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Abstract 
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  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  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.
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1.1  

  760

70  (1)

2  (2)  

   (gastric epithelial cell)  

(gastric adenocarcinoma)  (Non-Hodgkin’s lymphoma) 

 (leiomyosarcoma)  (gastric adenocarcinoma) 

 (intestinal type of gastric carcinoma)  

(diffuse type of gastric carcinoma)  (superficial gastritis) 

 (chronic gastritis)  (atrophic gastritis)  (intestinal 

metaplasia)  (dysplasia)  (gastric 

adenocarcinoma) 

 (3-5)  

1.2  (risk factor) 

   ( A)  

a.)  

 (4)  

b.)  
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 (atrophic gastritis)  

(nitrite)  (nitrate) 

 (N-nitroso compounds) (6, 7)  

C (vitamin C) �-  (�-carotene) 

(7)  

c.)  (gastric surgery) 

 (partial gastrectomy) 

 (4)  

d.)  (blood group) 

A  (8)  

e.)  (heredity) 

8-10 %

 (4)  

f.) EB  (Epstein-Barr virus infection) 

EBV  (4)  

g.)  (Helicobacter pylori infection) 

1994  (International Agency for Research on Cancer, 

IARC)  (Helicobacter pylori)  (Type  

carcinogen) (9)
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 (odds ratio) 5.9  (5)  

        

(  A Cancer Therapy 5, 877-894 (2007).) 

  

2.1  

  

1982 Barry J. Marshall Robin J. Warren

 (gastritis)  (peptic ulceration) 

 (gastritis) 

 (peptic ulceration)  (10)

2005  
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2.2  

   (microaerophilic)  (Gram-negative 

bacteria) 2.4-4.0 �m 0.5-1.0 �m

2-6  (flagella) 

pH 6.9-8.0  (urease) 

 (urea)  (ammonium) 

pH 2  (11)

 (mucosal gel layer)  (superficial 

epithelium)  (10)  

2.3  (epidemiology)  

  

 ( B) 

 ( ) 

(12, 13)

50 % 90 % (14)  

   (oral-oral route) 

 (fetal-oral 

route) 

 (11) 1-3 %

 (14, 15)

 (chronic gastritis)  
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(peptic ulceration) 1-3 %  (16, 17)  

         

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

2.4  (virulence factor) 

  

 

2.4.1  (urease) 

  

 (H+-gated urea channel, Ure ) 

Ure pH 6.5

 (18)  
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2.4.2  (flagella) 

  2-6

 

(mucus gel layer)  (bicarbonate) 

pH

 (19, 20)   

2.4.3  (lipopolysaccharide, LPS) 

  Interleukin-8

85 % Lewis x

Lewis y Lewis

 (gastric mucosal epithelial cells) 

 (autoantibody)  (21)  

2.4.4  (adhesin) 

  

 (21)  

2.4.5 Cytotoxin-associated gene A (CagA) 

  CagA CagA

cagA cagA cytotoxin-associated gene 

pathogenicity island (cag PAI) cagA

cag PAI 25 40kDa cag PAI

 (Type  secretion system, TFSS) (21)

CagA



� �

Src  ( C)  

  CagA SHP2

SHP2  (focal adhesion kinase, FAK) 

CagA Grb2

Ras/Raf/Mek/MAPK

CagA Csk (C-terminal Src kinase) Src

Cortacin Cortacin F-actin

 (hummingbird phenotype) (22)  

               

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

2.5  (host responses) 

  

 (antigen-presenting 

cells) Toll  (Toll-like receptors)  

(pathogen-associated molecular patterns)  (tumor necrosis 

factor-�) Interleukin-1� Interleukin-8  (cytokine) (18, 23)
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 (chemoattractant)  (neutrophil)  

(monocyte)  (macrophage)  (18, 24)

 (innate immunity) 

 (adaptive immunity) Th1

 (interferon-�) T

 (18, 23, 24)  

 Akt 

3.1 Akt  

  1997 Stephen P. Staal Janet W. Hartley Wallace P. Rowe

 (transformation)  (retrovirus) 

Akt 8 (25) Akt 8  (nude mice) 

 (oncogene) v-Akt (viral oncogene Akt) 

(26)  

  Akt protein kinase B (PKB) 

Serine/Threonine Akt  (catalytic domain) 

N PH  (pleckstrin homology-containing N-terminal domain) C

 (C-terminal hydrophobic domain) (27)  (growth factor) 

Akt

 (27-29)   

3.2 Akt  

  Akt  ( D)  



� 

   

(Tyrosine)  (autophosphorylation) PI3K

p85 SH2 (Src homology domain 2) 

PI3K

PIP2 PIP3 PIP3 Akt N PH Akt

kinase  

  Akt PDK1 

(3-phosphoinositide-dependent kinase 1) Thr 308

Akt Akt Ser 473

2005 mTORC2 (mammalian target of 

rapamycin complex 2) mTORC2 Akt Ser 473

Akt  (27, 30)  

                 

(  D Genes & Development 20, 3347-3365 (2006).) 



