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Coxiella burnetii (17), Clostridium acetobutylicum
(10), Synechococcus(2l) 52 Al@ol A X groEst A
4L B fA471 ¥e muse), Cam-
pylobacter jejunio| A= AFA 42 ¢ 2o wigh
FAYESE AT} ¥ AT Ao A9) A7, 8)2)o]
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(Dol 28 2AFdA <739 el Ao R R2d
wolvk & B2 ¥ C jejunis Brucella brothel]
T~10%9) 788 "ozl 1.5% agarE H7}gt Bru-
cella blood agarolld wicFsleiz Hgae oje}
Brucella agare} 1 ¢loll Brucella broth& d»}3h
Rollins 5(13)2] biphasic wjfel] FH]2] Hefe g
AL $-42°C 2 CO, wig7)ell A 244 20x). o))
7t wiR]olli= Oxoid Ltd.& Campylobacter growth
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supplement®} Campylobacter selective supplement
= Arbskact

E. colix Luria-Bertani(LB) medium 3} LB agar
mediumel] 50 yg/mi¢] ampicilin®} 17 pg/m/
tetracyclines G 8o we} Ariste] wlsisict AL
L3t 2+ FF9} plasmidse] 7]e} 54-2 Table 1 3}
Zet
wERS| 53

Kim 5(7)9] "hdl oz} Eu18 C jeunid A <]
et 15 mig] Algdated 10mig gol 42, 46, 48,
51°C, 4 55°Ce) 2o 24" 3o &4 o
FAE Tk AT A6 wet A 5E Az
085% Azl sz AR INF g, 3
Brucellar blood agarel] 0.1 m/ 48 F15% =23}
42°Ce CO, wieF7lell Al 72417k wheksloich ofuf
H A= colonyd AF-sled YEES SAHsoch
g & MY Y NS EX

d3A Al g8 zA18k7] glste] Westfall
S (1999 el wel pH 7.2 2 MEM Eagle's
medium (Sigma Co.)oll 4] [**S]-methionine 2.2 i*
z)sheic}, hwl A HAS- Fx)A17]17] $)3}e] Gomes
2(5)9 wdl we} | mge] non-radioactive me-
thionine g A7}sh= 4], A7} SU7F k2] 25%
trichloroacetic acid& 7}l d5lH 3087}
Bhx) i) 2eja /‘]El‘— 4°Coll A 12,000 g& 1
B7F 94 Bog & gAs 3psle], YAl
5% trichloroacetic acid&® 1}, Z8]lm 0.08M
phosphate buffer(pH 7.2)2 3¥ o] Al A slsdc)
cFlol £E, HIIEE A AR ARRIY

Sodium dodecyl sulfate-polyacrylamide gel #
7193 E%(SDS-PAGE)E $1% w3 g+ Sil-
havy5(15)¢} ”“’d‘ﬂ] w2t C jejuni TAE SDS-
sample bufferoﬂ FHebsled 100°Col| A 5587 #Yo
24 6}?311}. Seperating  gelZ2+  10%2]
acrylamide slab gel(]1.5mm thick)& . stacking
gel23= 4% acrylamide gel AMHE3Fgich A7)
Zo] Zv} & Coomassie 94 LA (Eastman Kodak
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Co)22 d42)70ch. waade] Rajekd ofefrlx|
reference ¥ AEMW-SDS-200  kit, Sigma
Chemical Co.)-& &7 A7d% oza AAsI
o},

QA7 g FEle] AT A v
FEE HJ3 F [*S]-methioninee® Ixg o
2 e As dEar] ste] vkl ARRIYE 3
sith 65°C2] gel x4 1AZF 5k gels 2
2A1721 & =70°CellA 3~647t X-ray film( X-
OMAT, Eastman Kodak Co)dll xEAF1
Eastman Kodak Co.9] developer$} fixerz & Aks}
siet.

