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In order to investigate the antioxidant effect of alkylhydroxide peroxidase (afpC)
of Helicobacter pylori (H. pylor) 26695, an ahpC-deficient mutant (4. pylor
26695 ahpCi:cal) was generated. ahpC-deficient mutant was grown slowly at
lower pressure of oxygen (5% oxygen) compared to the 4. pylori 26695. Whole
cell proteins isolated form H. pylori 26695 and H. pylori 26695 ahpC::cat were
analyzed by MALDI-TOF and tandem-MS. The expression of 15 proteins, including
Ppa, HypB, GrpE, Elp, RecA, GroES, Mda66, RibE, NapA, GInA, BioB, TrxB, Tsf,
FumC and lcd, was more than doubled in H. pylori 26695 ahpC::cat. Production
of 10 proteins such as UreG, FabE, Adk, Pnp, OorC, AtpA, AtpD, Nqg3, Pfr, and
TagD decreased below 50% in H. pylori 26695 ahpC.:cat compared to the H.
pylori 26695, In microarray analysis, 9 genes including su/l, amiE, frxA, fecA,
hyuA, and katA increased in transcription level in H. opylori 26695 ahpC:cat
compared to H. pylori26695. A total of 24 genes, including #/aB, protein kinase C
inhibitor, cag76, pabC, and sabA, reduced in transcription. 27 genes, including
HP0889, showed common expression changes in ahpC, katA, and soaB-deficient
mutations. As a result of this study, there were not many genes whose expression
was commonly changed by the deletion of each of the three major antioxidant
enzymes of H. pylori. These results showed the functions and regulation of the
three antioxidant enzymes were different in 4. pylori.
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B0l ABE H. pylori 26695, T 12| Z2tA0|E& d2|R8tE mo|22| 22|dF23(H. pylor, Korean Type Culture
Collection, ZAATHSIW)0|A S0t ALSIACE H. pylor 266958F ahpC A& SHHOIRE 37T E24R0M 52 & A
20| 10% Z7tel 22Mat HAEIZ| 3 mIof| ¥ZSt 5% Oy, 10% CO2, 85% N;, 100% ATHEE7H RA|El= 37T BIYY|
(Sanyo, Osaka, Japan)OilM 3 Y 7t BISQHAHIAHOZ ACHHIQF otRCt (15). THHHRDL RNAE Che7| H3710f sidst= 24
A2k BHQFSE FA|0IIN ZESHUCH (16).

AhpC FHA B& H. pylori 26695 SAHHO|FL| A=

S22 E 2Iet F2HA0|E pBluescriptE Apnl2t Sal & 7tR 242 HEstY ZH|SIRUCH ahpC FHALL] 4221 o

