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ABSTRACT: The heat shock responses of Campylobacter jejuni were studied by examination
of their survival rates and synthesis of heat shock proteins. When C. jejuni cells were treated
at the sublethal temperatures of 48C for 30 minutes, most of the cells maintained their viabilities
and synthesized the heat shock proteins of 90, 73, and 66 kD in molecular weight. By the
method of two-dimensional electrophoresis, the heat shock proteins of C. jejuni were identified
to be Hsp90, Hsp73, and Hsp66. During the heat shock at 48C, the heat shock proteins were
induced from about 5 minutes after the heat shock treatment. Their synthesis was continned
upto 30 minutes, but remarkably retarded after 50 minutes. When C. jegjuni cells were heat
shocked at 51C for 30 minutes, the survival rates of the cells were decreased by about 10°
fold and synthesis of heat shock proteins and normal proteins was also generally retarded.
The celis exposed to 55C for 30 minutes died off by more than 10° cells and the new protein
synthesis was not observed. But when C. jejuni cells were heat-shocked at the sublethal
temperature of 48C for 15 to 20 minutes and then were exposed at the lethal temperature
of 55C for 30 minutes, their viabilities were higher than those exposed at 55C for 30 minutes
without pre-heat shock at 48C. Therefore, the heat shock proteins synthesized at the sublethal
temperature of 48C in C. jejuni were thought to be responsible for thermotolerance. However,
when C. jejuni cells heat-shocked at various ranges of sublethal and lethal temperatures were
placed back to the optimum temperature of 42C, the multiplication patterns of the cells pre-
treated at different temperatures were not much different each other.
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Campylobacter jejuni= A4 2] B2 oy =79} Salmonella$} Shigellavt3d 25 Aa} #zl2 RE)
5 552 Aol A normal flora® A Al3H= Gram Fagicpy Bas o] glck(Doyle, 1981; Voget %,
A rlE7|A A ghelth o152 HAH Qb 1082). welA i "Ague fubste C jejuni 2
257} 1A 9 o A AT E Bk 2 420~ s AR o s oubslr] s . SR &
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Heat shock response= A ®7} AA} 43 ex =
FH F7% A" 2%o] A3 heat shock
protein(Hsp)olzbar Hal= Ex whalal 28 oy
Aoz e AT 2N Qo) gk HFPAE ofye)
7leb A2l 2t4-& zdsle AL 2E)l. Heat
shock protein®] 7]5-& TR0 & 7120 o Z7
g AEL] BE -0z thermotolerance &
e AY (Yamamoris}  Yura, 1982), =33
macromolecule®] P4 2 H(Chirico %, 1988),
28] F-(Goffe} Goldberg, 1985) 2] Ag]
Al g BAdE Ao oeld 9ok E3
thermotolerancex= A &o] d®ul o}zl ethanol,
virus®] 7}ed, UV-light9} -8 odeir}z] 9)5 5179
AL M9k W f5% F lethal temperatureo
3 o vehRs A2 Aaae whal), o)ef
&2 AE4] heat shock response 53] thulalel
AR olUE A E A7) ie) 7]58 B achs An
B aE Ao (Hahnt Li, 1990).

E. coli®] 79 BE heat shock protein®] thermo-
tolerance®] 3 #&& w| A %)= ¢f2.u}(VanBogelen Z,
1987), hird F-31#ke] AHEo) thermotolernaceo]
ofskz Ae® FM=E3 ¢lch(Lipinska 5, 1989).
22{v} heat shock proteinf & ¥z YAy
SEME AES s B54Ad Ao ¥y
Lvi(Zhou G 1988), o]5e] gl s)lse opx
w3 A2 g ok E8 C jgunie heat shock
responseol] el ol H7z] AF wRE ulrl ¢
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d&oll AL8-3F Campylobacter jejuni= 2| Aol 4]
g we] WAte® R-E Oxoid manual (1982)3}
: Well  uwla}  Butzler's agar
medium-g AF&-3ed Re)dF FFolch(H E, 1986).
T E2® o) 4l CO; incubatort} candle jarZ

