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st BANA Aehe tiFEY] TS AQs Aw T 1
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sto] gk VAEES A20lA A58 S8 HHow A
SH AEAAE 7HA T Qlojokdt gtk Aol A Algks nAE
& gA AL WA (psychrotolerant  strain) = ALt
(psychrophile)® 2 FHE-HTh 22 U2 WA 7P &%
X S 7 AR 20°C ool A HA ] JgE Hol=

*To whom correspondence should be addressed.
Tel: 043-261-3368, Fax: 043-264-9600
E-mail: dhroh@chungbuk.ac.kr

40

e A2t 15°C ofste] 2&ollA Hujo] A7s Hol
20°C o)dellM= A5381A] Fdhe T LITHG).
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ElZ(lactose intolerance)0|2} 3}ar, 73-9-ol wie} vHAIZ Q1 AF
S AAHoz A i BEo] vk Havt Aok
(6).

Gutshall 5(13)°l 2J8] AL drthrobacter 59141 B-galacto-
sidaseS ZH3= F-3A7F Bad o), Carnobacterium 4(8),
Planococcus —1\—(27), Pseudoalteromonas 4-.‘—(14)01]/\13 o] A=}
7} Bl Eox] QIaL Coker (7)) Arthrobacter 5] F-RAAE
g HAAA T BAE AAStY 54E 2AFIASL B-
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agar (Difco)S 1.5%7} H == st ARE-3ATE B-Galacto-
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Biochemie, Holland)E #7}8}e] THE X-gal-LBLS AME-SIHS

o] g olg o¥+= MacConkey agar Wi A] (Difco, USA)
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100ml¥] L broth o 1% BZ3}3L 10°C 2D 20°C, 30°ColA] z+
2} ke FES Miller W5 wet ohea 2o] a484
S A 9l et A ARIRIA 0 E v dS AF
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miZ 4°C, 8,000 gollA 2 &3t AAFTE SHlth FHIA Al 100
mM phosphate buffer 1 mlS ¥o] 2 3] A&3la FeHS ¢
3] AAS the 22 bufferell 1 mioll AQ@EAATE A et
A 0.1 miE FH3t Z buffer (60 mM NaHPO, - 7H,0, 40 mM
Na,HPO, * H,0, 10 mM KCI, 1 mM MgSO, - 7TH,0, 50 mM f-
mercaptoethanol, pH 7.0) 0.9 miI®} chloroform 20 pul, 0.1%
sodium dodecy! sulfate (SDS) 10 pE APl Hi1 E3tste]
10 %31 vortex mixer® WHFEF TR 15°Col4] 10 w3t |k
& @ 712l 10mM  2-nitrophenyl-B-D-galactopyranoside
(ONPG) 02 mIE 7Fste] 15°CollA] 10 &3 WHSAIAAT ¥
AR 7] 98k o] Whg-lol] | M Na,CO, 0.5 ml F7}38kaL
420 nmo A FHEE SAATE §49] SAHTE Miller
Unit® & $H:Fste] AT
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0171 phenol:chloroform:isoamyl alcohol 820 & x]g]3}e]
NS WA ASKAL 8o RS 3 F 0.1 9 (vv)el
M sodium acetate®} 2 Ble] WollgkE-S H7iste] HHAI71aL
719} o] 70% AFHEE MHsla ARAIA TE S50 &
A2 ¥ PCRE] FY o2 AR89t

16S rDNA FHAE SF3)7] I8l AME-$F primer= 27F (E.
coli; 5-AGA GIT TGA TCM TGG CTC AG-3)$} 1492R (E.
coli; 5-TAC GGY TAC CTT GIT ACG ACT T-3') & A}&-3}
ot PCR ¥FS-2 1X HHS-8-0(20 mM Tris-HCI, 100 mM KCl,
0.1 mM EDTA, 1 mM DTT, 0.5% Tween 20, 0.5% Nonidet P-
40, 50% Glycerol, pH 8.0)°] 2.5 mM dNTP, Z} primer 2 pmol,
29 genomic DNA 50 ng, TaKaRa Ex Taq DNA polymerase
(Takara Biomedicals, Japan) 1.25 wnitS Z7}st] HF 50l 2
kS &39S wHEQIY PCR WH8-2 2720 Thermal cycler
(Applied Biosystems, USAYS ©]8-3}4 3L W3- 2712 94°CollA]
5 & F<t DNA—E— WHAIA) )AL, 94°Coll A 30 =, 50°ColA] 30
Z, 72°COIA 1 & 20 ZE 30 cycleS A3 ? 72°ColA] 10
# &< final extensions F3y3HTt FFH 2HE2 PCR
purification kit (Bioneer, Korea)S AM8-3Fc] AAIS & SolGent
AHKorea)oll 2F 3l JrIHES ARG BAHE 16S

