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FIAYES] PREE vBEEC] A nlAEL Alele 2%
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EZ(lactose intolerance)]2} 311, 7-9-ol wet ¥HdAQA I
2 AAAHoR Agge] fE7 Bl Avke Rt Aok
(6).

Gutshall S(13)0ll 28l A4 Arthrobacter 4141 B-galacto-
sidases ZQP= A2 Bag o), Carnobacterium £(8),
Planococcus 43(27), Pseudoalteromonas 4:(14)9) X% o] #-Ax}
7} B3 oA QI Coker S(7) Arthrobacter %8 FAAE
3 BEAA 1 BAE AAS A4S 2AEIAT B-
Galactosidase® 0] 2% FHrElo] GFd +HAE AiketA
v % BUE &4t okd Qe S AdshE U AR
A} o]e)olz A=Y o FEE AZA] AFS} 7|17HE dEAZ
T lom sk pHE W W30 A7 EE 4 ok
o] E Jactosedll &3+ AHPAE ARSI ofolay Alx
2 SARAE o7l £ A&l A2 4 ATH28).

F3bol| A Al vAYE T DLTOZHEE F-8% E4E
o] ThFatAl AldE o] AR YEIL o] &AL e
o] §isle], A 2@ o 2REE glH o2 §-85 g0 A4 |
ool TSt Ry} B @2 A7golt. ojof & AfolM=
T B BE9al AL A B-galactosidase FA4S VR
AL YAdTs et 435k, EelE dTE9 B-galacto-
sidase 44548 ZARIAT.

T

Ao & v x|

9] o= L broth (1%(w/v) tryptone, 0.5% yeast extract,
0.5% NaCl, 2% lactose, pH 7.2) ¥ A Z ARE3l o n, 1|77t
HiZ(@LBL)E= L broth] §3& 02% 5%E H7}8kil Bacto
agar (Difco)E 1.5%7} S== F7lste] A-8-8t). B-Galacto-
sidase BE ZkE o] ABAlolE LBL 33 wixof 32
ug/ml®] 5-bromo-4-chloro-3-indolyl-B-D-galactoside (X-gal; Duchefa
Biochemie, Holland)Z 37}8t] THE X-gal-LBLES AME-3IS
o fde] BFold o8= MacConkey agar BiA| (Difco, USA)
E ARSIt
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2l5h7] g5t 20043 128004 9d 29 ol AE
T, TE AT 74 AR, TH HAL, T okt 2,
Ab Ae) FAAE F19w FAR FHEY, WA 3712
A9 ABFS A8 So2RE AZE AFA. AF=
ANE 1g 2 9ml 9 0.85% (wiv) NaCl §ol] @11 10°0 A
10717 343le] LBL agaroll ©8-8 o]83le] B9 w-uhsk
F 10ecoll A widsted FB2UE AUtk o] FRYE Faye
2 U] BEl8}a B-galactosidase AS 1A= TFY HEA
BE X-gal& F74g LBL $H% T vixjollA] A0S vehfe
225 dE317 v MacConkey agardll HE38le] 45 2t of
HE 1819

B-Galactosidase At 578 2 54 41

A7 42 At 10°CallA] 36213 St kst A
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rel FF=g SAsAT

B-Galactosidase 4 &

B-Galactosidase 248 10°Col| A 36217t B2 ZEHjokdt 7%
100ml9) L broth ol 1% &3} 10°C 2 20°C, 30°CAlA Z
Z} vjkE FES Miller WH@25)0) weh thea} o] a484
< 3319}, A3 W AEe ARPE SR wjddS A
sl 79 A4S E3% 600 nmollA] Z3sk @A widy |
ml& 4°C, 8,000 gollAl 2 £7F LR 3ok FAwAel 100
mM phosphate buffer 1 ml& ol 2 3 A& 45HE&
28] AAT S 2 bufferd] 1 mol] AR 34 &
& 0.1 mE 33} Z buffer (60 mM NaHPO, « 7H,0, 40 mM
Na,HPO, - H,0, 10mM KCl, 1 mM MgSO, - 7H,0, 50 mM B-
mercaptoethanol, pH 7.0) 09ml®} chloroform 20ul, 0.1%
sodium dodecyl sulfate (SDS) 10 WE Alg Tl Y1 &35}
10 %7t vortex mixer® nHFEE TS 15°ColA 10 E37F AXE
< WA 7]=Ql 10mM  2-nitrophenyl-B-D-galactopyranoside
(ONPG) 02 mlE 7}t 15°CollA4l 10 £3F 9hEAIHTH HH8-&
GAA717] A3t o] ¥-EHell | M Na,CO, 0.5 mt& 7k
420 nmollA SHEE FAYTE G40 G E Miller
Unit® & gHkato] FA)8H .
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AHE FFE L broth #iAo) wjeste thg=ri G=]7]9
TFE AR An 4 (Nikon 80i, Japan)S ol-83l] el
#sldt. Agehd EAS BioMerieux Vitek Gram negative
identification card (GNI+) & AMS3tHTh. #5-& 23 &4
54 7=, software B R09.01 (bioMerieux, USAYS A&}
4 N A & A ow FAsgen ANE Bergey's
Manual of Systematic Bacteriology Vol.2(15)°Y kel #elaldt),

