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Proteome Analysis of a Catalase-deficient Isogenic
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Helicobacter pylori, a gram-negative bacterium, is a causative agent of gastroduodenal diseases of human. Human
immune system produces harmful reactive oxygen species to kill this bacterium that locates the microaerophilic mucous
layer. H. pylori harbors various antioxidant enzymes including SodB, KatA and AhpC to protect the oxygen toxicity.
We removed the catalase gene (katA) from H. pylori 26695 genome, and the change of profile of the gene expression of
the mutant was analyzed by high resolution 2-DE followed by matrix assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF-MS), tandem MS and microarray analysis. Eleven and 37 genes were upregulated
and downregulated in the mutant respectively, either transcriptionally or translationally. Expression level of pfir and
hp1588 that were decreased on protein level in the mutant was confirmed by RT-PCR analysis.
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Table 1. Strains and plasmids used in this study
DNAs and strains Genotype, phenotype and sequence Reference
Strains
H. pylori 26695 wild type 6
H. pylori 26695 katA katA-deficient mutant this study
Plasmids
pBluescript 11 ColEl ori; bla 14
pBkatA pBluescipt II; katA this study
pBkatK pBluescipt II; katA::ahpA-111 this study
pBHP489KsK E. coli-H. pylori shuttle vector containing kanamycine marker (aphA-I1I) 15
Oligomers (product size)
F ; aaccatggttaataaagatgtg
katA (1,513 bp) 6
R; cttttttgtgtggtecatgte
F ; gattatcgctaccggtggta
pfr (357 bp) 6
R; tegeccttgatttcttccac
F ; caacgcaggaaaggaaacca
hp1588 (305 bp) 6
R; atcaattgatgcaccacgce
o183 FAA 715ATIE RABE ] At ()
H pylori= WA 57 Aoz A art Bes) MATERIALS AND METHODS

U B2kl i@ w5740l 95 Eakh ). A
pylori7t $173 %0l AW SFAEE o]o] tfdlate]
DS ALl 9 Als 34 s (10). °l &
ke Ma e SN B prlorits 551 S:Ako] =
2= EHA(SodB), 7FEEAl(KatA), AT 5 A2had
Aol kst 45 Adtetn FhEdArE Eddel®
7ss et HAd kAl ofal W
12). ¥ A= H pylori 266959 L3 52 A 213
katd A} AL %Oﬂtﬂol—zr kel Az 2 wsks
2 & mlcroarray E2a AbAtiAtaE AR
59 7I5E @9l W J 2R H. pylori 3381717
ol AR mras) el fade] Aé
2 SodBS} AhpC & H. pylori®] ©& F2 d4iksl a4
FHAS] W Wake el 2gten] ol Az o
£k AEds f B0 a2 s e

2 i =
Agol T Qe AT oSt

lo mlo

F

ApE gkt (11,

M2t HY =24

H. pylori 26695 w5 ] s8tE|vlo| 2]t
3Y(H. pylori Korean Type Culture Collection, HpKTCC, 7
Feistanel A Alg ol ARESIATE Al 5% O, 10%
CO,, 85% N,, 100% FHhs5i 70X wjYgs P’ﬂt} (13).
Aol AREE ot Fupaml= Eal s
Table 191 ST} H. pylori 266959} katd —é =4
O]FZ 5% 0,9} 10% CO, XA 40A17F uF=ol A u) 2
M ol 8ste] midsIuA 747t 16, 24, 32 1AL 40A]7F
o 4= (0Dg)E SA3ISITE ol 171953 wlo)
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2470 AFAE sk dhd I RNAE HE)3)
ATk

& r10

O

i

H. pylori 26695 Z& SHHO0|F2| M=

H. pylori®) katd +AAHhp0875)% PCRZE SZ3}al
Smal?} HincllZ A2 pBluescript II #HE )] 235}
pBkat2- WFERIT} (14) (Table 1, Fig. 1). katd F-4AF2] UF-
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Smal  Hincll  H. pylori 26696
PCR H. pylori 26695
bia pBluescript l S
COIElyi Hindlll
r katA mutant
Hindlll
KatA Figure 2. Confirmation of katA deficiency. top, H. pylori 26695;
y bottom, kat4 mutant.
a pBkat pPBHP489KsK
COlEL / Hindll B
AUBH] kot A FRA0IE pBlak AR5