8- 42Cefl 24} 24417 wekgl F dehps
colony® Brucella brothell &lebsisic). o] ale
H=HL Rollins 5 (1983)9] wWo wa} biphasic
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culture systemel] HEd ¥ 42To) A thA] 2447
weFated 1 FAlF Ayl Algstdc
HEBS &

Biphasic culture systemoll4] tj4:7]2 =at ¢
Jegjuni g 2000X g2 A4 Eejsted FAE F4a)y,
0.08 M phosphate buffer(pH 7.2) 2 4] W o]} A
Hepadek o] FAlE Westfall S (1986)2] wraoj
T2t pH 7290 MEM Eagle’s medium (M7270),
Sigma Chemical Co. St. Louis, MO)# 0.08M
phosphate buffer(pH 7.2)& 1:12 &3 o4
10°~10° cell/mlo} =& #Ehslo] 42T ) $3 o 4]
30E ol AAAHS. 24 AlRE Kim S(1989) 9
Wl wel 45T, 48T, 51T wE 5509 4d
HAe sl 28 2AY Fxo] $4 oF AL
Zhshaa A4 A2 A7t H2 A)8S # st
ol Al&E 085% Azl Ad4E AlA A% oo,
37%9] Butzler's agar plates] 0.1 m/ ®& wabslar
42C2) CO; incubator == candle jarel| A 724]7
wjeFatsdel oluf #4389 colony S A48k survival
fractiong A&t}

CHHFIO| pulse —labeling F=E

C. jeuni 335 Westfall 5 (1986) 2] ub o) u}e}
methionine®] £3}%)%] 22 MEM medium(pH 7.2)
7} 0.08 phosphate buffer(pH 7.2)2] £3& &1(1:1)
ol detsted 42T ol 2] 303 o)Ak A =|s}eicot 2h2te)
HY 2xold dshs A1 Eok o AL 2 5
20 pCi/ml2] [%S]-methionie(New England Nuclear
Corp, Boston, MA) & #7}sle] %) 2%ol4] 103
<t pulse-labeling® #tdck 18] WAl Gomes
5 (1986) 9] el wiel A ®e} TUI okl 25%
trichloroacetic  acid®} 1 mg® non-radioactive
methionine& #H7}slo] d-goll 4] 3037 wxjgto 2
A A g FA Ak F A 4T A 12,000
Xg=  1#3F "4 Felsle Y9 59
trichloroacetic acid 2 #H), 18] 3 0.08 M phosphate
buffer(pH 7.2) 2 ¥ o4} Alxabeic),

One-dimensional electrophoresis& 9% chal
AlEe FAE Silhavy % (1984) 2] uby ol we} sodi-
um dodecyl sulfate(SDS)-sample buffero] & ebs}ed
sted 100CAlA 587 %)o@ ZZsledn) Two-
dimensional electrophoresisZ $18] 4= (’Farrell
(1975)¢] whol we}l FAS sonication bufferei]
detste] W7 Al g §23tw 4 50 We] sonicator
(Labsonic 2000, Laboratory Supply Co. Friedberg,
Germany)oll 4 1527} 63] utE-s)4 s} s}ich o]
Al &29f) 50 ug/mi<] DNase2} 2 M2} urea® H7}s)a
A Algek 3 ok lysis bufferE Hr}she] 12,
000X g2 10%-7F ¢4 Felgtonsy gy 2z
shgict
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Fig. 1. Survival of C. jejuni at various temperatures.
The cells were heat-shocked at 48T, 51C and
55C. Survival fractions of the heat-shocked
organisms were determined by enumerating
the colonies developed after incubation of the
cells at 42T for 48 hours.

M|gE 9 autoradiography

One-dimensional electrophoresis= Laemmli(19
70) 2] ubyol w2} SDS-poly acrylamide gel(10%)
o4 30 mAZ 527 FoF A3tk Two-
dimensional electrophoresist= O’Farrell(1975) &] 1}
el w2} 2% ampholyte (Bio-Rad Laboratories,
Richmond, CA)E #7}sle] pHE 5~82 =A%
tube geloll 4] 400 VE 124]7F Z12]3 ©}A] 800 V&
1217} 59} isoelectric focusing %17 3%5 3 ¥,
10% poly acrylamide geldll4 30 mAZ 547} o
SDS-PAGEE  AlAJslelrh. o] gele Coomassie
brilliant blue R-250°.2. 343 & &4sl1, 65C 2]
gel dryeroll A 7A%A19) ©-& —70C| 4} 647t X-ray
film(Kodak XAR-5, Kodak Eastman Co., Rochester,
NY)e| %%A]#A autoradiographyslsict. wtwzle]
Hajeko. of2] 71| reference proteins(MW-SDS-200
Kit, Sigma Chemical Co., St. Louis, MQ)-& &
7] AEsery 7t gillzle] R, & FA3
AR st o)
dn ¥ aF
A EZHo| st C, jeunie] MER

