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Programmed Cell death 5 (PDCD5)% A|3E3LA}  (apoptosis)
fFreAl 1 ddo] FThEC, AEARFE Hor  wEA
ol zgtr}. Wk ofEl WEZE=gol2R o]Fsle] Baxet
caspase-35 DA SAIFICEHN  AMEIALE FEFT I
oldslasiel  Tipeoet  Adste]  p53e]  olAEEE
ZANDo 2N HNEIAES  Z=7MA71th. H PDCD57F
AELAE F-HS= o Qo] A AEQl p533 A g}
A=A A sthal HaE ity PDCD59F p53e] AvS
pb3°]  MDM2el o  #FaEEH=  ASs JAlskal,  pb3e
dAsA Ao ZH  ps3S  AfrE AMEIAE FTRAIIGAL

u5) 4



PDCD57} th& @A S ZAeste] AEiALS 2-5=
7146 disiAe A7 @Es] g JAXRE, PDCD5
AHA o] g3t Bdste] A EaAPE 2EE = V-t =
A7 HEetth ole #HEHE AFEE= FUshA PDCD59
119 A serine 717} CK2aoll &3]  <lxbstE]o] A ZUALE
770t A oo HaE Fo] §luh CK2aol 2]3%FPD
CD59] <14k} PDCD59] 7]5x4d 71dS A3k d o
Tosith gmde] <lxsE Aol #@Asls A
Q3% HY F 42 (posttranslational modification) 7]2}o.=,
AEZ W Asdeds 2dstes 4 adol7] wEolth

o] wigow ¥ AE CK2aol 93 PDCD5-S1199]
JA2bs7b AEIAL -] Fagh 93s drhe old HiE
g o 2, pPDCD5-S119¢] dist IAE A= 2 AA 38}
CK2a9] ¥rdo] PDCD5-S1199] <14tstel PDCD59] 3 S
ST o 2ZA MEIAE ZRETE S THEETh £
pPDCD5-S1195  ECI3t3A7] = &4°l PPEF-15 5743,

PPEF-1¢] #}ut&lo] CK2a9t ®F& PDCD5-S119¢] <lAkst o



M| 3E A}

PDCD52]




Zorodx @A pPpCD59) 7|52 A Al ©olAtslg A9

a9 3

1. A&

AE7Y &4 (homeostasis) S FA18H7] HlalilA = Alxzel 4
(mitosis), -3} (differentiation), A2 (death)?] & o] F st} b o
< AlEAbEe]l Hds A =dEA epd AWo] A=,

AEAEe] ThEstA dolub A% AAHS, WY A9, B9 Fol



i

ol xYEaL, wHE AEAREC] fAlHo]  HmFk T

Qojip oF mE Aphueldstel furdEn X AEAEe

oM.

Hr

Z}7F3E2] (autophagy),  AMI3EILAF  (apoptosis), A} (necrosis)Z
BHy=d 3 o] 5 MEILA} (apoptosis) = =AFH o] B Q3 A EE
A As= A EAAAL (programmed cell death) ] T} .

Azl A fAel Fas AxEAE Vs 2Adse
il A 2 ok A ekl (tumor suppressor)l p53o] 4l A el ks

stk dE A ok ° AAAENA p53 E3 FH]FAE  ligases!

MDM2ol| 2J3)] ®-ajE o] e oz WHEXT A X7} ArAT,

N
¥

SEEA, shraAre] BAsh AEAQ] DNA &40 22 ~Ed=a
WA EH p53 qIAbstg At opAEstE Aol ofs] QlAksE HE=
oprld st o] ZAstEo] dMom o]FsiA HUE For oIt
P53 AFSA (homotetramer) E3HAE FAdte]  HARRIAEA
A EZALRE cell cycle arrest #& FHAHE<Q] PUMA, Bax, p2ls=
BAA OB AETAME g ° o] B p532 AXbs
opAdst, FHlAEE, FER3I} T vggFd HYg F 4

(post-translational modification) S F3] Aol FAF L 7, oo =



a5 A8 (protein-protein interaction)S  F3 A XIALE

<t MAEIA #AHH {222l PDCD5 (programmed cell death 5)

o e

(L
Z
i
o
32

] p533t Agtste] FdAEA A vk Ao By

PDCD5+= A4 o2 MDM27} ZAEshs pb3el Fitol Agtsto

ot
o

p530] dMolA MEHAR o]F3= A (nuclear export)S A gHo 2 M
p53S o EAZIth o4 EtE p53S AARIAEMA A EIAL Y

EA AR p21s} Baxe] HAME F7HAIZIAL o]E &3 Gl arrest

WL

AEZIAL -l Qlo] AT AQ p53S Agth wE X
PDCD5+ 199919l TF-1 Ao 4 TFAR19 (TF-1 cell apoptosis related
gene-19) #h= WA R FRYHO A5 EAFHATE O GGA Eol A
PDCD5%= &3} Axdel] #HdatAl EASAT, AEILA G5 A
addHe] Axdmyy ow wEi olFIrt Y. PDCD5E
frbel (breast cancer) 2, 919} (gastric cancer) ¥, 2173 (astrocytic

glioma) ™, ZYAI3E < (hepatocellular carcinoma) *°, 7FHATEF



(chondrosarcoma) ** & ThFS dellA 1 Hde] AR
B E A

PDCD5¢] 7|so2E AXEIA FEA BaxE  AEZA
nEF=golyg o]FAIF O ZM cytochrome co WES ZZIAA
caspase-35 A SIAIZITha HaE A Y. Bax WY ofyE}, 3iE
olx &3} & A (histone acetyltransferase, HAT) <1 Tip602} Z3gta}o]
aho olAgst FAE F71A17]al, PDCD5Ol o Aol FrhE
Tip60i= p53<] Lysine 1209 H7]1E ofMESAIA p53S A+
AEZ0ALE FH% 0o gre] F o

