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Mg @ BB - dePISEAEAR B ~ kg Akt~ £ 0k - X E 2

BRARLY R ﬁ“%%&iiﬁ%%tiéﬁfa}iiﬁﬂ REFROTVERT A
GHEFEE -RREIE CABMEREF o PRk £ BT 1994 FARE
RBw— B BE B F e PIRRAT B (Helicobacter pylori) 7% ¥ § & 45 A 48 B 69
BRI RATARIEE R EUPTERAF AT RS AXH AR S ENAE
B ME o iy PTERHEAR B SN0 ZRIESIR 0 Bt B KIS - £ % 7T 1982 F > Barry
J. Marshall & Robin J. Warren s 754 & & B X BRAALIE R 5 69m A B SPAhe o 8k b
dPIRRATE - LB R B BHFRT RRACERAGRANERZR T R
o PSR HEAT B AR 2 P 51 35 640 18 2 ROE R dn B P9 3R B AR SR IAT R O 2

Akt /& 7 Serine/Threonine %55 » € R &G L M A m B R -~ minffE R
tafk R EAARMe & G o PBK/AKT 35269 SR FHAEABRBHEBN &
TR EAH FARAIR L o AN s AN R o BLA5R B aEE Akt
FREE A RN BRI EERNA L o B LT KA TR e PIERARAT I R 22 4
BT > 4248 PIBK/AKT 384269751 - AL RMA TR B EREaEH2
(mass spectrometry-based proteomic approach) #4977 %45 € ¢y PT 8RB 47 B B 44 B © K
Bg Akt @ EHEERILO) TR E AL BHRAB LS FHREFRBRERBEYER
M o

B T 4B B Akt 69 % H 0 HAFE A R A8 R A B B E 4R (liquid chromatography
tandem mass spectrometry) 4& % F] F %, 7% £ /L& (co-immunoprecipitation) AT %
B R BB ARt AR G4 o o ELBUR R e PIEEARAT B BOA R e el PTER R AT A
g Akt %k LB A S Z Eey £ R M KB D] 37 B8 Akt TTAESI R &
TERABAE - HE RFMER AN B RAT KRB O EL RO XD RERIE AT
25 £k (western blotting) #ATERZE o #1438, db P 3252 47 1A Rk & 8% » EphA2 4 Ser
897 fu B ey mi B AL A 3 ey R - sboh 4] EphA2 R B H AR 0 0 FRE
e A BB RE )

ARBIAVEEH A B TR F O YABILE L ETHREL ART L AEHEA
B0 T sA# PIBK/AKT 2848 5 2 4 dly PSR ARAT B R 3 B 36 o, B O 09 BB R 3R A
FIRNGIBRAR o
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Abstract

Keywords: Gastric cancer, Helicobacter pylori, Akt, Co-IP, Proteomics

Gastric cancer, one of the high incidence rates and mortality types of cancer, results
from lifestyle habits, dietary factors, or a history of disorders of stomach. Besides these
factors, Helicobacter pylori, classified as a class 1 carcinogenic agent in 1994, is also
an important pathogen related to gastric cancer. According to previous studies, the
infection of Helicobacter pylori has a high correlation with the incidence of gastric
cancer. Helicobacter pylori belongs to gram-negative bacterium having spiral shape. In
1982, Barry J. Marshall and Robin J. Warren isolated Helicobacter pylori from the
stomach specimens of gastritis and peptic ulceration patients, and established that the
infection of Helicobacter pylori is an important factor inducing the occurrence of
gastritis and peptic ulceration. However, the host responses and regulation of signaling
transduction during Helicobacter pylori infection are still not understood.

Akt, as a serine/threonine kinase, phosphorylates multiple substrates involved in
cell cycle progression, cell survival, cell growth and so on. Activation of PI3K/AKT
pathway is one of the most common molecular events in human malignancies including
gastric cancer, although the precise function remains unclear. It seems that Akt may
play an emerging role in tumorigenesis. Moreover, it has been reported that PI3K/AKT
pathway is also activated during Helicobacter pylori infection. Therefore, we aim to
identify the downstream targets of Akt that may be phosphorylated during Helicobacter
pylori infection by proteomics approach to investigate the carcinogenesis of gastric
cancer.

In order to identify Akt substrates, we analyzed Akt co-IP complex by LC-MS/MS
(liquid chromatography tandem mass spectrometry). By comparing the differences of
Akt co-IP complex between AGS cells and AGS cells infected with Helicobacter pylori,
we identified 37 Akt interacting proteins. Then we analyzed these potential interacting
proteins with bioinformatics software and validated the results with western blotting.
Furthermore, among these proteins, we found that EphA2 Ser 897 phosphorylation was
regulated in response to Helicobacter pylori infection. In addition, after knocking down

EphA2, the ability of cell migration was decreased.
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In the future, we will further validate the phosphorylation level of other identified
possible Akt substrates and their physiological roles, hoping to demonstrate the

involvement of PI3K/AKT pathway in gastric carcinogenesis induced by Helicobacter

pylori.

vV



2-me 2-mercaptoethanol

4EBPI 4E-binding protein 1

ACN Acetonitrile

APS Ammonium persulfate

BAD Bcl-2-associated death promoter
BCA Bicinchoninic acid

CagA Cytotoxin associated gene A

CAPS 3-[cyclohexylamino]-1-propane sulfonic acid
Co-IP Co-immunoprecipitation

Csk C-terminal Src kinase

DIGE Difference gel electrophoresis
DMEM Dulbecco’s modified eagle medium
ECL Enhanced chemiluminescence

E.coli Escherichia coli

EDTA Ethylenediamineteraacetic acid

eEF2 Eukaryotic elongation factor-2
eEF2K Eukaryotic elongation factor-2 kinase
elF4E Eukaryotic initiation factor 4E

FBS Fetal bovine serum

FOXO1 Forkhead box protein 1
FOXO03 Forkhead box protein 3
GAPDH Glyceraldehyde-3-phosphate dehydrogenase

GSK3p Glycogen synthase kinase 33

H.pylori Helicobacter pylori

HRP Horseradish peroxidase

ICAT Isotope-coded affinity tags

IgG Immunoglobulin G

IP Immunoprecipitation

IPA Ingenuity systems pathway analysis

iTRAQ Isobaric tags for relative and absolute quantitation

\%



kDa

LB
LC-MS/MS
MAPK
MOI
OD
PAGE
PBS
PDK1
PI3K
PIP2
PIP3
PRAS40
PTM
SDS
SILAC
SHP2
shRNA
TEMED
TFA

TN
TNT
Tris

UTR

Kilo Dalton

Lauria broth

Liquid chromatography tandem mass spectrometry
Mitogen-activated protein kinase

Multiplicity of infection

Optical density

Polyacrylamide gel electrophoresis
Phosphate-buffered saline

Phoinositide-dependent protein kinase-1
Phosphoinositide-3 kinase

Phosphatidylinositol 4,5-biphosphate
Phosphatidylinositol 3,4,5-triphosphate
Proline-rich Akt substrate of 40 kDa
Post-translational modification

Sodium dodecylsulphate

Stable isotope labeling by amino acids in cell culture
SH2 domain-containing protein tyrosine phosphatase-2
Short hairpin RNA

N,N,N’,N”-tetramethylene diamine

Trifluoroacetic acid

Tris and NaCl buffer

Tris, NaCl and Tween buffer

Tris (hydroxymethyl)-aminomethane

Untranslated region
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FA-T—HRBRRBRZBOBE > BFERYTO0 FART P FREL

BHATHE AL BRARPATE WM BFELF T0ZEALRDEE (1) £EHHE -
B  BRAMABERR FHTE AN BREFH2TFART (2)°

W R BB E § b & B (gastric epithelial cell) J&ALAT & A& 89 B BB
(gastric adenocarcinoma) ° JEf] A4 Kk BB (Non-Hodgkin’s lymphoma) & -Fi%
ALE % (leiomyosarcoma) B]#) 3 & F| Fey)—mk o § MR (gastric adenocarcinoma)
ARIF AL R IEN B my ARG (intestinal type of gastric carcinoma) #o % A
(diffuse type of gastric carcinoma) - A7 &4 & % &M H X (superficial gastritis) ~
M § ¥ (chronic gastritis) ~ Z 45 § % (atrophic gastritis) ~ B5 £ it (intestinal
metaplasia) & 24 (dysplasia) & —i ® &R WIE S E F MRS (gastric
adenocarcinoma) - & F B X h BB @it R > iR bRZEBIK Ao A
RRARIU AR > SLAEER A R E AR BN AT A R £ (3-5)

1.2 § % &% B F (risk factor)

BEBATALMARRAGTERFBEEEREN e ERE TR0 T (B A)

a.) BiE
BRI E > WIBTARGERE MR ERIE L > Mok EFIER
e (4)°

b) R E1E



BAIFARRAZHRBR G By RY > B 58 FIRER RS emIBIRF AR BEA
a2 BREHMF X (atrophic gastritis) ° LINR A & d Ao T A F o8 A BL E
(nitrite) &4 && B (nitrate) &)%) > THE G4 B SR B A BUR Moy 27 25
At4-4 (N-nitroso compounds) (6, 7) °

AMCEREIEL > RRARENHEHEAAKR  HA o0 8L E @ otk
#h 4y C (vitamin C) & B-#1 # & & (B-carotene) ° A BAWFEARTE & B B e # &
(7)

c.) A SR F47 (gastric surgery)

+
A

L stk % i B AR Uik F 4 (partial gastrectomy) o T AE @3S u R AR B AR

f

ot R BREFREAKE D)

d.) &A (blood group)
ARMARETBEFRBENECTRE S (8)-

e.) iE1% (heredity)
BERIRDWE B AR - 12478 4 8-10 %R B 7834 - HF ik
FABRBEORE  HREEFBORRABENEEARGS 4)-

f) EB J&# B % (Epstein-Barr virus infection)
B ATER 7L BT EBV ROATREM B ey it £ A M (4)

g.) P sE AL AR & (Helicobacter pylori infection)
7t 1994 & - WEEEHS 7 E (International Agency for Research on Cancer,
IARC) #5wu PR32 e42 @ (Helicobacter pylori) 3T & % — 4% % BT (Type 1
carcinogen) (9) - AR FRELFAMFIERFAARERZIHAAR S

FEAR R mEFRHRAE L aFHAPIERFRAZAGMERES > LB
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HE RS

s H Lt (odds ratio) *T# 59 24 (5)

Environment e e Host
Bacteria Helicobacter Parkal Cell
Anthadies
Meat'Smeked Foods
N = i e
Folymurphisme:
Mitrabes:
FruitVegetables
\\\‘ HighSalt Low Gastrie Arid
& m::‘* Chnaiis Tigh Gastic pil
Vikamint: Lp L,
Prcarntens At 1L 10,
T Iﬂll:-l HLA
Precancerous Cascade
Reaetive OWI \ nrpnn Ah"np hy
Chronic Inl'lamllmtlun
CellDNA T)am'!gr
5 = Incressed eacpnwmn of
o ‘I pranflmmatony Gactors Recruitment of
) i L1, 114, 1L3, THFa, Innammatm'y Cells
Hitrie Crade Synthase

i\

Metaplasia
Avcumulation o
DHA
Intravpithelisl
Neoplasin
Clonal
Expansion
A 4

Increased Proliferation/
Replication Rate

““%

Auto .JParacrlne
Growth Promotion
Insbuction of growth factors

and receptors: EGF/Rs,
TGF/Rs, VEGF/Rs

V4

i matations i genes
regulatmp proliferation, apoptoss,

uarvivitl

ez,

Angiogenesis

Increieed expression of

Cell Dissociation proomgingenic fictors
VEGHH, IL-§, FOF
Altered adhaginn systems: @
Y mitegrms, codbenny, calerms
Tnvasive
Carcinoma
Establishment
Enhanced Motility/Invasion of Metastatic
Colomy
Induction of ECM degradahan
and extravasshon; MMPs,
Metastatic Tumour selectn, [CAMS

(Bl A : 8 Cancer Therapy 5, 877-894 (2007).)
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B F X (gastritis) RIHILMEES

HERROBEESRBMIIMERARAETEEREATE

E: 4 Barry J. Marshall & j% ¥ % % Robin J. Warren 5z 3

(peptic ulceration) #9555 A § AR RS o B &

PIRRAT B> BATRE SN R AN RE SRS st S e PR RAT A A4 B
/}% ’fb I‘i/?

L2005 FEAFHEERAERSHEHKRE -
3

% (gastritis)

(peptic ulceration) # 4 &9 E 2R F (10) > 3B RMAF L FLE b F



2.2 e PISEMRAZ AT AR R AR

o PTER SR AT B B A48 A (microaerophilic) #9% B KM H (Gram-negative
bacteria) * RN 2Bk > B EL 2440 um > B4 05-1.0 um > £ BIEH
2-6 ¥ (flagella) -~ “THH B PFIBRAT A AT EZ F L H fmin k@ o doPIEEHEAT
HR Al A RI&F A pH 6.9-8.0 (2 N H B K & T il fk 285 (urease) 2 At bk
% (urea) &4 & (ammonium) A ¥ Fu § B > 1 @ PIEB M AL 7T AL A & B3 A

Bares 5 pHEE2 WBEBRERET (1) XA AR eHEME FA A
B 3L 09 %6% % (mucosal gel layer) & § 3589 b & & ta i (superficial
epithelium) - 3] 4548 X RE - ¥R § 3 a9/ % (10) -

2.3 PR BN RAT RS (epidemiology) L&A &

ANBAMFIERIFZEANEERE > 2RBBFHUA LA DK TS D] &l
BHRAERRE (BB  r mABRTEREESHEHERERRMAREZE  HET
RRGOREE (Wi~ PRIWE - PHEMRIEN) —HBMT LN CHERR
(12,13) © % S PIIRMEAT ARt % R A 40 LB EAE A > RIB AT R BT > 25
BPRR  EREECH SO%UALHREFE » RAERADE I % (14) °

PR EAR A X R RHAERGMESE » — Lo ik (oral-oral route) 1% »
1B RBAEF BN RAER > FRALZENY - - AL L 0RE (fetal-oral
route) R4 THEZ R A B R IT R OBRAKRRARY  EHEREBKGEF
BFEAL (D) -METEZABRNCHERZYZE 3% 8RE > #REM A
ER (14, 15) 0 48 iR AR RS RS S MR B A W BT B 9T IRAR 49 » 1255 % 3 vy P

BRFEARFHMRERE  eRFARKFRTRER > mEARMERE > TH

GARAE By 18 dm B RE B8 0 BEARIRME H X (chronic gastritis) 2k & AL E 5
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(peptic ulceration) £ F 2 Em > R P4 H 1-3 N ARLKBBEF R (16,17) -

Prevalence of H. pylori infection (%)

<55% W 65-74%
W 55-64% W >75%

(B B: 458 Ulcers 2011, 1-23 (2011).)