� ��

  (proteomics) 

4.1  

  1994 Marc Wilkins

 

4.2  

  

 (31)

 

4.2.1  

  

 

  DIGE (Difference Gel Electrophoresis) 

 (Cy3 Cy5)  (Lysine) 

 ( E) 
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Cy2  (32)  

                  

(  E Trends in Biotenology 23, 598-604 (2005).) 

4.2.2  ( F) 

4.2.2.1  (isotope-coded affinity tags, ICAT) 

  1999 Ruedi Aebersold ICAT

 (Cysteine)  (peptide)

 (33)  

4.2.2.2  (isobaric tags for relative and absolute 

quantitation, iTRAQ) 

  iTRAQ ICAT iTRAQ N ICAT

iTRAQ

N MS1
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MS2

 (34)  

4.2.2.3  (stable isotope labeling by amino acids in 

cell culture, SILAC) 

  SILAC  (Lysine)  

(Arginine)  

(Lysine)  (Arginine) 

 (35)  

  

 

      

(  F Chemical Society Reviews 38, 1882-1896 (2009).) 
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  1994  (IARC, International Agency for 

Research on Cancer) 

 

   ( G) 

Akt Thr 308 Ser 473

 (36) Akt

Akt Akt

Akt

Akt      

       
(  G PLOS ONE 8, 1-13 (2013).) 
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pCMV-3×Flag-Akt (Appendix 1.) 
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Akt

 (in-gel digestion)  ( H) 
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                        (  H) 
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   (AGS cell line) 
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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 

  

  

E.coli host strain, JM109 Promega 

pCMV-3×Flag Sigma 

pLKO.1-shRNA clone RNAi  

  

  

Sequencing Grade Modified Trypsin Promega 
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Trypsin-EDTA Gibso 

  

  

Anti-4EBP1 Cell Signaling 

Anti-Akt Santa Cruz 

Anti-BAD Genetex 

Anti-EphA2 Cell Signaling 

Anti-FLAG M2-HRP Sigma 

Anti-FOXO1 Cell Signaling 

Anti-FOXO3 Cell Signaling 

Anti-GAPDH Santa Cruz 

Anti-GSK3� Cell Signaling 

Anti-Mtor Cell Signaling 

Anti-p27 Genetex 

Anti-p70S6K Cell Signaling 

Anti-phospho-Akt Ser 473 Santa Cruz 

Anti-phospho-Akt Thr 308 Cell Signaling 

Anti-phospho-EphA2 Ser 897 Cell Signaling 

Anti-phospho-GSK3� Ser 9 Cell Signaling 

Anti-phospho-p27 Thr 157 Cell Signaling 

Anti-PRAS40 Cell Signaling 
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Anti-RPS6 Cell Signaling 

 

  

HRP-conjugated IgG anti-rabbit Cell Signaling 

HRP-conjugated IgG anti-mouse Jackson ImmunoResearch 

  

  

660 nm Protein Assay Reagent Pierce 

High Speed Plasmid mini/midi Kit Geneaid 

WESTERN LIGHTINGTM Plus-ECL PerkinElmer 

MaestrofectionTM Transfection Reagent Omics Biotechnology 

PlusOneTM Silver Staining Kit Amersham Bioscences 

Super-tips C18 Supelco 

 

  

2-mercaptoethanol Merck 

Acetic acid Merck 

Acetonitrile Merck 

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

Ammonium persulfate Sigma 

Bromophenol Blue Sigma 
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DMEM Gibco 

EDTA Sigma 

Ethanol Sigma 

Ethidium Bromide Sigma 

Fast Green Sigma 

Fetal Bovine Serum Gibco 

Formic acid Merck 

Glycerol Merck 

Glycine Merck 

Hydrogen chloride Merck 

Isopropanol Sigma 

Low Molecular Weight Standards Amersham Biosciences 

Methanol Merck 

PBS Gibco 

Penicillin/Streptomycin Gibco 

Phosphatase Inhibitor Cocktail Merck 

Potassium Chloride Sigma 

Protease Inhibitor Cocktail Merck 

SDS Amersham Biosciences 

Sodium Bicarbonate Sigma 

Sodium Chloride Sigma 
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Sodium Hydride Sigma 