PDCD5% p53, Bax, Tip60e} #o] thefst dwld &3 Ags)o

AZTAE 2Es AT G4 fA9 Fad wndod

n&aith Az fEAl B Jaks i ofdEstd  9]F
ZHEga 4z ps3e s , PDCD5% CK2aol 23] 1199 A
serine Z717F <QabstEthE 21 9ol HaEA gkt ¥ wE g
o]

AakshE did Ve S ATTFoEN AsHdIA R (signal

g3ty 2 o]2 A PDCD5Y)

BN
i)
=2
do

transduction pathway)2] 24



welba o] Ao A= PDCD5 119 A serine Z7]1¢] <1Akslr}
AIZIAL 2ol T3 gds P AS vPeR, PDCD5S 7le

x4 A pPDCD5-S1195  €<14Fs}  A]7]&=  serine/threonine



1. A5 2 Iy

1L 3 AZ # A

PDCD5 119%17 serine 7]o] HolAl FAE Azsl7] 93|
fnrrkvmd(pS)dedddy sequence2] peptideE ¥/dslal 7S Lab Frontier
(Anyang-si, Gyeonggi-do, Korea)oll~] |t} A A= SulfoLink®
Coupling Resin (Thermo Scientific, Rockford, IL, USA)S A}-83}%1 ). Resin
columne #4317 9&f, 2 mbe] coupling buffer= columng- equilibrium
A F T 1 me 50% slurry “JElS] resins 2] columnel resinS 17
A7l % 4 ml coupling buffer® columns washing 3}31t}. Resinol
peptideE 317 3}7] 913ll, peptideE coupling buffer= 1 mg/mle] %=
THE0] 1 mg peptide®} resinS A-2o]A 30 & F<F coupling WHS-=
Al 7T} Peptide”} resinell 117 = 1= A &<2135H7] 93], columns &3
gk g-olS 280 nmo. 2 A efficiencysS 43 5, kol 0.1 mg/
me °latE 2w columng AREEISITE W50l AjS A
213l coupling buffer o] 3]43F 50 mM L-Cysteine*HCI=S 2 m¢ ¥°] 15
kA7 &6 me] 1 M NaClo 2 washing 3131t} Peptide”} 1274
# columng 6 m¢ 1xPBSZ washing 3}3Z, 5 m(2] 33} 1xPBSZ
% EFol 7 mo] HEF i, o]E columno] ¥ 30 ¥ I
incubation A| 7t} 12 m¢2] PBSZ columns washingdlal, 8 m¢2] elution
buffer= A3l 1 ml® fractions B2 ¥, efficiency= 4313t
M e RO fraction?] 3AES 0.02% sodium azideZ} FH7HH

1XPBSS o] &8te] T4 (dialysis)& ¥, 4T o] mkate] Algaigict

2. A BHF R A%

H ot MAEFS A549, AL AXEFQ HCT116, FWY Al

b

=z
79l

©



MCF7, 7+t Al3Z521 HepG2+: American Type Culture Collection (ATCC,
Manassas, VA, USA)oll A G435l ARE3FIT MAE+= 10% (viv) fetal
bovine serum (FBS), 100 units/m¢ penicilin2} 0.1 mg/m¢ streptomycin
(Hyclone, Logan, UT, USA)°| %7} ¥ Dulbecco's modified Eagle's medium
(DMEM)Hj A& o] &3t 37TColA 5% CO° oz ujdataith
MG-1329} etoposide (AG scientific, Darmstadt, Germany)= DMSO
(Sigma-Aldrich, Missouri, USA) ol =] Z}ZF 10 uM, 50 uM @] %= A}
-3} 31 t}. Transient transfection reagent™=" TransIT® -2020 (Mirus Bio LLC,
Madison, WI, USA)<} Polyexpress (Excel gene, Rockville, MD, USA)=- A}

g9t

3. Cloning

Wild type2] PDCD5, PDCD5-S119A, Ubiquitin, CK2a.2} PPEF-1, PPP1C,
PPP1CA, PPP2CB, PPP3CB, PPP3CC, PPP6C, PPM1A, PPM1B, PPMI1D,
PPM1G, PPM1K 29143} & 4 9] constructs PCRE ©]-&3to] ZE3+9)
3, Sk=n = HEQl pSG5-KF2M1-FLAG, -HA (Sigma-Aldrich, Missouri,
USA)2} pcDNA-Myc™ 3.1 myc-His(-) (Invitrogen, Grand Island, NY, USA)
of cloning sttt 2 & Z2}F=1| = construct= DNA sequencingS &
a3 gHlstiitt.

4. Western blotting ¥4

M 3Z 50 mM Tris-HCI, 150 mM NaCl, 0.2% Triton-X100, 0.3% NP-40, 1
mM EGTA, 1 mM EDTA, 2 mM NaVvO, 2 mM NaF 1 mM
phenylmethylsulfonyl fluoride (PMSF) (USB, Cleveland, OH, USA), protease
inhibitor cocktail = -4 % pH7.59] lysis ¢80 = &zt &
AE AES 229 BHV= AEEHS 721 F 4ToA 13,000 rpmo 2