2.4 ¢ P3R 34T % B F (virulence factor)

PR AR D ARASHEERR AT BN R R SRR RTRE Y
HGEXABY > T HARETHOEBRE - BBERTEHE Z@ e g
BAZ AT > THRE SR AR BLEBHBRETHME > HET
FOIMZEHN A PIE AT ANBRERE A R E— TR U THERAE R
&) Bom B F
2.4.1 %8 (urease)

FUPIR AT A RE AN F 0T 0 LABRFEAARERM F RBIL 0
B B AS T 4 ) SUBE-ToA4E Sk k@i (H'-gated urea channel, Ure 1) #¢ 5 758 Bk
FoUelMARBNERLE R pH EE 658 RBHEGITH > ks
HOskE  EEARBETRA S/ MO RBETFTY IR ERARAR
A PHIES AR PTERATA T Y34 F 30 - sbsh B BEHM TR -
FRF By E N PIR AR AT R AL B AR A — L B R F (18)
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242 & (flagella)

o PISRRAT B Rom A 2-6 AR¥RE - MR B AR H) o ¥ e PIERIRAT B BN B 20
%o ERAAFHRESHOPHBETHNEFZETTR - 222 FHBOIRE
(mucus gel layer) ¥ 508 & &) k% Fv & 5 BE AR 8 7 (bicarbonate) #/LTF > 4 P8R
RAFRMERAERREETHRABFERRE BT T AL pH AT P
A& kA g Rk (19,20) -

243 ps % 852 (lipopolysaccharide, LPS)

BERASR, da PTER R AT B 09 fis % B 28 13 Interleukin-8 & 4 &4 fE 77 | AKH KI5 AT
WyRE % BBAE — T4% o SbohBHIE 85 Y%ou PIER IR B 09 A5 5 BB LA Lewis x &,
Lewis y LR AR > Higuk Lewis TR TR R Z Mo £ Afasm o it £ > 540 § 2685
+ & #mps (gastric mucosal epithelial cells) ° o F4#E4 Legasitt - B XG4
4 B8 f AR (autoantibody) Mg B A Ekain 0 2§ B2 (21)-
244 7% R (adhesin)

B ERtafofofb B F R oA RA B Bk > B b §3ReEE > Bk PTER
AR BAUNFEE R FRMAE R 25 LR mbe > UIBBABFESEGFETLET I 21)-
2.4.5 Cytotoxin-associated gene A (CagA)

CagA X PIERFE T2 BORBE T F » AR ZARERSwme— 18 - CagA
EFaEBEE cagd kR 0 cagA e sy FIER R AR B F &9 cytotoxin-associated gene
pathogenicity island (cag PAI) » 2k M 3t JF B — Fe s PIERAEAT B AR 8 A A B cagd -
cag PAI & 25 fA oA L ey B R AR » K/N% 40kDa » %4 cag PAl 4 s P32 %42 A &
MAF AR R E WA 5k 4 # (Type IV secretion system, TFSS) (21) © & d P23 AF

RZMAR LR TiEBFwWAsibiilE CagA EANGE Xl T di



M #4385 Src A Huhiii > M S 0iE @ aER (B C) -
B Eg b ey CagA & ¥iahitls SHP2 & 43 RIEF 58 b HiE M > i@ B G b ey sk i i
SHP?2 i M #p %) £.%6 2% %8 (focal adhesion kinase, FAK) #97& M » 3% i e fo 75 A

K BB EAE N1 3 o - BhEEALEY CagA 5 Bm ot ey Grb2 A R AR » &3l

%

%3, F % Ras/Raf/Mek/MAPK & 1% ¥ » & mimfaitb B8t - BN gahigft
&) CagA #v Csk (C-terminal Src kinase) # &85 » i# & 3= G537 4] %485 Src #9754 »
f# & & 75 4 Cortacin AT EE AL o £ E5E84L ey Cortacin v F-actin & &% €41 15 4=

BB AR A B A 4L 0 B A ¥ Bk A& (hummingbird phenotype) (22) -

Y

N
‘ b SH2 V—F-ac‘tin
MAPK J
(ERK) Cytoskeleton
|
Y| SH2
" P SHP,
Scattering (AGS) H Hummingbird

Proliferation (MDCK) phenctype (AGS)

tApoptosis (AGS)

(B C: 48 The Journal of Clinical Investation 113, 321-333 (2004).)

2.5 e PSR BEAZ H 3] 8 69%5 £ RJE (host responses)

RAEdwPIERTEEL  ERMARAER ThE L@ a/FANER ¢34
BE@P—RBYRIERIE - BRAEREME > FUR 2R @A (antigen-presenting
cells) Bk ug%a Toll % & (Toll-like receptors) & ¥¥3%2 H8¢ L &95% B A8 M » FH X
(pathogen-associated molecular patterns) - i# f FE4 H fE8 3% £ B -+ (tumor necrosis

factor-a) ~ Interleukin-1B & Interleukin-8 % 4m fis;% % (cytokine) (18, 23) > /£ A #81kb



+ (chemoattractant) %% 3| +4 & @3k (neutrophil) o o % AN LB KN » BARIK
(monocyte) 4t A E "% % e (macrophage) MAFFRdkFIeR3e42 B (18,24) o L il —
PRI AR KR RJE (innate immunity) 3E & % 2 K3 F IR da P
EHRATHA > LB A E % R M %% R & (adaptive immunity) i%i&7E4L Thl 4a
B ARER F#E & (interferon-y) % %mfn sk % R8I B E 4o % T % B 35 A% P 32 5%
WHERESN (18,23,24)

F =8 #Eg Akt

31 A AKtAFEAHE

7 7T 1997 5 » Stephen P. Staal ~ Janet W. Hartley & Wallace P. Rowe £ & & L
B — B A A (transformation) #E /7 &9 R & 46%m % (retrovirus) - #FH %A 89
AR 4 B Akt 8 (25) o By 7 Akt 8 BT £ B (nude mice) 5 L% ik G &)
W R A H A #EIE (oncogene) #4945 Mm% A v-Akt (viral oncogene Akt)
(26) -

#BE Akt XA§4F protein kinase B (PKB) -~ & & @ &k R H LAt i 1+ &)
Serine/Threonine &% - 3% B8 Akt &y = BI2 R © /L& Bk (catalytic domain) ~
N 3% PH &3k (pleckstrin homology-containing N-terminal domain) & C 3% #i /K 38 &
& 3% (C-terminal hydrophobic domain) (27) - % #] 4 & B F (growth factor) & H
MR B PR Sh 6 R o SiBE Akt @%@ T HF R H AT ER LIRS A LA S 3R
EafpNEEATERIE > GEEHNRS - mit Kk - @RAT -~ eliolfid - ik
Ve ~ daf e R 34 (27-29)

3.2 &g Akt #9751

kg Akt 09 7E/LBR X 25 ARERMRE (B D)
8



HTE S R R T8 Eam i b ey AR 0 88 L7 a9 BE Bk BR
(Tyrosine) & B B2 #iE£ 4L (autophosphorylation) ° {7t 4= fiL'E + &4 %88 PI3K 5%
Pl m B BE ML 0 3 LA H p85 Rk # suay SH2 (Src homology domain 2) & ¥fv E £
B ER AL B BE IR BR 45 & 0 AR 4T 5088 PBK 4 A B4 E oy s e Mgt > i dm e L oY
PIP2 & B4 4t sz, PIP3 > PIP3 & $1 78 484 Akt N 3% ¢4 PH B3R &4 > (4344 Be Akt &
M8 > 48 kinase BIRE H o

B oPEE T MR ARt i fe B H A5 B B de BB T 3T 0 3E o B4k PDK
(3-phosphoinositide-dependent kinase 1) & Thr 308 43 & & 4745 BE 1L 1% 1545 » LA3E
I B Akt — B LA GEMN o B —F @ 0 ¥R ERERILER Akt Ser 473 4 B 69
B ZiB—2 B 0 LWL E T 2005 £ 3% & mTORC2 (mammalian target of
rapamycin complex 2) > & mTORC2 #;E; 1L ;% B Akt Ser 473 {2 B4 » & K183 v

BEE AKt 8975 (27, 30) -

insulin/IGF
S __PIGASIP,
PI(4.5)P; g
Akt (inactive) T308 51173

e
1 e

~N

m—cﬁﬁ Akt (active)
/7 \.\.

Cell Survival  Cell Cycle Metabolism Growth

Bad MDM2 GSK3 TSC2
Caspase-9 p21 AS160
FOXO p27 IRS1
IKKa Mytl AMPK

(B D: 8 Genes & Development 20, 3347-3365 (2006).)
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Bt HEGEHEP (proteomics)

4.1 FOHBETR

T 1994 4 > Marc Wilkins 32 "R G 88 ) B — #4357 THAGHENESR

SRR RS EAE S MU T ERAMOART KA TRE
THE - BANECEEXEARE —HFEREAENFT - BERDREFEZ S
Mo BAEBPRAAHH —HEEHETALMOAR  HAmB L EZaHXIMY
REFRA MG RALETH °

42 XX AT

T BN & G E AR B ARG T 09 &R 2 A B eE AR H o) A S 8L 32 M 4 4
Bilfe (31) - arthkdntbit ~ B ARAEREM B RARE RS > N EEEOEH
ZOARERE—RNA > RASEREQTAETENN - BBLBRHELRE
ket RBERXEAEMEREAREF LRGN EREGE > T HUE ERE
REG - ATFHHETHNEHEEEEAERIEETNE
421 — 4Rk

ERBREAREEERBETHEA, TE_HENH > FERLBBIEEE
R MBI THRAGESICHBE > BITBNKBILESERIRET  UIFEH £
REGLONEOE Iy - AMBARN TR AW RABERBR 2 ey % R
PR AEAFB B B AR BT AL RATARLLHOBERE  BHEK -
it % % #] B DIGE (Difference Gel Electrophoresis) #% 7~ ] 4 &4 84 % & B A K 7] %
K (Cy3 & Cy5) 428 %& a4 Peyskmiis (Lysine) 4 AR SER _4BEE
R AIRREE KA ARBIESREE > B RBORFRAREALZEY

B2 (BE) T TAEBREREN  BREMGBRETEBNZESLIZ L
10



Cy2 8 ki EMEIL » RDVBREGELE (32) -

Sample 1 - condition 1 Sample 2 - condition 2

l

protein extraction protein extraction
internal standard
fl
uorescence Cya Cy2 Cy5
CyDye labelling | | |
s e A
2D gel e
electrophoresis y
ik, Lo o ol

differential

analysis using | *@® < e
imaging software z: . {b

DIiGE quantification

(B E : 3 B8 Trends in Biotenology 23, 598-604 (2005).)
422 EaEHBZRTE (BF)
422.1 Ef &3 AviZ 2 (isotope-coded affinity tags, ICAT)

% 70 1999 4 > Ruedi Aebersold 3% i 4 F 1L 2 PEAR & 89 4% ik > Bp B ICAT -
A B AR RAS AR A F BB B8R (Cysteine) &9BEAR (peptide) > 5§ 2k B K R4k &b
BRERK AR B E B0 R R AR - RAEBRAIA B R4 - AIARMEXRE E
EZRRULBARKSEGERRAENEE (33) -

4222 Bl EEAZ AR ¥ R B ¥ £ 7% (isobaric tags for relative and absolute
quantitation, iTRAQ)

iTRAQ 49 8 32 82 ICAT A8 40> £ %] £ 7 iTRAQ 15 £54 B AL FERA N 3% > 2L & 7 ICAT

I~

RAEH F B REEEAZ T o9 R R o iTRAQ #94F & e HAZ & @45 k23t > THE K
PANBEELEYEGEEE T o MRNSBEBELTEEEARE > £ MSI PR E

11



& ER  RAAFEEIGIAIE > AR EAMS2 0 BIKEEE R AR EE8H

B AE AR R AR T Z0RIE - sboh 0 BB o B B AR A REAKE] AR

o —RFETON  RTRHZERLNBFLEEET 34 -

4223 mhnyt ARk A BEAS E Bl £ 4% & (stable isotope labeling by amino acids in

cell culture, SILAC)

SILAC i 18 1k e fn 32 & 3 P hu N K B 542 € o Bk Rk 8% (Lysine) Bob BBk

(Arginine) RETIRE - §la S BB RITHL > LN E G T Lo Bk

(Lysine) BRi%AzZEL (Arginine) B R AR TR EN-FE X B R BT EAT

BRETRRIZ » AR BRI A — F 1

s
THF

1R E (35) -

ZBLBREMEMMFRT  RTRATAEGSEGAHTEIN - AMEE

R A3 R AR R Tk 0 ERE G m Rk AR R R T AR 0 HEEEEA

BT RE S T ABE Y matk E -

A B C
| Sample 1 ‘ ‘ Sample 2 | Sample 1 ‘ ‘ Sample 2 ‘ Sample 1 | ‘ Sample 2 ‘
Protein reduction| | Protein reduction Protein Protein SILAC-labelled SILAC-labelled
ICAT labelling ICAT labelling Separation Separation Lys, Lysg
light heavy
| | Trypsin Trypsin | |
1l digestion digestion ]
| Mix | i \ ‘ Mix |
l Labelling light Labelling heavy ¢
0 or 0 or
‘ Trypsin digestion | iTRAQ iTRAQ { 1D-gel ‘
Affinity purification ‘ Trypsin digestion
Avidin | Mix |
LC-MSMS LGC-MS/MS Protein identification LC-MSMS
Protein identification and quanfification (iTRAC) Protein identification
LC-MS LC-MS LC-MS
Protein quantification Protein quaniification {530} Protein quantification

(B F : 3 8 Chemical Society Reviews 38, 1882-1896 (2009).)
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RAawh MABHK