& EQRoFE Rl (16).

l/ (15). H. pylori 26695% pBkatk ©. 2 &2 Ag5}0] katd 2

katA::ahpA-ll H. pylori T4 E 0| 8%
Al 1.2 g2 10 ml9] TE buffer (40 mM Tris-HCI [pH
bia pBkatk 7.2], 1 mM EDTA)E 23] #1231tk Alxt-S O'Farell®)
W o s galakalet (17). Alits 600 pel &3 9.5 M
ColElor urea, 4% CHAPS, 35 mM Tris [pH 7.2])°ll 5-5-A1AA 205
l b Agekal, Aol 204 2+ FASHATE o] 10TColA
H. pylori 26696 12,000 rpm 2.2 30 1+ FAltste] FEds Al FE

H T
2 %7tk Bradford " o2 AEele] vhildg Hea)
< P Stk (18).
ahpA-Ill

CHHFIO| O X MIIY ST A

bla pBkatK
H. pylori &2 9] o]x}¢] 17|52 OFarrel®] %'
ColEly S AHEBIITE (17). H. pylori 26695 katd A<= EAWo]F
o] KatA @il S gRIsy] fI8te] Aol &
l 3 @ A8 PG strip (pH 7~10)S AH&EFe] 12.5% o}

Solrtel = AR o34l A7GF ST AT OR
2o A wlES H pylori 266955 AH&shsith Al

katA::ahpA-lll H. pylori 26696 katA ©] 942 Heukeshoven 2] WS AHE-SFIAL (19).
Matrix-assisted laser desorption/ionization-time-of-flight mass
spectroscopy (MALDI-TOF) 412 Park 52 WS AR
aF3IT (20).

Figure 1. Construction of plasmids for knock-out mutant.

H. pylori 26695 katA A& SAHO|ZE 2ol
o 9= Hindlll A12]E 2}2 31 pBHP489KsK N A Hindlll Py === ™

2 A FE53 Thdtelal AR A Haphd-INE e Eddele] 12 &etol= Fa oA 3



180 H-L Kang, et al.
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wlo] g 2ojgo] 42 H. pylori Microarray AR-HPGS-1 25 ] H. pylori 26695
(Eurogentek, Belgium)E AH2-3}3t} (8). RT-PCRES ©]-& ’g
_ - - 2.0 4
?l—Oﬁ]O uhsq HMSCh o] HFHLO X =l ]
N LH S 0 54 e };%O}f*q 8 H. pylori 26695 katA
(13). 71550l LHAA] B 7PHrdAte] s g5 8 151
C
F2]~E H(clustering) HH o2 =35te] 7PI-R-HAAE 8 o
<] 0
S ¥ 2 (clusters of orthologous groups, COG)Z -+ é
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0.0 L] L) L) L]
RESULTS 16 24 32 40

H. pylor 26695 katA A& S¢isio|= stol Time (hours)

) Figure 3. Growth curve of H. pylori 26695 and isogenic mutants
H. pylori 26695 katd A< EAWo]F2} of Y A& at thin layer culture condition.
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Figure 4. Comparison of normalized gel images of wild type and kat isogenic mutant. The proteins were separated on an IPG strip of
pH 5.0~8.0 and subsequently on a 12.5% SDS-PAGE and then detected by silver staining. The original gel size was 18><20<0.15. (A)
Wild type. (B) kat isogenic mutant.
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Table 2. List of up or down-regulated proteins of kat4 isogenic mutant of H. pylori 26695 by using tandem MS