10



-

24

AL

=
o1

o gttt galE AEES9 Adsdvt Hol A2y F
Bo #A AEUel wulds FEeqith Wil el HEL 660 nm
protein assay reagent (Thermo Scientific, Rockford, IL, USA)E ©]-&3}3I T}
T ko] WA S SDS-polyacrylamide geloll A7|9%  3F L,
nitrocellulose transfer membranes (Whatman, Dassel, Germany) ©l transfer
3151tk Membrane 2 0.1% (v/v) Tween 20 (Sigma-Aldrich, Missouri, USA)
o] ¥3t¥l PBS ¢} 5% (v/v) non-fat Difco™ skim milk (BD Biosciences,
Sparks, MD, USA)°ll 30 ¥7F blocking 3FaL 4ColA] overnighto. = 13}
kAo ¥H-S-A)F ). d-A = PDCDS5 (Proteintech, Chicago, IL, USA), p53
(DO-1), p21, HA tag (Santa Cruz Biothechnology Inc., CA, USA), Bax
(AbCam, Cambridge, MA, USA), Flag tag, B-actin (Sigma-Aldrich, Missouri,
USA), Myc (Cell Signaling, Danvers, MA, USA)<=- 3% BSA°] 3]435}o] A}
3ol 22k A= 5% skim milkol] 814 8fe] A2 A 1 AI7E Wk
A Fer A3 742 Western Blotting Substrate (Thermo Scientific) #3%<]
Agel whet st

5 WY (Immunoprecipitation, IP)

A= western blotting 412 FA3 WHoz dwlds 25 9 A
& F3lth. 500 pgo] A 1 uge] HA, Myc (Santa Cruz
Biothechnology Inc., CA, USA)2] &A1} 50% slurry A ENS] 15 nle] G
plus/protein A-agarose (Santa Cruz Biothechnology Inc., CA, USA) =% 8 (9]
Flag-specific M2 agarose (Sigma-Aldrich, Missouri, USA)E % 7}8le] 4T
o A rotator= overnight RF-§ A|ZATE U &, beads 4C olA] 2,000
romol] 2 &4 3 washing buffer= washing 3}31t}. 7}* % washing -,
beadS A A7 F, A5 NS AA% F 5X SDS loading buffers 12

Yo F 5 3395 T o #9 ¥ western blottingS =3 3131 T}

11



6. FH|AE assay

HCT116 A3~ E 100 mm disholl confluency”} 50% %= ul 3}t
Transfection reagent®! Polyexpress (Excel gene, Rockville, MD, USA)=Z 1
1g2 HA-ubiquitin, 2 xg©] wild type Flag-PDCD5 ®+= PDCD5-S119A, 2
18] Myc-CK2aE transfection A7t} Transfection 30 A|F ¥, MG-132
5 10 pM9] FEE 6 AXF Ag 3 F anti-Flage. = IPE 3oL,

anti-HAZS =3} western blotting< =33 31t}

7. Lentiviral ShRNAE- ©|83F CK2a knockdown SHZ A A &}

293 FTA|3EZE confluency”} 60% %= 100 mm dishol v 3k o}
Lipofectamine™ 2000 Transfection Reagent (Invitrogen, Grand Island, NY,
USA)< ©]-&3}o] packaging ¥E{ ¢l VSVG (PMDG) 4 ug, RSV-REV 4 pg,
PMDLQ/pPRE 4 ugl 3% shRNA 12 ugs transfectionsh Sl T, Transfection
48 AZF 5, MlEujFNTt FAojx 0.45 m filter Unit Durapore PVDF
membrane . & FE W35l viruss YA SEATE CK20o knockdown A1
¥4 AXEQ] MCF7, HepG2, A549 A|32] confluency”} 70% ¥ %=5 Hf
&3 w1 WAl 1 mE AASL Lenti-virus 1 ml¥} 8 pg/ml FE2
polybreneE H7}slditt. o o, A2 WIAZ  Zol3l  virus
infection 72 A]7F -, selection marker 91 1 pug/m¢ -5%=2] puromycins &
3] knockdown A|EWHS AWEIIATE HEFAH OS2 RT-PCRI}F western

blottingS 53 CK2a7} knockdownd S 2H<Ql13}3it).

8. RNA F<=3 RT-PCR

AEZ Trizol A °F (TaKaRa BIO, Shiga, Japan) 500 S ©]-&3}<]
harvestalo] &3] A Zth. Chloroform 100 xS 2ol tA] 15 % FoF
vortexing 3+ & 5 & &<t icedl Al incubation FSATE. 4Tl Al 13,000

12



rpme.E 2037 YAl E & %, s FHgk Sk 200 e F
£ =2 isopropanol 200 X Y oj

invertingshe] Aol 10%7F WA ZATE 4Tl A 13,000 rpme.2 15
w1t AT g ¥ dedS AAs peuetoﬂ 70% EtOHY] 1 ml<
Jo]& H, thA] 4TelA 13,000 rpmo.Z 15 7+ 94 Egsiqich. A
5 5 air dry3d+ %, 50 x02] RNA elution bufferS %
o] RNAE At} FE3 RNAQ 2 ugs A&3to] cDNA §4d3t3
s 2 primerg ARE-3to] RT-PCRE 353l Tt

GAPDH: F-5’-GATGGCATGGACTGTGGTCA-3’

GAPDH: R-5-GCAATGCCTCCTGCACCACC-3’

CK2a: F-5’-CGAAAATTAGGCCGAGGTAA-3’

CK2a: R-5’-CGAAAATTAGGCCGAGGTAA-3’

PDCD5: F-5°-AAAGCACAGGGAAGCAGAAA-3’

PDCD5: R-5-TTGTCCATATCTTGCCATCTG-3’

p21: F-5"-GTGGAGAGCATTCCATCCCT-3’

p21: R-5"-TGGATGCAGCTTCCTCTCTG-3’

Bax: F-5’-TCTACTTTGCCAGCAAACTGGTGC-3’

Bax: R-5"-TGTCCAGCCCATGATGGTTCTGAT-3’

23

9. MTT X

A549 Al EE 24-well plateo] well F 3x10°2] A2 DMEM HjA| S A}
3ke] wjkEtgith. 50 ngol pSGS-KFZMl-FLAG 7} Flag-PPEF-12
transfection A]ZAt}. Transfection 24 AJZF %, 50 pM<e] 5= = etoposide
E 24 A AR, MTT  (3-(4,5-dimethylthiazol-2-yl)-2,5
-diphenyltetrazolium bromide) (Sigma-Aldrich, Missouri, USA) A] ¢FS 5 mg/
meE 50 ¥ e F AFAIZL FH 37CTAA 2 AE Ft kg AR