DNAS £= 3 DNA E3Xie| Fb|

Campylobacter jejuni2] genomic DNAE Ausubel
DY uhydl wel &3¢l Plasmid DNAE
Sambrook 5(14)8] alkaline lysis W] o=} 3
#elelar, A& &4 (Promega Co)Z el £
DNA ;<J ;118 agarose Ar|dxuy o g "R 7 F
Geneclean klt(Blo 101 Co.)E o]&3}od agarose
gel28¥ &4 F23ledr) Utah W39 Costa
Georgopoulos® HE F-2 pCGl plasmid (6)
ol A HindlI12 #ajdle] F-& 54kbe dnakK %
#}o} pOF39 plasmid)OH A1 HindIlI-EcoRIE 912 22
kb2] groESL FAAE &= H-8]3}od nick trdns-
lation system(BRL C().)rl X]’,‘J/Hoﬂ w2} biotin-7-
dATPZ DNA &35 4 z=shgich
Southern hybridization

Southern hybridization 7182228 Sambrook
H14)2) iyl ue} et EcoRI Hindlll |
Fal®) Agtas-2 77z x2l§k chromosomal
DNAE 08~1% agarosc gelolA 147]°3£7'5¥ %
nylon ZHAmersham Co, Hybond-N)&® &7t}
o] nylon =& 80°Celld 127} ot A8 A7)
& 42°Col| A 24) 7kl prehybridizationg 38}
itk Prchybridization £¢} A2 50%
formamide, 6x SSC. 5x Denhardt’s rcagent. 25
mM  sodium phosphate. 100 gg/m/  denatured.

Table 1. Bacterial strains and plasmids used in this study

Strain or plasmid Characteristics

Source or Reference

C. jejuni [solate from chicken 7
E. coli supE44  hsdR17T  recAl endAl ihi Stratagene Ltd
XLI1-Blue F'lproAB' laclt lacZAMI15 Tnl0 (let)]
CG1849 Strain carying chromosomal 3
insertion of pOF39
CG2468 Strain carying chromosomal 6
insertion of pCGl
Plasmid
pOF39 Ap’. pBR325 containing 3
22 kb EcoRI-HindlIl fragment
of E. coli groES™ and groEL" gencs
pCGl Ap’. pBR322 containing 6

54 kb Hindlll fragment of E. coli dnaK"

gene
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fragmented salmon sperm DNA, 0.5% SDS <]t}
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Fig. 2. Autoradiogram of the proteins synthesized
C. jejuni heat-shocked at 48°C and duration
of the heat shock proteins in the cells.
Lane 1-2, 42°C—labeling for 10 min(l) and
30 min2); Lane 3-4. 48°C(15 min)y—~labeling
for 10 min(3) and 30 min(4); Lane 5-6, 48°C
(15 min)-»42°C(5 min)—labeling for 10 min
(5) and 30 min(6).
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Fig. 3. Comparison of the major heat shock proteins
synthesized in C. jejuni and E. coli.
Lane 1, CG1849 strain labeled at 42°C for
5 min: Lane 2, CG2468 strain labeled at 42°C
for 5 min; Lane 3-5, XL1-blue strains labeled
at 30°C (lane 3). 42 °C (lane 4), 48°C (lane
5) for S min; Lane 6. C. jejuni labeled at 48°C
for 30 min.

SDS-PAGE #lol|A] #& =17)9) el A2 &als C
jejuni®) Hsp66-2 BE Hspiol 4] Aststzioa 7}
A 2 HEEe] & 7o o %] Hsp7 il 2l el
DnaK o #s{%sh= 7o s saddo) = C jejuni®
Hsp90 3} Hsp60-2 747t E. coli®) Hsp90 = Hspo6d
chal 2o e ZEe) gl

C. jejuni®} BEZ FTXIL| &l

pOF392t pCGlel Wit A& a4 ¥4 A3E Fig
48} 7). dnaK+ 54 kbe| Hindlll A3l £ 3]0
slil(lane 4), groESLS- 22kb 2 HindllI-EcoRI
24;14010 ;?g}o]z‘,—],oﬂ\;},(ldnL 1.

C. jejuni (lane 1 3} 3)2} E. coli (lane 2 2} 4)9]
chromosomal DNAE PsiI (lane 1 3} 2) 2} Hindlll
(lanc 3 3 4) 22 747} Hubsly agarose gel A
71°4% 3 A= Fig 5 A9} 2t} o] gel2 ¥ 54
kbel Hindlll HRA(dnaK)E =AHAZ 21831
Southern hybridization® A3+ Fig. 5 Be} 7o)
E. coliol Mxz Pstlell 9al 4] 4.3 3} 28 kb (lane 2)¢]
Aol 2} 223 HindIllo] 2)sj4] S4kb (lane 4)2]
Aol A A3 vHES HolFw W, C jojuniol
M Pstlell Qa4 54kb (lane 1) 9 Hindlllol
sl Al 6.0} 4.3 kb (lane 3)2] AHol4] v} EA3)