TAE Buffer Amersham Biosciences 

TEMED Merck 

TFA Merck 

Tris Merck 

TritonX-100 Amersham Biosciences 

Tween-20 Sigma 

  

a.) Thermo Scientific Proteome Discoverer  

b.) Ingenuity Systems Ingenuity Pathway Analysis (IPA)  

c.) Cell Signaling Technology PhosphoSitePlus®  

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

e.) STRING 9.05 
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1.1  (medium)  

  DMEM 1.5

 (sodium bicarbonate) pH 7.1

0.22 �m 10 %  (FBS) 

1 %  (penicillin/streptomycin) 4  

1.2  (cell culture) 

  75 cm2  (T-75 flask, Corning®) 

37 5 % CO2 PBS

1 mL 0.2 % EDTA 0.5 %  (trypsin-EDTA) 

37 5 % CO2 10  (trypsinization) 

5 mL 1500 rpm 5

5 mL

 (sub-culture)  

(cell culture dish, Corning®)  

1.3  

   (trypan blue)  

(hemocytometer)  

  

   (primary culture) 



� ��

-80 CDC  (BBLTMCDC Anaerobe 5 

% Sheep Blood Agar 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) 37

 (5 % O2 10 % CO2 85 % N2)  (sub-culture) 2-3

 

  

3.1  (plating) 

  

60 mm 100 mm PBS

 (serum- and antibiotics-free 

medium) 37 5 % CO2 16  

3.2  

  

2 mL PBS 100 �L 900 �L 

PBS  ( ) PBS  (blank) 600 nm  

(OD 600) x 109 mL

2

 

3.3  

  16
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MOI (multiplicity of infection) 

37 5 % CO2  

  

  60 mm

30 1  

  60 mm 3 �g 9 �L transfection reagent ( transfection 

reagent  (�g) transfection reagent (�L) = 1 3) 100 �L

transfection 

reagent 15 -

- 37 5 % CO2

12-18 24-48

 

  

  PBS  (150 mM NaCl 1 mM EDTA 1 % 

TRITON X-100 50 mM Tris-HCl pH 7.4)  (probe 

sonicator)  (5 seconds on 10 seconds off 30 % Amplitude total 35 seconds) 

4 11500g 20 1.5 mL  

  ANTI-FLAG®M2 Affinity Gel 1.5 mL 1 mL 

PBS 6500g 30

1 mL TBS (150 mM NaCl 50 mM Tris-HCl pH 7.4) 

ANTI-FLAG®M2 Affinity Gel
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Intelli-Mixer F2 

program 25 rpm 4 ANTI-FLAG®M2 Affinity Gel Flag

6500g 30 ANTI-FLAG®M2 Affinity Gel

 (IP supernatant) 

1 mL TBS 6500g

30 1 95

15 ANTI-FLAG®M2 Affinity Gel  (elute) 

 

  

6.1  (BCA protein assay) 

  A B 50:1  (working solution) 10 

�L 200 �L  (1:20) 37 30

595 nm BSA 

(0~20 mg/mL) -  

(standard curve) 

 

6.2 -  (SDS-PAGE) 

   (10×10.5 cm) 

U  (12×15×0.1 cm)  (spacer) 

 

  A B C  (separating gel) 

 (stacking gel)  
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A  30 % Acrylamide 

0.8 % N,N-methylenebisacrylamide 

B  1.5 M Tris-HCl, pH 8.8 

0.4 % (v/v) SDS 

C  0.5 M Tris-HCl, pH 6.8 

0.4 % (v/v) SDS 

 

   

7.5 % 10 % 12.5 % 15 % 17.5 %  

A  2.0 mL 2.7 mL 3.4 mL 4.0 mL 4.9 mL 0.3 mL 

B  2.0 mL 2.0 mL 2.0 mL 2.0 mL 2.1 mL - 

C  - - - - - 0.5 mL 

 4.0 mL 3.4 mL 2.7 mL 2.0 mL 1.4 mL 1.2 mL 

TEMED 5 �L 3 �L 

10 % APS 55 �L 9 �L 

 

  A B

TEMED 10 % APS 2 cm
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  A C

TEMED 10 % APS

 (comb)  

  2  (0.5 M Tris-HCl pH 6.8

10 % SDS 50 % glycerol �-mercaptoethanol bromophenol blue ddH2O) 