13



wHepgo e Wk Zlo] gl 100% DMSO 200
W33, 96-well plated]l 150 wl® %71 Microplate
reader (Molecular Devices, Orleans Anenue, CA, USA)E ©]-83} 570 nm

ol X Holgle ALY ¥ES ZAsgh

AN
al

14
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1. PDCD5-5119¢] 4kEHE Q1A 8= SoldA Az 2 AF
PDCD59] <Ql4tste] 754 F8A4S dAsr] 98 CK2aol

olate]  ol%kal Huka 47l serine 119 A 7o Eo]H 9l

phospho-peptides o] 83t AE A= L AASAT (2”1, 7h.

A= E7ol peptides FAFste] WHWkES FE Al &SRSt

APE B3 Ao 2 FAE A2 F, SulfoLink® Coupling Resin

ﬂll

(Thermo Scientific, Rockford, IL, USA)S Ab&3ale]l 34 AAS
Tk Th A A -2 peptide<] thiol group©] resina} thioether bond&
FAdst= delE AFES Y. Peptide”t 327 resinell &A1 7F A 2
HHS  WkEAZl F, Glycine-HCIZ  §%3lal PBSE FA
(dialysis)3to. =X A= A A5 T}

AAE &

lo

Solde  #Qler] flsl HCT11e Al
Flag-PDCD52] wild type -+ inactive mutant form$¢! PDCD5-S119AE
AAZ S, AlZpek FAE AFE-5Fe] western blottingS =33 33 th
(ZL¥1, }). pPDCD5-S119 A7} PDCD52] mutant formell = HE-§-3}X]

ka1, wild typeol] #g3tE AL A o2 anti-flags 53l

o

il

PE =338k %, western blottingS S33te] A EHolA

O

ettt (291, . °) ¢ HYskAl, pPDCD5-S119 &-A7F wild
type®] PDCD59| So]d o2 §k3ale S ERlakgint.

o] 235 F&fl, AZtE A7 14kstE PDCD5 119%1 4 serine
A7)e] HolA o A= s & F AU

15



7}.

PDCD5-Homo Sapiens
1  Madeelealr rqrlaelqak hgdpgdaaqq eakhreaemr nsilagqvldq

101 qqtkktttvk forrkvmdSd  edddy

Peptide sequence: fnrrkvmd(pS)dedddy

1}
Control PDCD5 S119A
apPDCD5-S119 -
aFlag wwww
ap-Actin = @ = T WD
o

Flag-PDCDS-S119A -
Flag- PDCDS-WT + _

IP: aFlag -
WB: apPDCD5-S119

aFlag T

ap-Actin | g =

16



19 1. PDCD5-S1199] QI4tst A Az 2 AZF. (7)) FAAZ #
AAE e 2383} 12E Eo]Z <l phospho-peptideS A 2HaFA ) (W
HCT116 Aol  transfection reagentS!  Polyexpress® 2 ug9]
pSG5-KF2M1-FLAG, Flag-PDCD5, Flag-PDCD5-S119A=  transfection
A Z T}, Transfection 30 AlZF ¥, western blotting= G333t} (Th)
HCT116 A 3 Polyexpress = 2 g Flag-PDCD5%}
Flag-PDCD5-S119AE-  transfection A]Z1t}. Transfection 30 AJ7F 3

anti-Flag .2 Immunoprecipitation (IP)E 4~ 3}aL, A2tk A S 53

_

western blotting= <=3 3} 31t

17



2.CK20.9] Itgd o =g <3 PDCD5 1Ak & 9y =7}
23] CK2oo] w3do] PDCD59 W&o mx|&=

3;:
PDCD59] <14kslel vt W3S western blottings 53 233t
(22, 7h). CK2o2] W o] ZF7}stel] wig}l PDCD5-S1199] <14ks}e}
PDCD59] W&do] REF J7HHEASS  gelet
PDCD5°] &d  F7k7F PDCD5S] ZAME ZAFTo =24 e
AN FRIstaiat CK2o s I AAXL & RT-PCRE a3
1 Ay, CK2a2l wdo] F718lel = PDCD52] mRNAS] %2 W37}

Aok (292, W). o]2 %3, CK2a:= PDCD5Z mRNA

e
allel
o
fob
ro,
o

o

al
M

b g Sz zagths A2 ¢ 5 At
1

HH 2 CK2o7} A3

{0

[¢]

_(H
Al

 Lentiviral vector-mediated shCK2a.Z -1t A EF<¢1 MCF7, 7+t

kel

T2 HepG2, HIHMAEFTSQ A5499] infectionA] 71 2= X CK2a

knockdown S¢HEAMEFE FHsHT FHE AEFE RT-PCRS

i)

=3 CK2o7} knockdown® S Felstitt (z™2, thH. YA
CK2o knockdown SQFHAEFE o] &3lo] CK2aol Ao wE
PDCD52] & W3l= western blottings £3 #&stadtt (282, 2.
O A, FTAHSE CKo 7t AdEe= AlEFolA PDCD59]

A4sr B Rl Fass A Felsdith

S
i

18



Ak}t

], CK2a2] #+3d 2 PDCD5-S1199]

PDCD5¢]

