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Selective Detection of Campylobacter jejuni, C. coli, Arcobacter
butzleri and Helicobacter pylori by Polymerase Chain Reaction

Young Duck Lee and Jong-Hyun Park*
Department of Food and Bioengineering, Kyungwon University

Campylobacter, Arcobacter, and Helicobacter, classified into the same rRNA superfamily VI by taxonomy, cause
food-borne diseases, stomach ulcer, and gastric cancer. To detect each strain selectively from contaminated foods,
PCR, multiplex-PCR, and restriction fragment length polymorphism (RFLP) were applied on Campylobacter,
Arcobacter, and Helicobacter. The same PCR products could be detected using CHA primer targeted for 16S
rRNA of Campylobacter, Arcobacter, and Helicobacter. To detect C. jejuni and C. coli from A. butzleri and H.
pylori, pg50/pg3 primer targeted for fla A gene was used, and for A. butzleri, Arco2/Butz primer targeted for 23S
rRNA was utilized. For H. pylori detection, icdl/icd2 primer targeted for isocitrate dehydrogenase gene was
employed, and JEJ1/JEJ2 primer targeted for ceuE gene was effective for C. jejuni detection from the three
strains. C. jejuni and C. coli could be separated from A. butzleri and H. pylori through PCR-RFLP using
restriction enzyme Dde 1. Such primers would be effective for detecting each strain selectively through PCR
when C. jejuni, C. coli, A. butzleri and H. pylori are contaminated together.
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3 A9 Abkx] dod &= 9lt}h. Campylobactere H|E7]
A zANA A-Zo] 7L T oxygen stress, pH, temper-

ature, A, 5o 2J31x FE|7} spiral-rodo A coccoid B
2 shs 540l dth ol#gt coccoid FEl= Aol T
wekdk 4 iy A E(viable-but nonculturable  cell:
VBNO)!27} &= Ao=m de#A Uth. Campylobacter7t
VBNC A2 2 wl in vitro oA HEo] HA &
7] W&o AEZHQ HHo = o] EX71 o] HA
AFFZH de WHoR AEE WAL N AF SR
v el AR ofElgo] AUtk

ole} Z+e- Campylobacter= E-F34 22 Arcobacter, Heli-
cobacter T3 71°] rRNA super family VIZ 7= Y™,
g HolE oS Arcobacter, Helicobacters. F% 2
AEe] ZFENE FEAPIL Sl AeRE B U

Arcobacter= B newly emerging pathogen® = Campylo-
bacter, Yersinia 53 3P4 Hol F8sH FAEHI U=
food-borne pathogen©|T}. Arcobacter= %12l Campylobacter
cryaerophila® Ee}= o] W EAATI A2H 547 F
AAETZ zpolo)| Qs ArcobacterZ AEFHITL Arco-
bacter spp= A. butzleri, A. cryaerophilus, A. skirrowii 371)

N
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7} TR Eg%}g% Qo7 70519 o] 2 A, butzleriZt 1A

AolFoln, o AEL F&2 A FF
. %% Arcobacter= Campylobacter
9} A }éi Eﬁ“@’% 7R AL Qo rA AR EAd0] aerotolerant
&, A2 = A&o) 7Ve™ Campylobacter®th .92
7RsAdo]l W &7 Wi el rFeAE Tl =8 Aot

Helicobacter= AV&3} 27 A4, 99, 412 o7
W, Helicobacterg< <55-Zo| ) ZEF97t ekbd do)
S Helicobacters AN 7V B 29S8 dode=

AL H pyloriz 145l F2 EAeh, A%, HolA4
A, Ao 5o Yolgesm IR P+, 1|3 Campy-
lobacter$} viR7EA 5 A& zA0] o|fA =™ coccoid H
g VBNC AE & EAOE a7 e, & 58 29
A ol&{3t VBNC He|Z o} 7|7k AST F Jrpe ),