16S rDNAS| PCR 5= % &i7|MY dH

AEE 79 165 IDNAS FE317| 3t WA vhgaf o]
bead beating ¥ © & genomic DNAE 3319t} 10°Co) A
30 AIZE E<F L broth BAISA] viekg o 1 mi YA &
% 0.3 ml lysis buffer (500 mM Tris-HCl, 10% SDS, 100 mM
NaCl, pH 8.0)o @EAIZTH 7)o 05g2) 0.1 nm Zirconia
glass bead (Biospec, USAYS 713} vortex mixer® 3 &7t 4
oA akehas dAE stk oA s YA
ste] ol Woleh&E 2 vl (wv) F718 § genomic DNA
& HRAZ. o] s dRste] e AAES 0%
Aere= 1 3 MAsla H2AA A3ee] TE S5 de
AR F AZTEE7) 20 ug/mle] HE=F ribonuclease AS H7Fs}H
o} 37°C M 1 AT wRS-AIHT ojl Feke) 25:24:1 HIE R wh
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E°]3 phenol:chloroform:isoamy! alcohol 2.2 *2|3}

WAE WA AL 8 JES S5 § 01 ¥ (vivd]
M sodium acetate®} 2 Hj2] Wollghe-& AHrisle] HAAI711
719} o] 70% AEEE AHSIa HdERAA TE S5l &
AlZl & PCRY] FH O AMB-3H3Tt.

168 IDNA F32E 5E3517] 3] A primers 27F (£
coli; 5-AGA GIT TGA TCM TGG CTC AG-3)9} 1492R (E.
coli; 5-TAC GGY TAC CTT GIT ACG ACT T3) < A}&3}
%k PCR ¥H&-2 1X ¥hE-89(20 mM Tris-HCl, 100 mM KCl,
0.1 mM EDTA, 1mM DTT, 0.5% Tween 20, 0.5% Nonidet P-
40, 50% Glycerol, pH 8.0)%] 2.5mM dNTP, Z} primer 2 pmol,
%23 genomic DNA 50 ng, TaKaRa Ex Taq DNA polymerase
(Takara Biomedicals, Japan) 1.25 unitS &7}3le 2% s0ul &
ke EFNS wEQITE PCR ¥H8-2 2720 Thermal cycler
(Applied Biosystems, USA) ©]-83} 1L ¥hg 211-& 94°CollA|
5 ¥ < DNAS WHAAI7|aL, 94°CollA] 30 &, 50°Col Al 30
Z, 72°Co1A 1 B 20 22 30 cycle2 A3E 3 72°Co0A 10
E E9 final extensions FPotuci FEH & PCR
purification kit (Bioneer, Korea)& AM§-8+} A A & SolGent
AtKorea)oll # 3l FrIMES AASIATE 2AgH 168
rDNAS} F&-2Q] 34t G714 2 GenBankoll DQ412565% &
A= At

;oo oy

2
1 ﬂ}{ﬂ
!

16S rDNAS| ¥7|IMYE 0| S8 HISEH

AAE G7IMEe] 454 HARS GenBank®] databasedll 55
B ARE = Blast Z2 13 (http://www.ncbi.nlm.nih.gov/
BLAST)C.Z F83ltk. AlT-2412 Clustal X©| multi-alignment
programe ©|-8-3l HH3H T} Genbankol] TEH THE IFE
9] 16S 1DNA 971M<E AR} MEGA ZZ 1S o] &3t
neighbor-joining method(24)oll 2J&fl A7 Ee] Fdd Azt
phylogentic ree® AU} Branch®] 4% X (bootstrap ZH)T
1,000 9} AFAHE ASZHEH MEE wees /g8t AlLkst
FTH10).