Heat-Shock Genes in Campylobacter jejuni 235

512345

Fig. 4. Restriction enzyme analysis of pOF39 and pCG
I comaining groESL and dnaK respectively.
Lane 1, Hindlll & EcoRl-treated pOF3Y; Lane
2. Hindlll-treated pOF39; Lane 3. pOF39:
Lane 4. Hindlll-treated pCG1: Lane 5, pCGl.
Lanc S. HindIl-treated A DNA size markers
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Fig. 5. Electrophoresis (A) of the restriction endonu-

clease-digested DNAs of C. jejuni and E. coli.
and Southern hybridization (B) of the gel by
using dnuK probe.
C. jegjuni (lane 1 & 3) and E coli (lane 2 &
4) digested with Pst] (lane 1 & 2) and Hindlll
(lane 3 & 4). Arrows on the panel B indicate
hybridization signals.
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Fig. 6. Electrophoresis (A) of the restriction endonuclease-digested DNAs of C. jejuni and E. coli and Southern
hybridization (B) of the gel by using groESL probe.
C. jejuni (lane 1. 3. 5. 7) and E. coli (lane 2. 4, 6) digested with Pvull (lane 1), EcoRI (lane 2 &
3). Pstllane 4 & 3), and Hindlll(lane 6 & 7). Arrows on the panel B indicate hybridization signals.
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8e 7 dFA FAxE chromosomes] 7R3 ol EcoRIel] ¢al4] 8.1 kbe) ol 4 gk &

9)e-& shelstelr). A3t whge] Jepgtorane 2). Pyl (lane 4)3}
C Jjeuniel 432 f4d2e) 724 E4e £ Hindlll (lane 6)9] 4ol o] gxjo)a] &

coli®] A7 322} wlawslr) 9)slod, E coli (lane A3 Mg Bk C jejuniol A= Puullel 9]
2. 4, 6)¢}F C jejuni (lane 1. 3. 5. )] chromosomal 14 6.5kb(lane 1), Pselell 2)a14 10, §.1. 5.4 kb
DNA-E Pwll (lane 1), EcoRI (lane 2 2} 3), Pul (lane 5), Hindlllel] 284 10 kb (lane 7)8] A
(lane4 e} 5), HindIll (lane 6 ¥ 7) 0.8 7z} At} olA EAst wkes RFel ol C jejunivt
ted agarose gelell 4 H7]°d 53 Ashe Fig 6 A9 groESL3} 4548 717 dFA FAHRE A w
ek E coli®] groESLS S AR Al e-slo] Aaka UeE orlsh= ol

A AMe®l ¢ jewni®l  DNASF  Southern L&A RTXE ZTESH= DNAS H|R

Table 2. Comparison of C. jejuni and E. coli DNAs containing heat shock gene by Southern hybridization

analysis.
DNA Restriction No. of Hybridized Band
Probe Enzyme
C. jejuni E coli

dnak Pl 1 (5.4) 3 (43, 28. 24
Hindlll 2 (6.0, 43) 1 (54)

groESL Pyl 3(10. 8.1, 5.4) 5 (54, 45,43, 41, 3)
HindlIll 1 (10) 3(25.8.7)
EcoRI NT 1 (8.1)
Poull I (6.5) NT

The numbers in parentheses represent size of the hybridized fragments in kilobases.
NT. Not to tested
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Pstl ARHA7L Sl 1709] HindIll ArHtgl7} &
NE-g 4 4 drh E coli® groESL fAAE X
sk 8.1kbe] Ao EcoRl Aoki-$)7) WA= R
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ABSTRACT: Heat Shock Response and Heat Shock Genes in Campylobacter jejuni
Kim, Chi-Kyung , Chae-il Lim, and Kil-Jae Lee* ( Department of Microbiology.
Chungbuk National University and *Department of Biology Education, Korea

National University of Education)

Campvlobacter jejuni were studied for their heat shock responses at several elevated
temperatures and their heat shock genes were detected by the technique of Southern
hybridization. C. jejuni synthesized the major heat shock proteins of hsp90. hsp66, and

hsp60 at 48°C .

and their survival rates were maintained as the same level at optimal

temperature. The heat shock genes in chromosome of C jejuni werc determined to be
homologous to the heat shock genes of £ coli. by showing strong signals in Southern
hybridization analysis using dnaK and groESL as DNA probe. But the restriction sites for
the fragments including heat shock genes were different between E. cofi and C Jejuni.