L
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DNAS] FE4] 34t 4714 <EL GenBankol DQ412565% &
A= At
16S rDNAS| §7|MAUE 0|28t HEEN

2789 A7IME9] 454 AARE GenBank®] database]] &%
H HARE O Z Blast 213 (http://www.ncbi.nlm.nih.gov/
BLAST)O. 2 313} A% Clustal X] multi-alignment
programe- ©]-8-3}] HH3}A T} Genbankol] 5EH T2 HFE
©] 16S 1DNA @711 ¥E xS} MEGA ZE213S o] &34
neighbor-joining method(24)°l 2J3] |71 E7te] 5474 Al
phylogentic treeS HAATF Branch®] A1E|%(bootstrap Fh)=
1,000 3)o] ATFAHE ARZRE MZE trees 2733t ALkst
Atk10).
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Fig. 1. Growth curve of the isolated bacterial strain, AS-20. The cells
were grown in L broth at (A) 10°C, (B) 20°C, (C) 30°C and (D) 37°C
by shaking at 150 rpm. Closed square( Il - ll ) and open triangle( A -
A\ represent AS-20 and control strain E. coli DH5a, respectively.

©H, Table 1914 B ule} o] 30°CollA AldiAIzEo] <F 60
o Bo7 7P wEA F284th MesophileZ AR )2
o thgto] 71 2 Aghs 37°ColA FElE AS-208 tiFA|
7 100 o ooz Frkeke 548 Bt ol w9

o i S 548 & B8 32 Aqro|r] Bl
i% Agge 7171 Aoz A7tE Ut

Ad O3 S8R WEEHAS
g A3} 7]
NME 7HtY FEE B F= v FAA)ME I =
g FHE AR A= vAA). ol 2
= Nakagawa -5 = ] 8 A2 Arthrobacter psychrolacto-
philus®} A8 FEN S-S BAFATH20).
el Askets 54 —8— Table 29} Z9tom ¥ws &
A3 AksiA e & <, maltose, mannitol, xylose, L-
arabinose, rhamnoseS W E3}e] 2RS- AR o] Hlslo]
raffinose, sorbitol, sucrose, inositol, adonitol 72 FoJu} A=
2 52 TEAIIRA] E3FFTE Lysine, ornithine ©f th3}o]
decarboxylase®] W3-8 oA YA WHE-S H<Ql ¥HH arginine
dihydrolase} bile-esculin teste S/gd¥H-8-S AT ONPG AlE
M= FIH-S-S K] B-galactosidaseS ABAHES & 4 AR

B o=@ Aglety daE B

o™ oxidases 2433

Table 1. Generation times of the isolated bacteria at different cultiva-
tion temperatures

Culture temp (°C) 10 20 30 37
Growth rate (OD 600 nm/Time) 006 0.117 0295 0.175
Generation time (min) 303 154 61 103
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Table 2. Biochemical properties of the isolated bacterium
Medium

Abbreviation Principal component AS-20
DP3 2,2,4"-Trichloro-2'-Hydroxydiphenylether -
OFG glucose "

GC Tryptophan +

ACE Acetamide -
ESC Esculin -

PLI Indoxyl-B-D-Glucoside -
URE Urea -
CIT Citrate -
MAL Malonate -
TDA Tryptophan -
PXB Polymyxin B -
LAC Lactose +
MLT Maltose +
MAN Mannitol +
XYL Xylose +
RAF Raffinose -
SOR Sorbitol -
SUC Sucrose -
INO Inositol -
ADO Adonitol -
COou p-coumaric -
H2S Sodium Thiosulfate, Lactate, Ferrous Sulfate

ONP O-Nitropheyl-f-D-Galactopyranoside +
RHA Rhamanose +
ARA L-Arabinose +
GLU glucose +
ARG Arginine -
LYS Lysine +
ORN Ornithine +

OXI Oxidase -

2 7S A3 A 97%= Hafnia alvei, 2%<= Escherichia
coliz. EARE ). ulzxo =z Hafnia 228 Enterobacteriaceae®]
a5 24 $oF giFEe] Tt 25-30°Coll A 58S 7HA
I 35°CAlAE 570 flen Iz, §E, 2/, EY, 2,
EoA] et 28]al S o] 85HA] Edrhar g A e
U Aol wet Fepav=e) o3 f38 ol&dke A= Aok
Hag]o] 9loj(15) #2lH AS-202 Zekav| o) od)] {3
alshs Ao A7k