%
R

19



7}. Western blotting

Myc-CK2a -

apPDCD5-S119 [*we. 4
aPDCDS5 -— - o O
aMyc - GOy
uB_ Acti]] —_—r o e e

L}. RT-PCR
Myc-CK2a B
PDCD5 S S DM s

GAPDH M Geeh MDD NS

20



}. RT-PCR

MCF7 HepG2 A549
shCK2a _ + _ + _ +

h - —
CK2a s -~

GAPDH |ws» e e ea» o oD

Z}. Western blotting

MCF7 HepG2  AS549
shCK2a _ o+ -+ -3

apPDCDS-S119 [ @0 « « sl o Qup s

aPDCD5 By D emm o D T

aCK2a — -— s D —

af-Actin - W e e G S

21



19 2. CK209 o] pDCD59| HX|& <93 (7)) A549 A9

Myc-CK20 & dose-dependent 3}7 5% "= transfection A]%]

:15‘_
transfection 36 AlZF & A|EE 3]53}o] lysis buffer o 83 A F .

g3) A7) A|E lysate % pPDCD5-S1195 =<1 s}7] 98 30 ugo]

T

A 2 western blottingS =333 th. PDCD5, Myc-CK2a, B-actins
kot ¢a 10 wge] ©H A= western blottingS 3 sdth (L
(7het 5L A Myc-CK2aE transfection A1 %, transfection 36 A] 37t
T trizols o]&3te] AEE o] RNAE F=3 T RNA 2 g
cDNACS.Z A &klth. F4H cDNAS DW 30 S o] s|4s &
2 = ol&sto] RT-PCRe T3ttt (Hh) MCF7, HepG2, A5499]
Lentiviral vectorS ul7] 23+ shRNAE ©]-83}o] CK2a knockdown <FHA
AEZTE 93 H CK2a 7} knockdown = $1=%] #lstr] 9
RT-PCRS  F33ldtt. (1) CK2a  knockdown  SFAAEFE
hemocytometer W o= AM¥ FE Ao} 5x10° A EZ  60mmol

Hj ekl M7t e dslE S &<l & western blottingS -3 51 T}
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3.CK2ae°ll 93t PDCD5THE A o] oFA 3}
ko] A¥S Fd CK2aol & o] PDCD5-S1199] <l14ts)e}

i3
(el
o
ol\
N
N
>,
Y
v
rr
)
e
Ao

olslsith. CK2a k3 o o] sk PDCD52]

ol 3li= PDCD52] f-H|F & 3te} o] Q1S Folgl oAste], CK2a

FAAA F FHFE assays BT (LH3, 7h. 1 A
3

CK2a7} g o 24 PDCD59]  frHlARS/E  HAaHEeE  As

L

o]2] 3 CK2o ¥'¢3 ol 9] 3 PDCD52] FrHI A B3 JA17F CK2a7}
PDCD5°] 119WHA] serine X715 SolAo=m  <QlAksA|fl o =4
dojfi=+] &olH 312} Flag-PDCD52] wild type¥} inactive mutant form
¢l PDCD5-S119AE Myc-CK20.9t 3 A7 § PDCD5°] frH]H ¥
assayE Tt dTh (293, ). = A, wild type ©] A9 CK2a7t
PDCD5-S1195  <l4tst  Alzle=x  PDCD5¢  #H[FA 37t
9k mutant forme] H$ CK2a 7} PDCD5-S119&

ARSI 714 Fske] PDCD5 o] frHIFRSZE AAHA] X

Qo] AFRES  E3, CKax= Eo]xo®  PDCD5-S119=

, PDCD5°] frH|F®IsE SA|ste] PDCD5 T A&
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HA-Ub

Flag-PDCD5

Myc-CK2a
MG-132
(10 pM, 6 hr)

IP: a Flag
WB: ¢HA

aFlag

aMyc

af-Actin

HA-Ub

+ +
+ + 4+ +
+

+

Flag-PDCD5W!
Flag-PDCD551194

Myc-CK2a
MG-132
(10 pM, 6 hr)

IP: aFlag
WB: ¢HA

aFlag

aMyc

af-Actin

+ + + o+ o+
+ o+

-+

+ + o+

e Y
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a9 3. CK2a F2do] wE pDCD5Y £-H)AE3}F W} (71) HCT116
AEZE 100 mm dishell e F, 1 pge] HA-Ubiquitin (Ub), 2 ug®]
Flag-PDCD5, 1 pug %+ 2 g2 Myc-CK2aE co-transfection A]F T}
Transfection 30 A]7F %, DMSO°l &3l¥ MG-132 (10 pM)E 6 A|3F
A 2]38k 3L, western blottingS =33kl o} (1) HCT116 A3 1 g
HA-ubiquitin (Ub), 2 xg2] Flag-PDCD5 %= Flag-PDCD5-S119A, 2 1g9]
Myc-CK2aE co-transfection A]ZAt}. Transfection 30 A|3F -, DMSO®]
|3l MG-132 (10 uM)= 6 Al A 28k3laL, western blotting=

Faptslet.
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4. CK208] Aol 93 PDCD59 <14tsl, 23 € AEXIARNE
A

PDCD5+= Al2EdAbe] T8 8-S sh aid= g4 7]

ol MEIAL & Al CK2al] o] PDCD5S] AMEIAF ZH

715 mAE GEFs dopwokry. $A, etoposide E 50 uM9

fu
o
>,
L
Ak
Q‘L
2
=

1:
=2
>~
Do
Ho
=
o

western blottingS =l
pPDCD5-S119, PDCD5, p53, p21, Baxe] wdo] w¥: Zrlsles AL
gelstint (<14, 71.