2 22'9ot7| 2ot & 42| PCR Z2t0|HE CR[QISHRACHTable 1). Z2t0|M ahpCUF2t ahpCURE O|&38t0] ahpC A<
2IZ PCR ZE35ICE PCR A2 Apnldt Sal & 712 242 HUSI0] 242 S4AF 22tM &H|5H E2tAD|E0| 2245
PBAHP10|2} HH ﬁf% f. Z2t0|H ahpCDFR} ahpCDRE 0|85t ahpC SIIERIE PCR SESt & FcoR It BamH S 7HA|
24= Htsin MEZS| 42 A4St pBAHP10| 22'J510{ pBAHP22t1! FHSIUC |FHA ZES 2USt0] AIES 2
Al OtHE Campy/obacz‘er colR| S2tAD|EQl C-5892| 22 |L|E OM|EM0|EA KRR Hchloramphenlcol acetyltransferase,
cat)7t MYE E2A0[E pBluescript-CM250(AM ZESIRUCE (17). S2A0E pBAHP22| ahpC RAAL| JI240] U=
EFcoR Aj2|2 HTtstn HTHEl 22/0f| pBluescript-CM250A FcoRZR HTHSI0 &5t cat RUAE .:..:lﬁf@ BAHPcat2
A2k otiCt PHS0{7l S2tAD|IE pBAHcatE H. pylori 266950 FAMSSIN ahpC A& SHHOIZE USUCHH. pyior
26695 ahpC..cad (Fig. 1).
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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 8
H. pylori 26695 ahpC..cat ahpC-deficient mutant this study
Plasmids
pBluescript Il ColElori; bla 26
pPBAHP1 pBluescipt Il containing 5°-fragment of ahpC this study
PBAHP2 pBluescipt Il, containing both 5’ fragment and 3’ fragment of ahpC this study
pBAHPcat pBluescipt Il, chloramphenicol acetyltransferas(caf) was inserted in this study
the middle of ahpC
pBluescript-CM25 ColElori; bla; cat 17,26
oligomers (product size)
ahpCUF; aaggtaccacaagaagcgcgcctaaag
hoC5 f t (479 b 8
anpe ragment ( P) ahpCUR; ttgtcgacgcaatgatttctgtagggc
ahpCDF; gcgaattctgaagaagcgatcgctttga
ahpC 3 fragment (557 b 8
o 9 ( P) ahpCDR; ttggatccaagatttgcgcatgcggaac
. F; taaggtggtatgggagtcct
d(323b 8
fed( P) R, ccccttegg tgtatttcatg
F; gattatcgctaccggtggta
trxB (305 b 8
B ( P) R; tcgcccttgatttcticcac
F, gaaaccttgactgaccatgc
maa66 (323 b 8
( P) R; aatgggagcgttccaagtca
F; agttgctaaacgaacaagtg
fr(357 b 8
pir( p) R; gttcagacacataccattgc
Kpnl Sall EcoRl BamH|  H. pylori26696 genome
{ [ 2hoC 2
bla Pcnl lPCR
ColEl,; Kpnl Sall EcoRl BamHI
- -
pBHP489CM16
Ecoy
Kpnl  Sall EcoRl BamHI EcoRl BamHI ahpC::at
EcoRl [ cat ]
blafl pBAHP1 — blafll pBAHP2 4, blajl pBAHPcat
BamHi EcoRI
ColEl,, ColEl,, ColEl,,
ahpC /
H. pylori 26696 (ahpC*)
X X
[cat]
val] shecicat | ponve
ColEly;
ahpC:cat
H. pylori26696 (ahpC catt) ————mmlcaimp——
Fig. 1. Strategy for construction of knock-out mutants (4. pylori 26695 ahpC::cal)
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Fig. 2. 2D Separation of whole cell proteins of the wild-type (4. pylori26695) (A), H. pylori26695 ahpC::cat (B). 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 18x20x0.15. A) Wild type. B) H. pylori 26695 ahpC::cat. The protein spots corresponding to AhpC
are marked with rectangle. kDa shows the molecular mass (indicated on left).
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H. pylori 26695 9 ahpC 2 SAH0|ZO| HHTM

H. pylori 266959} ahpC A& SHHO|ZE 5% 0,2} 10% CO, RHOA 40A|ZH SO BrEOhzHiYH O 2
o BBE=E ZHSIYUCL H pylor 26695 5% 0,2 10% 0, R ZFO0|M RAISHA 4
10% Oy 2N MHASHR| 23UCL H pylor 266952t ahpC A SHHO|FO| HAFM2
C}. H. pylori 26695& 32A17H SQF ODeooOl 2.57HA] HEst¥ 1 1 0|F= HEE Aol gl e

UtA| ODeooOl 2.0712| J&stACLt O|F0ll= 1.27HA| LAacte &S ERCHFig. 3). Z=2HE 248 fIst At
RT-PCR1} OIO|A20{2{|0| A1 28t RNAE Cis d&710f sigkl= 2
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Fig. 3. Growth curve of H. pylori 26695 and H. pylori 26695 ahpC::cat at thin layer culture condition.
H. pylori 266959 ahpC A% SRHOIFZH 23l 20|15 Bl