77 o T
TFo 2o W AN SY
Aegare 2% 5 F23 AL &4s vE
o] #%5 Foll aaxgr} 7resta, EXEz 44 B8Ads
o] AZFANA FHE 7T A2 e A2l Edd &
ERHE Ao 2 583 549 AL 2 o] & e K
7} 2R o}, RAAARS T2 FAF A B-galactosidaseS
ek #5E BeEh AT £ B e Al
A X-gals £33+ LBL s A S o] &35} 3, MacConkey agar
HiRlol A fe] BEs ARt A2A e &) B-
galactosidaseE BABIE 55 2F AS-200.2 HHIAT
2elE 7o AR2EE dolE A Fg 19149k 2] As-
20 T WiFel Ak Béke 10°coll M Bl 2 Ak

Kor. J. Microbiol

g 2.0 E
(=T Q
s 2
g 1.5 8
£ 10 =
z E
9 o
@ 0.5 5
= =
S 00 8 o
0 8 16 24 32 44 52 60 68 0 4 8 12 16 20 24
Culture time (h) Culture time (h)
.25 2.0
£ E
S 2.0 C 516 D
S 3
o 1.5 a2
e ]
< 1.0 £08
¥ z
[=]
g 0.5 E’ 0.4
= 3 P!
& 00 © 0.0

2 4 6 8 10 12
Culture time ()

o I

4 8 12 16 20 24
Culture time (h)

o

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 - I} ) and open triangle( A -
Ay represent AS-20 and control strain E. coli DH50,, respectively.

om Table 1914 X nkel ol 30°CelA] MtiA[zto] o 60
o oz 71 w2 S8t} Mesophile® AME-HE TRt
Q1 YiaHdo] 71 & A=hs 370l EElE AS-202 tlEAl
& 100 AR oo g Frlske 548 B olHE 7Y
Lxo) Wl 4 EAL 2 o 228 ¢ Agol] Hue
A& AgAge 71 Ao E Azt A

A dslsH EY
dAMNS dnp 19 SAATOE AEEAL

b AV S AMESte] SR AR i)
AME e FHE Bo F= i gArledMe 9@t &
v 7 AR g RAFAT &IE HAA). olHg 4
F1= Nakagawa 5-°] H218F A2 Arthrobacter psychrolacto-
philuset FA18F FEE3E RAFATH20).

Ee|idFe] AEshy 54L& Table 29} Bgkem ¥ewhg b
AAZI AEAIHeE 3%, maltose, mannitol, xylose, L-
arabinose, thamnoses WA A AT o] whato]
raffinose, sorbitol, sucrose, inositol, adonitol 22 o} FU=
& 5o WFEAFNA FE3}HTE Lysine, omithine o th3}od
decarboxylase®] W8-S doA A WhE-2 HQl WHH arginine
dihydrolase} bile-esculin test> SgHH3- HSTh ONPG A8
ol Aje FAdure-& W] B-galactosidaseS AAFEHS- & = U
o1 oxidase® S9NHES HAtt o2 Ase g E

flo

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 bactertum

Medium

Abbreviation AS-20

Principal component

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 -
SuUC Sucrose -
INO Inositol -
ADO Adonitol -
cou p-coumaric -
H2S Sodium Thiosulfate, Lactate, Ferrous Sulfate

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

OX1 Oxidase -

W2 F& T4 24 9% Hafnia alvei, 2%= Escherichia
coliz TN A 2 Hafnia 42 Enterobacteriaceae®)
% 24 S0E gREY] d57F 25-30°ColA 58S T
2 35coME Aol flor Azl B8, 2R, BEY O,
oA Bt 223 §3& o8-8k Retkn 4 A Je
v Aol mhet Fepans] o) 38 o) 8shs A ok
A BarEo] glel1s) £HE AS-202 FEan|se o3 /3
< B3llske 7oz AZHL)

16S rDNAS| §7(MH BN U AISH FoiatAl

PCRE FEZA32HE 1,507 bp2) 16S 1DNA S o]&ate] A
TF 4L Hgte] G7IMSEA 3 EH} 1,426 bp] G71AM
& Z2AsA 0T olE o83l thgy o] ErIMEENE
A|%=314 T}, WA National Center for Biotechnolgoy Information
(NCBD®] Blast A& B3 SAIZE ZAE At HAdds
AS-205 H. alvei®t 99% (1,413/142D)9) =& 71449 454
& Kol A7]e) Aglshd Wy FUS AAE BAEFS 9l
ek 239 47199 FARE ype straing#S] FABEAS

B-Galactosidase 4Ht 54 2 B4 43

Raouttelia planticola ATCC 335317 (Y17659)
Raoultetia omithinolytica JCM 60967 (AJ251467)
Kiuyvera cryocrescens ATCC 334357 (AF310218)
Enterobacter aerogenes JOM 12357 (AB004750)
Buttiauxefia brennerae DSM 93967 (AJ233401)
subsp. LMG 175667 (AJ223407)

AS-20 (DQ412565)

Hafnia afvei ATCC 133377 (M59155)

89 " Obesumbacterium proteus DSM 27777 (AJ233422)
Serratia entomophila DSM 123587 (AJ233427)
Serratia ficaria JCM 12417 (AB004745)

Serratia plymuthica DS 45407 (AJ233433)

Serratia proteamacutans DSM 45977 (AJ233435)
Serratia grimesii DSM 30063 (AJ233430)

Rahnelia aqualilis DSM 45847 (AJ233426)
Seyratia fonticola DSM 45767 (AJ233429)

S0 jHafnia alvei MBRG 1.2 (AJ508360)
82 [ AS20 (Da12565)
Hafiia aivei (UI84729)
Hafnia alvei m 4 (AY253923)
Hafria alvei DISF12 (AMO42703)
73 Liafiia alvei ATCC 133377 (M59155)
Hafia sp. HHS 27 (AJB46288)
Hafnia alvei (Z83203)
100 L-Escherichia coli ATCC 43895 (283205)
Hafnia alvei D3SM15 (AM042710)
-Bacillus subtifis DSMIOT (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.