427870 1994 ¢y PR e 47 B 4% B 9% 2t %2 & (IARC, International Agency for
Research on Cancer) 3T% & — & BUE B 7> LR E#EH A5 BV B EREESTH
BYAR YRR > KT PIRRAR B R H N E e € 55 e M B AR BRI
Ay T RRBFR  FEEABEEARREFL PO -
RAERELERYARER (BG) » EPIERITARE T IRE L& oo
% B 79 04 B Akt 42 Thr 308 & Ser 473 4L B @i ah Bk 1L » {8 HiE M3 o > &
BEAL T %R E (36) - il Akt THXESLRR S AR RENALT > 0iF 8
ARG mlp Ak AT S @RFE S BRER e AERENAE &

Kzﬁi@'@:Akt"“M./ﬁiﬁﬁ:Akt ﬁ/ﬁ’fb‘ﬁ%‘ivﬁﬁtvg‘kéﬁ baﬁ/ » =] lé 'fi’,f J_-Eﬁ’?

ta i G EAL > RETBURE A o BILRITEN L ¢ X B AR Akt IR
RHAEABEN R HETAEAREPAH ARG TRETH > s34 PTR

e

BAFERET » & X B8 Akt AR T 5 H BATHR -

k}t pylori

ﬁ

Li K‘Et activat on nkt

aaaaaaaaaaaaaa

=7 =" e v i “Aa Trea
BAD | mpm! PDCD4 | P21 | | pa7 | | mdmaz | IKK |
BAD | Cnspcseg PDI:CH |_p21 | pzl pZT 3 NF-xB

vee mediated

w‘ phus phorylation m-low#zatlo degradation Anti-apoptosis
EEORTIANT, e ——

Cell cycle progression
265 proteasome

m'\t

(B G: 458 PLOSONES, 1-13(2013).)
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RAE RAAER%

B T BF AR PUERAEAT AR AR 0 B OBROE LK e BB 9 B9 3B Akt BB 1R & 53R
BBy T ¥ H A R 0 B L &AM 9F pCMV-3xFlag-Akt (Appendix 1.) ' #& LA R 4%
RO BAHTENE IR LR e o B mOR R Je e PR SR AT B A9 42 1) 4 BORK Fe dla
PIER AT H 00 B Bt 3 WA Ak B 0 %1 41 A ANTI-FLAG®M2 Affinity Gel i#47 %.7%
LB pEEh A RAL AR ARNEAEREGY  A— T REHR
AT - LbRIEF A TRALE LR LEABACVNERERALENEEGE >
2 BT REATB N KA (in-gel digestion) R FiRETH H4 (B H) - A
T MERERE S EME NG R oA > & — S AR PR RAT B 1L
Fmia M PBK/AKT B8 $7 B B Rom B e E 2% -

transfect pCMV 14-3xFlag-Akt
I I

AGS AGS
(untreat) (treat H.pylori)

v ‘l’

Cell Lysis

b

Affinity Purification
(ANTI-FLAG® M2 Affinity Gel )

|

Silver stain

|

In gel digestion

|

LC-MS/MS Analysis

(B H)

14



EER R

F—8 FMELERaR

AR E MR LR e (AGS cellline) &1 6 KBL2RRF ALK TRERE R

B # ATCC (American Type Culture Collection, CRL-1739) -

B8 e PIRARAT B Bk

A NEEABRAKREERAS LaydPIE5AT

Atk (43 HC3) B4 ABERN

AT -

R0 RBAKE

®E R hg
1020 Centrifuge Kubota
DMIL Inverted Microscope Leica
DP72 CCD Camera Olympus

Dry Bath Incubator

DTX 880 Multimode Detector
Electrophoresis Apparatus

Electrophoresis Power Supply 301/1001
Himac CF15R High Speed Micro Centrifuge
Hotplate Stirrer

Hybridization Incubator

Hybridization Oven

Intelli Mixer RM-2M

15

Major Science

Beckman Coulter

NIHON EIDO

Amersham Pharmacia Biotech
Hitachi

Labteck

Conoco

Firstec Scientific

ELMI



LTQ Orbitrap Velos Thermo

Magnetic Stirrer Fisher Scientific
Maxi Dry Plus (SpeedVac) Heto Holten
Micro-centrifuge Bertec
Microfuge R Centrifuge Beckman Coulter
MP 220 pH Meter Mettler Toledo
Nano LC System Dionex
Pipetteman Gilson

Rocking Shaker Model: S-101 Fisher Scientific
Sonics Vibra Cell
TM-325 Autoclave Tomin

Ultrospec 3100 pro UV/Visual Spectrophotometer Amersham Biosciences
Vortex-2 Genie Scientific Industries

R KEFRARETM

&% s

E.coli host strain, JM109 Promega

pCMV-3xFlag Sigma

pLKO.1-shRNA clone P 5 K% RNALAZ S BB T
FEEH BE

&% s

Sequencing Grade Modified Trypsin Promega

16



Trypsin-EDTA

BANH g

Gibso

SLEER FE g
Anti-4EBP1 Cell Signaling
Anti-Akt Santa Cruz
Anti-BAD Genetex
Anti-EphA2 Cell Signaling

Anti-FLAG M2-HRP
Anti-FOXO1

Anti-FOXO03

Anti-GAPDH

Anti-GSK3p

Anti-Mtor

Anti-p27

Anti-p70S6K
Anti-phospho-Akt Ser 473
Anti-phospho-Akt Thr 308
Anti-phospho-EphA2 Ser 897
Anti-phospho-GSK3f Ser 9
Anti-phospho-p27 Thr 157

Anti-PRAS40

Sigma

Cell Signaling
Cell Signaling
Santa Cruz
Cell Signaling
Cell Signaling
Genetex

Cell Signaling
Santa Cruz
Cell Signaling
Cell Signaling
Cell Signaling
Cell Signaling

Cell Signaling

17



Anti-RPS6 Cell Signaling
REHLRE R H&
HRP-conjugated IgG anti-rabbit Cell Signaling

HRP-conjugated IgG anti-mouse

FLHh RBperidEn

Jackson ImmunoResearch

KA a F

660 nm Protein Assay Reagent Pierce

High Speed Plasmid mini/midi Kit Geneaid
WESTERN LIGHTING™ Plus-ECL PerkinElmer

Maestrofection™ Transfection Reagent

PlusOne™ Silver Staining Kit

Omics Biotechnology

Amersham Bioscences

Super-tips C18 Supelco
B B
2-mercaptoethanol Merck

Acetic acid Merck

Acetonitrile Merck
Acrylamide/N,N’-methylene-bis-acrylamide Bio-Rad

Ammonium persulfate Sigma

Bromophenol Blue Sigma

18



DMEM

EDTA

Ethanol

Ethidium Bromide

Fast Green

Fetal Bovine Serum

Formic acid

Glycerol

Glycine

Hydrogen chloride
Isopropanol

Low Molecular Weight Standards
Methanol

PBS

Penicillin/Streptomycin
Phosphatase Inhibitor Cocktail
Potassium Chloride

Protease Inhibitor Cocktail
SDS

Sodium Bicarbonate

Sodium Chloride

19

Gibco
Sigma
Sigma
Sigma
Sigma
Gibco
Merck
Merck
Merck
Merck
Sigma
Amersham Biosciences
Merck
Gibco
Gibco
Merck
Sigma
Merck
Amersham Biosciences
Sigma

Sigma



Sodium Hydride Sigma

TAE Buffer Amersham Biosciences
TEMED Merck
TFA Merck
Tris Merck
TritonX-100 Amersham Biosciences
Tween-20 Sigma

ENE REREAHE

a.) Thermo Scientific /» 8 Z Proteome Discoverer #24% -

b.) Ingenuity Systems 2 5] % Ingenuity Pathway Analysis (IPA) & ¥ E 4 4 °
c.) Cell Signaling Technology % 5] Z PhosphoSitePlus® & ¥} & % #;,

d.) Software Tool for Researching Annotation of Proteins (STRAP)

e.) STRING 9.05

20



F=F TRy %

¥ BMELESBEGEE

1.1 32% 4 (medium) & E

4 DMEM #y Rk R AU R A MBAK R DB > B isipn 1.5 £ 8
f4M (sodium bicarbonate) - 4 pH EHEEZE 7.1 - X4 BFEEIFeye £ KiE8
022 um %38 & A B A BIEE > 2 K H A o ERA AT A A 10 %85 4 % (FBS)
R 1 %% & #1488 % (penicillin/streptomycin) > & & 4CHEAF -

1.2 mjpiz % (cell culture)

B BRE b e B AR @ AR A 75 em? a3 &R (T-75 flask, Corning®) 324 it B
37C » 5% CO2 9L BITAA F - Frémfe Rk AR JURMEF > 2 PBS i i bm s —
R e 1 mL 4 0.2 %EDTA & 0.5 %0k %& & Bg 6y & & (trypsin-EDTA) > % &
A3TC 5% COr891E8 838 548 RIE 10 n4E o Fmie k] %44 (trypsinization) 7% >
e SmL 3E AR E QB @B ER o 22 1500 rpm ik 8o 5 péE LR
P& G B SRR EFE RS A SmL 3R A e IR - RIEE

FREH OB ET @0 R I AR P #/K32% (sub-culture) ° KR ZE4(afpitHm
(cell culture dish, Corning®) LA #4744 45 B 5% -
1.3 &m st

RF R0t o R T iR Ao s B &0k (trypan blue) 35 50R46 » H:3# Dlda st B

(hemocytometer) fE#Af4E Tt B taf B -

Rt dPIRARAT R MR

K

Atk ikl BRAANEE B @b g (primary culture) & > A RIRFAE

B

21



80°C - B BB WY BRI G BHRE CDC dig Firiz i &£ (BBL™CDC Anaerobe 5
% Sheep Blood Agar ; %A 5 % defibrinated sheep blood ~ 0.04 % L-cystine » 0.0005 %
hemin ~0.001 % vitamin K ~ 0.5 % agar ~ 0.5 % yeast extract~ 0.5 % NaCl ~ 0.5 % papaic
digest of soybean meal & 1.5 % pancreatic digest of casein) - #& B f 37 C#4*E 838
3 (5% 02~10% CO2 & 85 % N2) #FRk#& 3% (sub-culture) # 2-3 X1% » B+ #%
MAKT - ATHARRBEBSMER@BEELF B RARENEK > BKEER
AB AR AR o

R PIRRATRARE A IRE LRt

3.1 a4 (plating)

15 MR G BRI 3S RN G B AR LR el % TR > 399478 REE
BoE 60 mm 2 100 mm #a fa 3% fm F o f5f X% 40 f ke £\ B S 0 oA PBS i
ERR o BRRAASAE FERIUA EH3EE K (serum- and antibiotics-free
medium) 4% > BHKE 37C 5% CO2 0918835 K 4835 % 16 /N oF o

3.2 WERBRST B FIsEMITE

o FIERAEAR B AR R 1% > BMEARSE R —RETIER - BR@ AT A58 0k
WieA A i 2 mLPBS > BUZ A3kt E] T > 34847 0 B 100 pL #ikAv 900 plL
PBS ;&4634 (+4&#%) - A PBS f & &k (blank) Al & 600 nm =T &, & k4
(OD 600) > #4F B9 RAME x T L 10° Bp kG mL HiR4A mdi i - btk
PISERAR A B g Adatd » A Z R T REFFH 2N IR T @ H
JEAB R m N ta i, P o

33 e FISERAZARCE BARE L K da

I A RBR AR SR Ry E Eogsn i M E 16 /N5 0 Bp o] de B ey
22



PIERAR A B AR LR e AT S - AW AT F i RmA#E » f4E
R 2 4245 &£ MOI (multiplicity of infection) & FFE B 64 iRk B4 o 34 Wi A ko
Néafe g > B EA 3TC 0 5% CO ey lE il s A48 BATR L ©
Fow KAWL

FR3E AR 60 mm 3 m oY B MR b & B N\ Bk B 0 BRI AT H AR T
B o ALEATHAAT 30 4 E 1N BRI SA B F RILE T RA -

18 60 mm ¥ &K m 4k A 3 ug H 52 & 9 uL transfection reagent (g #% #2 transfection
reagent tbf5) % B 8% (ug) : transfection reagent (uL) =1 :3) > %] %24 100 uL R4
6 4 RAUAE F OISR A A MR CE FHFE - BFMFELT Y transfection
reagent o NFRELF Y HRE P 0 B RABKBETEBER 15 24t 0 UM R Y B3R
BlAAAR HEM- AR SR mANmE T - KER 37C 5% CO ey 18R 3% &4
sk 12-18 R 14 > RMME SR M b Ry A Ry o Wk 24-48 /[ ih iR
WO da i, ©
EREH FikERRk

4% 4 B LA PBS ¥ 2k k4% 0 du il ® & A& (150 mM NaCl ~ 1 mM EDTA ~ 1 %
TRITON X-100 & 50 mM Tris-HC1 > pH 7.4) » %] F e 4% » 15 A A2 &% (probe
sonicator) & X2 (5 seconds on - 10 seconds off » 30 % Amplitude - total 35 seconds) *
£ 4CTF 24 11500g & 20 p484% - R EFREHNG LS mL B EECE -

AT E A 269 ANTI-FLAG®M?2 Affinity Gel & 1.5 mL 4 2 &2 % > AfuA 1 mL
PBS % L F #0882 40394 k£ H b 32 B 2L 6500g & 30 £ £ EER
FAF RSB R R 2l 1 mL TBS (150 mM NaCl & 50 mM Tris-HC1> pH 7.4)

Fik o BRI EERA 0 REE EMRIREHEF ANTI-FLAG®M2 Affinity Gel »
23



mEBLRELOZE G E RS T o FMEECEKE A Intelli-Mixer E > 3£ 24 F2
program > 25 rpm f& 4°C #9225 7% » {£ ANTI-FLAG®M2 Affinity Gel v Flag &
LB BESRIEBIR - FaR L 6500g ## 30 # > 4 ANTI-FLAG®M2 Affinity Gel
JUHETF R 0 sb EEIREr A %0k 02 A& (IP supernatant) 0 %R i BT e 8
e ju N 1 mLTBS A2kl ¢ 38 L FE#R 56394 ik kI F—HES L 6500g
B 308 FREFR S ERMFRTEZR - R 1 2R BERIR I 95
Chodk 15 548 » A4 44 ANTI-FLAG®M2 Affinity Gel £ 89% & Gk A% (elute)
D

NE RAEaME

6.1 & & %4 g & B (BCA protein assay)

