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E o]§3}t). AMA (mannitol 10 g; yeast extract 1 g; NaCl
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Fig. 1. Schematic drawing of cold adaptation test. D Culture of cells
to the late exponential or ealry stationary phase before adaptation. @
Adaptation for 16 hrs (ca. two generation times). (3 Heat (28°C,
42°C), H,0, (100 ppm, 500 ppm, 1,000 ppm), ethanol (5%, 10%), and
Dehydration. *In order to examine whether protein synthesis is
required for the adaptation, chloramphenicol was added during
adaptation period.
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Fig. 2. Survival of cold-adapted and non-adapted B. japonicum after
exposure to 28°C (circles) and 42°C (squares).
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Fig. 3. Survial of cold-adapted and non-adapted B. japonicum after
exposure to 5 % (circles) and 10% (squares) ethanol.
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Fig. 4. Survival of cold-adapted and non-adapted B. japonicum after
exposure to hydrogen peroxide(H,0,) at 100 ppm (circles), 500 ppm
(squares), and 1,000 ppm (triangles).
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Fig. 5. Survival of cold-adapted (circles), non-adapted (squares) and
chloramphenicol-treated (triangles) B. japonicum after dehydration.
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<— 200 bp

M 1 2 M

Fig. 6. PCR product of csp amplified from total genomic DNA of B.
Japonicum (1) and E. coli (2). M, size marker

20 40
8. japonicum QGFGFITPDDGSKDVFVHFXAIQNDGYKSLDEGQKYSFTIESGAKGPAAANVT
S. meliloti GFGFITPDDGSKDVFVHFSAIQNDGYKSLDEGQKVSFTIESGAKGPAAANVT
E. coli KGFGFITPDDGSKDVFVHFSAIQNDGYKSLDEGQKVSFTIESGAKGPAAGNVT

Fig. 7. Similarity between the predicted Csp partial amino acid
sequence from B. japonicum and other bacteria, Escherichia coli and
Sinorhizobium meliloti by using Gene DOC program.

%W(Fig 2 w}aw xii AAA WA S B3} AT B
golaart

UE"!

Csp S HXL &ol

AL "Xt F= 05 FPLEH A WS A A
g} #AJel| A ’\H%ﬂ] A 3QE wuldo] 7H9 A ggko] ERis
AckFig. 5). Wb A257A #E FHRR cp FRAAE 81
317] st pCR WES Ak%s}ﬁr:}. PCR o)A annealing
LEE 50~55°ColA] heterologous primers AFE-3FA csp AR}
HAE SE, A 4 9ok vRToE X M @A
FRAZ7} B E coliz AMHE3FEEY E coliit) F-2 9fo]
21 8kAYt B. japonicum®] csp FHAAES7T 200 bpe] AV|Z
FEEUHFIE. 6). T2E FAAY F7IMES AR H,
olu] WA E. coli®} Sinorhizobium meliloti®] csp F-AAF] o}

et Mg viwgt A, B Ao 55

3t B. japom’cum-‘l]

SA) Al FFoIN BB B B oo the
oA Be)E fAAE ofmleat NG AL oq%%s_z}

A3 4 AATHFig. 7).

£ dFdXEe B japonicumol A& MAEel o] dnkA
o= #57) BRI AT & A= 42 2220 el
Wiel ZRHCA ¥ ARG, Ten heFol
o4 Aoz AT cp HUAE BAT FEoN Bl
th o] FFE A2 AHY st AFARLNE A
A B S BAJA AdE S ARE 28 ¢ UE
Zo 2 Al Hr}.

Kor. J. Microbiol

HAlel =

B A7E Jshpsta AR EEEsIE T 249 B R

dTAE 2

—_—

2.

10.

11.

12.

13.

14.

15.

Aol FPHJF

i

)

[ -5

rok

. Crist, D.K., R. . Wyza, K.K. Mills, W.D. Bauer, and W.R. Evans.
1984. Preservation of Rhizobium viability and symbiotic infectiv-
ity by suspension in water. Appl. Environ. Microbiol. 47, 895-900.
Drouin, P., D. Prévost and H. Antoun. 2000. Physiological adap-
tation to low temperatures of strains of Rhizobium leguminosarum
bv. viciae associated with Lathyrus spp. FEMS Microbiol. Ecol.
32, 111-120.

. Fujii, S., K. Nakasone, and K. Horikoshi. 1999. Cloning of two

cold shock genes, csp4 and cspG, from the deep-sea psychrohilic
bacterium Shewanella biolacea strain DSS12. FEMS Microbiol.
Lert. 178, 123-128.

Goldstein, J.S. Pollitt and M. Inouye. 1990. Major cold shock pro-
tein of Esherichia coli. Proc. Natl. Acad. USA. 87, 283-287.