24|12t BHYSE H. pylorPllM E22|8 TR 200 we THEAES 22[ot0] 22 33]9| 0|3 MI|FE522 EMotUCHFig. 2).
0 A2t H. pylori 2669501 Bl ahpC A& SAHHO|TOA L5i0| T HY O|4 37t otAHLE AT TR spotE HAISHRACH
HAIBH T2 spot@ MALDI-TOF MSQF tandem ms spectrometerS O|83101 &5t 2t anpC A& SAUBOIFOIM
Inorganic pyrophosphatase (Ppa), Hydrogenase expression/formation protein (HypB), Co-chaperone and heat shock protein
(GrpE), Elongation factor P (Elp), Recombinase A (RecA), Co-chaperonin (GroES), Modulator of drug activity (Mda66),
Riboflavin synthase beta chain (RibE), Neutrophil activating protein (NapA), Glutamine synthetase (GInA), Biotin synthetase
(BioB), Thioredoxin reductase (TrxB), Translation elongation factor EF-Ts (Tsf), Fumarase (FumC) 12|11 Isocitrate
dehydrogenase (Icd) S 15719] izl 4510 & B 0|4 S7t5HAULCE Urease accessory protein (UreG), Biotin carboxyl carrier
protein (FabE), Adenylate kinase (Adk), Polynucleotide phosphorylase (Pnp), Ferredoxin oxidoreductase, gamma subunit
(OorQ), ATP synthase F1, subunit alpha (AtpA), ATP synthase F1, subunit beta (AtpD), NADH-ubiguinone oxidoreductase,
NQO3 subunit (Ngg3), Nonheme iron-containing ferritin (Pfr), Adhesin-thiol peroxidase (TagD) S 107H2| THEHRI0| H. pylori
266950] H|3HAM 50% O|st=2 ZASIUCt & 35712 THEHA spot=0| sl 20| B0, Ol= 25749 T TS
Ct(Table 2, 3).
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Table 2. List of up- or down-regulated proteins in aApC-deficient isogenic mutant compared to H. pylori 26695 by using

tandem ms.
SSP no protein name Accessionno  mw p/ amino acid seq Score HP no
Increased
Inorganic _ K_YELDKESGALMVDR.V 70
0001 0i115645244 19260 4.8 0620
pyrophosphatase (Ppa) R.LVGVLNMEDESGMDEK.L 74
K ADMVEVFNFR.V 37
2201 Hydrogenase expression/  ..jceacsis 27179 52 KTTMLENLADFK.D 17 0900
formation protein (HypB)
K EGLYVLNFMSSPGSGK.T 68
) KIVQVLQQGYK.Y 45
3104 CohChipem”?a”d heat 15644740 22,026 5.1 0110
shock protein (GrpE) K_IALDLLPVIDALLGAHK.S 43
_ . K IELGGVPYR| 33
4101  Elongation factor P (Elp)  gi:15644806 20,657 5.3 0177
K_AISVDVPQVVALK | 53
K_ALADEITLK | 30
4302  Recombinase A (RecA)  gi15644782 37,555 5.5 R.SGGIDLVVVDSVAALTPK.A 59 0153
K AEIDGDMGDQHVGLQAR.L 75
5010  Co-chaperonin (GroES)  gi:15644644 12,860 6.5 K.TSSGIIPDNAK.E 46 0011
Modulator of drug ..
9101 activity (MdaG6) gi115645254 21474 7.1 K.NPQVEQYLNSLTTHLR.Q 24 0630
Decreased
R.AKEGLDDVIAWIK R 33
0102 Urease accessory 0i115644698 21,824 47 0068
protein (UreG) K_IDLAPYVGADLK.V 55
e A K.VVSVEVGDAQPVEYGTK L 75
1003 B'Ot'”cafboxy'bca”'er 0i115644999 17,122 52 0371
protein (FabE) K_EDFVLSPMVGTFYHAPSPGAEPYVK.V 19
, _ K.GILIDGYPR.S 39
1101 Adenylate kinase (Adk) gi:15645243 21,230 5.0 0618
R.\VFLDPLGEIQNFYK.N 53
e A K. VVSVEVGDAQPVEYGTK.L 64
1102 ~ Biotin carboxyl carrier - 0011099 17122 52 0371
protein (FabE) K_EDFVLSPMVGTFYHAPSPGAEPYVK 44
A ‘ K.GILIDGYPR.S 49
1103 Adenylate kinase (Adk)  gi15645243 21,230 5.0 0618
R.VFLDFLGEIQNFYK.N 66
R.AQDFEILTSR.L 32
4905 Polynucleotide 0i2314375 76,846 5.3 K.NQYFDEIK.G 45 1213
phosphorylase (Pnp)
K_ESLNMIEMR S 41
R.AQDFEILTSR.L 29
4906 Polynucleotide gi:2314375 76,846 5.3 K.NQYFDEIK.G 31 1213
phosphorylase (Pnp)
K_ESLNMIEMR S 45
K_VDILLDRDEIIFPYAK E 32
L K.QGGIVVIDPNLVTPTK E 45
5102 Fe”edox'”O’g'do.red““ase' 0i2313709 20,244 53 0591
gamma subunit (OorC) R.FTGVGGQGVLLAGEILAEAK | 77
R.SSSQLLYSEIVAGR.V 67
196 Copyright © 2019 Journal of Bacteriology and Virology
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Table 3. List of up- or down-regulated proteins in aApC-deficient isogenic mutant compared to H. pylori 26695 by using
MALDI-TOF.

