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Helicobacter pylori is a spiral, slow growing gram-negative microaerophilic bacterium. It has been shown to be the

etiological agent of gastroduodenal diseases, such as chronic gastritis, gastric and duodenal ulcers, and gastric cancer.
General culture condition of H. pylori is 5% O,, 10% CO, and 100% humid atmosphere. We have compared proliferation
protein expression profile of H. pylori incubated under normal microaerophilic (10% CO,) and environment stress (4%
CO,, 18% CO,) conditions. H. pylori cultured under environment stress displayed coccoid morphology and time-
dependent decrease in proliferation. We have further compared the protein expression profiles of H. pylori under normal
growing and environment stress conditions by a global proteomic analysis, which includes high-resolution 2-DE followed
by matrix-assisted laser desorption/ionization time of flight and nanoelectrospray/tandem mass spectrometry. In total, 42
protein spots were found to be up- or down-regulated by more than 2-fold under environment stress conditions. Of the
42 protein spots processed, 27 spots were identified; they represented 19 genes, including 2 kinds of hypothetical proteins.
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H. pylori 26695 w5 | 7utE do|Ze] 2]+t
23 (H. pylori Korean Type Culture Collection, 7373t &}l)
of| A A Futo} ARSI MAH o] W B
TE 37C oA H525 A& o] 10% H 7
Brucella - w=]ol]l Z£3}3L 10% CO,, 5% O,, 85% N,
100% F=7F FA1% % 37C #1Y7] (Sanyo, Osaka, Japan)
ol A 24A)17F Auld F 5% 0,09 COE 27t 4, 10, 18]
1 18% 2271 slell A ZbzE 34zt Al s gsilch BE
Al Wl A 0, F% 5%= gkl AT

2. N2 SEfy Hat 2HE

e
ol
o
K
o
=
=Y
o
i

2ol w2 COo, F% 10%

ol 18% LE]al W& FEol 4%l ujk
P!

s

=

> H o
o,
of  H
= ¢
il
(98]
me
N,
o0
o

N
Q MU e

i)Y
k)
)

[

il
)

[
=

30 Mo 2 o o ot to i

Ok oM N

—_
3!

3. Mo HHE &

Hjoket 75 A& 9 (40 mM Tris-HCI [pH 7.2], 1 mM
EDTA)O 41 23] 93 AlFeIqlc) ol AH N 2 ml
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1) Isoelectric focusing (IEF)
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3) SDS—-PAGE
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ol A& ATE CO, 4%, 10% L]l 18% FEolA] &
2 o]m| %] Z}Z} 3748 PDQUEST (Version 8, Bio-Rad)
RO AR 7 23 AX|A1A normalization
5 o3l 3FFe] vy A
o]-g3sfto] Wil A3pE0] W o] ZpolE HuLE}Y|
Aste] FAg WS AREate] A Tl A3kl of
g ARE 7 mpaE] AS HETE o] FHA WHEo
71 wp2E] Ao|A zhzbo] gl A3kEo S1f-0] HE
(SSP numbers: Standard spot numbers)E 7}A|=d| o] 1L
FTrHSE o] &ate] dildE 1] By AfolE gelst

ok

7. CHEE AT REE U =X

—

) Erad

< AR ARRY i A3ks ekl & 2S5 Al
AsE7] A3l B4 (15 mM potassium ferricyanide, 50 mM
sodium thiosulfate) 0.1 mlZ @A 2 ZZpol|A] A8
Zro] glo] 74] 200 mM ammonium bicarbonateS o] %
ZIA YAl 30+t st wRkelgich o] $ol] A 27bS
F42 AL, acetonitriles 3 7lsle] A

z7to] BERY
Asjo] B b Aol AT A 278 302



216 Ols7t, 2301, &3, ddE, SME,

« 0 o RN
T & ~ B
R § 4 l.
& o '
’
\\‘l /? -"‘..
~¢ 4 ‘ .
S Iy ® A
\ \ \
{'\ . A . o N B

o ~ \
e/ "y

L ol
'\ N £ e
“( -~ ’\ " s 4

ar

i > =l
,‘ JC s - -~ D

L

Figure 1. Morphology change of H. pylori. Original culture grown under 5% O, and 10% CO, (A) were transferred to the new medium
and cultured 3 more days under 4% CO, (B), 10% CO, (C) and 18% CO, (D).
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2) CHHA AZHin—gel digestion