Campylobacter, Arcobacter, Helicobactere= 1 X254l
FAbEES ZEE familyR EFEO] AT o] A F] EAY
o AZ A FE Aol EE F gtk oFy ol #F
< AF Tl & 5101 VNBC “JHi= g W= HEd -+
o] PCRo 9Jgt HEo] awpett Az 35 FolA Akl
A Fost AMS Ao F= C jejuni, C. coli, A. butzleri,
H. pylori®] 71&& 13+ PCR primerE©] ZZke 7[a@-30x)
o] 9o} olE FF ol AE EFEY Ug w olE]
o g &8 B A&E F JdeAd g At of
7] o]FofAA] L 3l

weh] B AZME RNA superfamily VIo|n] F% H
QA ) C. jejuni, C. coli, A. butzleri, H. pylori2] X184
AZ 2 Zhzhe] F ¥ 4% 3218 9F PCR, multiplex-
PCR 2 restriction fragment length polymorphism®] 71H&
ol &3t AFE Y3

C. jejuni ATCC 33291, C.
Jejuni ATCC 43429, C. je]uni A74/C, C. coli ATCC
43472, A. burzleri ATCC 49616, A. cryaerophilus ATCC
43158, H. pylori KCCM 413512 AR89t} 18]35 o3
o] B2 AAFAAM EBIg C. coli 57, Campylobacter
spp. 25, A. burzleri 559F SR 7)ol EElgt A buzleri 2
Z8 Algsted AYEA. Campylobacter, Arcobacters 3
ok 2 Mueller Hinton agar(Difco, MB, USA)l 5%
defibrinated sheep blood(Komed, Sungnam, Korea)S 3 7}s}
of ALE-3F9 2™, H pyloris plate culture= Mueller Hinton
agar®ll 10% horse bloodE 713l AL8-314), anaerobic
jar(Difco, MB, USA)®ll Campy pack(BBL, MD, USA)S 2
3, 37°C CO, &&7]e)A 2 47t widstArt microaerobic
chamber¢! Bug box(Ruskinn, West Yorkshire, UK)ellA4] ®l %
skt

Polymerase chain reaction =71
Primer 4 2 A|EZA: PCRE ISt primer= commer-
cial company(Genotech and Bioneer, Daejeon, Korea)ol~ &

et e, primere] 97149 Table. 13 7Tt PCRS ¢
Sl template DNAE whole cell° ArgEidn mldE 7&
0.85% Al Ag4l 4 MacFarland unit®. 2 #ET 5 23]
AFsty oA faREsi Aede WEs Hd SHRT
1/10 volumedl] AHAEAIA o5& 100°C, 587F A2 cell
lysate®VE HEo] AREFTH

PCR ZA: Campylobacter, Arcobacter®} Helicobacter
RNA super family VIZ, 16S rRNAE target>®= 38}
super family VI #1s}al, 7bzte] o] thik 16S rRRNAE
target®. 2 3] PCRE Faate] &1L RISt 28
Campylobacter, Arcobacter, Helicobacter species 2912 913}
C. jejuniv ceuE genes, C. coliv fliAE targetS =, A
butzleriv= 23S tRNAE, H. pyloriv= isocitrate dehydroganse
gene 747}t target® 2 3] PCRE F338%th. PCRS 1U
thermostable DNA polymerase, 250 uM<| dNTP, 50 mM
Tris-HCI(pH 8.3), 40mM KCl, 15mM MgCLE EFshs
PCR PreMix®l 20 pmol®] primers} 2 pule] cell lysateZ +
Z3|A] mixture wbeE WES ©|AL Gene cycler(BioRad,
California, USA)Z &7 A @33t z4zke] primer setell ™
2 PCRE F#38I%rt PCR ¥ PCR product 10puLE 0.5
ng/mL ethidium bromide® 3351 TAE bufferoll 1% aga-
rose gelZ WEo] 5 ViemelA 7]19%g 3 Slal agaroseE
UV transilluminator(Seolin Biotech, Suwon, Korea)ol|4] 23}
g skt