C jejunis A Y3 259 42CE Y8 tf 2
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Fig. 2. Autoradiogram of the proteins synthesized in

C. jenuni heat-treated at various temperatures
for 15 Minutes.
Lane A, 42C. Lane B, 45C: Lane C. 4%C:
Lane D. 51C: Lane E., 55C. The arrowheads
indicate standard molecular weight markers
of 116, 974, 66, 45, and 25 kD, respectively,
from the top.

ofe] 7hA] £xg Me)dguwl, AEE] v|XE heat
shock®] ©38% Fag Zsb= Fig 13 %} 48T
ol 4 3047t Al & wloll 2 x4l 42Tl 9}
o] &g vzt sigd o), 51T A 3087 *
238 wofli= oF 10°9) Al 27} Abdabgdn) = 55T 2]
Aol 108 ool <F 10°9) ME7} Apdalg],
30:F Foll = 10° o] 4k} A E 7} Abd el o) 9 22
Astel Kim(1991) 9] =F-o2 $E 3087ke] o A
g} 717Hsel AT FolA] tom A C jejunio] A
e oAEte AT 2x9l 48CE  sublethal
temperature® Z 43slod 1, 108712 o xHzld ¢
ato] 101 o8] MEE wi2A £ F 9le =Y
55CE lethal temperature 2 ZA & }od o] 2] Al5ld
A-gstodet,
a0A C. jeunio| THEE fhd R4t

#HA A 2x3l 420} 21 ¥} 2 ojerr|
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Fig. 3. Autoradiograms of the heat shock and normal

trophoresis.

1EF

proteins of C. jeiuni separated by wo-dimensional elec-

(I) The cells grown at 42C were labeled with [“S]-methionine at 42C for 30 min. (II) The cells

heat-shocked at 48C for 15 min were labeled

shock proteins (90, 73. and 66 kD).

Sl A A4S FUL W C jeuniel wma
4 FA& autoradiography Wy o2 wlmal =
= Fig. 29} e} 45T (lane B) 9} 48C (lane Chef 4
7 15% B9t 4 $4¢ F9¢ wox= HAFEFe]
Z 90, 73, 66 kD<l Hsp90, Hsp73, Hsp66 52]
at shock protein®] g4jo] 22% wied 51T 4
A& F05 dlane D)ot A chaa) o
o} heat shock proteinSe] 4% 2 A satE
em, 55C2) F9-(lane Eel ofm wlmo) g
AE 719 el ¥ 5 gtk olzlar Axp- Fig.
I Mo AEge) Azfel dxe= Row
Jejuni®] heat shock proteine = AR 2w ol 42
CHE} 6C7F %2 48Tl 4 7b |31 A=
o o] whdEo] of Agael] @aixoe] gloo
FA  dAdek o)t Yo ex b guw
T Al AE #HY A% 2xyc oF 10~ 150
& 2%o4 heat shock response”} FHE v}e}

AL W Fe 2 WA Qatehes guse
HA A 2R} of 5C e 2w 1 RH-g-o]
HoZ Jebdrhs Craig(1985) 9 Rd uzw, ¢
Jejuni= W15 Fo L3 M9)e] MlFo @M 7 heat
shock response®] 542 olsia 5+ 9)ry.