SSP no protein name Accession no mw p/ HP no

Increased
1002  Riboflavin synthase beta chain (RibE) 0i:15644636 16,912 4.98 0002
3002  Neutrophil activating protein (NapA) 0i:15644871 16,802 5.83 0243
5501 Glutamine synthetase (GInA) 0i:15645139 54,383 6.04 0512
6207  Biotin synthetase (BioB) gi:15646016 31,344 5.88 1406
7009  Co-chaperone (GroES) gi:15644644 12,860 6.59 0011
7203  Thioredoxin reductase (TrxB) gi:15645444 33,407 6.25 0825
7205  Translation elongation factor EF-Ts (Tsf) 0i:15646162 39,564 6.53 1555
9509  Fumarase (FumQ) 0i:15645938 50,844 7.29 1325
9510 Isocitrate dehydrogenase (Icd) gi:15644660 47,400 7.95 0027

Decreased
1503  ATP synthase F1, subunit alpha (AtpA) 0i:15645748 55,012 5.05 1134
1504  ATP synthase F1, subunit beta (AtpD) 0i:15645746 51,347 5.08 1132
2401 ATP synthase F1, subunit beta (AtpD) 0i:15645746 51,347 5.08 1132
2501 ATP synthase F1, subunit alpha (AtpA) 0i:15645748 55,012 5.05 1134
3901 NADH-ubiquinone oxidoreductase, NQO3 subunit (Ngg3) 0i:15645880 94,099 5.12 1266
4002  Nonheme iron-containing ferritin (Pfr) gi:15645277 19,155 5.49 0653
8108  Adhesin-thiol peroxidase (TagD) gi:15645018 18,161 8.18 0390

ahpC 2& S¢HOIFO|M RNA +=F2| YBets 20l R4}

oro|3.20{2j|0| BMZ H. pylori 2669501 Bla ahpC BE SHHO|FOM MALEO|M &30 F HY Ol S7i8t RAAtes
sulfate permease (su/7), aliphatic amidase (am/£), NAD(P)H-flavin oxidoreductase (#xA4), iron(lll) dicitrate transport protein
(fecA), acetone carboxylase subunit beta (AyuA), catalase (katd)E ZESHst £ 9749 SURIACHTable 4).

Flagellin B (fiaB), protein kinase C inhibitor, cag pathogenicity island protein (cag76), aminodeoxychorismate lyase (pab(),
multidrug ABC transporter ATP-binding protein, outer membrane protein (sabA)E ZE&St & 24709 KUR= H. pylori
2669501 H|all ahpC Z2& SHHO|IFOIA HARES| Y30| 50% O|stE ZAstRACt 0F0|32042{|0] 2ot Waiol 40| =
QlEl RUAE S 0|x1e M7|BSOoM LHHA0| 22 FUAL 470(icd, trxB, mda66, pfE MBS0 RT-PCRE RNA £~F0i|A
=13

2I0|1S HQUSIRACHFig. 4). 9l 471 RUAL| HALt S50 SH2 €2 ZAUE ERSL Hed &oio] S7H21 RNA &9

=

=2 = E
S22 tL 240|§ EACL Ol RT-PCRI} OIO|320{24|0[9| U= F50| YQIC2 TEEIC}

AhpC B& SHHO|F, KatA 2& SHRO|F, SodB A& =HRHO|FOM SE2=2 &
Of &efgl 7|50 el RHA}

H. pyroli 266950 M &HiteH 24 RUARRI katdut sodbE BEAZ! katdA 2
2 ghpC & SCUHOIRL 822 M o ZR0M 522 HAeE =
7|50 L4zl {MAH= iron(lll) dicitrate transport protein (HP0686), hydantoin utilization protein A
NAD(P)H-flavin oxidoreductase (HP0642) 12|11 aliphatic amidase (HP0294)E ZE&lst= & 87HUCt YHH multidrug

& SUHO|FRt so0B B SAUHO0| 2 UY
T£E= 9
—
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resistance protein (HP0600), protein kinase C inhibitor (HP0404), iron(lll)dicitrate ABC transporter permease protein
(HPO889)E Z&teh & 19712 FUA= Ml BE SHHO|RES0|N SS5H2=2 EH0| Lot CHTable 5).