Campylobacter Arcobacter, Helicobacter2] multiplex

C. jejuni%t C. coli% primer set VII?) pgS0, pg3¢h A
buzlrei="primer set V&l Arco 2, BuzZ AHE-&AT C
jejuni$t H. pylorit primer set VIl JEJ1, JEJ29} primer
set 1 icdl, icd2E AREBIIO™, A, butzleri®t H. pylori=
primer set VS Arco 2, Butz9} primer set II<Q! icdl, icd2
2 AMgste] 27} nultipex PCRE 5333813t PCRS 1 U
thermostable DNA  polymerase, 250 uM<] dNTP, 50 mM
Tris-HCI(pH 83), 40mM KCl, 15mM MgCLE ¥3sle
PCR PreMix®] primer set VII®} primer set VE Z7Zb 20
pmol®] primer$} 2 uLe cell lysate® E3l Mixture tubeE
A z3e] PCRo AH&3FATh PCR cycle C. jejuni, C.
coli, A. butzleri= predenaturation 94°C 4 min § 94°C 30
sec, 50°C 1min, 72°C 1 ming 30 cycle g F "fA|Ho R
72°C 7 min%9F PCRS AT C. jejuni®t H. pyloris
94°C S5min & 94°C 1min 55°C 1min 72°C 1min 30 sec
et 30cycle WM& F 72°C 3min WA ™, AL burzleri
9} H pylorie 94°C 5Smin 3 F 94°C 1min 55°C
2 min, 72°C 2 mins<t 30 cycle W3- % 72°C 5minZk ¥F
S3to] PCRE S8

PCR-RFLP(Restriction Fragment Length Polymorphism)

Campylobacter, Arcobacter, Helicobacter®] 16S 1RNAE
target gene® 2 &%) primer set No. 1% PCRE 3T %,
PCR amplicong 10 mL%} restriction endonuclease$! Dde I
(Bioneer Co. Ltd, Taejon, Koreaye 10 U H7tste F wbg
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Fig. 1. Agarose gel electrophoresis showing of PCR product with CHA primer from 16S rRNA of Campylobacter, Arcobacter and
Helicobacter. Lane 1, A. butzleri; Lane 2, 3, C. jejuni; Lane 4, C. coli; Lane 5, IC* 39; Lane 6, IC 47; Lane 7, P** 14; Lane 8, H. pylori; M,
100 bp DNA ladder. IC*: Campylobacter isolated from chicken, P**: Arcobacter isolated from pork.

M 1 2 3 4 5

Fig. 2. Agarose gel electrophoresis showing of PCR product with pA, pB primer from 16S rRNA of Campylobacter spp. and Arco 1,
Arco II primer from 16S rRNA of Arcobacter spp. (A) Lane 1, A. butzleri; Lane 2, 3, C. jejuni; Lane 4, C. coli; Lane 5, IC 39; Lane 6, IC
47; Lane7, IC 55; (B) Lane 1, A. butzleri; Lane 2, A. cryaerophilus; Lane 3, 4, C. jejuni; Lane 5, C. coli; Lane 6, H. pylori; M, 100 bp DNA

ladder.

RH7} 20 ul7t HA 513 reaction tubeS heating blockoll A
60°CeA 24 mins <t Az el ¥ 10ulLE 0.5 pg/mL
ethidium bromideE X &3l TAE bufferol 2 % agarose
gelE =] 5ViemZ 7] 952 49 ¥ UV transillumi-
natorol| X} 23S EA ST
2t ¥ 0F

Campylobacter, Arcobacter, Helicobacter2] PCRO| 2|
gt SAHE ,

Campylobacter, Arcobacter, Helicobacter®] 16S tRNAS
target® 2 3} PCRS 83 A3 Fig. 13 2vh