. Graumann, P., K. Schroder, R. Schmid, and M.A. Marahiel. 1996.

Cold shock stress-induced proteins in Bacillus subtilis. J. Bacte-
riol. 178, 4611-4619.

. Hartke, A., S. Bouche, X. Gansel, P. Boutibonnes, and Y. Auffray.
1994, Starvation-induced stress resistance Lactococcus lactis
subsp. lactis 1L1403. Appl. Environ. Microbiol. 60, 3474-3478.

. Horton, A. J., KM. Hak, R.J. Steffan, J.W. Foster, and A. K. Be;j.

2000. Adaptive response to cold temperatures and characterization
of cspA4 in Salmonella typhimurium LT2. Antonie van Leeuwen-
hoek 77, 13-20.
. Hubert, WA, G.D. Ferroni, and L.G. Leuduc. 1994. Temperature-
dependent survival of isolates of Thiobacillus ferrooxidans. Curr.
Microbiol. 28, 179-183
Kim, W.S. and N.W. Dunn. 1997. Identification of a cold shock
gene in lactic acid bacteria and the effect of cold shock on cryotol-
erance. Curr. Microbiol. 35, 59-83
Kim, W.W., N. Khunajkr, and N.W. Dunn. 1998. Effect of cold
shock on protein synthesis and on cryotolerance of cells frozen for
long periods in Lactococcus lactis. Cryobiol. 37, 86-91
Panoff, IM., B.T. Vongs, J.M. Laplace, A. Hartke, P. Boutibonnes,
and W. Auffray. 1995. Cryotolerance and cold adaptation in Lac-
tococcus lactis subsp. lactis IL1403. Cryobiol. 32, 516-520.
Panoff, J.M., B. Thammavongs, M. Guéguen, and P. Boutibonnes.
1998. Cold stress responces in mesophilic bacteria. Cryobiol. 36,
75-83.
Sambrook, J., E.F. Laboratory, Fritsch, and T. Maniatis. 2001.
Molecular Cloning: A Laboratory Manual, 3rd ed., Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, NY.
Stacey, G., J.-S. So, L.E. Roth, S.K.B. Lakshmi, and R.W. Carlson.
1991. A lipopolysaccharide mutant of Bradyrhizobium japonicum
that uncouples polysaccharides from bacterial differentiation. Mol.
Plant-Microbe Interact. 4, 332-340.
Thammavongs, B., D. Corroler, J.M. Panoff, Y. Auffray, and P,
Boutibonnes. 1996. Physiological response of Enterococcus faeca-
lis JH2-2 to cold shock: growth at low temperatures and freezing/
thawing challenge. Lett. Appl. Microbiol. 23, 398-402

. Wamasato, K., D. Okuno, and T. Ohtomo. 1973. Preservation of

bacteria by freezing at moderately low temperatures. Cryobiol. 10,



Vol. 38 No. 1 Bradyrhizobium japonicum®] X2 HX2] &3 49

453-463 5593.
17. Willimsky, S.P.A. and F.C. Neidhardt. 1990. Ribosomes as sensors
of heat and cold shock in Escherichia coli. J. Bacteriol. 87, 5589- (Received November 20, 2001/Accepted December 20, 2001)

ABSTRACT : The Effect of Cold-adaptation on Stress Responses and Identification of a Cold Shock
Gene, cspA in Bradyrhizobium japonicum
Ji-Chul Yoo, Jaesang Noh, Eun-Taex Oh and Jae-Seong So* (Department of Biological Engi-
neering and Center for Advanced Bioseparation Technology, Inha University, Incheon 402-751,
Korea)

Bradyrhizobium japonicum is a soil bacterium with a unique ability to infect the roots of leguminous plants and
establish a nitrogen-fixing symbiosis, which has been used as a microbial manure. In this study, we examined
the stress response after pretreatment of cells with cold temperature. When pre-treated with cold temperature
(4°C) for 16 hr, B. japonicum increased the viability in subsequent stress-conditions such as alcohol, H,0,, heat,
and dehydration. For cold adpatation, cultured B. japonicum was exposed to 4°C. Upon subsequent exposure to
various conditions, the number of adapted cells pretreated by cold adaptation was 10-1000 fold higher than that
of non-adaptated ones. It appeared de novo protein synthesis occurred during adaptation, because a protein syn-
thesis inhibitor, chloramphenicol abolished the increased stress tolerance. By using a degenerate PCR primer
set, a csp homolog was amplified from B. japonicum genome and sequenced. The deduced partial amino acid
sequence of the putative Csp (Cold shock protein) shares a significant similarity with known Csp proteins of
other bacteria.



