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Mechanism of Metronidazole Resistance Regulated by the fidxA Gene in Helicobacter pylori. Won Hee
Nam Sun Mi Lee, Fun Sil Kim, Jin Ho Kim' and Jin Yong Jeong*. Asan Institute for Life Sciences and
"Department of Internal Medicine, Asan Medical Center, University of Ulsan College of Medicine, Seoul 138-736,
Korea — Resistance to metronidazole in Helicobacter pylori results from inactivation of rdxA and frxA,
the chromosomal genes for a nitroreductase that normally converts metronidazole from prodrug to bac-
tericidal agent. Two types of metronidazole susceptible strains had been found distinguishable by their
apparent levels of frxA expression. Most common in the populations we had studied were strains that
required only rdxA inactivation to become resistant to moderate levels of metronidazole (type I strains).
The second strain type required inactivation of both frxA and rdxA to become resistance to metronida-
zole (type II strains); this was linked to a relatively high level of frrA gene transcription in the type
Il strains. The fdxA gene regulated fdxA as well as rdxA gene. Thus, to study the function of fixA as
a regulatory gene we constructed a null mutant of fdxA in H. pylori genome and identified over-and
under-expressed proteins by fdxA using two-dimensional (2-D) electrophoresis and MALDI-TOP-MS.
There were four over-expressed proteins in fdxA mutant; nifU-like protein (HP0221), frrA (HP0642),
nonheme ferritin (HP0653), and hypothetical protein (HP0902). Three under-expressed proteins were al-
so identified in fdxA mutant, including 5-methylthioadenosine/S-adenosylhomocysteine nucleosidase
(HP008Y), (3R)-hydroxymyristoyl ACP dehydratase (HP1376), and thioredoxin (HP1458).
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Escherichia colit Luria-Bertani (LB) ]z =& 1.5%
agarg H7ke LAMAE AH§ste] 37TAM s
H. pylorie Brucellar agare]l 10% horse serum¥} amphoter-
icin B (8 mg/ml), vancomycin (6 mg/ml), trimethoprim (5
mg/m)e H7Hd HaMAE olgargon, W} 2L
10% COy 5% Oy 37TAM w3 Hrt

fdxA RERIQ HEEAHOIF 75

fixA AEEAMo|F 9 132 homologous recombina-
tion ¥y o) 2)alo] 831 ATHI). H. pylori 2669504 FZ
3 DNAE fdxA-F1 (5-CGC TTG TTC AAG GCT CIG
ATG-3)3} fdxA-R1 (5-CGC TAC AAA CTC CAG CCG
ATT-3)o.2 94T A 40%, 58T A 40%, 72CA A 287
30 cycle2 PCRE F3)ata] -2 828 bp] fixA 325 £
35 PCR 42§ pBluescript plasmid vectorel cloning 3}
%t} Vectorol cloning® fixA Az} W2 126 bpE Al A3}
3 7)) chloramphenicol WA (cat) FHAE 44387 4
8] A fdxA-F2 (5-GCC TCG TTG CGT GAG CGT AT-3)¢}
fdxA-R2 (5-CGC ACG CAA TGC ATT CAT CA-3) pri-
mersE ol §3to) PCRS o) A& WEH cat FAk2} Ii
gationdle] E. coli DH3acl transformationd}s, chlor-
amphenicol 43 447} 49 ¥ plasmidE ampicillin (50
mg/ml)3} chloramphenicol(10 mg/ml)7} E3HE w2 o A
AeHE colonyES A@3le] PCRE chloramphenicol W4
FHAY AY ARE Gl &< Fo € plas-
mide Hpylori 266952 electroporationd}&] chloramphenicol
(15 mg/ml)e] EgE Ao Tt AELEAHFE
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Northern blotting

v H. pylori T3 258 Trizol reagent (Invitrogen
Life Technologies, Milan, Italy)& A}-8-5t¢] total RNAE &
289t} Total RNA 20 mg& 022 M¢] formaldehyder} £
&5 1% agarose geloll Al A719% stHth W79 50 2
gel& formaldyhydeS AA3t7] A8 A4 & download
capillary BHH& ©]23}¢] Hybond-N" membrane® 2 trans-
fers} g t}. Transfer7} £+ membrane-2 cross-linker& A&
3te] RNAS A H A Z 05 freAst rdxA9] probes AHE-3}
o] hybridization &t} Z+zte] probew PCRE 53| WHE
o] frrA9} rdxA 22 PP labellingsle] Znlatgch.
Hybridization®] £% membrane& phosphorimager screen
cassetteo]] '=ZA]7] 1, Molecular Dynamics Storm 860 pho-
phorlmager system& ©]|-&3}o] A3} 340