-

to K

16S rDNAS| 7| MY 24 A HSH soAztA

PCRZ FZAYLHE 1,507 bpe] 16S rDNA & ©]83tef 4
T TS flste] AVIMEEA g AT 1,426 bpe] H7IA
S Ao olF ol&ste tEdt o] AVIMERAE
A|E=38}ATh. WA] National Center for Biotechnolgoy Information
(NCBD?2] Blast A4S 53 FAIES FANS A3 AEFF
AS205 H. alvei®} 99% (1,413/1,421)9] =& G71XE 454
S Kol 7)o AsletA iy Y% A9E Hoss g)l
stk 23€E 2714497 FAFS type strainE 2] FATAE

B-Galactosidase $42Ht 54 2 54 43

Raoultella planticola ATCC 335317 (Y17659)

Raoultella omithinolytica JCM 60967 (AJ251467)

Kluyvera cryocrescens ATCC 334357 (AF310218)

Enterobacter aerogenes JCM 12357 (AB004750)

Buttiauxella brennerae DSM 93967 (AJ233401)

subsp. LMG 175667 (AJ223407)

AS-20 (DQ412565)

Hafnia alvei ATCC 133377 (M59155)

99 L= Obesumbacterium proteus DSM 27777 (AJ233422)
Serratia entomophila DSM 123587 (AJ233427)
Serratia ficaria JCM 12417 (AB004745)

Serratia plymuthica DSM 45407 (AJ233433)

Serratia proteamaculans DSM 45977 (AJ233435)
Serratia grimesii DSM 30063T (AJ233430)

Rahnella aquatilis DSM 45947 (AJ233426)
Serratia fonticola DSM 45767 (AJ233429)

—
0002

90 |Hafnia alvei MBRG 1.2 (AJ508360)
82 |! AS-20 (DQ412565)
Hafnia alvei (U84729)
Hafnia alvei m 49 (AY253923)
Hafnia alvei D1SF12 (AM042703)
73 LHafnia alvei ATCC 13337" (M59155)

Hafnia sp. HHS 27 (AJ846288)
-Hafhia alvei (Z83203)
100 L-Escherichia coli ATCC 43895 (283205)
-Hafnia alvei D3SM15 (AM042710)
-Bacillus subtilis DSM10™ (AJ276351)

005

Fig. 2. Phylogenetic dendrogram of the 16S rDNA sequences of AS-
20, Hafnia spp. and E. coli . Tree (A) shows the position of AS-20 in
phylogenetic tree of Enterobacteriaceae family. Tree (B) represents
the closest strain of AS-20 among Hafnia spp. The tree was rooted
from a neighbor-joining method with bootstrap analysis (1000
replications) of 16S rDNA sequences from AS-20 and related species
published in GenBank. Bacillus subtilis was used as an outgroup and
Genbank accession numbers were shown in parentheses.
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o NCBI9| tle[eHo]2o] T5H A7IME T 7P =
o fE7ol A€ biofilmell A FE|E T H. alvei MBRG
128} =2 FAWAE HAFATH19).

o] S84 SHoA 1T v o] 1= Aol #9
sl He] Aol A H. alver= enterohemorrhagic (FHZEE A
I+ enteropathogenic (WY dlidtd} o] SA4FA f
A} eaed (EPEC attaching and effacing) F+AAE 7HA|aL Q&
Ao g wuEo] Yk, 11, 17, 21, 26). 54 FAA eaed?}t
EASR= 3 gl 9] 168 1DNAS] G7IM Dol EE7 RS
olg3le] F-El® H alvei AS-209] U4 HF-E Lolny]
st ol FA FHAE 7R ] 16S DNAS] A7IMES
AdEsle] 2AlEIIk. 1 2 Fig. 39 29kom AS-20S WY
A& 7HIAl &2 At sdste] Aol fle HoE 4%
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. coli EPEC (Z47359)
coli EHEC (283205)
alvei eaeA’ (z47360) ...
alvei eaeA (M59155) ...
20

TGCTGCTTTG CTGACGAGTG GCGGACGGGT
T

FEELL

coli EPEC (247359)
coli EHEC (283205) cen
alvei eaeA’ (247360) ...

prmhb

alvei eaeA’ (M59155) ...
20

coli EPEC (247359)
coli EHEC (Z83205)
alvei eaeA’ (247360) ...
alvei eaeA” (M59155) ...
as 20

coli EPEC (Z47359)
coli EHEC (283205)
alvei eaeA’ (247360)
alvei eaeA (M59155) ...
as 20

Fig. 3. Alignment of the partial 16S rDNA genes of E. coil EPEC,
EHEC, eaeA positive and negative strains and isolated strain AS-20.
GenBank accession numbers were shown in parentheses and
numbering was the same as (20).