In-gel digestion<> O'Connel & Stultsel] 2]t W o= I
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3) Nanoelectrospray MS/MS

Digestion ¥ 71ZH A& HAE 95 GELoader
tip (Eppendorf, Hamburg, Germany)l| poros R2 resin (Per-
Septive Biosystems, Framingham, MA, USA)S &31&}al, ™
A resing A28 (5% methanol, 3% acetic acid) 20 ul=
MATE & 5% acetic acidE AFE5le] AXH ARE &
SHAIA resing FHAIZATE THA] AIF G 20 WE F W
resing SIAIA AHSAL, vpA RO R FEEH (70%
methanol, 3% acetic acid) 2.5 pl= GA|H Heo|= LA
FEato] o]E vl T ARSIl MSMS 4
2 QSTAR pulsar-i mass spectrometry A|2~E] (AB/MDS
Sciex, Toronto, Canada)2 ©]-8-3}31 21, source:= nanoelec-
trospray ion source (MDS Protana, Odense, Denmark) S ©]-&-
3} 3L, 2.5 pl®] AlEE long spray capillary (MDS Protana,
Odense, Denmark)®l] 5% ¥ capillary 2 57} 7Fs3}
=5 dddte] ARSI

Ton spray voltage:= 900~950 volt= A}-8-5}31
EJ= positive mode® TOF-MS ®$]+i= 400~1,600 Da (m/z)
2 AR5t ARSIt MSMS 745 91 MS 9]
= 80~2,000 Da (m/z)S.= Al&-3}e] o, 7+ JElo] =0
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4) MALDI-TOF-MSE 0| &%t X2 &4

Matrix &9 (a-cyano-4-hydrix cinnamic acid [40 mg/ml],
50% acetonitrile, 0.1% trifluoroacetic)2} A] 58-S 4]o] A
target plate welloll =% 5 Aa] Wil 30321 HAS
ol g3slo] SHTE 23] AHF S T) Voyager Biospetro-
metry Workstation (PE Biosystem, Foster city, CA, USA)E ©]
43} 20 kV accelerating voltage, 65% grid voltage, 0.02%
guide wire voltage, 150 ns delay}3Z 80014 3,500 A}]<]
mass gate= in-gel digestion® FEI= T AFS =
A3kt 4% HMelo| =9 A7FLS Protein prospector
Package program MS-FIT (http://prospector.ucsf.edu/ucsthtml/
msfithtm)S ©]-&3Fo], NCBI databas®] A}HE npgro 2
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< HSI} (Fig. 1D).
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Figure 2. Two-DE of whole cell protein extracts (200 pg) of H.
pylori. The proteins were separated on an IPG strip of pH 5.0~8.0
and subsequently on a 12.5% SDS-PAGE gel and then detected by
silver staining. The original gel size is 17><20><0.12 cm. The numbers
on the left indicate molecular mass markers and pl values at the top
of the panel. (A) 10% CO,, 5% O, (B) 5% CO,, 5% O, (C) 18%
CO,, 5% O,

oA} TE xfo]E Holx= AJko] iz

o
(MALDI-TOF, Tandem MS spectrometer)= 2] -
T} (Table 1, 2). Tzl H]3l 4% CO,°l 4] polynucl-eotide
phosphorylase (Pnp), ATP-dependent protease binding subunit
(ClIpB), hydantoin utilization protein A (HyuA), glucose inhi-



218 OlL7, 20N, HHY, FYH, TN, WSV, By, MU, BSH, 0122, ZYH, 0TS, L2

r
0

Table 1. Identified up or down-regulated proteins under various CO, concentration of H. pylori strain 26695 by using tandem ms/ms

?\ISP Proteins name Accession MW pl Amino acid seq Score Hp

[§) no No
- - RELLSAYEFPGDDTPIVAGSALRA 66

0506° E;a‘}Sla“T"nfgonga“‘m factor gii2314366 436477 493 1205
-Tu (TufB) K.TFLMPVEDVFSIAGR.G 19
KILVIQGPNLNMLGHR.D 65

1011°  3-dehydroquinase type IT (AroQ) gi:2314182 1848325 4.93 1038
K.QGNLDVELEFFQTNFEGEIIDK.I 72
R.GLSLAGNQVLTR.T 63

2104° Conserved hypothetical protein ~ gi:2314773 28417.54 524 R.QALSAATLTLFK.M 46 1588
K. TETTLIEQNMLSK.I 73
R.AQDFEILTSR L 32