2-D eletrophoresis and MALDI-TOF-MS
2017 WOk wild typest fixA AL EAWO|2S har
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t}h 4°C o)A 13000 rpm & 30 £7} centrifugeste] {2 4
Z0].2 Bradford method® o] &3t iz L A3yt
ztz} 50 mge| proteingd immobilized pH gradient (IPG)
strips pH 3-10 (18 cm, Amersham biosciences)g ©] 83}
isoelectric focusing2 433} t}. Protein sample 8 M
urea, 2% CHAPS, 20 mM DTT, 0.5% IPG buffer (pH 3-10)
o =] rehydration loading& s}t Total 28 kVhZE fo-
cusingg 3% F 6 M urea, 50 mM Tris-HCl (pH 88),
2% SDS, 30% glycerol, 0.002% bromophenol blue, 2% DTT
& equilibration 3}% ek SDS-PAGE® 12% polyacrylamide
gel& ALE-3101, 4T oA 5 mA/gelof A 1A]7F, 10 mA/
geld) A overnight® & running 3 ¥, silver staining 3}
th. & #FF Alold] TR AolE Role spotE S et 15
ml tubee]] %7]31, 30 mM potassium ferricyanide$} 100
mM sodjium thiosulfate® 1118 412 €9 100 mIE 93
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shaking3lE #A S wHE3le] peptidesE &8t} o]
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50% ACN/0.1% TFAR %9 g-cyano-4-hydroxycinnamic
acid® T4 ¥ matrix solution®} 112 40} plated] 22 4
2|4 AZAA Voyager MALDI-TOF (Applied Biosystems)
£ o] &3] B8} Peptide mass fingerprint= UCSF
Mass Spectrometry Facultyoll A 73 ® MS-FIT program$<
AHgstol A sk
Zdn o nE
rdxA 32 freA Azl FAWo|7} FAHo| HlEA g}
@ H. pylori= metronidazoled] A& 7} A |}9]. A
7hA 9] AFHI[10,11,18]¢] ©]3}H metronidazole 754
H. pylorie 5 7FA 8122 Yiro] & & Qi type [ &
A rdxA A 8 8A3L ©H metronidazoleo] A3+ &
ehi freAQl H|E4J3l= metronidazole A &4 1tk
7] & 94gg AR Zooh ey rdxA 9} frrA T geneo]
E A9 inactivation® ™ T %% 9] metronidazoled] WAl &
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Fig. 1. The fdxA gene cluster in strain 26695. The cat (the gene responsible for chloramphenicol resistance) or aphA (the gene re-
sponsible for kanamycin resistance) genes were introduced into fdxA gene by homologous recombination.
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(ferredoxin) 8212} Rl 93] FEET). o] 2|3 met-
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HolFE FE5HAT

fdxA FTRQ| HESAMOIF 75

fdxA AR [Feq Syl-type ferredoxin [20]& encode &},
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flxA $RAA} A4 FRAGAE A 28 H7] W Eo)
fxA7} AE] LA AT SFHETHI4]. 28y £ A
FRolA genome A2} FFo] FAE H pylori T34
266959 4 fdxA A A9 downstream 9 9-S AHE Az}
gppA (HP278; guanosine pentaphosphate pyrophosphatase),
rfaC (HP279; lipopolysaccharide heptosyltransferase)<} ibpB
(HP280; lipid A acyltransferase) -§AAE©] fdxA §HA9}
2o wro s welglthe AHS dgirhFig 1). SUA Ul
4 FAA AUE T flxA KA MBI down-
stream F At FIFE WA =AE Lotr 7] 5t Fig 1
| X e} o] chloramphenicol WA (cat) A9} kanamy-
cin W43 (aphA)f-3 Al transcription pause sites (polar se-
quence) AAG A3} wild-typed 7HA 1 AEEA M| F
TEE Axg 23, 23 downstream 1 Ake] ] 9
& FA] g polar sequencert AAE AW mutantE A
e & 9Tk B A9 AR fia F34 HP27)Y
downstreamo]| &A= 3719 §AAE Zo FHolx )

€ H pylorie] &4 F830E AL & F AJAL, fixA
A e AE FFE nxA Feoe AMdE st
type I &< H. pylori 266959 homologous recombination
WS ALLELe flxA f-A A chloramphenicol W4 #3
AHeat)E A8t 9L colonyE 67) BE3ste] PCRE Q)
3 A3 Fig. 29} o] fdxAS) FAAWA cat FAR7}F A4
Ho g AAHNYE AL Fsdnh

fdxAQ| H|ZMSH| 2Bt frxA REXIQ WS XA

fAxA 28] B1EA 8T} freAS) rdxA AR T E
old &S uX=AE H7] 93t northern hybrid-
izationg 5335} t}. Fig. 3AclA HEnke} 7o) wide-type
2669590 A= freA A7 A WEEHA] EAR o] FF
oA fdxA A7} BlEg st HE BHYGe] SIS B F
A ATk rdxA F-HA EF wide-type 2669501 4 oju] LAY
I AAG fdxAS] W &Aste] Jste] BEFo] wol It
& B 4= S tHFg. 3B). ols= fdxA7} freAS) rdxA FA A9
W3-8 %43l metronidazole WAo] Q&g nAtdeE F
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Fig. 2. PCR test that show replacement of fdxA gene by in-
sertion of cat gene. 1-6: chloramphenicol resistant
transformant. C: wild-type. M: 1 kb DNA ladder
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Fig. 3. Northern hybridization of frvA and rdxA mRNA of
strain 26695. lane 1, wild-type; lane 2, fixA null
mutant.