SSP no Protein name Accession no mw pl Amino acid seq Score HPno
- R.AKEGLDDVIAWIK.R 33
0102° Ureaée accessory protein 115644698 21,824 4.7 0068
(UreG) K.IDLAPYVGADLK.V 55
R.EAFNLIFKPGFSTAK.V 45
. K.NGDKIPDAILVDIEMPK.M 26
0903  Histidine kinase (CheA) gi:15645020 89,704 4.7 0903
K.ITPDIMDVVLR.S 26
K.VNITTLMNESENTK.S 27
L , K.VVSVEVGDAQPVEYGTK.L 75
joo3> ~ Biotin Carbgéyl carrier gi:15644999 17,122 52 0371
protein (FabE) K.EDFVLSPMVGTFYHAPSPGAEPYVK.V 19
) K.GIILIDGYPR.S 39
1101  Adenylate kinase (Adk) gi:15645243 21230 5.0 0618
R.VFLDPLGEIQNFYK.N 53
L , K.VVSVEVGDAQPVEYGTK.L 64
112> Biotin C"‘lﬁbgéy' carrier 015644999 17,122 52 0371
protein (FabE) K.EDFVLSPMVGTFYHAPSPGAEPYVK.V 44
K.GIILIDGYPR.S 49
1103°  Adenylate kinase (Adk) 115645243 21230 5.0 0618
R.VFLDFLGEIQNFYK.N 66
K.ADMVEVFNFR.V 37
2901¢  Hydrogenase expression/ gi:15645518 27,179 52  K.TTMLENLADFK.D 17 0900
formation protein (HypB)
K.EGLYVLNFMSSPGSGK.T 68
R.GTLFINPQTK.V 19
a GTP-binding protein, .
2701 G A-bomoleg (YihK) gi:15645108 66,634 5.0 K.INIDTPGHADFGGEVER 42 0480
K.QLDFPVVYAAAR.D 55
K. ALADEITLK.I 30
4302  Recombinase A (RecA) 115644782 37,555 5.5 R.SGGIDLVVVDSVAALTPK.A 59 0153
K.AEIDGDMGDQHVGLQAR.L 75
R.GLSLAGNQVLTR.T 63
5201  Hypothetical protein HP1588  gi:15646195 28287 52  R.QALSAATLTLFK.M 46 1588
R.SSSQLLYSEIIVAGR.V 67
K.LLPGNEVIGPAIVESDATTFVIPK.G 33
P R.TIVSGPIGGVIGSK.L 31
8701° Hyda.“t‘l:“g‘l‘z"‘t“’“ gi15645318 78483 6.9 0695
protein A (HyuA) R.LVLSLPLVAMDSVGAGAGSFVR.I 26
K.IIQDAWDELTLK.V 24
R.GVVATQKPVIPVEK.E 24
a Hydantoin utilization ..
8703 einA (Hyua) gi:15645318 78483 69 K.YDDPLIPLKR.I 44 0695
R.TIVSGPIGGVIGSK.L 59

Yncreased protein spots in katd isogenic mutant.” Decreased protein spots in kat isogenic mutant. SSP no, standard spot number; mw,
molecular weight; pZ, ; HP no, gene number of H. pylori 26695.
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A d7]9s Aol EAISHA(Fig. 4), A
ZF e Aks ST (Table 2, 3). A el A
& MALDI-TOF W& AH&-3h3laL
Jro] 21t MALDI-TOFH el ofal] 4154 &&= 3
Tandem MS &4 -& AHE-313IT
Tandem MS®} MAIDI-TOF #41He| )3l Z+} Hydro-
genase expression/formation protein (HypB, HP0900), GTP-
binding protein, fusA-homolog (YihK, HP0480), Recombinase
A (RecA, HP0153), Hydantoin utilization protein A (HyuA,
HP0695) & 4702l w1 A3} Fymarase (FumC, HP1325)
o 170e] e o) S7b7) gRlE Utk o] T YihK
S} RecA= SodB A& EdRo|FoA 2 o] 7}y
= g Eel9l) (13). Hdo] #AAgk @A L Tandem
MS #2402 Urease accessory protein (UreG, HP0068S),
Histidine kinase (CheA, HP0903), Biotin carboxyl carrier
protein (FabE, HP0371), Adenylate kinase (Adk, HP0618),
Hypothetical protein HP1588, Urease accessory protein (UreH,
HP0067) & 6719} MALDI-TOF %213 © % Nonheme

fo [ o

Table 3. List of up or down-regulated proteins under katA isogenic mutant of H. pylori 26695 by using MALDI-TOF