100 10

 (25 mM 

Tris 250 mM glycine 0.1 % SDS pH 8.3) 

15 mA

150 V  

6.3  (western blotting) 

   (PVDF membrane) 100 %

 (10 mM CAPS 10 % MeOH pH 11.0) 

(1) (2) (3)  (4) 

1 mA

4 Fast green (Fast green Acetic 

acid 95 % Ethanol ddH2O) 

100 %

5 % TN  (20 mM Tris-HCl 0.15 M 
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NaCl pH 7.5) 1  (blocking)  (primary 

antibody) 1 % TNT  (20 mM Tris-HCl 0.15 M NaCl

0.5 % Tween 20 (v/v) pH 7.5) 

4

TNT 6 10  

(secondary antibody) 4 % TNT

1 TNT

5 10 TN 10  

  TN

 (WESTERN LIGHTINGTM Plus-ECL

Enhanced Luminol Reagent Plus Oxidizing Reagent Plus) 2

 (cassette) X

 (developer) 

 (fixer) 

 

  

  Fixation Solution (100 mL ethanol 25 mL acetic acid 

glacial ddH2O 250 mL) 30 Sensitizing Solution 

(75 mL ethanol 1.25 mL 25 % w/v glutaraldehyde 10 mL 5 % w/v sodium thiosulphate

17 g sodium acetate ddH2O 250 mL ) 30 ddH2O

3 5 Silver Reaction Solution (25 mL 2.5 % w/v silver nitrate 

solution 0.1 mL 37 % w/v formaldehyde ddH2O 250 mL) 20



� ��

 

  ddH2O 2 1 Developing Solution (6.25 g sodium 

carbonate 0.05 mL 37 % w/v formaldehyde ddH2O 250 mL) 

2-5 Stopping Solution (3.65 g EDTA-Na2 2H2O ddH2O

250 mL) 10  

  

  

1 mm2 ddH2O

ddH2O 50 �L  (100 mM sodium thiosulfate 30 mM potassium 

ferricyanide ) 15

ddH2O 10

 

  100 % ACN

50 �L 50 mM ammonium bicarbonate (pH 7.8) 

15 37

100 �L 1 % TFA

30 100 �L 0.1 % TFA/60 % ACN

30

 

  C18 ZipTip 10 �L 90 % ACN/0.1 % FA C18 ZipTip

10 �L 0.1 % FA C18 ZipTip 10 �L 0.1 % FA

C18 ZipTip C18 C18 
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ZipTip 10 �L 0.1 % FA 10 �L 60 % ACN/0.1 

% FA

 

  

  Proteome Discoverer (PD) 

Ingenuity Pathway Analysis (IPA) STRING PhosphoSitePlus®

Software Tool for Research Annotation of Proteins (STRAP) 

 

 RNA (shRNA)  

  RNAi shRNA

Appendix 2. Appendix 3.  (lentivirus) 

shRNA EphA2  

10.1  (lentivirus)  

  envelope plasmid (pMD2.G) packaging plasmid (psPAX2) shRNA

shRNA  

  100 mm 293T

30 1 100 

mm 0.2 �g pMD2.G 1.8 �g psPAX2 2 �g shRNA 12 �L transfection 

reagent ( transfection reagent  (�g) transfection reagent (�L) = 1

3) 250 �L

transfection reagent 15

- - 37 5 
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% CO2 12-18

24 0.22 �m 1.5 mL

-20  

10.2  (lentivirus)  

  60 mm

1 mL 1 mL  ( 0.01 �g/�L polybrene) 

60 mm 48

  (wound healing assay) 

  insert 6  (6-well plate) 

insert 0 2 4 6 8
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 (hummingbird phenotype) (22)

4 8 24

 (Figure 1.)  

  

  

phospho-Akt Akt

Akt Thr 308 Ser 473

 

  Akt Thr 308

Ser 473  (Figure 2.)

Akt Akt

 

 Akt  

  

Akt Akt
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ANTI-FLAG®M2 Affinity Gel Akt

Akt  

3.1 Akt  

  MaestrofectionTM Transfection Reagent

pCMV-3×Flag pCMV-3×Flag-Akt

 (Figure 3A.)

pEGFP-N1  (Figure 3B.)  

  ANTI-FLAG®M2 

Affinity Gel 3×Flag 3×Flag-Akt

 (Figure 3C.)  

3.2 Akt

 

  pCMV-3×Flag-Akt

3×Flag-Akt

3×Flag-Akt

 (Figure 4.)  