2901° gi’ély);‘ude"“de phosphorylase :7314375  76894.54 534 KNQYFDEIK.G 45 1213
K.ESLNMIEMR.S 41

3204° Thioredoxin reductase (TrxB) 112313959 3353822 625 RELVVPGFFIFVGYDVNNAVLK.Q 53 0825
R.LVQVVDIEK.M 48

4205 Chemotaxis protein (CheV) gi:2313092 36587.05 6.19 K.DLYAVNVFK.I 19 0019
RELTIPLIDMK.K 23
. RIYGIAFATK.E 30

5801" Threonyl-tRNA synthetase (ThrS) gi:2313207 70239.64 636 0123
K.LAGAYLGGDENNEMLLR 74

s9o1¢ ATP-dependent protease binding  ..»31418) 9668336 627 K ALAQFLFDSDKNLIR.I 27 0264

subunit (ClpB)
5911 ATP-dependent protease binding 05314187 9668336 627 K.ALAQFLFDSDKNLIR.I 25 0264
subunit (ClpB)

6302°  ATP-binding protein (Mpr) gi2313292 45197.63 858 K.VGLLDADVYGPNIPRM 74 0207

6801° ?Hy;sgt)om utilization protein A 05313818 7853279 6.94 K.LLPGNEVIGPAIVESDATTFVIPK.G 33 0695

70014 x/}’ﬁgg"r of drug activity 02313748 2160461 7.16 KNPQVEQYLNSLTTHLR.Q 24 0630
R.TIVSGPIGGVIGSK L 39

7702° &yﬁ%c’m utilizationprotein A 517313818 7853279 694 R.LVLSLPLVAMDSVGAGAGSFVRI 22 0695
K.IIQDAWDELTLK.V 50
R.GVVATQKPVIPVEK.E 24

7705° &yﬁ%c’m utilizationprotein A 57313818 7853279 694 R.TIVSGPIGGVIGSK.L 59 0695
K.YDDPLIPLKR I 44
R.TIVSGPIGGVIGSK L 31

7801° &yﬁ%c’m utilizationprotein A i17313818 7853279 694 R.LVLSLPLVAMDSVGAGAGSFVRI 26 0695
K.IIQDAWDELTLK.V 2
) R.IFGFNALVDR.Q 71

8102 Uease alpha subunit (UreA) 22313154  26539.49 8.96 0073
K.LNYVEAVALISAHIMEEAR.A 18
K.LLAPILPLVK.E 26

ge3"  Comserved hypothetical gi2313222 5423631 7.04 K.DGDEANEIIYNLAK.E 53 0138

iron-sulfur protein

R.LDEYLELFEK.N 48,
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Table 1. Continued

SSP . Accession . . HP
No Proteins name o MW pl Amino acid seq Score No
SR , R.GVVATQKPVIPVEK.E 25,
8702 I%y dantoin utilization protein A 5313818 7853279 6.94 0695
(HyuA) R.TIVSGPIGGVIGSK.L 68,
S R.LGLMEEDFYK.E 38,
ggope  Glucose g’hdﬁlted divistion 2313303 6968372  7.13 0213
protein (GidA) K.GIPGLSLEAVEK.L 42,
R.TVLLVDEK. 31,
8903*°  N-methylhydantoinase gi:2313819  86511.66 6.95 0696
K.GGPGFGDPIER.D 45,

ncreased protein spots in 4%-CO,.
9 Decreased protein spots in 4%-CO,.

" Increased protein spots in 18%-CO,.
© Decreased protein spots in 18%-CO..

9 Increased protein spots in both 4% and 18%-CO,.
9 Decreased protein spots in both 4% and 18%-CO,

Table 2. Identified up or down-regulated proteins under various CO, concentration of H. pylori strain 26695 by using MALDI-TOF MS

SSP No Proteins name Accession no MW pl HP no
5001° Co-chaperone (GroES) 2i:2313085 12990.87 6.59 0011
2906" NADH-ubiquinone oxidoreductase, NQO3 subunit (NQO3) gi:2314431 94229.31 5.12 1266
3903* Protein translocase subunit (SecA) gi:2313910 99083.31 5.65 0786
3909° Protein translocase subunit (SecA) gi:2313910 99083.31 5.65 0786
4107° Alkyl hydroperoxide reductase (AhpC) gi:2314747 2223557  6.25 1563

