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Comparison of Gene Expression Patterns between Helicobacter pylor
26695 and its Superoxide Dismutase Isogenic Mutant
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Helicobacter pylori, a causative agent of gastroduodenal diseases, is a Gram-negative microaerophilic bacterium.
Although H. pylori locates in the microaerophilic mucous layer, the bacteria would come into contact harmful reactive
oxygen species generated by host immune system. It has been reported that H. pylori harbors various defense mechanisms
which can protect bacterial cells from oxygen exposure. The change of the gene expression profile of sodB-negative
isogenic mutant of H. pylori 26695 was analyzed by high resolution 2-DE followed by matrix assisted laser desorption/
ionization time-of-flight mass spectrometry (MALDI-TOF-MS) and tandem MS and microarray analysis. Eighteen genes
and 41 genes were upregulated and downregulated respectively, either transcriptionally or translationally. Expression
levels of three genes including #xB, yxjE and ribE that were changed both on a mRNA level and on a protein level were
confirmed by RT-PCR analysis. However, change of expression levels of other major antioxidants such as KatA, AhpC
and NapA were not detected, which means Sod is regulated by different way from that of KatA and AhpC. Mutant
study of other antioxidant proteins may give us better understanding for the regulation of stress response in H. pylori.
Key Words: Helicobacter pylori, Antioxidant, sodB
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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 4
H. pylori 26695 sodB sodB-defective mutant this study
Plasmids
pBluescript I ColEI ori; bla 16
pBsod pBluescipt II, sodB this study
pBsodC pBluescipt 11, sodB::cat this study
Kanamycine marker in pPBHP489K was replaced by
pBHP489CM16 chloramphenicol acetyltransferas (cat) 17
Oligomers (product size)
F; atgtttacattacgagagttgcct
sodB (630 bp) 4
R; atgcaccaactcattgatgtagt
F; gattatcgctaccggtggta
trxB (305 bp) 4
R; tegeccttgatttettccac
F; caacgcaggaaaggaaacca
wxjE (314 bp) 4
R; atcaattgatgcaccacgce
F; catcgcgcttcaatcatate
ribE (306 bp) 4

R; atattgtccgtggtcageac

79 WHESREE DNA F& AT mlo]a R ojd o]
(microarray) ‘5] 7]®Ho] ol o]-&=iL Qlt} (6).

Z - ATl 2l H pylori 720l thsle] A
o] ol 1 Apolel

!

#+% heat shock proteinES ¥+

1l
T«

A
st ~Eg o] g v A Han ek (7~11).

H. pylori7} $1919] Mo gdslo] ARuw, &7
qukgal PENSS fFuste] P glolv] % B

234 F8}E-H (reactive oxygen species, ROS)S THET} ROSE

AEE BA Bk ohek Fue] 9 HARAEE £
AT ©]2 ROSSl A3] A H pyloris o 2

|02 oy kst aAE AT (12). H pyloriv= P
AR AP OE AlRte] Aol AkArt 2 e kAR 4k
Zolgo] wg Ak gk BE 7ol Eebdsitt
(13). o] Ak B v AAEAA] Al superoxide
dismutase (SodB), catalase (KatA), ~12] 3L peroxidases 34}
o] kA EA sfoll A Aol dg Qa0 H pyloris
Ol AAES 7K At} (@, 5). & A= H pylori
2609591 FAF TFE AR Ak oAb A Fd A

AE =AW T (s0dp)ete] MBS ZRHE H4
npojAzojglo] £4& 8l e TAdsE &

¥ K gk},

W=

OD:
I

p=

M2t HY =24

H. pylori 26695 5 ¥e]58te gho] Zejitg] =
2-3Y(H. pylori Korean Type Culture Collection, HDKTCC, 73
Agestael A Aok AHSSIALh H. pylorits 74
g} -Fajx|o A ksl A L Hhul W (thin-layer liquid
culture) 0.2 B SR} (14, 15). H. pylori 26695 sodB 2
& Eddo)FE & dHo] 10% H7hE Bt oA
2] 3 mioll HFSIAL 5% 0,, 10% CO,, 85% Ny, 100% 5
7} A== 37°C ¥leF7](Sanyo, Osaka, Japan)ollA] 3
FoapSei Ay o Al shloh did 771 €]
AL FF5te] RNAS FE63ith Aol ARE-gE o
¢} DNAE Table 1o EAIEHSIC