3.3 Akt  
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(trypsin) 

PD 1893  

3.4 IPA Akt

 

  Akt IPA

PI3K/AKT  

(Figure 5.) PI3K/AKT

 (Table 1.)  

  Cell Signaling Technology PhosphoSitePlus®

Akt

37 Akt  (Table 2.)  

3.5 Akt  

  37 Akt Software Tool for Research Annotation of 

Proteins (STRAP) 

 (Figure 6.)

 (Table 3. Table 4.)  

  37 Akt STRING

STRING

Akt  (post-translational 

modifications, PTMs)  (Figure 7.)  

3.6 Akt IPA

PI3K/AKT  
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  IPA PI3K/AKT

PI3K/AKT

PI3K/AKT

Akt Akt

 (Figure 8.)  

 IPA

 

  

PI3K/AKT Akt

mTOR PRAS40 p70S6K 4EBP1 p27

GSK3� BAD FOXO1 EphA2 Akt

 (Figure 9.) Akt

 

 EphA2  

  

Akt EphA2 (Ephrin type-A receptor 2) Eph

Receptor tyrosine kinase (RTK) 16 EphA2

EphA2 Ser 897 Akt  ( I) 

 (37)  
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                 (  I Cancer Cell 16, 9-20 (2009).) 

  STRING Akt EphA2

EphA2 Ser 897

EphA2 Ser 897  (Figure 

10.)  

 EphA2 shRNA 

  EphA2 Ser 897 Akt

EphA2

Eph EphA2

AGS  (38) RNAi

shRNA EphA2

 

  shRNA EphA2

 (Lentivirus) shRNA

shRNA EphA2  

(Figure 11.)    



� �


 EphA2  

  EphA2 EphA2

EphA2

insert insert 0 2 4 6 8

EphA2

EphA2  

(Figure 12.)  
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  Akt

Akt  (27)

Akt

PI3K/AKT

Akt

 

  pCMV-3×Flag-Akt

ANTI-FLAG®M2 Affinity Gel 3×Flag-Akt

37 Akt PI3K/AKT

Akt

 

  EphA2 Receptor tyrosine kinase

Akt EphA2 Ser 897

EphA2 Ser 897
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shRNA EphA2

EphA2  (Figure 

13.)  

  

2.1  

  pCMV-3×Flag-Akt

ANTI-FLAG®M2 Affinity Gel 3×Flag-Akt

 

  

 

  

 

  

 (SILAC) 
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Akt

 

2.2  

  

Proteome Discoverer (PD) Ingenuity Pathway 

Analysis (IPA) STRING PhosphoSitePlus® Software Tool for Research 

Annotation of Proteins (STRAP) 

Akt

 

  

 

 Akt  

  37 Akt

IPA PI3K/AKT

Akt

Akt  

  

anti-RxRxxS*/T*

 (39) Akt

Akt RxRxxS*/T*
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Akt Akt

Akt  

  Akt GSK3�

EphA2 RPS6 IPA PI3K/AKT mTOR

PRAS40 p70S6K 4EBP1 p27 BAD FOXO1 FOXO3

RPS6 FOXO3 Akt

Akt

Akt EphA2  

3.1 mTOR ( J) 

  Akt mTOR Ser 2448

 (40) mTOR 4EBP1 eIF4E

eIF4E eIF4F mRNA 5 cap

p70S6K RPS6

eEF2K eEF2  (40, 41)  

  Akt PRAS40 mTORC1 PRAS40

Thr 246 Akt mTORC1 mTORC1

4EBP1 p70S6K  (42)  

  Akt mTORC1

PRAS40
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(  J Trends in Neurosciences 33, 67-75 (2009).) 

3.2 FOXO1 

  Forkhead box (FOX) DNA-binding domain

100 FOXA FOXR

FOXO FOXO1

FasL Bim-1 p27

GADD45 GADD45 DDB1

DNA  (43)  

  FOXO1 Thr 24 Ser 256 Ser 319

Akt  (43)

FOXO1 Thr 24 siRNA

FOXO1

Interleukin-8  (43) Akt

FOXO1
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3.3 GSK3� 

  G0 

(quiescence) G1

 (cell cycle checkpoint) G1/S G2/M Cyclin 

D1 G1/S1  (cyclin-dependent kinase) 

Cyclin D1

PI3K/AKT GSK3� Cyclin D1 Thr 286

Cyclin D1 CRM1

 (ubiquitin-mediated proteolytic pathway) Cyclin D1

GSK3� Ser 9 Akt

Cyclin D1 Cyclin D1  (44)  

  Akt GSK3� Ser 9

 (45) Ser 9

 (Supplementary Figure 1.) GSK3�

Cyclin D1

 

3.4 p27kip1 

  p27kip1

G0 (quiescence) G1 S

p27  (46) Akt p27

Akt p27 Thr 157 Thr 157 p27 
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Nuclear localization signal p27

 (47)

Thr 157  

(Supplementary Figure 1.)