SSP no Protein name Accession no mw p! HP no
4002° Nonheme iron-containing ferritin (Pfr) gi:15645277 19,155 5.49 0653
4403° Pyruvate: ferredoxin oxidoreductase, alpha Subunit (PorA) gi:15645724 44,613 5.81 1110
5302° GTP-binding protein (Gtp1l) 2i:15645194 40,444 5.53 0569
7009° Co-chaperone (GroES) gi: 15644644 12,860 6.59 0011
8108° Adhesin-thiol peroxidase (TagD) 2i:15645018 18,161 8.18 0390
9509* Fumarase (FumC) gi:15645938 50,844 7.29 1325

Y Increased protein spots in kat4 isogenic mutant.” Decreased protein spots in kaf isogenic mutant.SSP no, standard spot number; mw,

molecular weight; pZ, ; HP no, gene number of H. pylori 26695.

Table 4. List of genes whose expression was increased over two-fold in kat isogenic mutant compared with wild type H. pylori 26695

HP No. Increasing level (fold)® Gene name

HP0686 2.018 Iron (I1I) dicitrate transport protein (fecA)

HP0810 2.056 Conserved hypothetical protein

HP0865 2452 Deoxyuridine 5'-triphosphate nucleotidohydrolase (dur)
HP0870 2.457 Flagellar hook (flgE)

HP0871 3.109 CDP-diglyceride hydrolase (cdh)

HP1174 2.982 Glucose/galactose transporter (gluP)

*QGenes of which increasing level was not higher than 2 folds were not shown in this list. Bold, also increased in sodB-deficient mutant.
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Table 5. List of genes whose expression was decreased over two-
fold in katA isogenic mutant compared with wild type H. pylori
26695

HP No. I]e) 5glr e(:eflgig) Gene name

HP0004 0.392 Carbonic anhydrase (icf4)
HP0102 0.330 Conserved hypothetical protein
HPO0119 0.431 Hypothetical protein

HP0373 0.481 Conserved hypothetical protein
HP0408 0.450 Hypothetical protein

HP0415 0.463 Egﬁg:ﬁg Llﬁg}ﬂetieal integral
HP0439 0.442 Hypothetical protein

HP0503 0.162 Hypothetical protein

HP0513 0.431 Hypothetical protein

HP0653 0.543 g)(;rn)heme iron-containing ferritin
HP0587 0377 gﬁglgdeoxychorismate lyase
HP0600 0351 I(Z;l;g)jmg resistance protein
HP0603 0.469 Hypothetical protein

HP0614 0.466 Hypothetical protein

HP0689 0.397 Hypothetical protein

HP0702 0.365 Hypothetical protein

HP0704 0.440 Hypothetical protein

HP0712 0.185 Hypothetical protein

HP0767 0.499 Hypothetical protein

HP0784 0.490 Hypothetical protein
L
HP0981 0.481 gcigjl)lclease VII-like protein
HP1142 0.420 Hypothetical protein

HP1227 0.477 Cytochrome c553

HP1238* 0.421 Aliphatic amidase (amiE)
HP1390 0.287 Hypothetical protein

HP1426 0.478 Conserved hypothetical protein
HP1534 0.469 1S605 transposase (inpB)
HP1588 0.577 Hypothetical protein

*Genes of which decreasing level was not lower than 0.6 were not
shown in this list. Bold, also decreased in sodB-deficient mutant.
a, increased in sodB-deficient mutant.

G WT katA mutant

i T I

-2
RT-PCR

Microarray

-6
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15 RT-PCR

2-DE Microarray

hp1588

Figure 5. Comparison of expression of genes in wild type H.
pylori and in katA mutant. (A) RT-PCR analysis of pfi- and hp1588.
(B, C) expression of two genes. Levels were measured by 2-DE,
microarray and RT-PCR.

iron-containing ferritin (Pfr, HP0653), Pyruvate: ferredoxin
oxidoreductase (PorA, HP1110), GTP-binding protein (Gtpl,
HP0569), Co-chaperone (GroES, HP0011), Adhesin-thiol per-
oxidase (TagD, HP0390) 5 5707} &21= it @& 4
7} &21% UreG, Adk, GroES, TagD 5 470i= H. pylorioll
A sodB A A7F AEHJS W) Telo] Hadhs o

Holt} (13).
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Table 6. Clusters of orthologous groups of genes (COGs) of 32 genes 2-fold changes in expression levels of kat4 mutants compared with

wild type H. pylori 26695.