Etoposideo] olal AEDAP}F FEEHE  Z7E shCKoE
o] &3l CK2aE A& AJZl ¥ western blottings =35}t
(ZLH4, ). A549 shCK2o Aol A etoposidec] <Js] Z71E A
pPDCD5-S119, PDCD5, p53, p21, Baxe] & A7} A549 ShControl
Alazol w8 FhaskE As skl

fle] A3E Fall, CK2o7b A ™A PDCD5-S1199] Q14ksk¢}
PDCD59] i qfo] ZhAw a1 p539] &/dstrh A &fe o] p21, Baxo]

T ge] Hrdves AS & 5 AT

26



Etoposide
(50 uM, 6 hr)

apPDCD5-S119

aPDCD35

ap33

ap21

aBax

af-Actin

Etoposide

(50 uM, 6 hr)
apPDCD5-S119
aPDCD5

ap33

ap21

aBax

aCK2a

af-Actin

27

shCon shCK2a

--"




a9 4. CK2a®] ALde] MEANE A PDCD5¢t p53 &4 3ol
e 9. (7D AEQ  confluency’} 80% W E=F  HjgsE H,
etoposideE DMSO° 5o 50 pMe == 6 At Ag +
western blottingS =33} Tl (W}) A549 shControl 3} shCK2a <HH
M EZFZ hemocytometer M C. 2 Al E FE Ao] 6x10° A EZ 60mm

of wjFstdth. Alx7E tAstd A

o
Aok

°lgk & 50 pMY %=

etoposideE 6 Al7F A 2] gk H western blottingS =24 3} 3 .
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5. PDCD5-S11929] 214L3}E €QlAtsin g+ &4 @¥d 54

g QlAbslE ElALElE Ao olF) st A om Aojyma 2

i

PDCD5-S1199]  &<Ittsts Fhdtes &4 dWds  FATH

Serine/threonine &4k} & 24~ 3 phosphoprotein phosphatase (PPP) | & 2]

PPEF-1, PPP1C, PPP1CA, PPP2CB, PPP3CC, PPP6C<2} metal-dependent

protein phosphatases (PPM)A|E <] PPM1A, PPM1B, PPM1D, PPMIG,

PPM1KS th o= Myc-PDCD5¢F #EAAIZl = IPE s 23
]_

=S
(=1¥5, 7}), PPEF-1, PPP1CA, PPP6C, PPM1K”} PDCD5%} ZA3¥tsl+

(2¥s5, ). = 23}, ©E PPPICA, PPP6C, PPM1Kel| H]&] PPEF-12]
ol o]d] pPDCD5-S119, PDCD5 % p53¢] uHdo] 713 & 43

o143}, PDCD5 % p539] HHUYS AAA7]= AS=Z Hol PPEF-1
a4 wwldo] PDCD5-S119 <Q4xkst Alojel AXuAL ZA7])5E

TEEE W glel 2@ Aue & Ao At
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7}

Myc-PDCD5 Myc-PDCD5
—_ < mmQ
»roc8838y Lygmouy
pSG5-Flag =Sz 2825 e2f====:=
Eaoooo A/ Ero by A
B AN B AN
e 100
T - - =73
@®es -- -
IP: aMyc -l "”".'.. = SR 63
WB: aFlag ---'d-.ﬁ - - e 48
-y -
Ll @ | —= += 35
T
Fi - == - ® o
aFlag
@ T 48
-
™ —on| L -+ 35
(lMyc L T T X T . T IR A daiand ol
ﬂ.ﬁ—ACtil] bt de el ([T ——
ot
SISEL
FI I
APPDCD5-S119 | s o e e
aPDCD3 camn —
aps3 e —_ = —
dm 75
[e—]
63
48
aFlag —
- T3
ap—Actin —_— e == == =
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¥ 5. PDCD5-S119¢9] QI4t3stE @dl4tsiA7le a4 gl &3,
(b gitstaA~eS F4sk7] dll 13 e serine/threonine B4
3l & AES pSG5-KF2M1-FLAG ©l cloningdt$ith. HCT116 Ao 1 ug
°] Myc-PDCD5%} 2 ug2] Flage & 1yl <1A3l 3 A58 Fd Al
Z anti-MycO. & IPZ 35}9 1, anti-Flag©. = western blotting < <+3)

stk (b 2% (hE %38l PDCD59t At A E @Aitsta

o

2ES AB49A3ES 2 peg LA F western blottingS 353

oy
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6. PPEF-19] ¢]3} PDCD5-S119 214+st 744

MG

o] A3%lS E3] 54%¥ PPEF-1 (protein phosphatase with EF
calcium-binding  domain)”} PDCD5¢}  ZA3}slal  pPDCD5-S119&

HAaAA oz PDCD5S] AHX2EANE 7]ls Ao #Ad Aol

ah
off

H3 =Foz H

2

173

}ch. g PPEF-19] @)

&
rd

N-terminus”} §l+= PPEF-19] variant”} ¥ 3ZE A3 (lymphoma cell)ol A]
shE sojgirls Barlk ek 2 o]E  wgo®  PPEF-19]

PDCD5-S119¢] <148t 7hA4aA]7)ar, 934 (tumorigenesis) 2

)

PHEEo 9 O R Hol PPEF-1°] PDCD5E ©24tsl A7 o =M
Aolet 7Hd S AA sl

PDCD59] AMEIALEHE 7|5 9l PPEF-1¢] 93

ALIAE JAFE 48L

sk

o

oW A} etoposides ©]&3dto] AEILALS F=8Hal, PPEF-1&
3}
A EIAF FEZ Z7FE AW PDCD5, p53, p21, Baxe] #ao] -3 F

o2
)

A7l % western blottingS F3stA Tt (2#6, 7P). L A,

!