 

3.5 BAD 

  BAD Bcl-2 BAD

Bcl-XL Bcl-2  (heterodimer) 

Bcl-XL Bcl-2

Akt BAD Ser 136 BAD 14-3-3

Bcl-XL Bcl-2

 (48)  

  Akt BAD

 

 EphA2  

4.1 EphA2  

  Eph Receptor tyrosine kinase (RTK) 1990

(probe) Hela cDNA tyrosine kinase EphA2 976

130 kDa EphA2

90 % Eph 25-35 %    

  EphA2
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EphA2

EphA2

 (49)  

  EphA2  (ligand) 

Ephrin-A1 EphA2

 ( K) 

Ephrin-A1 EphA2 EphA2

 (50)  

        

(  K Expert Opin Ther Targets 15, 31-51 (2011).) 

  Ephrin-A1 EphA2 EphA2

EphA2  ( L) 

PI3K/AKT Akt EphA2 Ser 897

 (focal adhesion kinase, FAK)  (junction) 
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 (38)   

 

(  L Nature Reviews Cancer 10, 165-180 (2010).) 

  EphA2 Akt Ser 897

Ephrin-A1 EphA2 Ser 897

PI3K/AKT EphA2

 (oncogene)  (tumor suppressor gene) 

Ephrin-A1 EphA2

Akt

EphA2 Ser 897

 (37) EphA2

 

  EphA2 Akt

EphA2 Ser 897

shRNA EphA2 EphA2

 

4.2 Akt  
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  EphA2 Ser 

897

Akt  (37) Akt

EphA2 Ser 897  

  Akt EphA2

PI3K LY294002 Wortmannin Akt

EphA2 Ser 897 Akt EphA2

 

4.3  (Serine)  (Alanine)  (mutant form) 

  EphA2 shRNA

EphA2

EphA2 Ser 897 S897A

EphA2

 

  

  Akt

PI3K/AKT

 

  Akt
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mTOR PRAS40 p70S6K 4EBP1 p27 GSK3� BAD FOXO1

Akt

Akt Akt

mTOR Akt

p70S6K 4EBP1 PRAS40

mTORC1 p27 GSK3�

BAD Akt

 (transcription factor) 

FOXO1 Akt

Akt

Akt

 

  EphA2 Ser 897

EphA2

EphA2
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Table 1. Top 5 list of canonical pathways activated by 3×Flag-Akt complex from Ingenuity Pathway Analysis. 

 

Ingenuity Canonical Pathways number 

of genes

Molecules p-value 

Regulation of eIF4 and p70S6K 

Signaling 

51 AKT1, EIF2A, EIF2B1, EIF2S1, EIF2S3, EIF3C/EIF3CL, EIF3E,EIF3F, EIF3G, 

EIF3H, EIF3I, EIF3J, EIF3K,EIF3M, EIF4A1, EIF4A2, EIF4A3,EIF4E, EIF4G1, 

EIF4G2, FAU, MAP2K1, MAP2K2, MAPK1, MAPK3, MAPK13, MAPK14, 

PABPC1, PAIP1, PIK3R2, PPP2CB, PPP2R4, PPP2R1A, PPP2RA2, PPP2R5E, 

RPS2, RPS3, RPS5, RPS6, RPS8, RPS9 RPS11, RPS14, RPS16, RPS18, RPS24, 

RPS26, RPS3A, RPS4X, RPSA,RRAS2    

4.19E-16 

Protein Ubiquitination Pathway 67 BAG1, CDC34, CUL1, DNAJA1, DNAJB2, DNAJB6, DNAJB11, DNAJB14, 