B AR A A FoR B B AR 50:1 (R4 ik 1EiE & (working solution) > Ex 10
uL Z& & ' #&kfe 200 uL #4E sk (1:20) 46344 > £ 37CTF RME 30 548 > #
EAE A AT RIE 595 nm T R RUAE o sLRT A S S0k 69 BSA
(0~20 mg/mL) 1F A2 R FE G EERmESL— T RAM-BE | ZAZEGLE
(standard curve) o R4uiRE 89K G H RSB A REBIRRIEL 0 FRAF R 9B AT

BAREBRBNBRERFLRE

6.2 + — R AFRERN-TR 5 M Bl i B 88 B ok 47 (SDS-PAGE)

By A -F@akiE (10x10.5 cm) HiFi4 A 8- FARBE I F B AN > AR
fctg 0 R UM EE BB% (12x15%0.1 cm) AF R fafk (spacer) - BASK S sk AE 3
By AAERR o KK EAIRE -

LR E & AR B iR CIRIRIB T R LB G 4T BB A2 (separating gel)

Fo B & B (stacking gel) &y # AF
24



AR B

AR 30 % Acrylamide

0.8 % N,N-methylenebisacrylamide

B & 1.5 M Tris-HCI, pH 8.8

0.4 % (v/v) SDS

Cx 0.5 M Tris-HCI, pH 6.8

0.4 % (v/v) SDS

X o BB AL EEBR
7.5 % 10 % 12.5% 15 % 17.5 %

AR 2.0 mL 2.7 mL 34mL | 40mL | 49mL 0.3 mL

B & 2.0 mL 2.0 mL 20mL | 2.0mL | 2.1 mL -

Cik - - - - - 0.5 mL

=Kk 4.0 mL 3.4 mL 27mL | 20mL | 1.4mL 1.2 mL

TEMED 5uL 3uL

10 % APS 55 UL 9 uL

GBS KB LERABKPRAAR B ZRAKIEAFKE A
TEMED & 10 % APS» i fu3y 5 144 MR A REANFIEE ENEZEAMY2cmE
BRBERET NTFEEBETFE - ATBTHEABRBREAB RN @E

BT X FoE > BBHANEERH -
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BEREEEDH  RBERABKT AN AR CR ~» ZRAKRIAREZ A
TEMED A 10 % APS » iRAv34 R B HIBRIENCERE B BBARZ L - B46
AN (comb) HAitkduid o A ERBREERR T EM BHEANEE Tk o

B GG SRS E BB 3 o N 2 /24 L2 1R (0.5 M Tris-HC1 pH 6.8 -
10 % SDS ~ 50 % glycerol ~ B-mercaptoethanol ~ bromophenol blue & ddH20) » #
100°C pugh 10 548 - M &EF B a8 7 B BBk F4 > BB R B X E

EAEEL  RAUMG - @A TR - LT EXEEREREER (25 mM
Tris ~ 250 mM glycine ~ 0.1 % SDS » pH 8.3) » #/mzh ik FiB ey & G 8 bisikix
ANtk Y > EAMEREEE > TRELE  HhBELU ISmA BT8R
BMRHAERFFARE IS0V - FIETEHER R KL > TR EALIFILEE

6.3 74 E 2L (western blotting)

ARy B R K ONAR Bl B B — A 4 (PVDF membrane) - 24 100 % ¥F &%
REBAR RO 0 E R d R ARBKE R R KN E 0 BRI
4 7i% (10 mM CAPS~10 % MeOH pH 11.0) &8 F i L4k A5 &8 TR 6 BMéE 5 °
(1) Z3RZ0BMEPEHTRIEL - Q) RB—ATHE Q) "EBEER 4 =
SRR EBBENEMARIEMN B BRIBTFEZELRE  BAFRB R TH
BEeEH  RARBEBRLCELEBYLEESLFR > EHTEEE2RELESS - #
EPESAT B TR MRIBE BB B e @A BT A B4 1mA > BERF
Rl B 4 )NBF o $REP 7 A 1R IR AR — AL LB 0 st oA Fast green (Fast green ~ Acetic
acid ~ 95 % Ethanol & ddH20) & EATH e sERE G HHEP R FERME » &K
V1% AT LR AR B - RN AT IEAE o T 2 09 Folm = LTI BE 2L 100 % F B2 B 4% K ik

BN  BEEAESH S %RAEMH TN &47&% (20 mM Tris-HCI ~ 0.15 M
26



NaCl>pH7.5) > »EiR#ER | D eFEATHEEAEM (blocking) - &% 4uhE (primary
antibody) A5 1 %BAS w469 TNT & 4#71% (20 mM Tris-HCI ~ 0.15 M NaCl &
0.5 % Tween 20 (v/v) » pH 7.5) 1E## @ Bl EEEERE » B EIREER » 3L
PACTHRBR  ERMBABELIBEREGELES - RREIEFMEIBEER > 2
TNT S8R R Bl — AT 6 R > BR 10 548 o 3% BT RAILBIBR
(secondary antibody) #9454 RIE » RBTLE UG H 4 YoRLAs Wty o) TNT & 4818 #
B ARBIUBERENTRTHR 1 N 2B ERFREIUBEER » & TNT

ok B th ol TN 2878022 10 448 -

#
5
S

N

BRI RO S R

WITZERBE > BAB BB _RCHBE LS e TN &8 RRE EEL LS
¥4 %ol % 8 &k (WESTERN LIGHTING™ Plus-ECL » {& F 37 % 82 524
Enhanced Luminol Reagent Plus % Oxidizing Reagent Plus) - RJ&E 2 n4E1% % %
BREZEBRBRE BB R THE B & (cassette) » FRBE R ay X
K& R EATE R 3B EF o 2R R BT R (developer) + BH 2T A HERE
UARBRGEBHRNTH KR (fixer) HERKR F RZER » REBEUKRFRR » B R
S0 ML FARAT
Few M

#3687 F sk 9 BB R A% & A& Fixation Solution (100 mL ethanol & 25 mL acetic acid
glacial > # ddH20 % 48482 #5250 mL) P9 R JE 30 5-4% > 3 3% 2 B 4 Sensitizing Solution
(75 mL ethanol~1.25 mL 25 % w/v glutaraldehyde~10 mL 5 % w/v sodium thiosulphate
& 17 g sodium acetate » 48 ddH20 Z 4882 F% 250 mL ) &R J& 30 442 - 24 ddH20 2%
B R 3R HR S5 54 B Silver Reaction Solution (25 mL 2.5 % w/v silver nitrate

solution & 0.1 mL 37 % w/v formaldehyde » # ddH20 % #2524 250 mL) R J& 20 4
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&% o

A ddH20 2% R 2 2k > Bk 1 %4% > # A Developing Solution (6.25 g sodium
carbonate & 0.05 mL 37 % w/v formaldehyde > 48 ddH20 % #28%#% 250 mL) R JE#)
2-5 4480 452 2 &.4% 0 hu Stopping Solution (3.65 g EDTA-Na2 - 2H20 » 7% ddH20
FREFE 250 mL) K E 10 4 A0k RE -
ENG BRERMBEANIHRAZAEHER

HF— BT AR RB L  WHE AR ERRANEEY A EAAF
W EGEIET R4 | mm? g3k AL Z 8 F b 2L ddH20 % e =k
%% P ddH20 4% e A 50 pul A& #3X %) (100 mM sodium thiosulfate & 30 mM potassium
ferricyanide » /& AT X8 A4E) >  NEBR T EE 15 052 LARIRR L o BIRAE L
REE > wANddHO R ERTEZ 10 4% BARE > ERLTHRARNBREIRE
BAR e

Z 4% Am A 100 % ACN £ B8 ALK 36 AT B 2 8 2R 4 B R T & dwie
2L 50 pL 50 mM ammonium bicarbonate (pH 7.8) YE4 ik » WA ERE GE > &
ek B 1S o048 0 BB A RIE RS - BIERERREBEFEERIEEN 3TCR
JEBR - WERERDFAMERESEN > /wA 100 uL 1 % TFA » AR ZF&K EE
30 948 W B EBURNF — M E BB B8 A Au A 100 uL 0.1 % TFA/60 % ACN -
AR B S 30 b WEEBREZ  KMEBCTENATRCABRESL
I LR AE o

B E miE BB ECI8 ZipTip 4% > LA 10 pL 90 % ACN/0.1 % FA &4t C18 ZipTip »
FH4+ R4 0 2eA 10 uL 0.1 % FA 47 C18 ZipTip » 4= % B 10 uL 0.1 % FA =54k

& 0 A BiEiesy C18 ZipTip M3E 789 C18 # B Aotk S N e AR 4T 454 - 45 CI8
28



ZipTip A 10 uL 0.1 % FA B2+ k> £ R JEE — &4 w14 24 10 uL 60 % ACN/0.1
%FA kT RUENF M ERCE  BHREBRCETENATHROABRES L
WA BETRAELROER -
BAE BMEH

AR AR & Hr B B H SEAR4E R 2 89 & B B 7] & i & Proteome Discoverer (PD) -
Ingenuity Pathway Analysis (IPA) ~ STRING - PhosphoSitePlus® & i} & % # &
Software Tool for Research Annotation of Proteins (STRAP) &4 /#7521 %32 - £ 3t & G
BN S PR AR fE ~ 5 TR R ZAFR BGRERRREEF -
%-+# /%% RNA(ShRNA) #Z 3

© ¥ R R RNAL % B 5 % 3 R 40 4] B A% & & % 69 shRNA » 2 & 28 B & JF
313% R, Appendix 2.fv Appendix 3. £ A9 4% & 88 44t 4% A AR % % (lentivirus)
AL IE T sShRNA R R B AR £ & e fin > 3R AR 4 %] EphA2 R Z o9 &k -

10.1 2% # (lentivirus) &) 4

1# A envelope plasmid (pMD2.G) ~ packaging plasmid (psPAX2) & shRNA 2k A
& %4 shRNA #4912 7% %

A&7 100 mm 32 m P oy 293T m e 8\ R > Bp T AT R A E T W -
AR EATHRAT 30 948 B 11N R AEB A A6 F i R K e 3 R k- 548 100
mm ¥ & m{E A 0.2 ug pMD2.G ~ 1.8 ug psPAX2 ~ 2 ug shRNA & 12 pL transfection
reagent ('€ #% #1 transfection reagent tbf5] A & % (ug) - transfection reagent (uL) =1 :
3) s AR 250 uL RSB F R A KR AEREMER ST FHE S B
# FE4F 1Y transfection reagent fn AFHFELFEY B2 P > M H RSB K E T EBAER 15

waE o DR E BB SR B ER-RAEE S AN mi P 0 K E® 37C 05
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% CO2t BT HRFAIEHR 12-18 N5 15 PRI ES AR o F RILE T eyl -
ME 24 NES R ERFRARIEA 0.22 um LR AN G9EEBE 4 % £ 1.5 mL
WEHSE > HRFAE-20T -

10.2 2% % (lentivirus) &9

s A 60 mm 3% m P oy F AR L& e B 2 AR B 0 BP T ATIR R F R
Brodtf 1 mLyg kA ah | mLiggk (M8 R&IRE R 0.01 ug/ul 4y polybrene)
&9 60 mm 3ZFHm o K E 48 NBFI4 B B B BORAEA R R A KRB E -
F+—8 oS 2 (wound healing assay)

#% insert A 6 FLA& (6-well plate) P » N H P HEANE F 6 4a 0B o F4a 0 RE
MiH4& > AF insert KR > BRI > AL 0246 R 8 /NEFRIAR - UBRE

tmRa s REEAOAES -
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FwE FRER

F—f MPIRRARAREFRELL =0T E

RATFRIEE > EMPIBRIFERLEE LR ey e Ewnd &k BF
¥ B 4k A8 (hummingbird phenotype) (22) » B sb i A T B A AT ATE A &Y
da PIERAT AR R A R IDRE B AR L & e > 245 A RS RIS BLE § I L
B m B A R e i PSR AR AR 1 4~ 8 A 24 /) R 60 AR S 4L o &5 RBEST I 3 ol FT4R
Ve A BB e 0 P RIAR A+ d B A S A e B 0 A8 % (Figure 1) -

Bt ERABETEREERUFIREREHIRE LR mE NN A RS HEE

~

T R LR AR PIR AT A B R L R ey B8 % » RIMBEZERA B
BREREDAMNEREDLRE R PIEIRAT AN FIRE LK o 093085
W AYE R B AR A HOEAL | IR 8 B R 25 04 o P RR VAT B R R fm AR B 0 1R
— TR B E R B R )AL > 2L phospho-Akt B Akt $7 8% 7% 3%
18 X %0 J P9 s Akt f£ Thr 308 & Ser473 4 B ey s8It 2 5 % Bl du PIB WAL 80
FE -

B B4 R AT RE 3 ol PR ARAT ) B % 09 BF F) 38w > 4 i N 3B Akt 42 Thr 308 &
Ser 473 fit B tY & ERALAZ EAE B A M2 3wy #8% (Figure 2.) » BE-m e PISEEAL B
B BR Je B RE @ A da B N 3B Akt 8985 BRAL 0 3B B ALk Akt X S SLAIE T 0%
ay 2R R R HBAS
B8 o4 B IRE L& e b s Akt 8 %% £ RBAAY

BB EFRER » BT AE R PR RAT B YR SRR G R ba IR T

\\\
o
e

Sl

oY B 4 B 4 B P9 Bl Akt 69 75 b BT R LA B IR LR e BN K & & IR ER Akt
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B ho Ay PIEE M AR B B St 4a BB » B4 ANTI-FLAG®M2 Affinity Gel 48 i % 85 Akt
BEAARZVROEQEAGY > —®TREMERELBRARERA R EK
B EAEERMA T BXIETERNREEH BB ERRECE S  #E
AE % 3k SLER AR s PSR VAT AN TE X fm iR 9 kB Akt T2 B 89 3EE o

31 EREYIRERERAERKE ARt B8 R %97 LB FE

4 % B T # 3% Maestrofection™ Transfection Reagent 2 B #& e g4 24 & > 53145
pCMV-3xFlag & pCMV-3xFlag-Akt & #% oA F B 8% e o) Babr i A\ B AR £ R a9
FRERXEEAREOYT  RERBFEREERALTTARAE LR LIRS (Figure 3A)) -
sboh Az N pEGFP-N1 & 42 - #1 A & kB srr R g ey % (Figure 3B.) -