S 9tk AAle] $-4-2 s HIEAA A FRE A
Ho2 eaed A7 HE 2 S4AHo] HaEolo} & AL

= A7k,

k2= 3 A|ZH0]| (2 B-Galactosidase S A &4

22X TS ARS8t 2l TS 10°C, 20°C, 30°C
oA Bl HA] B-galactosidase B3-S ZAFSF A3} Fig. 49}
2t} A 73 30°ColA] 12417 vl dske] B-galactosidase
S 15°ColA] 10 #7F 9REAIA S78319S Wt 40
unitS JERH AT} (Fig. 4C). ool whal A5 HH 2o A 2}t
AS-202 6A1ZE HlFA] 270 unitS YER|O] digTtET} 6.7 bl
9] =& F2TYS HAFII 10°CoA viYsle A9
F71 T4 BA7IA SRS | 410 unitS HER O]
30°ColA wiFe A Hoh 1.5u1e] A4S Kol FQItKFig. 4,
A, C). 20°CollA= 12413 WA HE/8S KRl $ w7
ol 7t e A4S RAFt(Fig. 4B).

olfd A%E B w EelH AS-202 AFFHAHLE 30°C
R Aol B2 2] B-galactosidaseE ARFel] =& &
284S el Ao AZEm o= o] FFEHRE p-
galactosidaseS I Q3= F-AAE S22t T AS gA)st
of 340 SAS ATt 443 ol 87Fs A S golrolof F
ZoF A7)

LAl 2

o] =2 2005 % WA HARIN- A GATSA U S 5494k
o] Aol eJate] AFEHAOM A= 20043% FHTASL
StEATALARI ] AgH] Aol olste] ATEUAFUS 23
o Ef& & 284 & RS SR v|Esk} 74
A5 FES A Mol T A9y dellAl TAEH
Uk =443 g 2 Ews & o194, ol uggel

Al FAE=HUG.
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Fig. 4. Activities of -galactosidase for AS-20 at different temperatures.
The strains were grown in L broth with at 10°C(A), 20°C(B) and 30
°C(C) and enzyme activity was determined at 15°C for 10 min. In (C),
B-galactosidase activity of E. coli was shown as control.
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ABSTRACT : Identification of Novel Psychrotolerant Bacterial Strain and Production of (-Galac-

tosidase

Jeong-Woon Park, Jae-Soo Yoo' and Dong-Hyun Roh* (Division of Life Sciences, College
of Natural Sciences and Biotechnology Research Institute, Chungbuk National University,
Cheongju 361-763, Korea, 'School of Electrical and Computer Engineering, Chungbuk
National University, Cheongju 361-763, Korea)

Galactose joined to glucose by a B(1—4) glycosidic bond makes lactose and this disaccharide is rich in milk. It
is known that lacotse is hydrolyzed to each monomeric sugar by either lactase in human or [3-galactosidase in
bacteria. Ingestion of milk by lactase-deficient persons causes a temporary diarrhea and subsequent chronic
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diarrhea results in colitis with chronic inflammation. We isolated a B-galactosidase producing psycrotolerant
strain AS-20 from near cattle shed and investigated the growth at various temperature conditions. Whereas
Escherichia coli strains did not grow at 10°C, the AS-20 strain could grow well at this low temperature and
showed optimal growth at 30°C. The isolated strain was identified as 97% Hafnia alvei by biochemical prop-
erties. This strain could ferment glucose, lacotse, maltose, mannitol, xylose, ONPG, rhamanose and L-arabinose,
and decarboxylate lysin and ornithine. To confirm the identity of isolated strain we amplified 16S rDNA by
PCR and searched similarity of the 1426 bp DNA sequcence with Genbank database. The strain AS-20 showed
99% similarity with Hafnia alvei. The activity of B-galactosidase was 1.5 times higher when the cell was grown
at 10 or 20°C than at 30°C. The highest enzyme activity of AS-20 was also much higher than that of E. coli,
which was grown at 30°C.