Aol mlA= FES Br)9ete F4A WA A 5 (minimal
inhibitory concentration (MIC))E 2% 3 23 wild-type&
MIC7} 3 mg/mle vepd ubd filxA wl@AsE F39
MICE 1 mg/ml& Bo] F9ith(data not shown). o] fixA
9] H|248 3 metronidazoled) hyper-susceptibled}s] ¥
222 Fig. 3AdA B A% o] frrAg) LHo) F7}elo
Yeues d@4oz Azt

fdxA FEXIC| HIEMSi0| Qo XH di= REXIQ HM
fA 2] H. pylori Yo A9 98 73 2§34 &
ZHd g AL E 98k, T fdxA KRR 93
A wron metronidazole YA o #osle Az §AA
AA517198 A 2-D electrophoresis$} MALDI-TOP-MS
o] &3t fdxA § A=) vl & A 3}o) ]3] over-expressed
protein®} under-expressed proteing ZAstmz 3tk
Fig. 4= 2-D electrophoresis®] ZA#& Jeld Aojw I¢
Ad A 103 VERN spot (1-3%)& fixA Lo WS4
slo] o7 under-expressed proteino]® 2.3 BojA fo7
UEhd spot (4-79)e fdxA §- AR ] v @A 3o o) over-

o mu PN rﬁL’

SDS-PAGE

26695 faxA-

Fig. 4. 2-D electrophoresis pattern of H. pylori 26695. (A) wild-
type; (B) fdxA null mutant.

26695 wild-type

Table 1. Over-expressed proteins in fdxA null mutant of strain

26695
- . Protein

Spot  Locus Protein identified MW (Da) pl

4 HP0221  nifU-like protein 36350 49
D(P)H-flavi

5 Hpossy eD()HHflavin 25093 64
oxidoreductase

6 HPogss Nonheme fron-containing - o.) g,
ferritin (pfr)

7 HP0902  Hypothetical protein 11030 62

Table 2. Under-expressed proteins .in fixA null mutant of
strain 26695

C Protein
Spot  Locus Protein identified MW (Da) pl
5'-methylthioadenosine/
1 HP0089 S-adenosylhomocysteine 25209 50
nucleosidase
2 HP1376 (3R)-hydroxymyristoyl ACP 1819 66
dehydratase
3 HP1458 thioredoxin 11745 77

expressed proteing YER T MALDI-TOP-MSe] A3}
over-expressed protein 2. & nifU-like protein (HP0221), frrA
(HPG642), nonheme ferritin (HP0653)7} o1 & 7{%of uh& x|
Al ¢ hypothetical protein (HP0902)%50] %7 = 91 tH(Table
1). 28] 3L 5-methylthioadenosine/S-adenosylhomocysteine
nucleosidase (HP0089), (3R)-hydroxymyristoyl ACP dehy-
dratase (HP1376) # thioredoxin (HP1458)%°] under-ex-
pressed protein® = WA th(Table 2). B A& <] Axzg
fdxAs= rdxA ¢} rdxA B9 ojlUe} & F g Ao &
S s BHE 2y Yrke AE YTk

nl{o

2 o

H. pylorioll 4] metronidazole 4ol #FHdte &
AT wAs o5 fANEY 45 278 )98 Boz
A A3AE] AL H pyloriZ H X387 43 7|1 Bupgt
& 12} FH AT $43 0 2 metronidazole U] 4L
FHate fAA fdxA (ferredoxin)d] 9§ metronidazole

717& W7l Yt e 97E FPslin
Type I @21 26695759 fdxA 2 =}e] chloramphenicol
W8 $342 et AEE Ao g T2 stdth fixd
of W B4 gk rdeA B fixd A WAL Sobn )
A3kl 2-D electrophoresis$} MALDI-TOP- MS<- ©]-8-314
fxA F AR o] uj g gl 93] over-expressed protein®} un-
der-expressed proteing ZAA 3G B AH o) ARE type



[ 25 2669501 flxA §A25 H1&AFA7 23 fied f
o] w@ ko] F7ehE northerno 2 #letl o, g
faxA +2A-9] downstreamel] $]X] & FHAE ] H. pylorig]
e 8% qEe doe A& ¢ F AT £ 2D
electrophoresis9} MALDI-TOP- MSE- o] £-3}¢] fixA A}
9] inactivationdl] 2]3] over-expressed protein® Z nifU-like
protein (HP0221), frrA (HP0642), nonheme ferritin (HP0653)
8} o}7] 7)%50] WE A2 %2 hypothetical protein (HP0902)
5ol HAFY 18]1 5-methylthioadenosine/S-adeno-
sylhomocysteine nucleosidase (HP0089), (3R)-hydroxymyr-
istoyl ACP dehydratase (HP1376)3} thioredoxin (HP1458)%
o] under-expressed protein® 2 YA

ZAle 2

o] £EL NUE FRFLAFATY Aol ofaho]
ATE NS (KRF-2004-003-E00046).
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