ERE R E B EAN B 0 B E R ok R A ANTI-FLAG®M2
Affinity Gel %3] % &k 4 3xFlag fv 3xFlag-Akt R LA X Z R EG EH 04 i
16 P 7 77 B Bk ok % 0% SRR % (Figure 3C.) o

3.2 PLBURER R ARk PSR 50 AT B 0 3188 AKt 09 o R LB BE S M X £ R

JE2

FEREB R R R 0% £ B e F 1% 0 &RAITE pCMV-3xFlag-Akt & 78 oA &
R e b BT RN B AR b R 4 Al P9 B DA Sk Rt i PSR 0% AT B 84 3xFlag-Akt %,7%
HEILBAL W RFER 48 > B RS 4 PSR A AT 1A 09 3xFlag-Akt %% &£ B4R & W1k
T K REKL R R —#ERRN  KRRERERREKRLHGES

H ot A ey R ) (Figure 4.) o

3.3 1% M e Aa B bt o Bt H SRR T KBS AKt 89 %% X LBHEEY

B EERE  BARBESEALFRAEsH£E > KD HFELE

BAEZBEENKRGB R ME TR BITBNAR BRNZTETEHRE QR
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(trypsin) 1 B 14 » AR AR A B N 69 RERR R B © A RERR R BRENTRAB B 7 W B H 3L
REZ R G4y 0 oA PD 8RBT M > &R T—HETH 183 EEGE -

3.4 4 A IPA 4 M B2 57 88 B FoM B IR 34 BBl AKt B % 7% LU RAR S WP S

SN S A T

Hr BB T B MMAE AKtTTRE A R EAF A R G H A BIPA TR E 2 itk
P4 Bk G H S A g AR RIS - K PIBK/AKT 8848408 A 4
(Figure 5.) » B2~ b K B A %8 B A Bt £ 48 51 PIBK/AKT 8842 > 5 4 &AF1 75 5]
HALAT R LR E) &k G E (Table 1)) -

%83 4B T 389 % & 4 4 Cell Signaling Technology /2 3] 2 PhosphoSitePlus®
TR E A 4 8 AR TN ES ARt BB L 2 HF B AT R AL 0 BR
A — 24T B 37 18 G AL 4R FiB ) %8s Akt £ H (Table 2.) -

3.5 st¥tirta Bt & B SHRE T P o) i EE Akt 2 F AT 5 AT

FAIAE 37 1848 € 2] 64 % B Akt & %\ Software Tool for Research Annotation of
Proteins (STRAP) - #{%& & & &9 5 F o se B B 5y £ 38 RE AT 547 » LA B 8 ]
FRERI G EE T £5EEB N EHRE b (Figure 6.) sboh AL A £ A&
7| B A & R ey e F 2 (Table 3. ~ Table 4.) o

R T hAE s BIh SAVIRAF 3T 48 B Akt R 4R B kA STRING 47 047
Z e b #al STRING ey #7 » 45 B AR &8 & 6 3 X R R ZAF A &9 Bl 1% - 247
S RBT B Akt i b T X K] $ A7 A #3812 1545 (post-translational
modifications, PTMs) & B4 (Figure 7.) °

3.6 MR P MG Akt R HEL S IPA A Y B2 5T R T FME 3R 3d e P8R 5

ﬁ %‘J‘ PI3K/AKT E&,f(« Q’J 5,/ g
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BV BB MR G H &4 [IPA TR E A %M ey PBK/AKT #48 » 36 B v F T
BREGILT > I 47T PIIR VAR B $ 4w B I PIBK/AKT #4542 643842 4576 AR E
AT P AL BAR T A BB B TRE S 28 PBK/AKT RE P o9& B E © &
AL H B &R Akt a1y 0 ik — FaknEs Akt R BRI TR G

o LI RATEFI R KRB AR ER G E B BAE RSB AR E SRR AR

£ (Figure 8.)
Fwih ERBEFERLIRERBRBEBELARRIPA AN BELESWHRUER
HEGTHER

BAVERAR R M B E A REC N ERE S LT MM o » BEIF S S
#ife PBK/AKT B2 v o4& G H @ AER L Emss Akt X RIS R EFA AT &8
oy PUUEHEAR B R B 9 B 4 - 4 B 857 mTOR ~ PRAS40 ~ p70S6K ~ 4EBP1 ~ p27 -
GSK3B ~ BAD ~ FOXO1 A& EphA2 #1385 Akt 2 [ &) X ZAF P 4 el PR AR AT B RR
1% 4% % (Figure 9. B mi84& G 4 °T A5 & X 23088 Akt 693R 4 » 1M 3] 48 F %
g oR AR L ERAR o
FHRE A BN BRI EAAT G 3 EphA2 sy5 B L 5451 A

PERABR T B o H L RBERC N ERRBRESE R » KRIFIEEH ¥ — 1B
% Bg Akt %28 EphA2 (Ephrin type-A receptor 2) #47T B IRABH K o Eph B 7
Receptor tyrosine kinase (RTK) H & H & K&y —#+ > £ 4 16 #3185 » EphA2 T %
PEREEABER@BEREFTO ST - BBANHAR T HF I oW AR RRE 3
3, EphA2 f& Ser 897 i B *] #% %8 Akt BiELit (B 1) » B A BNt iats By

fef1 (37) °
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LBD

L1

EGF
L2
FNIlla
FNIlIb
™
L3

S636 »
Kinase

T795»

T838»

S897» L4

S910» SAM
PDZ

(Bl 1:# 8B Cancer Cell 16,9-20 (2009).)

FI A 4% £ # 88 STRING 447 04 4 R B8~ Akt & EphA2 2 M s F 7 A 83514 1546
8B 1% > B b #ArIE A & 25 B k5830 EphA2 £ Ser 897 4 B ey B AL 2 E X 5

TR B W PVRFAT AR AT B E o T4 RIS 3 d PTIRRAT B R % o 65 P41 3%
Au o %= P9 EphA2 48 Ser 897 i B #y i BRALA2 E#E B A ME 2 38 Aty # % (Figure
10.) -

N # 73 EphA2 shRNA

B 34 W PSR %A% # B 2 T EphA2 42 Ser 897 4 B t4#5i B4 b & % 2| 3085 Akt &4
P4 > KATE AR EphA2 fE B MR b & de a9 S804 A T A o ARG L AT Y
45 o Eph 35/ & 2 S iE m BTt A6 ~ 250 ~ B8 RAZ R4 S > sb4 EphA2
#£ AGS TR RBE L Lo A8 E KR (38) 0 B &A@ ¥ 41 % RNAIL &
SEBREBE G BA2& G S o9 shRNA » 35 s 8 R¥p4) EphA2 (369 § Ag % &
tmfa B A IR )R E A MY EAE -

FEBATHREME 4T Z AT AP & b Z#E R0 B 49 sShRNA Jp 4] EphA2 &) 2 & 4w 47

1% %% (Lentivirus) Kk 884% 7 44t it 2R 69 ShRNA B 88 ¥ 5§ Bk b & 4o o 34T R
oo W EIBEREERIF Lo 0 % shRNA 26| °] & 20k % EphA2 09 R &

(Figure 11.) ©
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#-t# EphA2 ysh et

£ % % EphA2 A& 69 £ A F > &M H AR 3 EphA2 R LN B IRE L &
wmBa BRI B E o m AR e e R 4] EphA2 2R E6) T e flo g
insert ¥ o fFHRAEFIZ o B insert IKAL 0 A 0~2 4~ 6 K 8 /B 3E BRI K ta B
REEBARNAE S - BR&E R HIpH] EphA2 23 2 6 F S ta o f5 8y it /1 AA 7%
¥ ) 4r 4w B SR 69 55 0 BAST EphA2 £& B AR b &k 4a Bl B BhR 3 Jo 4 B FS B 84 AiE

(Figure 12.)
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8 &

%

S ATHT R AE e Akt AF SR e kN S A HE A AL BEFLER > B
W Akt LA B AR AR R EF e Ea R EL2 AT 2 — 27) -
WINEATERE L RO RER - §UAMPIERIFZARE BB LR @it > &
EActm e P oy s Akt > 33 — 5 AT 56 ARBEIIE - A T ZRAKRHZE
da PI 3R AR AT B R 3 B M 7 b 6y PIBK/AKT 2848 $f70 dy FISE 347 M BUR R oy & &
M BAAT T UL B AR B AL ey B Akt H T e A RRALeI R E F I R
B A IR RE AT — B A e AT o

ARGt o EEH R pCMV-3xFlag-Akt H A B AR L& i - AR S
o PR AT B 04 dm RO AR P ) 40 0 A R St b PSR AR AT B 0 fm BB AR R 48 > 49 B 3L
ANTI-FLAG®M2 Affinity Gel 4-# # 3xFlag-Akt X $1 £ X ZAE P 69 % @ B L% -
B—wEFRREME  dROLERLHIEMN AN TRAXMAERFZRAMY T &

TR AKELERRBEN BB EERECE SN  HECERESEMENRL
TR 04 b AR IR AR R B 37 1Bk Be Akt 092 H » RATAHE B b £ 14 PIBK/AKT

BeEGEETAR R BN B ERRE LU A X RO R IR LS

G B da PTIRBRAT AR B T 3 3k o

Fr H A48T 2] 09 F P > EphA2 i 48 4a fa B b J& 7 Receptor tyrosine kinase #4 —

v BB W R RS 6 AT R XBRAE F 0 35 L4k BR Akt 7T ¥ EphA2 Ser 897
A B EATHRBRACIE 1545 0 ML BRIMMER B B2 AR A UFTERFARET »

EphA2 Ser 897 & B /b 42 B 6 2L % > & RBAT AL B 00 B BRAL 6 K & % 2] e P8R %
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B R S 38 Ao o B BE R A1 8 3 24 shRNA R EphA2 $170 B iR L & e o B &)

A 9SRYE o BB AP H] EphA2 KRR B - A MULIE Rmiaf B eg e 1 (Figure

TR b 0 R E A 383 pCMV-3xFlag-Akt 5 52 64 § A% L & % o 5 5 R

B R R S e PIRE R AL H 0 38 24 ANTI-FLAG®M2 Affinity Gel 2-# & 3xFlag-Akt

ﬂ

\

BREEZBFRGEGEREGY  —HERBEMIERE A A RIE RE R 5 ]
BERZEAEZBNTTHZIETEITBNAKE BRI afo T el ek
BEER -
AMBHOTRIETRGERBITEGTIRRE £ &% LR T RIBME
WAz 0 Rl At T Ratk A S HARF > LB BV ke 0 REFINE
BEAETARGEATHENARE | bsh o KREEA AR FLH HEKSHEA
BIREE R K ELBRRMHE

AR R RGE By B BT AR 0 Bo R SURARE M B Y R
TRy > A Tdotkik ) A EREUIIERARARDENELI N EG Y >
FoPR R A R FIERAF ARG NN EEGE - AMBARO TR RAETH &
HRRE RREFAGCNBOE i BERTHECERT > EZNE
8% -

R b/ R R B EBRRT BRI 5 > 37T 4 AT ba B35 R AR A BRAS R Bl &
Z 52 (SILAC) > 4o sbA® T 45 4% ) 40 B B B 4004 fm R iR A — AR S AT 1R 4R % 7R 3L 0

895 B LR D B ERARAFGYR £ o LI AR AR R 9K E 0 R T RS
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T AT R Bl AR o5 R 69 48 3 B 047 0 A% DAtk B PSR IRAT B Rk 4R 0 Fo ik Bl Akt
ZHREAFR %R E G E AL -

2.2 B HH R TR

FBRSE RGN A BRI R - EFBEAT A R LI R F 4%
MeyBEHRE o £ AFFK F » i i Proteome Discoverer (PD) - Ingenuity Pathway
Analysis (IPA) ~STRING~PhosphoSitePlus® & i} & % % & Software Tool for Research
Annotation of Proteins (STRAP) &4 747 $2 ¥ 32 » 4 KR API4F LAJE BF Fa] P R % Bkt i
AT R 6 532 - B AR o F R 09 L ZAF A 4835 0 B4 P 4] R S0 B Akt a4 R B 1
B G 37 5 BB F B R R AT YRR o

A BRGRBOoW T AFENER  NACHEREALAETHETREYN ¢
BRI -

B8 HEs Akt %k 2 RBA S W S H

HERRERERE MR ERLE TR 3T G RRE B M Akt T F >
sboh o Bod IPA B E 4 4 F 69 PIBK/AKT 8548 » BB B 4E T2 5401 P ey
By Akt R BB » —H B TRERE AL L HRETT » RMEFEEE A £ZEH
0% R R RbBRBRE S TENRE - A—F @ > THRNILS M A
BREFEHE  EFSERYD B Akt % B SR ET R

R AZGEO TR > TERERATEERZ UM ERERIMF L
T R BAL A o et > HATT TR A anti-RXRxxS*/T*Hu a8 R 4T % 7% 205
BER 39 AAARE B EE MM AT X —FREEARIFANEEE
EZERER > AMEFTTRGAN SRR BWESE BB - REEHRET

TR GBHBNAERAEREERERD 88 Akt 2 F - RxRxxS*/T* & 3%
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B Akt % B @8 Akt BEER L6y h B 0 BB PR SL R AR AR 0 LT AT

?“1

REE G Y FHOELT > 28L& TH F % 68 Akt G
FEARBRF  RERRE R R RAIM P8I = B8 Akt 2 F * GSK3p ~
EphA2 % RPS6 it &4 IPA EHE 4 %o 2 14 PIBK/AKT 4% 89 mTOR ~
PRAS40 ~ p70S6K ~ 4EBP1 ~ p27 ~ BAD ~ FOXO1 & FOXO3 > #47 % 7% &£ v #x
HRERE o FHR T RPS6 & FOXO3 4 » Ktk & 4 fvifkdl Akt 2 [ 8 X Z1 A
FEE B PTERAL R R Mg 5s > Bors e Z O HRA TR X2
B Akt SRIEEMAE) T NSRRI F i A EAHRET Ll &

M me) BN AL BE— SR A TFEL » LT 5 394

Ud
nn\t

BUE G H R
Akt SRYEL PR 5] 45 6930 S AR B B84 > EphA2 RJE SL# 5 w3 & /) 48 o
3.1 mTOR (& J)