AN A
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Figure 1. Strategy for construction of plasmid for knock-out mutant
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Figure 2. Localization of SodB spot on the 2-DE gel
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W2 mlo|aRojglo] FHoz2 RISIITHH. pylori
Microarray AR-HPGS-1, Eurogentek, Belgium). 2ao] &
23§ A A= random primerE ©]-8-3F RT-PCR 4] S
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random primer®} dNTP €82S #HF5=7F 7212 10 pM
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AY FRFE FAFE Y 13wt HEE Ho ek
65 CANA 5E7F HHSAIZ] 3 4T 587 2333tk 5X
first-strand $+5-8 4 19} 0.1 M DTT (dithiothreitol) 2 pl
& ¥ 25T A 283t ¥H-&-A17]aL SuperScript 1T reverse
transcriptase (Invitrogen, Carlsbad, CA, USA) 200 unitE 37}
ato] ThA] 25°ColA] 1042, 42Tl 503, 70°CollA 15%%F
REE-A17]3L, RNaseH 2 wnitE o] 37CollA 2327k Wh&
AT 95017 first-strand cDNA 5 pl& Tag DNA poly-
merase (Invitrogen)} primer (Table 1)E AH&-3l] F-AAE
SZ3I3ItE PCR AF=2 1% oP7F= 2~ AlollA 7|9 538
SAth DNA ¥e] 542 op7k2 2 A3 ethidium bromide
2 A3 & Fluor-S ©|1|A] 22717](Bio-rad, Hercules, CA,
USA)Z o1 A|8}3}3L Quantity One = 13(Bio-rad)<

Abg3te] ¥4,
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Figure 3. Growth of H. pylori 26695 and its isogenic mutant at
thin layer culture condition
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Figure 4. Comparative proteome analysis of wild type and sodB isogenic mutant of H. pylori 26695. (A) wild type (B) sodB mutant.

Numbers on the gel are spot numbers.
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543K Table 2, 3). sodB AL EAWO] ﬂfoﬂﬁ
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Translation elongation factor EF-Ts (Tsf) & 37]2] whaz o]
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Adenylate kinase (Adk), ATP synthase subunit B (AtpF) &
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beta chain (RibE), Adenylate kinase (Adk), ATP synthase F1,
subunit beta (AtpD), NADH-ubiquinone oxidoreductase, NQO3

[T
_l_>.: ol

subunit (Ngqg3), Co-chaperone (GroES), Adhesin-thiol peroxi-
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FO|

Ato|2Z0{20|E Ol Z¢et REAL L H} =0l

ob

H. pylori 266959} sodB 7<= o] 3ol A §7}e]
WSS vio|ARoleol2 EHSIT sodB HE
EdWo]l oA mRNA o] F wf o]} STk
A= conserved hypothetical protein (hp1182), N-methyl
97H [e5]
hypothetical protein

i

¢

hydantoinase (hp0696), aliphatic amidase (amiE) &
ov] Auk oS Zad FHAE
(hp1397), iron(Ill) dicitrate ABC transporter permease protein
(fecD), cytochrome ¢553 (hp1227) 5 3370 CHTable 4).
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Table 2. Lists of up or down-regulated proteins of H. pylori 26695 sodB defective mutant identified by MALDI-TOF

M-J Cho, et al.