DNAJC9, DNAJC17, HLA-A, HSP90AA1, HSP90AB1, HSP90B1, HSPA5, HSPA8, 

HSPB1, HSPD1, MED20, PSMA1, PSMA3, PSMA4, PSMA5, PSMA6, PSMA7, 

PSMB1, PSMB2, PSMB3, PSMB4, PSMB5, PSMB6, PSMB7, PSMC1, PSMC2, 

PSMC3, PSMC4, PSMC5, PSMC6, PSMD2, PSMD3, PSMD4, PSMD6, PSMD8, 

PSMD9, PSMD11, PSMD13, PSMD14, PSME1, PSME2, STUB1, SUGT1, UBA1, 

UBE2E3, UBE2J1, UBE2M, UBE2N, UBE2R2, UBE2S, UCHL3, UCHL5, USO1, 

USP5, USP14, USP15, USP28, USP37, USP46 

4.28E-13 



� 		

Remodeling of Epithelial 

Adherens Junctions 

27 ACTC1, ACTG1, ACTN1, ACTN4, ACTR2, ACTR3, ARPC2, ARPC1A, ARPC1B, 

CTNNA1, CTNNB1, CTNND1, HGS, IQGAP1, MAPRE1, MAPRE2, RAB5A, 

RAB5C, RAB7A, TUBA1C, TUBB3, TUBB, TUBB2A, TUBB4B, TUBG1, VCL, 

ZYX 

1.13E-10 

mTOR Signaling 47 AKT1, EIF3C/EIF3CL, EIF3E, EIF3F, EIF3G, EIF3H, EIF3I, EIF3J, EIF3K, EIF3M, 

EIF4A1, EIF4A2, EIF4A3, EIF4E, EIF4G1, EIF4G2, FAU, GNB1L, HMOX1, 

MAPK1, MAPK3, PIK3R2, PPP2CB, PPP2R4, PPP2R1A, PPP2R2A, PPP2R5E, 

PRKAB2, PRKAG1, RAC1, RHOC, RPS2, RPS3, RPS5, RPS6, RPS8, RPS9, 

RPS11, RPS14, RPS16, RPS18, RPS24, RPS26, RPS3A, RPS4X, RPSA, RRAS2 

2.86E-09 

PI3K/AKT Signaling 35 AKT1, BCL2L1, CDC37, CTNNB1, EIF4E, GDF15, GSK3A, GSK3B, HSP90AA1, 

HSP90AB1, HSP90B1, IKBKG, JAK2, LIMS1, MAP2K1, MAP2K2, MAPK1, 

MAPK3, NFKB1, NFKBIB, PIK3R2, PPP2CB, PPP2R4, PPP2R1A, PPP2R2A, 

PPP2R5E, 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 P09651 HNRNPA1 Heterogeneous nuclear ribonucleoprotein A1 

12 P62136 PPP1CA Serine/threonine-protein phosphatase 

PP1-alpha catalytic subunit  

13 Q9UBP6 METTL1 tRNA (guanine-N(7)-)-methyltransferase  

14 Q7L5N1 COPS6 COP9 signalosome complex subunit 6  

15 P31749 AKT1 RAC-alpha serine/threonine-protein kinase  

16 P02545 LMNA Prelamin-A/C  

17 Q96S44 TP53RK TP53-regulating kinase 

18 O43464 HTRA2 Serine protease HTRA2, mitochondrial  

19 P49840 GSK3A Glycogen synthase kinase-3 alpha 

20 O95999 BCL10 B-cell lymphoma/leukemia 10  

21 P48730 CSNK1D Casein kinase I isoform delta  

22 P18031 PTPN1 Tyrosine-protein phosphatase non-receptor 

type 1 

23 P45985 MAP2K4 Dual specificity mitogen-activated protein 

kinase kinase 4  

24 P55211 CASP9 Caspase-9  

25 Q07817 BCL2L1 Bcl-2-like protein 1  
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26 P63000 RAC1 Ras-related C3 botulinum toxin substrate 1 

27 Q15942 ZYX 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 EPHA2 Ephrin type-A receptor 2 

33 Q9UMS4 PRPF19 Pre-mRNA-processing factor 19  

34 P55072 VCP Transitional endoplasmic reticulum ATPase 

35 Q9P0V3 SH3BP4 SH3 domain-binding protein 4  

36 P35222 CTNNB1 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 

PCBP1 GSK3B 

ARFIP2 RPS6 

HNRNPA1 PPP1CA 

COPS6 AKT1 

LMNA TP53RK 

HTRA2 GSK3A 

BCL10 CSNK1D 

MAP2K4 CASP9 

BCL2L1 RAC1 

ZYX STK4 

HMOX1 ILF3 

RANBP3 EPHA2 

WNK1 PRPF19 

VCP SH3BP4 

CTNNB1  

B. 

Developmental processs 

YBX1 GSK3B 

PPP1CA AKT1 

LMNA HTRA2 

GSK3A BCL10 

BCL2L1 RAC1 

STK4 HMOX1 

EPHA2 PRPF19 
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CTNNB1  

C. 

