factor binding protein 6

IGFBP6 2.021501947
(IGFBP6), mRNA.
Homo sapiens LY6/PLAUR domain containing 6 (LYPD6),
LYPD6 2.021163539
mRNA.
PSMBS8 2.016534156 Homo sapiens proteasome
Homo sapiens CCAAT/enhancer binding protein (C/EBP),
CEBPA 2.014710664
alpha (CEBPA), mRNA.
Homo sapiens interferon induced transmembrane protein 3
IFITM3 2.008910539
(1-8U) (IFITM3), mRNA.
Homo sapiens calcium channel, voltage-dependent, gamma
CACNG6 2.005542635
subunit 6 (CACNGO6), transcript variant 3, mRNA.
Homo sapiens cyclin-dependent kinase inhibitor 1A (p21,
CDKNI1A 2.005032566
Cipl) (CDKN1A), transcript variant 1, mRNA.
Homo sapiens SPARC related modular calcium binding 1
SMOC1 0.49996896
(SMOCY1), transcript variant 1, mRNA.
Homo sapiens uracil-DNA glycosylase (UNG), transcript
UNG 0.499622665
variant 1, mRNA.
Homo sapiens vitamin D (1,25- dihydroxyvitamin D3)
VDR 0.498312647
receptor (VDR), transcript variant 1, mRNA.
Homo sapiens beta-1,4-N-acetyl-galactosaminyl transferase 4
B4GALNT4 0.497511707
(BAGALNT4), mRNA.
Homo sapiens transmembrane protease, serine 3 (TMPRSS3),
TMPRSS3 0.496381515
transcript variant A, mRNA.
Homo sapiens IMP (inosine monophosphate) dehydrogenase
IMPDH?2 0.494895309
2 (IMPDH?2), mRNA.
MT1X 0.492951903 Homo sapiens metallothionein 1X (MT1X), mRNA.
PGK1 0.492540277 Homo sapiens phosphoglycerate kinase 1 (PGK1), mRNA.
Homo sapiens ribosomal protein, large, PO (RPLPO),
RPLPO 0.491649997
transcript variant 2, mRNA.
Homo sapiens RAN binding protein 3-like (RANBP3L),
RANBP3L 0.491523208
mRNA.
Homo sapiens transmembrane protein 45A (TMEMA45A),
TMEM45A 0.459121508
mRNA.
Homo sapiens hypothetical protein LOC90835 (LOC90835),
LOC90835 0.45695715
mRNA.
PTGS2 0.453399982 Homo sapiens prostaglandin-endoperoxide synthase 2
COL7A1 0.452797022 Homo sapiens collagen, type VII, alpha 1

67




Homo sapiens heterogeneous nuclear ribonucleoprotein A1l

LOC728643 0.450432168
pseudogene (LOC728643), non-coding RNA.
Homo sapiens fer-1-like 4 (C. elegans) (FER1L4) on
FERI1L4 0.446023031
chromosome 20.
PREDICTED: Homo sapiens similar to Heterogeneous
nuclear ribonucleoprotein A1 (Helix-destabilizing protein)
LOC645436 0.435542715 (Single-strand binding protein) (hnRNP core protein A1)
(HDP-1) (Topoisomerase-inhibitor suppressed)
(LOC645436), mRNA.
SLC29A1 0.429889548 Homo sapiens solute carrier family 29
Homo sapiens small nucleolar RNA, C/D box 30
SNORD30 0.426227954
(SNORD30), non-coding RNA.
Homo sapiens transmembrane protease, serine 3 (TMPRSS3),
TMPRSS3 0.421402502
transcript variant D, mRNA.
IL11 0.418116982 Homo sapiens interleukin 11 (IL11), mRNA.
Homo sapiens solute carrier family 29 (nucleoside
SLC29A1 0.417916139 transporters), member 1 (SLC29A1), nuclear gene encoding
mitochondrial protein, transcript variant 4, mRNA.
Homo sapiens activating transcription factor 4 (tax-responsive
ATF4 0.415263846
enhancer element B67) (ATF4), transcript variant 1, mRNA.
Homo sapiens 5'-nucleotidase domain containing 2
NT5DC2 0.409247017
(NT5DC2), mRNA.
Homo sapiens membrane metallo-endopeptidase (MME),
MME 0.407536909
transcript variant 1, mRNA.
Homo sapiens small nucleolar RNA, C/D box 31
SNORD31 0.406073545
(SNORD31), non-coding RNA.
Homo sapiens RNA, small nucleolar (LOC85390),
LOC85390 0.4026412
non-coding RNA.
Homo sapiens plasminogen activator, tissue (PLAT),
PLAT 0.399598781
transcript variant 1, mRNA.
Homo sapiens DNA-damage-inducible transcript 4 (DDIT4),
DDIT4 0.398863667
mRNA.
ETVS5 0.387028763 Homo sapiens ets variant gene 5
Homo sapiens RAN binding protein 3-like (RANBP3L),
RANBP3L 0.381797231
mRNA.
SLC5A3 0.377329083 Homo sapiens solute carrier family 5
Homo sapiens heterogeneous nuclear ribonucleoprotein A1l
HNRPAIL-2 0.367526336

pseudogene (HNRPA1L-2), non-coding RNA.
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Homo sapiens deleted in malignant brain tumors 1 (DMBT1),

DMBTI1 0.366798554
transcript variant 3, mRNA.
Homo sapiens NADH dehydrogenase (ubiquinone) 1 alpha
NDUFA4L2 0.365505763
subcomplex, 4-like 2 (NDUFA4L2), mRNA.
AKR1C4 0.362864821 Homo sapiens aldo-keto reductase family 1, member C4
Homo sapiens ets variant 4 (ETV4), transcript variant 1,
ETV4 0.354256911
mRNA.
Homo sapiens heterogeneous nuclear ribonucleoprotein A1l
HNRNPAI 0.352630212
(HNRNPA1), transcript variant 2, mRNA.
Homo sapiens prostate transmembrane protein, androgen
PMEPA1 0.347940913
induced 1 (PMEPA1), transcript variant 2, mRNA.
Homo sapiens aryl-hydrocarbon receptor nuclear translocator
ARNT2 0.343660717
2 (ARNT2), mRNA.
Homo sapiens olfactomedin 1 (OLFM1), transcript variant 1,
OLFM1 0.325392988
mRNA.
Homo sapiens WAP four-disulfide core domain 1 (WFDC1),
WFDC1 0.323177432
mRNA.
Homo sapiens ets variant gene 4 (E1A enhancer binding
ETV4 0.315938634
protein, E1IAF) (ETV4), mRNA.
Homo sapiens chemokine (C-X-C motif) receptor 4 (CXCR4),
CXCR4 0.30985772
transcript variant 1, mRNA.
Homo sapiens prostate transmembrane protein, androgen
PMEPA1 0.30403058
induced 1 (PMEPAL1), transcript variant 2, mRNA.
CA9 0.29750476 Homo sapiens carbonic anhydrase IX (CA9), mRNA.
Homo sapiens chemokine (C-X-C motif) receptor 4 (CXCR4),
CXCR4 0.283664205
transcript variant 2, mRNA.
IER3 0.278299679 Homo sapiens immediate early response 3 (IER3), mRNA.
AKR1C2 0.228327582 Homo sapiens aldo-keto reductase family 1, member C2
SERPINE2 0.096258156 Homo sapiens serpin peptidase inhibitor, clade E

69