SSP no Protein Accessionno  Molwt  p/ Amino acid sequence Score  HPno
Increased
: KYELDKESGALMVDR.V 70
0001 h};"rgamc pyrophosphatase ;1564544 19260 48 0620
(Ppa) R.LVGVLNMEDESGMDEK.L 74
R.GTLFINPQTK.V 19
GTP-binding protein, .
2701 Rca-homolog (YihK) gi:15645108 66,634 50 K.INIDTPGHADFGGEVER 42 0480
K.QLDFPVVYAAAR.D 55
‘ . KJIELGGVPYR.I 33
4101  Elongation factor P (Ef-P) gi:15644806 20,657 5.3 0177
K.AISVDVPQVVALK.I 53
K.ALADEITLK.I 30
4302  Recombinase A (RecA) gi:15644782 37,555 5.5 R.SGGIDLVVVDSVAALTPK.A 59 0153
K.AEIDGDMGDQHVGLQAR.L 75
K.VDILLDRDEIIFPYAK.E 32
sj0p  Ferredoxin oxidoreductase, - i5313709 20244 53 K.QGGIVVIDPNLVTPTK.E 45 0591
gamma subunit (OorC)
RFTGVGGQGVLLAGEILAEAK.I 77
L K.QGLPGLDLIFPEYSTHGIMYDR. 44
9101 M"(‘li“égtor ofdrugactivity 15645054 21474 7.1 Q Q 0630
(Mda66) K.NPQVEQYLNSLTTHLR.Q 24
Decreased
K. TALIEALTR.H 45
~ R.EDASMNLEAVEEMHGR.F 52
0101 Ureaée accessory protein - oi15644698 21,824 4.7 0068
(UreG) K.IDLAPYVGADLK.V 50
K.DYDMAVITNDIYTK.E 47
~ R.AKEGLDDVIAWIK.R 33
0102 Ureaée accessory protein - oi15644698 21,824 4.7 0068
(UreG) K.IDLAPYVGADLK.V 55
. . K.GIILIDGYPR.S 49
1103 Adenylate kinase (Adk) gi:15645243 21,230 5.0 0618
R.VFLDFLGEIQNFYK.N 60
1401 Efti;)ymhase subunit B 0i:15645746 51,446 50 RAIAMDMTEGLVRN 30 132

RT-PCRE ER153IT} o2k #7195
o] A3}, sodB A= =AWl A

2} txB 7 A7F RT-PCRO A =
Eelvio] el We] Zadt

= 1

==

M %= F2skelthFig. 5).

=7k

SR SEELSE

Helo] SR ik

3L, sodB A
AR} ribE= RT-PCROI

CH(Table 4). 7P3F-22F AHES S2]2~H
oot g #¥E Vs 5 e Vs s T
fERE 2gel 29 o] BRI,
3] DNA HA|(DNA replication), A3

a2 tAKcofactor metabolism), ~L2] 3L

<A (cell division),

Ao Ak(lipid
metabolism)2} #HE 7Pl Eo] 53] Sod A% &

Ao]Fo| A F7tel= Ao 2 YERYE UK Table 5)
7Pt d HP11829] clustering
oxidoreductase (HP1266, HP1267, HP1268), ~12] 1L

A3} NADH-ubiquinone

iron-



Helicobacter pylori 26695 and its Superoxide Dismutase |sogenic Mutant 285

Table 3. Lists of up or down-regulated proteins of H. pylori 26695 sodB-defective mutant identified by tandem MS

SSP no Protein Accession no Mol wt p! HP no
Increased
3910 3-oxoadipate coA-transferase subunit B (YxjE) gi: 15645880 94,099 5.1 HP1266
7203 Thioredoxin reductase (TrxB) gi: 15645444 33,407 6.2 HPO0825
7205 Translation elongation factor EF-Ts (Tsf) gi:15646162 39,564 6.5 HP1555
Decreased
0011 508 ribosomal protein L7/L12 gi: 15645813 13,182 49 HP1199
1002 Riboflavin synthase beta chain (RibE) gi:15644636 16,912 49 HP0002
1101 Adenylate kinase (Adk) gi:15645243 21,230 5.0 HP0618
1504 ATP synthase F1, subunit beta (AtpD) gi: 15645746 51,347 5.0 HP1132
2103 NADH-ubiquinone oxidoreductase, NQO3 subunit (Nqq3) gi:15645315 22,132 53 HP0692
7009 Co-chaperone (GroES) gi:15644644 12,860 6.5 HPO0O11
8108 Adhesin-thiol peroxidase (TagD) gi:15645018 18,161 8.1 HP0390
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Table 4. List of genes of which expression is increased or decreased
over 2-fold in sodB isogenic mutant compared with H. pylori
26695

HPno Fold Gene

Increased
HP0294 3.773
HP0650 2.189

Aliphatic amidase (amiFE)
Hypothetical protein

HP0693 2425 Conserved hypothetical integral

membrane protein
HP0696 2.166  N-methylhydantoinase
HP0874 2.118 Hypothetical protein

HP1174 2.900
HP1182 2471
HP1291 2.286

Glucose/galactose transporter (g/uP)
Conserved hypothetical protein
Conserved hypothetical protein

2003 Conserved hypothetical integral

HP1407 membrane protein
Decreased

HP0004 0.379  Carbonic anhydrase (icf4)