WAEH K BT 0 $uBR Akt 7T 35 @55 81t mTOR 42 Ser 2448 a4 B » #HUABAAT
W3R S AR EHAE (40): 44 mTOR T 56y 4EBP1 4 B2 1u4% » & ¥ eIFAE 5B >
{# eIFAE $1 5 & 5 F#E g eIFAF 42447 > # £ mRNA 5 3% cap &4 AR 83835 1%
R o 5 —1BF %G pl0S6K #kahEtibis - — 7 @ & X581 RPS6 > 7 s &%
BE AR 1L eEF2K Hp 5] B 75 M » 1545 eEF2 43 LR A48 BEBR 3 48 A & (40, 41) -

% — 18 %85 Akt %% PRAS40 € #2 mTORC1 &4 i #p#4]| L 7E M » % PRAS40 £
Thr 246 4 B #% 48 Akt #hE{b1% - € %2 mTORCI 4B > i M B & mTORC1 T %
# 4EBP1 & p70S6K #4932 JE I (42) -

& o PISRARAT B RR A B 0 35 BB Akt £ R @ £ B EEELIE A IE mTORC1 &
PRASA0 478 M 8§ » TT4R4E 3N EAR BT FIL > RO HHFERAKALE > GRRE

Ea¥ -
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D1,02-R
N CAaman iy

cytoskeleton
. cell surface targets
Translation signal transduction

(B J: 458 Trends in Neurosciences 33, 67-75 (2009).)
3.2 FOXO1

Forkhead box (FOX) # R &%k & 4 % B A & 4% % o) DNA-binding domain >
€4 100 %8 2 Loy & & 8 ARIE A - 7] 6 A8 4044 4 i, FOXA 2] FOXR R [F) & >
BERENEGE %5 RAF min ARy AE - £ ¥ FOXO W ey FOXOI T i
NP A T s AR 6y & H > €475/t FasL & Bim-1 LA B 8) 4m fis 8 < 5 3w p27
B GADDAS & 3L & R % 4 4o o 18 B AT S & 1 38 & 3L GADD4S5 & DDBI1 R i 8y £
#1849 DNA £504 (43) -

ARIE SR AT BB KA R, 0 E N Rorl B & A 85 > FOXO1 42 Thr 24 ~ Ser 256 & Ser 319
fir & 7T fie @ A8 ARt BR AL > e MAR % W b JEAR RUKIE TS AR R e R B (43) °
& o PRRAT B R 42 05 € 4843 FOXO1 & Thr 24 {x B # &4 B& 1L > B8 Al siRNA
¥4 FOXOl 2R 20 X E R MR LR o < dlP1B R AR L EEL
Interleukin-8 #94-& (43) > 2R M #7 H AT 4t & 4% %8s Akt BB b e fr B 3 K AT 4

13w 0 B BF FOXOI1 ##i s ibig - T a5AiE ey N R A RIAE Bk — 5 B JLes A 4t
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B b & e e R AR S B
3.3 GSK3p

EHIE M e LSBT E O 0 LA Sy R EAL  tmiad GO
(quiescence) A Gl £ EZA KR FE S FRIEGZE BN ET - £33
Wiz Y X 2 R8I BB (cell cycle checkpoint) :G1/S A& G2/M-Cyclin
D1 #& G1/S1 &4 3 » &% 2| B #1 & %85 (cyclin-dependent kinase) &3 x i mie$)
fn BEA AT o K Cyclin D1 B Fiarssaa&Zad KRR €<
PI3K/AKT #4& 643 4% m#& F4 42 - % GSK3PB 4£ Cyclin D1 Thr 286 444 & #4754 8%
fLBF - @424 Cyclin D1 #2 CRMI &4 > #hit i > B&E2EF N ERa gk
#2242 (ubiquitin-mediated proteolytic pathway) 7k #% Cyclin D1 £A4% 1k % it 38 A 89
AT o M E GSK3B & Ser 9 fir B #% % B Akt ZhBRLBF > H % ER 5 M & #kdpHl m &
EEEEE AL Cyclin D1 » Cyclin D1 45 sA4& € /748 T AR [E 47 (44) -

FRTAR SRR d 0 % e PR AEAT B Rk B B 0 kB Akt € 85821t GSK3B 4 Ser 9 84
R E > UAHpH] H BB (45) MARMNERERT > WHABREE SerO M &
M e ER AL & X B e PSR 5EAT B R 2 49 % & (Supplementary Figure 1.) - 7 GSK3p
BRERALAZ E 0938 im 7 Cyclin D1 #9334 & B i m Jo BB R B 84T > e finiE M
R RIS &AL T —F K BRRE -

3.4 p27kirl

2750 2y 3k 4 3B HA 0 1 A BRI R & G H > T A A ) B A R M ER A Y
% it 3B BA &Y 4T 0 #4E GO (quiescence) R Z G H ABEM S > Z2d Gl A S
B 0 p27 R E R & RIEHD (46) o JLATHE K45 H B Akt <] 35 i@ ak BE 1L 154 p27

RBE R o & ubs Akt B85 16 p27 Thr 157 4 B4 > & Thr 157 £ 42 p27
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Nuclear localization signal & 3k > & B 1bi% €18 4F p27 4R G e fe'd W M & ki
XN B B da BB HA 69 (AT 0 F R R BT A (47) - BRI TRERT

Wy kA EREE ) Thr 157 4 & a9 84 BRAL @ % 2y PTERRAT B R 2 80 %

(Supplementary Figure 1.) > Ri@ ¥ g B 60 B w3RE > AL G E—F TR

ps
& o

3.5 BAD
BAD B # Bel-2 %% &G E Fay— B > BRI EWBATHAN - & BAD i
#l4mpn B A8 R & G 8 Bel-XL 2 Bel-2 B £ R4 42 (heterodimer) B > €4
Bel-XL & Bel-2 R X H o4 mfe R A& AT o Mg 4 fe 0 3] A 77358 R %
B 0 kg Akt 25 B2 1t BAD Ser 136 a94x & » fE B4 1bty BAD v 14-3-3 Z G H &4
TEAE@BE N 0 BIEEAN@BEZI Bel-XL 2 Bel-2 &4 0 {43 i B T 8 AiE
A AR H T AT (48) -

o PISE R AR A R R B 0 25 Be Akt 2B €15 B8 B L R 384 BAD o T #p ] e

S0

o BT A > miFEGFE R TR G AR
% m# EphA2

41 EphA2 A B ERE PR EGAE

Eph /& 7 Receptor tyrosine kinase (RTK) ¥ s A#)—#} > @7t 1990 S LA4E 41
(probe) f& Hela %= ik cDNA B4 & P9 4% & 4 49 tyrosine kinase » EphA2 > & 976
Rz ey 0 - FE# 130kDa > $2£ & EphA2 Folfatb 2 F » HREF &k
90 %ta L » B v H Ak Eph 2 884K 25-35 % F F| A8 LMk -

EphA2 i 7 R ARG HI R — AR A B S > BIRAHF LB ER BE KRN

R AFEIE - BEFE P RE MR B BB R FIRE X - £
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% 4a B vk N9 EphA2 895155 o =T Bh VR 2 Ba R bR 76 B 2 R 31 2 0 75 T fe 4%
BBIEARBIZEEGH - LEMRBEA/B] I EphA2 9 R R BB AR EZE
BEA MBI > LI TR R FI AR OIERZ— (49) -

{3 4e 4m L B b 64 EphA2 < 58 91 H AR 37 4a B 64 4 BB L 77 2 B g (ligand)
Ephrin-Al & 614 A7 5] 45 69 F %30 &1 3£ =T 42 4% EphA2 s B4 1L > & MmAL FE AR > 1% 4
BOAF AR AR F 6 A TR o AR i R da B Bl e tm B AR AR O K (B K) 0 {E4F
Ephrin-Al & 75)E#]4 £ EphA2 > ¥ s K & R #5210 ey EphA2 g Mm@ E &3
HfmSsmpFEEYE i aiplt @R i afMAF4LERE

% BhmigE i (50) -

EphrinA1 X

EphA2binding N\
domain B .’1'! Fd

Glycosylphosphatidylinositol H e B3 +
(GPl}-anchor ~ ——==— 4 Q,
- / Loss of Contact

EphA2
EphrinAl binding
domain o
EGF-like motif —=—

Fibronectin_=—
type lll repeats ™

Cell Membrane

EphA2 overexpression
Enhanced EphA2 protein stability

Oncogenic signal transduction

Juxta membrane segment ——

L

Kinase domain

o

—Z . \
_ Y<S S,
Lo
TUMOR ANGIOGENESIS e} L

e ——

MIGRATION/METASTASIS PROLIFERATION

SAM domain  —a— ,’II _,—-"";:

IF’DZ domain-binding motif——

(B K : 4% 8 Expert Opin Ther Targets 15,31-51 (2011).)
P T 4E 3t Ephrin-Al #}4= 5 79 EphA2 4 32 5 4E 69 332 4b - 42 EphA2 $23%4% 1545
eI e R 3 5 — 4% EphA2 2 #1eh 2 e AR 344% (B L) s R FBCHE 542 -
% a5 )9 PI3K/AKT #4875 {b 8% » kB8 Akt €538 1t EphA2 /£ Ser 897 &9/ & » i

WAy T 5 B 452 4B (focal adhesion kinase, FAK) % #24m fi2 # (junction) #8
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Bl 69 & & 8 A3 o tm BR S B) B SR e sE 1 (38) -
CEphrin-AD>
Migration (' )
and  *pem®
invasion _—
\ l Migration
% and invasion

@ /’é‘\ Mutations

(B L : 4 8 Nature Reviews Cancer 10, 165-180 (2010).)

EphA2 f& 4a i, M 7T 1 % %08k Akt 692 8 > Ser 897 e44x & B M A &k B& 1L > LA jo
ta A% B) 69 RE /1 > R M Ephrin-Al 4%  EphA2 4 ft 4 #13% Ser 897 s 1L » & —
% %5 3| PIBK/AKT 3848 » ¥p#hléajof58) > MR @ 854E A - B 4k B AT # 5> EphA2 B
W AL B (oncogene) AL HpHE A E (tumor suppressor gene) 47 & LB E 2 o I
SR R AR B 4 Bl 3% 38 Ephrin-Al ¥ EphA2 a4 38k Rdp ] 4a fo 3 & R 55 8
BRET] > P A TEMET 0 & e R IRAL o AT E de e N KER AKUAR R R E
ALBF > 18 9] BB /b EphA2 Ser 897 &4 B » 3 hotm o 45 Eh 09 AE 11 » 1£1F fm RO AA &)
& (37) » R #H» EphA2 £ o NATdr AN A AL  MELSHARAE
Bt — PR -

R T &8 L ét¥ EphA2 fisAs Akt 2 ] 69 332 1540 - ATIR 3T 4
370 PUERARAT B R 2 T > EphA2 42 Ser 897 4 B 6y BhBEAL @ 38 Ao > 5 SME
shRNA #p#] EphA2 2R g4 » 7T A 3biphl e o f5 895 /) > B8~ EphA2 £ §
R TR fm Bt o iy PSR BEAT TR R J B 7T A 5 L3R4 4 il A ) R AL AT SRAPIM IR
B HFE R TR T X T e B B 1

4.2 BBl Akt H L % K ey 546 R A

45



FAT G T B 45 RS LG 2 e PR AR AT 0 R e A BF Fa] 3w » 4m L P9 EphA2 4£ Ser
897 4 B ey s ERALAZ L A B X 38w ey A8 3 48 B S AT A A J0 48 S AL B e R AR 1L

X B BB Akt 69383 (37) 0 247 % R AEAE L d PISEARAT W R F > BBk Akt
4 A #5481t EphA2 Ser 897 ¢4 & -

Bt & T Z#E3R4% 88 Akt B EphA2 2 f eY 5 BRALE 1565 & A A F 4 > 48
B PI3K #p4] &40 LY294002 5% Wortmannin 2R 34| ;% i Akt &5 851664235 4 > B 8545
2% EphA2 f& Ser 897 4 B ey s BAIL X T A X BB & » tAsER %8s Akt & EphA2 2
R34 0 Bl 4% o

4.3 B pEEE (Serine) ;R M I (Alanine) &% & A (mutant form)

AR 3 EphA2 7 B Bl b & 4a Bits P9 5 04 4 32 Ty RE B> H P48 A sShRNA R 41
EphA2 8 23R 2 » R F B L K e Bty 5 8 A5 1 B M 39 © st R IR R
i PISR 2 4T 1 € 4% EphA2 #& Ser 897 fix B 4 B AL oy #2 B > B #b1% 48 T 2 ¢ S897A
R4 A o) EphA2 BN B IR £ & 4Bt o DRI B BR LA B $ 7N Rk 22 el P 820k 42

Mk > BB LR @iem AR BE AT

ﬁ-\-

FaE KARRE

HERR T LUk G E B2 BT IR TS e PSR M AT B R 4 B 0 7E 1L 8y 8Bl Akt
HETHEEG Y BMEARBEN AL - MERSHZRITEE > HBARBERE
BERERI > HREIX2ERINZFAERIFL KRN > WHNEBLEEFML
FAREE PRRVERBEERE EHFINEAHEENLER RRTERAEEES
HR2er X > 2@l P18 % A7 B 7518 PIBK/AKT %48 T 4810 A R
JEBGR EARIE 093 AIE A H d PIRRAT AR M A B RN LBR AR -

BINERT I PR IR AL Akt IR ZAFF &% 5w PSR 0E AT B R 2 ™3 35 49
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% & : mTOR ~ PRAS40 ~ p70S6K ~ 4EBP1 ~ p27 ~ GSK3p ~ BAD & FOXOI » £
PRLEFOE SR E LM At ) H > EAERMMEE— S ERM > HFHE
BRERAL R T € X B EE Akt 693 o LR G E R 2K Es Akt SR ERALET > H &
B A9 A R AMETHE S BB L ¢ % mTOR # 48 Akt s 1bt% » €587k

p70S6K A #p#] 4EBP1 AT &% & H 8946 5 ° PRAS40 ty s b — 47T 5§

mTORCI &b » B8y F a5 A 123 + p27 #v GSK3P 2 Lk aifsib » B EixB T

NN

P PR 0 T HE @ik R 4 R B E 3 4 ) BAD % Akt BiEEILIE 0 €Y
B 4m BB T B RE N R AT m B VT AR 4R 1505 B 7 #54% B T (transcription factor) &9
FOXO!1 A¥x#r % A B ey sk > 2 & % P38 At BREE 1618 - 18 8K ¥ WA
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RGBT E AT AR ATIANE 0 B E T @IS T & R EphA2 £
B BRI b 4 i P9 04 BE S S dm o A BRI E 09 SAYE o R AR RT F 484535 31 EphA2 B

AL RERTA S A LUPIERITARBRBN LA EG Y — R4 4K

R4

o

P

47



FBNE 2FE K

1. International Agency for Research on cancer. The Globocan Project [online]. 2008;
Available from: http://globocan.iarc.fr
2. Department of Health, Executive Yuan, R.O.C. (TAIWAN). Cause of Death Statics

[Online]. 2012; Available from: http://www.doh.gov.tw.