RNA  superfamily VI'®?1  Campylobacter, Arcobacter,
Helicobacter®] 16S rRNAE target® 2 3} primer set 191
CAH 16S la, CAH 16S 1bZ PCRZ 3l%& w EFaF
2 oplgel Feld 25 1004 bpd] AHES I & S
t}. Campylobacter, Arcobacter, Helicobacter= <1 =¥
33 pathogen® 2 W\ M= Helicobacter®] 733 215k
A At E9s] FYHI Ao\, Campylobacter, Arco-
bacter®} PHAFHAME A= F38] mivdhl, £ AdoA
Campylobacter, Arcobacter, Helicobacter®] 168 tRNAE 9]
&3 PCRE F33le] o] FEL Bl AEol 758 A

2 gasad.

Campylobacter ™ Arcobactere] PCRO| o|8t E2|HE
Campylobacter®] Z%: Campylobacter®] 16S rRNAE tar-

geto 2 dtad C jejuni, C. coli, P89 Campylobacter
IC 39, IC 55 @ A. burgleri2 PCRE 33 A3 Fig
2 2 :

Campylobacter spp.2] 16S 1RNAE target® 2 3= primer
set IS pA, pPB2E PCRE % A C jeuni®t C. coli
2 R 3 F EF 426 bp2l PCR product® &%
Ado, A butzleriolXlE PCR products AE2E 7t
AT}, Campylobacter®] 73-% @A A7 T4 BE
254 WHEe] MEE oy e FE £
ABslEkE AAE B3 B34S Bol sl ik 3AIRE Campy-
lobacter®] A5teta] 54 B Al WPz QAL mis-
identification® $-2}7} &% Aelth. wapA Fuilx E2d
Campylobacters WIBOE et EAAEEH 71He W
o] a¥ Aol HATh

Arcobacter®] 7&: Arcobacter2] 168 rRNAZ targetS& =
Bhed A butzlrei, A. cryaerophilus R C. jejuni, C. coli, H.
pyolriZ Zt7Z} PCR% A+ Fig. 2B)9+ 2t} Arcobacter
spp.2} 16S rRNAZ target® & 3= primer set IVl Arco 1
o} Arco IE AH§3te] PCRS & AA A burderi, A
cryaerophilus®] PCR productZ} 1223 bpE AAE AU ©]
) Campylobacter®} Helicobacter|¥+= PCR productZ} &<l
A AT Arcobacter= Campylobacters} 22 =U]ollA
ATE A9 AR dElolt). o]n] food-bome pathogen® 2
SR Arcobacters 2 AN HAEE + d= WHEE A
AgtozA FAoME A7t s eE & gloe
Na=:1=

&

i e 52
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Table 1. Sequences of the oligonuclotide primers

Set No. Primer Sequence(5'—3") Product Reference
: CAH16S1a  AATACATGAAAGTCGAAGGA 1004 by Marshall et . [24]
CAH16S1b  TIAACCCAACATCTCACGAC
I PA CGAGGATGACACTTTTCGGAGC 426 bp Giesendorf et al. [28]
pB ATTACTGAGATGACTAGCACCCC .
- icd] ATGGCTTACAACCCTAAAATTTTACAAAAGCC 1200bp Atgyros et . [26]
icd2 TCACATGTTTTCAATCATCACGC
v Arcol AGAGATTAGCCTGTATTGTATC 1223 bp Harmon et al. [25]
Arco II TAGCATCCCCGCTTCGAATGA
v Arco?2 TTCGCTTGCGCTGACAT 636 bp Harmon eral. 251
Butz CTATTCAGCGTAGAAGATG
VI JET CCTGCTACGGTGAAAG GC 793 bp Gonzalez et al. [30]
JEJ 2 GATCTTTTGTTTTGTGCTGC
pgs0 ATGGGATTTCGTATTAAC
b Oyofo et al. [29
Vi pe3 GAACTTGAACCGATTTG 430p yofo et al. [29]