PPEF-1°] o3 Zav= Zs geleih
PPEF-1¢] glo] PDCD5¢] Al @aFE FEA dolr7]
dste] (7Het TU3I FHOF RT-PCRS F33e] PDCDS5, p2i,

Bax®] mRNA Wst& #zeitt (L€6, ). 1 23, PDCD59]
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PPEF-1°] I}ulgd o] PDCD52] M EIALZE 7]5& A3

_
o

o}
1A

PDCD57} PPEF-19] o] X E 3} Agtal= A Lol H gttt PPEF-1=

rr

A wlgo=  PPEF-19] <8t PDCD5 ZA71AS IF

ol
ol

>

(236, tHe 2ol 1Q domain, catalytic domain, Full-length domain©. =
Ui 3, IPE ST (2™e, 2. 1 23, EE domainE o]
PDCD5%} ZAdst= S ERIsk3icth Domain 137 2% FEHo=
1-120 opH]x=AbS EFStar gle] o] HFito] PDCD59F PPEF-17}
Agtste= H %ol FTagk FEolga FHssuTh 99 A¥ARE
v o 2 1-120 oFv|:=4Fe] domaine tHA] 1Q motifE EESH 1-60
ofu|:=Aby} ¥ 8hElA]  @Fe 61-120 ofF]:=ftoe g o] F7FH QI

HEAE NG4S FHNE T Aoluh
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7}. Western blotting

Flag-PPEF - -+
Etoposide
(50 UM, 6 hr) -t
apPDCD5-5119 .....E" -
aPDCD5 —_— - -
aps3 - ==
ap21 o= -
aBax - . e
aFlag =
af—Actin =D S
. RT-PCR
Flag-PPEF - - *
Etoposide L 4
(50 uM, 6 hr)
PDCDS5 ) D)
Bﬂx = e
GAPDH = o e
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t}. PPEF-1-Homo Sapiens

121 455

¥=

16 45

Domain 1 (1-120 a.a)

Domain 2 (121 —455 a.a)

Full (1653 a.a)

B 1Q domain

483 518 566 601 606 641

B Catalytic domain
EF-hand domain

HA-PDCDS

IP : aHA
WB: aFlag

aFlag

aHA

af—Actin

— e o =

35

75

48

35

25

75
63

48

35

25

653



1% 6. PDCD5%} PPEF-19] A3 28 7]Z} (7)) AB49 Ao 2 ugo]
pSG5-Flag =+ Flag-PPEF-1E5 & A|F ). Transfection 30 A|7F
50 u M2 etoposideE 6 AlZF A2 3FS AL, western blotting=S =33 5} 31 T}
(Wb 28 het 5Y3 27 o2 RT-PCRS 33 5, PDCDS, p2i,
Bax®] mRNA ®3}& ##alqlth (th) Flag-PPEF-1S domainol whet
e Z23olth (2}) HCT116 AlZ el 2 uge] Flag-PPEF-1 domains 3} 1
#g°] HA-PDCD5E A F IPE 332l
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7. PPEF-1 & 93t FEAFA F7}
old A¥S =3 PPEF-1S Ao ZA PDCD5-S1199]
Skl skt

o]= PPEF-1°] PDCD59 AMX1A}7|% ZAL 7HAA7]7] uio

14ks}el PDCD5, p53, p21, Baxe] o] Fraw = A

o
s

AEze] &8s FAS o AEe AEH (cell viability)S F7HAZ
gt o dstglth. o]E  E1str] 18] AB49 Ao PPEF-1&
-d A]7] AL, etoposides 24 AlZF < 50 MY FEE AEg &
Aot (297, 7H. 1 A3}, A3ES] etoposideo] 23S
£

of W& PPEF-1S HIHAIZ oA 7

H
o
o

o]
()]
w
=2
lo,

)
=,
Fel
K
>

)
i
2
2
=,
=]
lo,
o
ri
L)
o,
N
o
ot
vl
rir
iy,
rh
o
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p < 0.001
140 4 |

120

100 [

80

" T = Eto-

Cell viability (%)

40 4 Eto +

20

Flag-Empty Flag-PPEF-1

3% 7. PPEF-1 Bddo] AEARS W& 93 (7)) A549 AlE

\

Ll

24-well plateo] well F 3x10*cells= Wi %3t %, 50 ng2] Flag-empty T+
Flag-PPEF-1&- transfection &}%It}. Transfection 24 AlZF %~ 50 pMe]
etoposideE 24 A|7F At MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide)A| ¢F= 5 mg/ml®E 50 wl¥ WS F
ZRFAIZL F 37Tl 2 AlRE FE wkg A2 $-, 100% DMSOE 200
w2 go] vbg-S H3a1 96-well plateo] 150 w02 %71 Microplate

readerS ©]83}o] 570 nmol| A Ztolsl= Alxe F=E AU
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IV, &

PDCD59] 119¥A  serine 7|9 <Ak AIXIALE
ST Zle] WEAEEl ¥, ol PDCD5-S1199] 74 A
kst AEZaALEAT]S el Fad 9¥s & Aol
o sttt PDCD59 7k A QIAFSIAS eyl 9ISl
pPDCD5-S1195 5old o= 1A|st= AE A2t 2 A5t

A QAE FolA  FAE o8&  CK2ao] HEE ]
PDCD5-S119¢]  <l4kste}  pPDCD52l  w@Es  F7HA7IE A

sholstgit. ol#d AL CKaE I3 AZl T RT-PCRES

PDCD5°] &S @iz FEor =ddvs As Ik oz

tAstell= FHIFESTE Aol deE dHA Ve, ol&

#2319t CK2a o) FHHFo =z <lE]l  wild type®] PDCD59
FH AR S = 7FHASkaL,  inactive mutant  form©l  PDCD5-S119A2]
FHI RS AaEA] Kske As gelsiglth e HA3Es Sl
CK2o 7} PDCD59] 119 A serine #1715 <12tsA] 71 224, PDCD52]
u sy dAEa 1 A3 PDCD57} ¢HASlHETHE ARS8 A8
T AAT