3. Correa P. Human gastric carcinogenesis- a multistep and multifactorial
process--First American Cancer Society Award Lecture on Cancer Epidemiology and
Prevention. Cancer Research. 1992;52:6735-40.

4. Carl-McGrath S, Ebert M, Rocken C. Gastric adenocarcinoma- epidemiology,
pathology and pathogenesis. Cancer Therapy. 2007;5:877-94.

5. Axon A. Review article: gastric cancer and Helicobacter pylori. Alimentary
Pharmacology & Therapeutics. 2002;16:83-8.

6. Joossens JV, Hill MJ, Elliott P, Stamler R, Stamler J, Lesaffre E, et al. Dietary Salt,
Nitrate and Stomach Cancer Mortality in 24 Countries. International Journal of
Epidemiology. 1996;25:494-504.

7.  Kono S, Hirohata T. Nutrition and stomach cancer. Cancer causes and Control.
1996;7:41-55.

8. Sharara Al, Abdul-Baki H, ElHajj I, Kreidieh N, Kfoury Baz EM. Association of
gastroduodenal disease phenotype with ABO blood group and Helicobacter pylori
virulence-specific serotypes. Digestive and liver disease : official journal of the Italian
Society of Gastroenterology and the Italian Association for the Study of the Liver.
2006;38(11):829-33. Epub 2006/08/26.

9. TARC working group on the evaluation of carcinogenic risks to humans: some
industrial chemicals. Lyon, 15-22 February 1994. IARC Monogr Eval Carcinog Risks
Hum. 1994;60:1-560.

10. Marshall BJ, Warren JR. Unidentified curved bacilli in the stomach of patients with
gastrits and peptic ulceration. The Lancet. 1984:1311-4.

11. Brown LM. Helicobacter pylori- epidemiology and routes of transmission.
Epidemiologic Reviews. 2000;22:283-97.

12. Ernst PB, Gold BD. The disease spectrum of Helicobacter pylori: The

immunopathogenesis of gastroduodenal ulcer and gastric cancer. Annual Review of
48



Microbiology. 2000;54:615-40.

13. JE E. Recent developments in the epidemiology of Helicobacter pylori.
Gastroenterol Clin North Am. 2000;29:559-78.

14. Miyaji H, Azuma T, Ito S, Abe Y, Gejyo F, Hashimoto N, et al. Helicobacter pylori
infection occurs via close contact with infected individuals in early childhood. Journal
of Gastroenterology and Hepatology. 2000;15:257-62.

15. Frenck RW, Clemens J. Helicobacter in the developing world. Microbes and
Infection. 2003;5(8):705-13.

16. Jr. RMP. IV. Helicobacter pylori strain-specific activation of signal transduction
cascades related to gastric inflammation. Am J Physiol Gastrointest Liver Physiol.
2001;280:525-30.

17. Konturek PC, Konturek SJ, Pierzchalski P, Biclanski W, Duda A, Marlicz K, et al.
Cancerogenesis in Helicobacter pylori infected stomach — role of growth factors,
apoptosis and cyclooxygenases. Medical Science Monitor. 2001;7:1092-107.

18. Prinz C, Hafsi N, Voland P. Helicobacter pylori virulence factors and the host
immune response: implications for therapeutic vaccination. Trends in Microbiology.
2003;11(3):134-8.

19. Yoshiyama H, Makazawa T. Unique mechanism of Helicobacter pylori for
colonizing the gastric mucus. Microbes and Infection. 2000;2:55-60.

20. Montecucco C, Rappuoli R. Living dangerously- how Helicobacter pylori survives
in the human stomach. Nature Reviews Molecular Cell Biology. 2001;2:457-66.

21. Mcgee DJ, Mobley HLT. Mechanisms of Helicobacter pylori infection- bacterial
factors. Gastroduodenal Disease and Helicobacter pylori. 1999:156-80.

22. Blaser MJ, Atherton JC. Helicobacter pylori persistence: biology and disease.
Journal of Clinical Investigation. 2004;113(3):321-33.

23. Robinson K, Argent RH, Atherton JC. The inflammatory and immune response to
Helicobacter pylori infection. Best practice & research Clinical gastroenterology.
2007;21(2):237-59. Epub 2007/03/27.

24. Wilson KT, Crabtree JE. Immunology of Helicobacter pylori: insights into the
failure of the immune response and perspectives on vaccine studies. Gastroenterology.
2007;133(1):288-308. Epub 2007/07/17.

25. Staal SP, Hartley JW, P.Rowe W. Isolation of transforming murine leukemia

viruses from mice with a high incidence of spontaneous lymphoma. PNAS.
49



1977;74:3065-7.

26. Staal SP, Hartley JW. Thymic lymphoma induction by the AKT8 murine retrovirus.
Journal of Experimental Medicine. 1988;167:1259-64.

27. Vivanco I, Sawyers CL. The phosphatidylinositol 3-Kinase AKT pathway in
human cancer. Nature reviews Cancer. 2002;2(7):489-501. Epub 2002/07/03.

28. Shiojima I, Walsh K. Regulation of cardiac growth and coronary angiogenesis by
the Akt/PKB signaling pathway. Genes & Development. 2006;20:3347-65.

29. Manning BD, Cantley LC. AKT/PKB Signaling: Navigating Downstream. Cell.
2007;129:1261-74.

30. Hers I, Vincent EE, Tavare JM. Akt signalling in health and disease. Cellular
signalling. 2011;23(10):1515-27. Epub 2011/05/31.

31. Picott P, Aebersold R, Domon B. The implications of proteolytic background for
shotgun proteomics. Molecular & Cellular Proteomics. 2007;6:1589-98.

32. Gorg A, Weiss W, Dunn MJ. Current two-dimensional electrophoresis technology
for proteomics. Proteomics. 2004;4(12):3665-85. Epub 2004/11/16.

33. Gygi SP, Rist B, Gerber SA, Turecek F, Gelb MH, Aebersold R. Quantitative
analysis of complex protein mixtures using isotope-coded affinity tags. Nature
Biotechnology. 1999;17:994-9.

34. Ross PL, Huang YN, Marchese JN, Williamson B, Parker K, Hattan S, et al.
Multiplexed protein quantitation in Saccharomyces cerevisiae using amine-reactive
isobaric tagging reagents. Molecular & cellular proteomics : MCP. 2004;3(12):1154-69.
Epub 2004/09/24.

35. Ong S-E, Blagoev B, Kratchmarova I, Kristensen DB, Steen H, Pandey A, et al.
Stable isotope labeling by amino acids in cell culture, SILAC, as a simple and accurate
approach to expression proteomics. Molecular & Cellular Proteomics. 2002;1:376-86.
36. Yu CC, Yang JC, Chang YC, Chuang JG, Lin CW, Wu MS, et al. VCP
phosphorylation-dependent interaction partners prevent apoptosis in Helicobacter
pylori-infected gastric epithelial cells. PloS one. 2013;8(1):e55724. Epub 2013/02/06.
37. Miao H, Li DQ, Mukherjee A, Guo H, Petty A, Cutter J, et al. EphA2 mediates
ligand-dependent inhibition and ligand-independent promotion of cell migration and
invasion via a reciprocal regulatory loop with Akt. Cancer cell. 2009;16(1):9-20. Epub
2009/07/04.

38. Pasquale EB. Eph receptors and ephrins in cancer: bidirectional signalling and
50



beyond. Nature reviews Cancer. 2010;10(3):165-80. Epub 2010/02/25.

39. Moritz A, LiY, Guo A, Villen J, Wang Y, MacNeill J, et al. Akt-RSK-S6 kinase
signaling networks activated by oncogenic receptor tyrosine kinases. Science signaling.
2010;3(136):ra64. Epub 2010/08/26.

40. Nave BT, Ouwens DM, Withers DJ, Aless DR, Shepherd PR. Mammalian target of
rapamycin is a direct target for protein kinase B- identification of a convergence point
for opposing effects of insulin and amino-acid deficiency on protein translation.
Biochemical Journal. 1999;344:427-31.

41. Proud CG, Denton RM. Molecular mechanisms for the control of translation by
insulin. Biochemical Journal. 1997;328:329-41.

42. Wang H, Zhang Q, Wen Q, Zheng Y, Philip L, Jiang H, et al. Proline-rich Akt
substrate of 40 kDa (PRAS40): A novel downsream target of PI3K/Akt signaling
pathway. Cellular signalling. 2012;24:17-24.

43. Tabassam FH, Graham DY, Yamaoka Y. Helicobacter pylori-associated regulation
of forkhead transcription factors FoxO1/3a in Human Gastric Cells. Helicobacter.
2012;17:193-202.

44. Liang J, Slingerland JM. Multiple roles of the PI3K/PKB (Akt) pathway in cell
cycle progression. Cell Cycle. 2003;2:339-45.

45. Tabassam FH, Graham DY, Yamaoka Y. Helicobacter pylori activate epidermal
growth factor receptor- and phosphatidylinositol 3-OH kinase-dependent Akt and
glycogen synthase kinase 3beta phosphorylation. Cellular microbiology.
2009;11(1):70-82. Epub 2008/09/11.

46. Shin I, Yakes FM, Rojo F, Shin N-Y, Bakin AV, Baselga J, et al. PKB/Akt mediates
cell-cycle progression by phosphorylation of p27Kip1 at threonine 157 and modulation
of its cellular localization. Nature Medicine. 2002;8:1145-52.

47. Viglietto G, Motti ML, Bruni P, Melillo RM, D'Alessio A, Califano D, et al.
Cytoplasmic relocalization and inhibition of the cyclin-dependent kinase inhibitor
p27kipl by PKB/Akt-mediated phosphorylation in breast cancer. Nature Medicine.
2002;8:1136-44.

48. Hayakawa J, Ohmichi M, Kurachi H, Kanda Y, Hisamoto K, Nishio Y, et al.
Inhibition of BAD Phosphorylation Either at Serine 112 via Extracellular
Signal-regulated Protein Kinase Cascade or at Serine 136 via Akt Cascade Sensitizes

Human Ovarian Cancer Cells to Cisplatin. Cancer Research. 2000;60:5988-94.
51



49. Yuan WJ, Ge J, Chen ZK, Wu SB, Shen H, Yang P, et al. Over-expression of
EphA2 and EphrinA-1 in human gastric adenocarcinoma and its prognostic value for
postoperative patients. Digestive diseases and sciences. 2009;54(11):2410-7. Epub
2008/12/23.

50. Tandon M, Vemula SV, Mittal SK. Emerging strategies for EphA2 receptor
targeting for cancer therapeutics. Expert opinion on therapeutic targets.

2011;15(1):31-51. Epub 2010/12/15.

52



Bl & $2 3L PA

53



Table 1. Top 5 list of canonical pathways activated by 3xFlag-Akt complex from Ingenuity Pathway Analysis.

Ingenuity Canonical Pathways | number Molecules p-value
of genes

Regulation of eIlF4 and p70S6K 51 AKTI, EIF2A, EIF2B1, EIF2S1, EIF2S3, EIF3C/EIF3CL, EIF3E,EIF3F, EIF3G, 4.19E-16

Signaling EIF3H, EIF3I, EIF3J, EIF3K,EIF3M, EIF4A1, EIF4A2, EIF4A3 EIF4E, EIF4Gl,

EIF4G2, FAU, MAP2K 1, MAP2K2, MAPK 1, MAPK3, MAPK 13, MAPK 14,
PABPCI, PAIP1, PIK3R2, PPP2CB, PPP2R4, PPP2R1A, PPP2RA2, PPP2RSE,
RPS2, RPS3, RPSS, RPS6, RPS8, RPS9 RPS11, RPS14, RPS16, RPS18, RPS24,
RPS26, RPS3A, RPS4X, RPSA,RRAS2

Protein Ubiquitination Pathway 67 BAGI, CDC34, CUL1, DNAJA1, DNAJB2, DNAJB6, DNAJB11, DNAJB14, 4.28E-13
DNAIJC9, DNAJC17, HLA-A, HSP90AA1, HSP90AB1, HSP90B1, HSPAS, HSPAS,
HSPBI1, HSPD1, MED20, PSMA1, PSMA3, PSMA4, PSMAS, PSMA6, PSMA7,
PSMBI1, PSMB2, PSMB3, PSMB4, PSMBS5, PSMB6, PSMB7, PSMC1, PSMC2,
PSMC3, PSMC4, PSMCS5, PSMC6, PSMD2, PSMD3, PSMD4, PSMD6, PSMDS,
PSMD9, PSMD11, PSMD13, PSMD14, PSME1, PSME2, STUBI1, SUGT1, UBAI,
UBE2E3, UBE2J1, UBE2M, UBE2N, UBE2R2, UBE2S, UCHL3, UCHLS, USOl,
USPS5, USP14, USP15, USP28, USP37, USP46
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Remodeling of Epithelial

Adherens Junctions

27

ACTCI1, ACTG1, ACTNI1, ACTN4, ACTR2, ACTR3, ARPC2, ARPCI1A, ARPCIB,
CTNNAI, CTNNBI, CTNNDI, HGS, IQGAP1, MAPRE1, MAPRE2, RABSA,
RABSC, RAB7A, TUBAI1C, TUBB3, TUBB, TUBB2A, TUBB4B, TUBGI, VCL,
7YX

1.13E-10

mTOR Signaling

47

AKT]1, EIF3C/EIF3CL, EIF3E, EIF3F, EIF3G, EIF3H, EIF31, EIF3J, EIF3K, EIF3M,
EIF4A1, EIF4A2, EIF4A3, EIF4E, EIF4G1, EIFAG2, FAU, GNBIL, HMOXI,
MAPK 1, MAPK3, PIK3R2, PPP2CB, PPP2R4, PPP2R1A, PPP2R2A, PPP2RSE,
PRKAB2, PRKAG1, RAC1, RHOC, RPS2, RPS3, RPS5, RPS6, RPSS8, RPS9,
RPS11, RPS14, RPS16, RPS18, RPS24, RPS26, RPS3A, RPS4X, RPSA, RRAS2

2.86E-09

PI3K/AKT Signaling

35

AKT1, BCL2L1, CDC37, CTNNBI, EIF4E, GDF15, GSK3A, GSK3B, HSP90AAL,
HSP90ABI1, HSP90B1, IKBKG, JAK2, LIMS1, MAP2K 1, MAP2K2, MAPK 1,
MAPK3, NFKB1, NFKBIB, PIK3R2, PPP2CB, PPP2R4, PPP2R1A, PPP2R2A,
PPP2RSE, RRAS2, SFN, THEM4, YWHAB, YWHAE, YWHAG, YWHAH,
YWHAQ, YWHAZ

1.32E-08
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Table 2. List of Akt substrates identified by LC-MS/MS in H.pylori-infected AGS

cells.