Yncreased protein spots in 4%-CO,.  Increased protein spots in 18%-CO,. @ Decreased protein spots in 4%-CO,

bited division protein (GidA), N-methyl-hydantoinase, NADH-
ubiquinone oxidoreductase NQO3 subunit (NQO3), protein
translocase subunit (SecA)2] W& o] T Hl| o] F718IIT)
1A modulator of drug activity (Mda66), alkyl hydroperoxide
reductase (AhpC)©] o] 7 wl o]4 7HAsl3iTh

2ol W3] 18% CO,°lA] conserved hypothetical
protein, thioredoxin reductase (TrxB), chemotaxis protein
(CheV), threonyl-tRNA synthetase (ThrS), ATP-binding protein
(Mpr), urease alpha subunit (UreA), co-chaperone (GroES)2]
W o] F ] o] F715815 3, translation elongation factor
EF-Tu (TufB), N-methyl-hydantoinase (HyuB), HyuA ©112
< o] - Hl o] A4Skl

tztell Bls] A et (4%, 18% COy)olA 5oz F
Hj o] #do] Fkgk A A3 3-dehydroquinase
type IT (AroQ), ClpB©] %1 T}

2ol vlsl A2t 4%, 18% CO)ol TE5o=2 F
Hj o] o] ZhAadh vl A3k2 conserved hypo-
thetical iron-sulfur protein®] $1 T}

SAE wde] WA s e vEhlo] tix
w3 At 7] AAAH QD WGt Blalskiitt (Fig.
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Figure 3. Comparison of expression intensity in over two fold
increased or decreased protein spots in CO, 4% and/or 18%. X axis
and Y axis represent spot number and spot intensity, respectively.
SSP No is standard spot number in PDQUEST program.
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Table 3. Identified proteins classification by functional annotation of using COGs

Proteins name GOG No Functional annotation Code
3-dehydroquinase type 1l (AroQ) 0757 E
Modulator of drug activity (Mda66) 2249 R
Polynucleotide phosphorylase (Pnp) 1185 J
NADH-ubiquinone oxidoreductase, NQO3 subunit (NQO3) 1034 C
Uease alpha subunit (UureA) 0831 E
protein translocase subunit (SecA) 0653 N
ATP-dependent protease binding subunit (ClpB) 0542 (0]
Thioredoxin reductase (TrxB) 0492 o
ATP-binding protein (Mpr) 0489 D
Alkyl hydroperoxide reductase (AhpC) 0450 o
Glucose inhibited divistion protein (GidA) 0445 D
Threonyl-tRNA synthetase (ThrS) 0441 J
Co-chaperone (GroES) 0234 o
N-methylhydantoinase 0146 E
Hydantoin utilization protein A (HyuA) 0145 E
Translation elongation factor EF-Tu (TufB) 0050 LE

C: Energy production and conversion

E: Amino acid transport and metabolism
N: Cell motility and secretion

R: General function prediction only

3 ATl A FF o2 Wao] k4 vl HP1205
= X33k 579

— ==
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Zeatoll Hla] Aol o] F oul o) S
Bl 42719 235 5 277 A AL, 19709 A
A2 GRIsksit) o] 1971¢] F-HAHE 5 GOG database
(http://www.ncbi.nlm.nih.gov/COG)o 4| 7]'5&F7F HA|
-2 hypothetical protein (HP1588)¥} chemotaxis protein
(HP0019)S A 98k 17709 FAAE 7| 5HEHE 77HA =
5731} (Table 3). 53] 18% CO,0l A Walo] 7HA3k
S 77 F 6717} ofuleat gt oA} 7S sk
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Nyoll A & 4]

o]—Z] 3¢

D: Cell division and chromosome partitioning
J: Translation, ribosomal structure and biogenesis
O: Posttranslational modification, protein turnover, chaperones
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tfzol Y3l 4% CO,o A1 Pnp, ClpB, HyuA, GidA,
NQO3, N-methylhydantoinase ~Z2]1L SecA 5 771 whifa
o] wglo] 5 H o]% F7FeF3AtE Pnp= mRNAS] )
A A} & W3 (post-transcriptional modification)] 1 ¥
A 71 o8 AHgatn, 3 -5 b Thetal] aAR
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Thioredoxin-S, + NADPH + H"
thioredoxin
reductase
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