< 686bp
< 450bp

Fig. 3. Agarose gel electrophoresis of PCR products with pg3,
pg 50 primer from fla A gene of C. jejuni, C. coli and ARCO 2,
BUTZ primer from 23S rRNA of A. butzlrei strains. Lane 1, C.
jejuni; Lane 2, C. coli; Lane 3, A. butzlrei; Lane 4, Mixing of C.
jejuni, C. coli and A. butzlrei; M, 100 bp DNA ladder.

olel H¥ ZAFAZ Campylobacter, ArcobacterSt Helico-
bacter®] & % Fof] IAH primer ¥ 2 23E AH3) B
M Table 13} 7o}

Campylobacter, Arcobacter2t Helicobactere| multiplex
PCRO 2[gt MEHHE

C. jejuni, C. coli and A. butzleri®] multiplex PCR: C.
jeiuni®t C. coli¥) fla A geneS, A. buizleri®] 23S RNAZ
target®® 3 multiplex PCRS =803 237} Fig, 33 3t}

C. jejuni®} C. coli B A. butzlreiS multiplex PCRS &
8 A3t A C. jejuni, C. colis FEOZ PCR F3HEL
uj 450 bpY products: & 4 UULW, A burdrei= 636
bpel products ER1aA(T T8 C jeuni, C coli R A
butzlret7} 193-S wolli= 686 bpet 450 bp2l productE: F
Alell &<l & F71 Atk Winter®™ 52| multipelx PCRS
0|43 7 goﬂ/\it C. jejuni®t A. butzleri®] 2] th3jr 2
Tt 28FF AEYo, B AN C jejuni, C. coli
o} A. burzleri 35 ¥ nultiplex PCRE 38 A& o]

Table 2. Selective detection by PCR with specific primers of
Campylobacter, Arcobacter and Helicobacter

C. coli

Primer set
CAH 16S 1a
CAH 16S 1b
PA
pB
JEJ 1
JEJ 2

Arco 2
Butz

icdl
icd2

+": Detection of PCR product, -?: Non-detection of PCR product

C. jejuni A. butzleri  H. pylori

+0 + + +
+ + 2 -

+ - - -

- - - +

Pssel & O AgHoE AT

o A&¢ & AT

C. jejuni$t H. pylori® multiplex PCR: C. jejuni€]
target S 2 3= JEJL, JER2$F H. pylori®] isoci-
trate dehydroganse genes target® 2 3} icdl, icd2E ©]&
3tod multiplex PCRE F33% A3= Fig. 4A)% 2tk C
Jejuni®t H. pyloriZ multiplex PCRE 538+ AZ oA 2o
793 bpt 1200 bpe] HelAQl bandE et F
Al e & AUTh

A. butzleri$t H. pylori®] multiplex PCR: A. butzleri®)
23S RNAE target® 2 3= Arco 2, Butz®} H. pylori®]
isocitrate dehydroganse geneS ANE-3t¢] multiplex PCRS
B3t A7t Fig. 4B ZUh A butzleri$t H. pylori®]
multiplex PCRE 3 3}o] A butzleri‘ﬂ]/\‘]':‘ 686 bpet H.
pylorie= 1200 bp2l PCR products &<l & <= )tk

C. jejuni, C. coli, A. butzleriSt H. pylorie= =fU|&1&5 o2
7 9Eige g 4EA dow AFw s EaEa ol
o} Z28]X nuiltiplex PCRE ©]-83t A& =2 Campylo-
bacter spp. B C. jejuni®t A. butzleris |52 L §lort
ol A¥lE 53] C. jejuni, C. coli, A. butzleri®} H, pylori
£ multiplex PCRE ©]-83l 24zte] 5o]A2) PCR Z3E &

A o] WE A

ceuF genes

75
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Fig. 4. Agarose gel electrophoresis of PCR products of C. jejuni, H. pylori and A. butzleri strains, (A) Using primers JEJ1, JEJ2, icd1 and
icd2. Lane 1 and 2, C. jejuni; Lane 3, H. pylori; Lane 4, C. jejuni and H. pylori; (B) Using primers ARCO 2, BUTZ , icdl and icd2. Lane 1,
A. butzleri; Lane 2, H. pylori; Lane 3, A. butzleri and H. pylori; M, 100 bp DNA ladder