No | Accession Gene name Description

1 P23396 RPS3 40S ribosomal protein S3

2 P63104 YWHAZ 14-3-3 protein zeta/delta

3 P04792 HSPB1 Heat shock protein beta-1

4 P24941 CDK2 Cyclin-dependent kinase 2

5 P67809 YBX1 Nuclease-sensitive element-binding protein 1

6 P78371 CCT2 T-complex protein 1 subunit beta

7 Q15365 PCBP1 Poly(rC)-binding protein 1

8 P49841 GSK3B Glycogen synthase kinase-3 beta

9 P53365 ARFIP2 Arfaptin-2

10 | P62753 RPS6 40S ribosomal protein S6

11 | PO9651 HNRNPA1 Heterogeneous nuclear ribonucleoprotein A1l

12 | P62136 PPP1CA Serine/threonine-protein phosphatase
PP1-alpha catalytic subunit

13 | QOUBP6 METTLI1 tRNA (guanine-N(7)-)-methyltransferase

14 | Q7L5NI COPS6 COP9 signalosome complex subunit 6

15 | P31749 AKTI1 RAC-alpha serine/threonine-protein kinase

16 | P02545 LMNA Prelamin-A/C

17 | Q96S44 TP53RK TP53-regulating kinase

18 | 043464 HTRA2 Serine protease HTRA2, mitochondrial

19 | P49840 GSK3A Glycogen synthase kinase-3 alpha

20 | 095999 BCL10 B-cell lymphoma/leukemia 10

21 | P48730 CSNK1D Casein kinase I isoform delta

22 | P18031 PTPNI1 Tyrosine-protein phosphatase non-receptor
type 1

23 | P45985 MAP2K4 Dual specificity mitogen-activated protein
kinase kinase 4

24 | P55211 CASP9 Caspase-9

25 1 Q07817 BCL2L1 Bcl-2-like protein 1
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26 | P63000 RACI1 Ras-related C3 botulinum toxin substrate 1
27 1 Q15942 7YX Zyxin

28 | Q13043 STK4 Serine/threonine-protein kinase 4

29 | P09601 HMOX1 Heme oxygenase 1

30 | Q12906 ILF3 Interleukin enhancer-binding factor 3

31 | Q9H6Z4 RANBP3 Ran-binding protein 3

32 | P29317 EPHA?2 Ephrin type-A receptor 2

33 | Q9UMS4 PRPF19 Pre-mRNA-processing factor 19

34 | P55072 VCP Transitional endoplasmic reticulum ATPase
35 | Q9P0OV3 SH3BP4 SH3 domain-binding protein 4

36 | P35222 CTNNBI1 Catenin beta-1

37 | Q9H4A3 WNK1 Serine/threonine-protein kinase WNK1
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Table 3. Biological process of identified Akt substrates categorized by Software
Tool for Researching Annotation of Proteins (STRAP)

A.
Cellular process
RPS3 YWHAZ
HSPB1 CDK2
YBX1 CCT2
PCBPI GSK3B
ARFIP2 RPS6
HNRNPA1 PPPICA
COPS6 AKTI
LMNA TP53RK
HTRA2 GSK3A
BCL10 CSNKI1D
MAP2K4 CASP9
BCL2LI1 RACI1
7YX STK4
HMOX1 ILF3
RANBP3 EPHA2
WNKI1 PRPF19
VCP SH3BP4
CTNNBI1
B.
Developmental processs
YBXI1 GSK3B
PPP1CA AKTI1
LMNA HTRA2
GSK3A BCLI10
BCL2L1 RACI1
STK4 HMOX1
EPHA2 PRPF19
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CTNNBI1

Growth
BCL2L1
Immune system process

GSK3B AKTI

GSK3A BCL10
MAP2K4 CASP9
BCL2L1 RACI1

ILF3

Interaction with cells and organisms

HSPBI GSK3B
HTRA2 BCL10
BCL2LI1 RACI
7YX HMOX1
EPHA2 CTNNB1
Localization
CDK2 HNRNPA1
AKTI1 RANBP3
WNK1 SH3BP4
Metabolic process
YWHAZ HSPBI
PPP1CA AKTI
BCL10 CASP9
HMOX1 PRPF19
Regulation
RPS3 YWHAZ
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HSPBI CDK2
YBXI1 GSK3B
ARFIP2 RPS6
PPPICA AKTI1
LMNA HTRA2
GSK3A BCL10
CSNK1D PTPN1
MAP2K4 CASP9
BCL2L1 RACI
7YX STK4
HMOX1 ILF3
EPHA2 WNK1
PRPF19 VCP
SH3BP4 CTNNB1
Reproduction
BCL2L1
Response to stimulus
HSPB1 GSK3B
AKTI1 HTRA2
BCL10 BCL2L1
RACI1 HMOX1
EPHA2 CTNNB1
Other
RPS3 YWHAZ
CDK2 CCT2
GSK3B ARFIP2
RPS6 AKTI1
LMNA HTRA2
BCL10 CSNKI1D
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PTPNI1 BCL2LI
RACI1 STK4
HMOXI1 EPHA?2

PRPF19 VCP

CTNNB1
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Table 4. Molecular functions of identified Akt substrates categorized by Software

Tool for Researching Annotation of Proteins (STRAP)

A.
Protein/DNA binding
RPS3 HSPB1
CDK2 YBX1
CCT2 PCBPI
GSK3B ARFIP2
HNRNPA1 PPPICA
METTL1 AKTI
TP53RK HTRA2
GSK3A BCL10
CSNKI1D PTPN1
MAP2K4 CASP9
RACI1 7YX
STK4 HMOX1
ILF3 RANBP3
EPHA2 WNK1
PRPF19 VCP
CTNNBI1
Catalytic activity
RPS3 CDK2
GSK3B PPPICA
METTLI AKTI
TP53RK HTRA2
GSK3A CSNKI1D
PTPNI MAP2K4
CASP9 RACI1
STK4

HMOX1
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EPHA2 WNK1
PRPF19 VCP
Enzyme regulator activity
HSPBI1 AKTI
CASP9 STK4
WNK1 SH3BP4
Molecular transducer activity
HMOX1 CTNNBI1
Structural molecule activity
RPS3 RPS6
LMNA CTNNBI1
Other
YBX1 BCL10

CTNNB1
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Figure 1. Infection of AGS cells with H.pylori resulted in the typical hummingbird

phenotype.
AGS cells were infected with an MOI of 100 H.pylori and imaged within 24h. The

morphology of cells become elongated and scattered. (40xmagnification)

64



H pylori (MOI 100)
g 95 1 2 4 6 8 hr

p-Akt Thr 308 - - —

p-Akt Ser 473

Akt

GAPDH

Figure 2. H.pylori induced Akt phosphorylation in AGS cells in a time-dependent
manner.

Cell lysates from H.pylori-infected cells for 0-8h at an MOI of 100 were separated by
10 % SDS-PAGE and transferred onto PVDF membranes. Phosphorylated Thr 308 of
Akt, phosphorylated Ser 473 of Akt, Akt, and GAPDH were detected by specific

antibodies.
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Figure 3. Efficiency of 3xFlag-Akt transfection and pCMV-3xFlag-Akt

Flag

immunoprecipitation.

(A) AGS cells were transfected with pCMV-3xFlag or pCMV-3xFlag-Akt, and cell
lysates were separated by 10 % SDS-PAGE and transferred onto PVDF membranes. Akt,
GAPDH, and Flag were detected by specific antibodies. (B) AGS cells were transfected
with pEGFP-N1 and imaged by fluorescence microscopy. (40xmagnification) (C) AGS
cells were transfected with pCMV-3xFlag or pCMV-3xFlag-Akt, and the ANTI-FLAG®
M2 affinity gel was used to immunoprecipitate 3xFlag or 3xFlag-Akt complex. Cell
lysates were separated by 10 % SDS-PAGE and transferred onto PVDF membranes.
GAPDH and Flag were detected by specific antibodies.

Mock, indicates the pCMV-3xFlag-transfected cells.

Akt, indicates the pCMV-3xFlag-Akt-transfected cells.
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Figure 4. Comparing the differences of Akt co-IP complex between AGS cells and
AGS cells infected with H.pylori.

AGS cells were transfected with pCMV-3xFlag-Akt and infected with H.pylori or mock
control. The ANTI-FLAG® M2 affinity gel was used to immunoprecipitate 3xFlag-Akt
complex. Cell lysates were separated by 12.5 % SDS-PAGE and stained with silver
staining.

The red asterisk indicates the differential protein expressions between these two

samples.
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Figure 5. Ingenuity Pathway Analysis (IPA) prediction and analysis of signal transduction for those proteins identified in Akt
co-immunoprecipitate from H.pylori-infected AGS cells.

Ingenuity Pathway Analysis (IPA) was used to reveal canonical pathways significantly enriched among the proteins in Akt
co-immunmoprecipitate. The ratio for the number of proteins identified as belonging to a pathway divided by the total number of proteins in the
pathway is plotted as an orange line, whereas the lengths of the blue bars are the significance scores for each pathway with the significance

threshold marked by the vertical yellow line.
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Figure 6. Bioinformatic ontology of identified Akt substrates.
(A) Pie chart represents numbers and percentages of identified Akt substrates according to their biological processes. List of proteins and

biological processes were shown in Table 2.

(B) Pie chart represents numbers and percentages of identified Akt substrates according to their molecular functions. List of proteins and
molecular functions were shown in Table 3.

Categorizations were based on the information provided by the Software Tool for Researching Annotation of Proteins (STRAP).
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Figure 7. The association networks analysis of identified Akt substrates.

The network was generated by online software, STRING, using 37 Akt substrates in Akt co-immunoprecipitate from H.pylori-infected AGS cells
identified by LC-MS/MS.

70



Figure 8. Using Ingenuity Pathway Analysis (IPA) to generate PI3K/AKT signaling.
Proteins are represented as nodes; different shapes of nodes represent the functional class of proteins; edges define the relationships of nodes.

Red nodes indicate potential Akt interacting proteins identified by LC-MS/MS; Yellow nodes indicate possible Akt downstream proteins.



After IP After IP

WT Akt-Flag i o WT Akt-Flag + = -
H pylori - + H.pylori - +
WTOR |- — GSK3p |

PRAS40 . .
T0 15 BAD h q

PTOSGK [ —
FOXO1 . .

RPS6

EBPI FOXO3 Iud imi ‘
1.0 0.9

i [ S
p27 1.0 16
1.0 1.0

Figure 9. Investigating the interaction between Akt and Akt associated proteins by
co-immunoprecipitation.

AGS cells were transfected with pCMV-3xFlag-Akt and infected with H.pylori or mock
control. The ANTI-FLAG® M2 affinity gel was used to immunoprecipitate 3xFlag-Akt
complex. Cell lysates were separated by 12.5 % SDS-PAGE and transferred onto PVDF
membranes. mTOR, PRAS40, p70S6K, RPS6, 4EBP1, p27, GSK3p, BAD, FOXOI,
FOXO3, EphA2, and Flag were detected by specific antibodies.
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Figure 10. Effects of H.pylori infection on phosphorylation of EphA2 in AGS cells.
Cell lysates from H.pylori-infected cells for 0-8h at an MOI of 100 were separated by
10 % SDS-PAGE and transferred onto PVDF membranes. Phosphorylated Ser 897 of
EphA2, EphA2, and GAPDH were detected by specific antibodies.
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Figure 11. EphA2 knockdown in AGS cells.

Cell lysates from AGS cells with EphA2 knockdown or control knockdown were
separated by 10 % SDS-PAGE and transferred onto PVDF membranes. EphA2 and
GAPDH were detected by specific antibodies.
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Figure 12. Effect of EphA2 knockdown on cell migration in vitro by wound healing assay.

(A) AGS cells were seeded in 6-well plate. After the cells were attached, the insert was removed. Pictures were taken after 0, 2, 4, 6, and 8h.
sh-Ctrl, indicates AGS cells transfected with pLKO.1-puro. sh-EphA2, indicates AGS cells transfected with pLKO.1-shRNA-EphA2.
(100xmagnification)

(B) Graphical presentation of the percentage of the wound healing assay.

75



H pylori infection

lﬂﬂﬂnuﬂﬂ’ﬂﬂéﬁ%ﬁ?irhﬂﬂ A anmanma ﬂﬂlﬂﬁﬂﬂﬁ.MH”ﬂf

UL U U UG U UG U
Thr 308 !ﬁ Ser 473

Figure 13. The summary and conclusion of this study.

We identified a Akt substrate, EphA2 involved in H. pylori infection.
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Supplementary Figure 1. Effects of H.pylori infection on phosphorylation of
GSK3p and p27 in AGS cells.

Cell lysates from H.pylori-infected cells for 0-8h at an MOI of 100 were separated by
10 % SDS-PAGE and transferred onto PVDF membranes. Phosphorylated Ser 9 of
GSK3p, GSK3, phosphorylated Thr 157 of p27, p27, and GAPDH were detected by

specific antibodies.
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Appendix 1. Map of p3xFLAG-CMV-14 (6300bp)

p3XFLAG-CMV-14 (6.3 kb)

= - > T
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Appendix 2. Map of pLKO.1-puro (7032 bp)
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Appendix 3. List of pLKO.1-shRNA clone

Clone ID

Target sequence

Target region

TRCN0000006403

CGGACAGACATATAGGATATT

3’-UTR

3’-UTR: Three prime untranslated region
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