Table 4. List of genes of which expression are increased over two-fold in ahpCisogenic mutant when compared with wild
type H. pylori 26695

HP No. Fold Gene name
Increased
HP0009 2.440 membrane protein
HP0228 2.029 sulfate permease (su/7)
HP0294 3.399 aliphatic amidase (amiE)
HP0642 2.192 NAD (P)H-flavin oxidoreductase (#7xA4)
HP0686 2.000 iron(lll) dicitrate transport protein (fecA)
HP0695 2.054 acetone carboxylase subunit beta (AyuA)
HP0873 2.129 membrane protein
HP0874 3.975 hypothetical protein
HPO875 3.639 catalase (katA)
Decreased
HP0018 0.478 hypothetical protein
HP0O115 0.435 flagellin B (#/aB)
HP0373 0.496 conserved hypothetical protein
HP0404 0.47 protein kinase C inhibitor
HP0408 0.315 hypothetical protein
HP0430 0.449 hypothetical protein
HPO503 0.146 hypothetical protein
HP0O536 0.473 cag pathogenicity island protein (cag76)
HP0O564 0.464 transcriptional regualator
HP0O587 0.221 aminodeoxychorismate lyase (pab()
HP0600 0.324 multidrug ABC transporter ATP-binding protein
HP0603 0.422 hypothetical protein
HP0611 0.488 hypothetical protein
HP0613 0.496 ABC transporter ATP-binding protein
HP0698 0.392 hypothetical protein
HP0702 0.253 hypothetical protein
HP0704 0.450 hypothetical protein
HP0O712 0.153 hypothetical protein
HP0725 0.498 outer membrane protein (sab4) 1110
HP1167 0.444 membrane protein
HP1390 0.265 hypothetical protein
HP1426 0.300 conserved hypothetical protein
HP1453 0.486 conserved hypothetical protein
HP1564 0.157 outer membrane protein
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Table 5. List of genes with increased or decreased expression common to ahpC, sodB, katA isogenic mutants when compared
with H. pylori 26695

HP No. Gene name
Increased

HP0686 iron(lll) dicitrate transport protein

HP0695 hydantoin utilization protein A

HP0642 NAD(P)H-flavin oxidoreductase

HP0294 aliphatic amidase

HP0696 N-methylhydantoinase

HP1174 glucose/galactose transporter

HP0865 deoxyuridine 5'-triphosphate nucleotidohydrolase

HP0871 CDP-diglyceride hydrolase
Decreased

HP0600 multidrug resistance protein

HP0404 protein kinase C inhibitor

HP0889 iron(lll) dicitrate ABC transporter permease protein

HP0004 carbonic anhydrase

HP0297 ribosomal protein L27

HP1530 purine nucleoside phosphorylase

HP1227 cytochrome ¢553

HP0531 cag pathogenicity island protein

HP0532 cag pathogenicity island protein

HP0536 cag pathogenicity island protein

HP0O537 cag pathogenicity island protein

HP0989 /S605 transposase

HP1534 /S605 transposase

HP1557 flagellar basal-body protein

HP0O587 aminodeoxychorismate lyase

HP1458 thioredoxin

HP0981 exonuclease VlI-like protein

HP1534 /S605 transposase

HP1238 aliphatic amidase

SR8t 2 AMASEOolA
£ SodB, KatA,
STt AL=EICH

o
1o
d S2 0|0 EAste

SodB B SUHO|F katd BE A & o =4
0 O] A70iM= £ THE F2 gitst 22400 AhpCo| 7[5 AT5H| 2I5t0] anpC & SUHOIE WS H. pylor 26695
of MAZHO| BEsts RUASS BlWSA

= Y2 B sodB E& SUHO|IFT2| FRO|MLt 20] 10% 0, =0
M anpC B SEHOIFE 5% 0, S=0IM &HQUSHAULt. oS 20| ahoC 2
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