Gene function classification Gene code

Cell envelope biogenesis, outer membrane proteins HP0102 HP0415

Cell motility and secretion HP0870

Inorganic ion transport and metabolism HP0686 HP0889

Intracellular trafficking, secretion, and vesicular transport HP0439

Defense mechanisms HP0600

DNA replication, recombination and repair HP0689 HP0810 HP0981 HP1534

Energy production and conversion HP1227

General function prediction only HP1238

Carbohydrate transport and metabolism HP1174

Function unknown HP0513 HP0712 HP1142 HP1426 HP1588

Not in COGs HP0004 HPO119 HP0373 HP0408 HP0503
HP0587 HP0603 HP0614 HP0702 HP0704
HP0767 HP0784 HP1390

H. pylori26695%2} kat 24 SHHO|F2| OO 20

2o &4

vpolmzojgo] £4 A}, opdol Blsto] ka 2
& EAolFo A WRlo] T ouf o] FUF fFdAb=
iron (IIT) dicitrate transport protein (fecA, hp0686), conserved
hypothetical protein (4p0810), deoxyuridine 5'-triphosphate
nucleotidohydrolase (dut, hp0865), flagellar hook (flaE, hp0870),
CDP-diglyceride hydrolase (cdh, hp0871), glucose/galactose
transporter (gluP, hpl174) 5 67131 3(Table 4) ©] % hpll74
= sodB7} AEH ol o] Frkehs w ot} (13).
Carbonic anhydrase (icf4, hp0004), aminodeoxychorismate
lyase (pabC, hp0587), multidrug resistance protein (spaB,
hp0600), iron (I11) dicitrate ABC transporter permease protein
(fecD, hp0889), exonuclease VII-like protein (xsed, hp0981),
cytochrome ¢553, aliphatic amidase (amiE, hp1238), 1S605
transposase (tnpB, hp1534)eF 1871 7Pdaad {74 5
28F-7 7] Hhglo] Al o]al® 7FA3HITHTable 5).
o] TAadh= FHAE T spaB, fecD, mpB, hp0102, hp0119,
hp0408, hp0415, hp0439, hp0503, hp0513, hp0603, hp0614,
hp0702, hp0712, hpli42, hpl1227, hpl390, hpl426, hpl588
S 1970= H pyloriol A sodB FAA7F Ad £l
S = W o] HAask o hpl238e RHE F7})

Table 7. Tentative annotation of 7 hypothetical proteins by the
clustering analysis.

HP No. Tentative annotation

HP0439 Ribosomal protein

HP0102 tRNA synthetase

HP0689 tRNA synthetase

HP0712 Purine-nucleoside phosphorylase
HP0810 Lipid A disaccharide synthetase
HP1142 Signal recognition particle protein
HP1588 Riboflavin synthase beta chain

ok (13). o] Fo A fd2p wdo] o] Zojgo]
9} 2DE ®AHoz A #lE FAAE F piot
hp1588S RT-PCR WHOZ RNA F5ol|Ae] vtd 7}
25 ZRIsk3ithFig. 5).

H. pylori 26695 oFAE tz=v3} v]us}o]
HolFrol| 4] 2] o] AKX 50% ©]she] wHE
= 7P AF 31702 NCBI databaseS ©]-8-3ko] §-2%}
o] V)R BHS A 147 gigde ouf gy =
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97) 1207 FH¥ K Table 6). hp0313, hp0712, hpll42,
hp1426, hp1588 & 57| DAL 7577}t A &%k
M 1370 COGE 7A@ 7Ie@lo] ofefy
A2

COG SE|=HP o= 7eg]le] ¥ a2 7Hdd
ALz 7PaiE S Ve R v S EES &
Az} 77 A 7]50] o SHUATKTable 7). HPO102<}
HP0689+ tRNA synthetase, HP0439+= ribosomal protein.S
2 o S UTh HPO712, HP0810, HP1142 “12] 31 HP1588
2 Z}Z} purine-nucleoside phosphorylase, lipid A disaccharide
synthetase, signal recognition particle protein, riboflavin synthase
beta chain®. = 7]50] oS At}