Fig. 5. Agarose gel electrophoresis showing of PCR-RFLP
pattern with CHA primer and Ddel. Lane 1, A. butzleri; Lane 2
and 3, C. jejuni; Lane 4, C. coli; Lane 5, H. pylori; M, 100 bp DNA
ladder

A T F Qo) 4 FFE DA B AR sskaE A
g}

PCR-RFLP(Restriction
phism)

Campylobacter, Arcobacter, Helicobacter®] 16S 1RNAZS
target®. 2 3l PCRE 48313 PCR product® restriction
enzymel]l Dde IS A8 RFLPE 435} 2 patternd 3+
st} ztzhe] B4& wwd Aot Fig 59 2o C
Jejuni, C. coli, A. butzlrei 2 H. pylori= 16S tRNAE tar-
get® 2 3l CHA primer2 AME3Fd amplification 3+ &
PCR productZ endorestriction enzyme?l Dde 12 o] 83
restriction pattern2 B|wSF A3 C. jejuni, C. colie= NE £
A5t o, A. butddrei®t H pyloris= A2 Arolekgdoh.

£ AFoM= PCR 2 multiplex-PCRS] 7198 AM&5}e]
Campylobacter, Arcobacter®t Helicobacter® FN | H&3}aL
Zb 39Tk 325 dF2 16S IRNAZ ©|&3l%] PCRE 4
ot FA Aol TheiRen, o] & 7+ #59) genus
2 species®] ElS #3) specific-primers AHE-3lo) PCRE
3t} AEo] 7HEEH 2™, multiplex-PCRE ©]- 83} Campy-
lobacter-Arcobacter, Arcobacter-Helicobacter 2 Campylo-
bacter-Helicobacter& EA° HE°] 7Fsdte] 2 A1k
R HEE YT 5 9o Ho|w, PCR-RFLP 7]

Fragment Length Polymor-

0 9] 4 FFEE9 EAS IRIF & Jdnt. wEA PCR,
multiplex-PCR ¥ PCR-RFLP Campylobacter,
Arcobacter®} Helicobacters 23], 4 & 4 & Aolth

i

Dad

Eah

T Ob
ofr

20
&

HAlel 2

2 A7E 200295 AHuga shkedH] Aoz 5

= om old ZAEHUT
2 o

Campylobacter, Arcobacter, Helicobacters 782802 &
AT RNA superfamily VIZ 255 o|9jom= A, AL,
F2F 2 A7 ZNE /3Tt Campylobacter, Arcobacter,
Helicobacterg 2 3% 2% T4 Addeg A&spr] 9
3] PCR, multiplex-PCR, RFLP(restriction fragment length
polymorphism)2] 7198 o] &3} t}. Campylobacter, Arco-
bacter, Helicobacter®] 16S rRNAE target> = 3= CHA
primers ARE3le] 53 PCR product®] ZHEE 5 A
C. jejuniSt C.coliz A. butzleri®} H. pyloriZ2HE AHH0=
AZ=317) A3 fla A gened target® 2 3HE pg3, pS0L At
£3l90m, A butderi= 23S RNAE targetSZ 3=
Arco2, Butz2 o8t ¢ H. pyloyie isocitrate dehydro-
genase gened target®® 3l icdl, icd2E ARESINA, C
jejunie ceuE gened target®E 3} JEI, JERE o]4-3t
AHHoR FEgEo] olFoHTt. TS ATRA Ddel &
AYE3to] PCR-RFLPE E3| C. jejuni, C. colis A. butzleri,
H. pyloriZ %€l 318 71 A} wepr o]l primer
Z o|83} C jejuni, C. coli, A. butzleri, H. pylori7} 37
SHHRE W b 759 MEHR] &) 7FeE Aolth

H
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