HP0101 0.472  Hypothetical protein

HP0102 0.348
HPO119 0.435
HP0297 0.479
HP0408 0.370

Conserved hypothetical protein
Hypothetical protein
Ribosomal protein L27 (rpl27)
Hypothetical protein

Conserved hypothetical integral

HP0415 0.459 .
membrane protein

HP0439 0.378 Hypothetical protein
HP0503 0.127 Hypothetical protein
HPO0513 0.395 Hypothetical protein

HP0531 0.444
HP0537 0.480
HP0600 0.337

cag pathogenicity island protein (cagll)
cag pathogenicity island protein (cag!6)
Multidrug resistance protein (spaB)

HP0603 0.455 Hypothetical protein
HP0614 0.448 Hypothetical protein
HP0698 0.386 Hypothetical protein
HP0702 0.310 Hypothetical protein
HP0712 0.183 Hypothetical protein

HP0889 0.490 iron(III) dicitrate ABC transporter
’ permease protein (fecD)

HP0937 0.366
HP0989 0.449

HP1142 0.464

Hypothetical protein
15605 transposase (tnpB)
Hypothetical protein

M-J Cho, et al.

Table 4. Continued

HP no Fold Gene
HP1227 0.480  Cytochrome c553
HP1334 0.485  Hypothetical protein
HP1390 0.261 Hypothetical protein
HP1397 0.419  Hypothetical protein

HP1426 0.435
HP1469 0.477
HP1530 0.465
HP1534 0.432
HP1557 0.476
HP1588 0.435

Conserved hypothetical protein

Outer membrane protein (omp31)
Purine nucleoside phosphorylase (punB)
15605 transposase (tnpB)

Flagellar basal-body protein (f/iE)

Conserved hypothetical protein

Ao 6%E AATATE FHA7E AEe] Hol
Ao A Aol el Akl ko] itk o]
of & = o] Aol =R ARATAL A
st Zagh dd W w2 o|AE

7wzl TS Sl Al 2 s 74
o] e S FolA v dake sidr
mRNA 59| F34F B o] S vlo]A ol

o= g

[e]
=
r

(o

°ol% ¥ BAow FAA. txTy vuhS o)
sodB 7<= ESIMo] FFA signal intensity7} 20 o]

EN

A3 el A A= N-methylhydantoinase (hp0696),
glucose/galactose transporter (gluP) L2 3L aliphatic amidase
(amiE)Q]' 6719 7Hduwd SRS E‘c‘ﬂ—t‘ﬂ- 97Hod—7
Wk o|3l2 743k §- A A= carbonic anhydrase (icfA),
ribosomal protein (rpi27)9} 20702] 7P A o] F-HxE
EZ 33 397 S T Table 4).
7P e 7eE ob|ieat Mholuyt 1 {3 A

del e HAMew FF7F ZheebARt gzl
A Tl s 7)o
S EH Y-S ARSI TH(Table 5). 7Hde A
HP1182+ clustermg A3} NADH-ubiquinone oxidoreductase
(HP1266, HP1267, HP1268), “12]IL iron-sulful T2
(HPOI38) 5 Abs}-<lo] PEs s o] gl
Aoz BREon S5 ALEE GaH 28
o] = Ao® YERdth HPLIS2S| T S7hs
SodBe] Ao F7HE Aksl ~EY AT Fo)7] flste]
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Table 5. Clusters of orthologous groups of genes (COGs) of 24 genes 2-fold changes in expression levels of sodB mutants compared with

wild type H. pylori 26695.

Gene function classification Gene code

Cell envelope biogenesis, outer membrane proteins HP0102 HP0415

Intracellular trafficking, secretion, and vesicular transport HP0439

DNA replication, recombination and repair HP065071

Cell division and chromosome partitioning HP11821

Coenzyme metabolism HP12911

Lipid metabolism HP06931

Function unknown HPO0513 HP14071 HP1142 HP1334
HP1397 HP1426 HP1588

Not in COGs HP0101 HPO119
HP0408 HP0503 HP0937
HPO0537 HP0603
HP0698 HP0702 HP1390
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Fold increased
o
T

Microarray
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RT-PCR
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Figure 5. Comparison of expression of genes in wild type and sodB mutant. (A) RT-PCR analysis of #xB, yxjE, ribE (B) (C) (D)
expression of three genes. Expression levels were measured by either 2-DE analysis or microarray. RT-PCR was used to confirm the results.
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