ZA 15t A3 Fig. 2(A)9F 24t} Brenner(3)ell 93k SUsH A
T9] Rststd AT E VA= Obesumbacterium proteus= H.
alvei®t 99.5%2] 16S rDNA 454& 71AE Y type strain
o2 Huso] glom oo et AL v B RS Haw
3} H. alveiell 4812 ¥l A 70 165 rDNA §-32ke] 9714
ol 7123 BAAESH BalolA AS-205 Fig. 2(B)9 2t
o1 NCBI9 HoJE{wjo]2e] 525 G7|M<E & 7149 A=
H FETol 49 biofilmoll A £&]¥ HFF H. alvei MBRG
1.29F #& fFABAE RAFATH19).

o 823l 2w AT W WAAgo] gl Ao) 49l
3ltt. #H2e] AFolA H. alvei= enterohemorrhagic (P& A)
I enteropathogenic CIUTHAT) thaba=} o] EXNAH H
A eaeA (EPEC attaching and effacing) +3AZ 7}x|11 e
Aew BuHol UUh, 11, 17, 21, 26). A A} eaed”}
EABRE T $= 79 165 DNAS] d7|M o] 253 AL
o) g5l BalH H alvei AS-209) ¥ §55 dolny] 9
gt ol5 HA FHAE 717 79 165 IDNA2] F71XES
AEste] 2AET. 2 A3 Fig 37 2900 AS202 HY
& THAA e A At WYA0) gl Aew AT

ok
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E. coli EPEC (247359)  ATGCAAGTCG AACGGTAACA scmcx\scr Tscmcu'm CTGACGRGTG GCGGACGEGT
E. coli EHEC (283205)
H. alvei emed’ (Z47360) ...
H. alvei eaeA (M59155) ...
As 20

. coli EPEC (247359)
. coli EHEC {283205)
alvei eaeA (247360) ...
alvei eaeA (M59155) ...
20

pEmnn

. coli EPEC (247350)

coli BHEC (283205)

alvei eaeA (Z47360)

alvei eaeA’ (MS9185) ......G.Y. ..
)

FEELE
.

coli EPEC (247359)
coli BHEC (283205)
alvei eaeh (z47360) ...
. alvei eaed” (MS9155) ...
20

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

prmmm

& AT A 282 A MR Aol fRE 7
HOF caeh FAS) AF D HAAGo] Hsolol T Ao
= 4zhan.

== X A|ZHo]] [HE B-Galactosidase S A8

27 EA gidd-S M-Sl #8E TS 10°C, 20°C, 30°C
ol A} wjFEPHA B-galactosidase B3-S FASE A3 Fig. 49
29 A8 7Fs%F 30°Col A 12413 Bl FEle] B-galactosidase
848 15°ColA 10 £3F vhA1A SHEH S W gl 40
wnitS JERAIT} (Fig. 4C). ©]ol wks) A8 A 2xoA] 2t
AS-20& 6A1ZF HI%FA] 270 unitE VERJO] iR} 6.7 B
9] & FATAL HAFAE 10°CAA wideleE A o
F71 F71 A ZA 71 EEetdS ® 410 units HERA O]
30°Cel A wlgst A Ko 1501 & B FAThEFg. 4,
A, O). 20°Col A= 12417 HiA] HugALS 2 F ujdsr)
o= o7t B §A4TAS HAFRTHFig. 4B).

o3t AdE B uf ElE AS-202 HKHALES] 30°c
Hrols Ao & 9] B-galactosidases B4t &2
2848 vehle Ao AZET Yo o] gdFEEH B—
Fgshe S G293t DA g3t
oj87Fs4E Yolrolor 2

galactosidase &
o) Baol 4L AT 4
Aoz gzt

#Alel 2

o =EE 20053 HAHA LN vﬂ FEAE S
Qe Agel sfate] AR AFE 20045 FRUFT
sreadTAsl A7 AL ofsiel oﬁﬂ%gwu}. A3
of £8-¢ & 084 2 HIEF FRUSE PlENH 74
s} Sk B 2RINE AL HolA BA=H
ok =g abs 240 £ £8g F o9, o4 wdel

Al FAERYH,
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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 B-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 -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.