DISCUSSION

[e

O = 22 o

FhEAlE akae AEshe ARl 353 74
oA A BtEEAE AASI] Al ~EYAE
o= Ta% otk KatA A& EAROFE= 10%
2ol A E oRlE L] 60% oz Al ThFig. 3).
el oA FAKSE 7158 d= SodB2] 73, SodB7}
A% H pylori EAWOIF7F AUEARL H. pylori ¥ el
Al FHETE 10% AbAoll A AbebA] Sishal 5% kAol
A A5 (13). ol katA7F AEE H pylori7t IF5%
o] bAoA e 4= vk o] Hareke X
3P H pylori7} A2V AA Atasge] Axp 2222 ALt
s WA ] IitslAs H pylori®] 37l g gko]
A &S orlste Aot (23). oA KatA7} AlA
= ATt SodB7F Al ASHE TS AR =l H
H. pylorioll A e] o] A= ou|7t & & Qvh &
M= sodB AL FAWOlFE o|&g A<} H
7] Slste] ofAF I FARO|FE 5% AbAstel A

Al A3}, KatA A EAH| T4 Lol
S7RIAY A ade Z47F sylek 117)9lcE &
WolFo| A Wd F71HE Kol YihKe} RecA, WHd
225 HO|E UreG, Adk, GroES, TagD 5 sodB A<=
Ao T TVt e PSS Bl o
2 ksl g4 Aol o Sk 4k
~Eg 2o An7] fl8) el S7tEE duER

e oy 7

HyuAT D-, L- form o] =AF AJAke] Do gk g 4o

pol

™ cyclic amidase® - FETH (24). & A9 A}l A
HyuA:= 27]9] whild 23bel A SRIE =t o= o)
Ao A o)Al Z7)7F M & =2 (posttranslational
modification) 0.2 A7) tHE oje] ghulAe] oo ¥
FH oz AH (25).

Dut+= deoxyuridine triphosphate (dUTP)E deoxyuridine
monophosphate (dUMP)$} 3] 2212 K(pyrophosphate) 2 3]
v A4, AIXE U] dUPT 5571 5718 DNAS] &
< o7I3t} (26). Dute] W 7= o] £ DNA
of ol =S T AES AEel| T8k o] 3A

DAY= Entamoeba histolytical X Zksl400 2]5|
e vta ®RuEA 27). KatA7y 2<% H pylori
oA DutZ} #HAHE AL KatA AECE AAE A
gk Ipkstaol sl oF7]¥= DNAS &2 97| 9
gk Aol AERRE o' S ET) (28). DNA A9 3}
4L AbsHA E4FE WS DNAY Htol] 8-} (29).
B QPR KatA AEo R Bdo] S71E RecA”)
Akt ~Ed 2o ©]g DNA F3llE 578 so= At
1=

AmiE= H. pyloridll EAS= urease”t 7108k A2}
FrARSHH, IefAT TEAFF A olatstetae] 7he =3}
282 9l EEAR FulAS ahe okl daolth
o] F &4 AmiE%} IefAT 313} 7]5S 7HAIAIRE KatA
7} AgEd o] 7hadks Ao R BuEATt (30, 31).
°]%= KatA7} SodBY AhpC 5 8 kst @40 st
st 7|d e e 548 1Y Flolghe A58 7
Fise s

WA, katd AE EAWo]FA o] Fhagh
pylori®] T8 A A% ARl P2 A A=
88 Ak 2Ed 2= olelA] gt (32). & <
oA KatA A BT PiY} UreGY At
SRAksl G491 KatAo] Ao R A AEd vt S71E
W H. pylori7} coccoid body FEJE W3lAA s|=54 2f
tzbo] Wol AL gl aio] AYibo]l AA A
St o]z e] Hare} AX|ght) (33). Atk ~EHAE
T H pylori MXE W H o] s%7t AA 355
(G4 7 ol FAo] A s|esd o2& At
Sh=t Pfr mutant= A2 U] d 555 WA Ak 2E
d2E Fole 285 ok slew AT (35).

ole} e FAAEL AtandAE FAAES] A&

of lal o1 )% oAl FAG ATl fAA

ol 1o ox o

o

Of
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