C. jejuni®] heat shock proteins®] 257 EMS
9 A8 metaly)  s)sled  two-dimensional
electrophoresis2 4]1|3} Az Fig. 3% 2} 48
Cofl 4 1587+ & H2)2 & % heat shock protein®]
Y ks BBEge W, 4204 wlopsl A 3 o

w2 24

at 48C for 30 min. Arrows on the gel indicate heat

A Bk 458 2748 Hsp90, Hsp73, 28] 7 Hsp
66 52 heat shock protein So| AR =Y} A4
42 Buj Hsp737} Hsp66-S 541 ] pl ¥+ 712 =
5h 2 E-qlH) w)shod, Hsp0-2- okabAd of pl 3t& zte
Aoz ettt C jguniel o) 3712 heat shock
proteing 2 E. colioll ] %745 17 7}%] 2] heat shock
proteing Neidhardt2} Van Bogelen (1987)e] 47} ¢
family2 #H-3 B3 w]lasto Hsp90, Hsp70
(DnaK), 722]3 Hsp60(GroEL) | 7+t e
o2 #FIE).
Hspo| gtMn o
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o}1.7] bl C. jejuni
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Fig. 4. Autoradiogram of the proteins synthesized in

C. jejuni heat shocked at 48C for various
periods of time.
The cells were pulse-labeled for 10 min after
S min{Lane B), 10 min(Lane C), 15 min(Lane
D). 20 min(Lane E), 30 min(Lane F)., 50 min
(Lane G), 80 min(Lane H) shifted to 487C.
The control (Lane A) was pulse-labeled at
42C. The arrowheads indicate the same
molecular weight as in Fig. 2.

_?_
A3 okAkS wHas)t Al Fig 59 2rh C. jeuni s
48CollA 15%7F o 4L & F, A AH x4
42C2 &7 5% (lane D), 10%(lane E), 20%-(lane
F), 30%(lane G), 50¥-(lane H)ol 77} 1027H4
pulse-labeling2- -2 wol= H & oA ] A7)
Hotaloll abel A whllale] §Hi)eo] Ar]s] Z7)st
gk o)2]gt Hil=  Streips?} Polio(1985) 7}
Bacilliel| ] <3-7-3F heat shock response®] 732}
dzstgde), w3 C jgunid HH 222 7 F
50%(lane H) ¢]%7}x|% heat shock protein®] &
o] 2&%] Ho® Mo}, heat shock proteind
FAE e AZr) AAAE Ay S FEIN
oz gtofslz Ao FAF)
Hsp2| LHEM Tl

e AE-A-E-0] sublethal temperatureo| =3
o1& well o A o] Frw7] Wi, 22 F upR
lathal temperatureo] #3)-& wolx YEFo] =7

Ae & ohg A4 A% LEE 57 F 90

AaskR] odevhe o] @ odyelA] e
(Neidhardt %, 1987). ol#lgt o =84S heat
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Fig. 5. Autoradiogram of the normal and heat shock
proteins synthesized in C. jejuni which were
returned 10 42°C after hear shock at 48C.
The cells were heat-shocked at 48C for 5 min
(Lane B)and 15 min(Lane C). The cells were
heat-shocked at 48C for 15 min and then
returned to 42C for 5 min{Lane D), 10 min
(Lane E). 20 min(Lane F). 30 min(Lane G).
50 min(Lanc H). The control(Land A) was
pulse-labeled at  42C. The arrowheads
indicate the same molecular weight as in Fig.
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Fig. 6. Thermotolerance induction of C. jejuni at
sublethal ternperature (48C) before shift-up to
lethal temperature (56C).
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Fig. 7. Gwoth of C jejuni at 42°C after heat shock.
After the cells were heat-shocked at 46T, 50T
and 55C, they were diluted with the fresh
medium and then incubated for appropriate
time at 42T.

Zgle] 2y 55T =2A1H S wof v A
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Aol ev AEAe) tat ¢igich o) W YAHE o 274 guwgse EArege] zhzt 90, 73, 66 kD<)

KOR JOUR MICROBIOL.

Helle YE-ge) B3 Z71=9ich o] sublethal
temperatureol| 4] 4% heat shock proteino]] 23}
o d Aol FrFUee ousi= Zelch
2v} 3087 A2 wo WE o] g A& 55
Coll W44 vellE heat shock protein®] 3§t
Aol 83 48Tl FEA7be] 208 Ao |
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= Fig. 73 2t} C Jejuni-g 46T, 50T, 55T o A1
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Alshedct.
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