Growth 

BCL2L1  

D. 

Immune system process 

GSK3B AKT1 

GSK3A BCL10 

MAP2K4 CASP9 

BCL2L1 RAC1 

ILF3  

E. 

Interaction with cells and organisms 

HSPB1 GSK3B 

HTRA2 BCL10 

BCL2L1 RAC1 

ZYX HMOX1 

EPHA2 CTNNB1 

F. 

Localization 

CDK2 HNRNPA1 

AKT1 RANBP3 

WNK1 SH3BP4 

G. 

Metabolic process 

YWHAZ HSPB1 

PPP1CA AKT1 

BCL10 CASP9 

HMOX1 PRPF19 

H. 

Regulation 

RPS3 YWHAZ 
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HSPB1 CDK2 

YBX1 GSK3B 

ARFIP2 RPS6 

PPP1CA AKT1 

LMNA HTRA2 

GSK3A BCL10 

CSNK1D PTPN1 

MAP2K4 CASP9 

BCL2L1 RAC1 

ZYX STK4 

HMOX1 ILF3 

EPHA2 WNK1 

PRPF19 VCP 

SH3BP4 CTNNB1 

I. 

Reproduction 

BCL2L1  

J. 

Response to stimulus 

HSPB1 GSK3B 

AKT1 HTRA2 

BCL10 BCL2L1 

RAC1 HMOX1 

EPHA2 CTNNB1 

K. 

Other 

RPS3 YWHAZ 

CDK2 CCT2 

GSK3B ARFIP2 

RPS6 AKT1 

LMNA HTRA2 

BCL10 CSNK1D 
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PTPN1 BCL2L1 

RAC1 STK4 

HMOX1 EPHA2 

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 PCBP1 

GSK3B ARFIP2 

HNRNPA1 PPP1CA 

METTL1 AKT1 

TP53RK HTRA2 

GSK3A BCL10 

CSNK1D PTPN1 

MAP2K4 CASP9 

RAC1 ZYX 

STK4 HMOX1 

ILF3 RANBP3 

EPHA2 WNK1 

PRPF19 VCP 

CTNNB1  

  

B. 

Catalytic activity 

RPS3 CDK2 

GSK3B PPP1CA 

METTL1 AKT1 

TP53RK HTRA2 

GSK3A CSNK1D 

PTPN1 MAP2K4 

CASP9 RAC1 

STK4 HMOX1 
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EPHA2 WNK1 

PRPF19 VCP 

C. 

Enzyme regulator activity 

HSPB1 AKT1 

CASP9 STK4 

WNK1 SH3BP4 

D. 

Molecular transducer activity 

HMOX1 CTNNB1 

E. 

Structural molecule activity 

RPS3 RPS6 

LMNA CTNNB1 

F. 

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. (40×magnification) 
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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 3×Flag-Akt transfection and pCMV-3×Flag-Akt 

immunoprecipitation.   

(A) AGS cells were transfected with pCMV-3×Flag or pCMV-3×Flag-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. (40×magnification) (C) AGS 

cells were transfected with pCMV-3×Flag or pCMV-3×Flag-Akt, and the ANTI-FLAG® 

M2 affinity gel was used to immunoprecipitate 3×Flag or 3×Flag-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-3×Flag-transfected cells.  

Akt, indicates the pCMV-3×Flag-Akt-transfected cells. 

  

B.

C. 

A. 
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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-3×Flag-Akt and infected with H.pylori or mock 

control. The ANTI-FLAG® M2 affinity gel was used to immunoprecipitate 3×Flag-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). 

  

B.A. 
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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. 
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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. 
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Figure 9. Investigating the interaction between Akt and Akt associated proteins by 

co-immunoprecipitation. 

AGS cells were transfected with pCMV-3×Flag-Akt and infected with H.pylori or mock 

control. The ANTI-FLAG® M2 affinity gel was used to immunoprecipitate 3×Flag-Akt 

complex. Cell lysates were separated by 12.5 % SDS-PAGE and transferred onto PVDF 

membranes. mTOR, PRAS40, p70S6K, RPS6, 4EBP1, p27, GSK3�, BAD, FOXO1, 

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. 

(100×magnification)  

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

B.

A. 
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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 

GSK3� 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 

GSK3�, GSK3�, phosphorylated Thr 157 of p27, p27, and GAPDH were detected by 

specific antibodies. 
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Appendix 1. Map of p3×FLAG-CMV-14 (6300bp) 
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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 

 