CK2a:= Al3E 9] survivalel ¥o]3}= oncogene o & &el#] glth %,
CK2a7} IP6K2E SQIMSIA[ZI o =A A IS oA ste] AlE 2

survivalS =38 7]"o] BHauEAT # o] o dAFE E3
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¥ CK2a7} PDCD5E IAStAIZl o AZALE At v
A W= AEo|th CK2a A5 A= 71& el 300717F
A E=AET 2 SRS 1A F CKa9 WHEskE 7™ A
(stimuli)el @} ZAARATG ® = (53 71de] we} CK2art
#HojstE 7] Aol EEA Al = Aot CK2o7} AHXEIALE
ZA7I= 71H HoldttE AFE CK2aZb p53
ArtstAI I o =4 p53o] DNAC ZA3els & Z43AlA AIEALE
=230 Bark ok 7 olA™ CK2ux Al ELARS A EF2
5o Folsl= bifunctional &Aoltf F% ASFE T3 CK2a7t
oA st 7] Aol ols] &A3slE o] PDCD52 14HetE XA 7]= A o
sl 8 Dok 9l

PPEF-1<2 Drosophila retinal degeneration C (rdgC) A =}e} =

FAHS A sensory neuron differentiationol] ¥+ 3} serine/threonine
golatstg Aw e AT %2 PPEF-1& N-terminusoll 1Q motif,
7hs-d F-Eoll = catalytic domain, C-terminus®l] 37]¢] EF-hand domain=
TAE e, ca*E TE T OMA WHeR xd @ 4 th
stite] W2 N-terminal  domain®] 1Q motifoll  calcium-binding
messenger¢! calmodulino] ZgHsto =M Ca**e] 2HS WS & 9,
o2 shube] WS C-terminal domain®] Ca*-binding domains %3
27 v 5 gt P gE gdibstassed Hs PPEF-1 7]l
el wo] RaE X gFektl PPEF-1-2- Drosophila retinal degeneration C
(rdgC) ket frabe 2= g E Y] Wl ¥, rdgCol
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ATE FAsE FEAEAAY PPEF-19] %S {3 4 UTh
RdgCel  #3t A=+  rdgC9  loss-of-function  mutation©]
light-dependent photoreceptor Al E£3LA}S of7| Al 71tk B} Qloh %,
%, rdgCel Ftda oz <l3d] light-dependent phosorecpetor Al 3 LA}

AA T A Adfelrh o= oW A= F Wd PPEFL

ko] PDCD5-S119 Sl4kst 2 A Z3ALE Ao A9}
U3 wgowH  PPEF-1¢  utEo] PDCD59 Al EaALERA
715S JAstE AES ARHEEL olE wiygow Ccatd
Z4g W= PPEF-19] 9&3 3 x]o] PDCD57F A|3EIAL F-EA]

Ca” Al&7|del] o3 A= Ao diE] dATE Wiy
PDCD5¢] AlxWl 7's& Bu v B&s] stk d ol F7H4

JEE AANE = S Fofnh
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ojd =g E3 el AxiAr xHe digk PDCD59
1194 serine 7] Ql4tste] T84S ¥ staizt pPDCD5-S1199]
FAE Asrler. Azt FAE F3] PDCD5-S119¢] <l4hstrt
Aisla a0 CK2adl 93 F7FEW, F7FE pPDCDD5-S119+

PDCD5E QMG 3HAIA, AlZalAkE £XIX v s gelesitt

gelatgia 7= EARA PPEF-1E $A31%1al, PPEF-19] it o]
o& AEIAF FE=A] F7FE W pPDCD5-S119, PDCD5, p53, p2i,
Baxe] W&ol TramE S ISt HETAHoZ MTT assays

&8 PPEF-19] ahTrdo] o)A A AxuAE HaARIteE As

gelataltt.

=, olWl ATES E3&] PDCD5-S1197} CK2ool & <lAks}y o
AEZIANE FHA7IE, AFS T3 A" glikstasiel
PPEF-10]  oJa] E<IAstE o]  AXIALE  FFARAITE Ao
SHHEA olE HiEem PDCD59 MEIAEE V) Al AEA

54§ PPEF-19] A8He FHFowM PDCDS 7l5xde] wWHi

d

PARAS Syt b Jeld slole waw
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Abstract

The role of phosphatase in the regulation of tumor suppressor PDCD5

Hye-Jeong Oh
Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Ho-Geun Yoon)

Programmed Cell death 5 (PDCD5) is highly expressed in apoptosis, and
rapidly translocated from the cytoplasm to the nucleus. Besides the nucleus, it is
also translocated to the mitochondria and then activates Bax and caspase3,
promoting the process of apoptosis. PDCD5 also regulates apoptosis by
interacting with other proteins. It binds to Tip60, increases the acetylation of
p53 and induces p53-mediated apoptosis pathway. Recently, it is reported that
PDCDS5 functions as a positive regulator by directly interacting with p53 and by
stabilizing p53 from the degradation by MDM2. The study of the

PDCD5-mediated apoptosis regulation by interactions with other proteins is
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ongoing; however, the regulation by posttranslational modifications of PDCD5
remains poorly characterized. Until now, only the phosphorylation of PDCD5
on serine 119 is reported to enhance the apoptosis pathway. The protein
phosphorylation is a key posttranslational modification in the regulation of
signal transduction pathways because it determines the activation of the protein.

According to the previous study, it is proved that the CK2a
phosphorylation of PDCD5-S119 enhances the apoptosis pathway. To
investigate the significant role of pPDCD5-S119, the antibody specific for
pPDCD5-S119 is established. With the pPDDCD5-S119 antibody, it is
confirmed that the overexpression of CK2a increases the phosphorylation of
PDCD5-S119 and the expression of PDCD5, promoting apoptosis. The
phosphatase targeting PDCD5 at serine 119 is screened through IP experiment
and PPEF-1 is selected. The overexpression of PPEF-1 reduces the
phosphorylation of PDCD5-S119 and the apoptosis pathway. These data
demonstrated that the reversible phosphorylation of PDCD5-S119 plays an

important role in the regulation of apoptosis pathway.

Key words: pdcd5, phosphorylation, phosphatase, cancer cell, apoptosis

48





