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AWFEH Hk RS

S HREAGRAEEEGES . ZHIE (M1~ M3 ~ M6 ~ M11

Ko T1) » LB Z MR ~ SURREE A B T R NE 07 B MIHE - MR fEeH
12% TERERSEER SRR 168 h (28°C) AR > Btk M1 ~ M3 e M6 fi* 48 h fir e SR WE AEBAR TR
BRI (2035 ~ 23.01 mg/mL) » FERZRFRRLLL —BPRZREREFI SRR, 75 ~ 84% - M1 BPRHIE 2
96 h A EEH 19.81 mg/mL SEEEE FEREF R 64%-T1 BEERAEEE 24 h FrgbE4: 12.71 mg/mL
SRR > A5 EE 48 h BHEGE 29.15 mg/mL » JERERIFIREy 92% - CRFFRESEFE (26,78 ~
31.73 mg/mL) - F53&E 120 h 5507 M - ARAFTAESREREC 707871 - M1~ M3~ M6 ~ M11 J
T1 FHERATE L EEFRERE (DL GPC #ERAE V950 72500% 10.79 ~ 10.78 ~ 10.31 ~ 1.78
k2 14.71 KDa » #Fs HFT EEREEERY 64.31 ~ 89.30% o £ BIPRATEE Hi 1 BRIWE DIRRB K i B
1% > BT HBBEA ARG T DASRE Ry 5 43T EL 'H NMR R °C NMR [BI38 - SEUREESORR - Hoftiam
SRS TR R RS SRS E R E RO - KRR 5 IREFTERPER SR B(2-6) SEFTIRE

FRI SRR -

REIEREE | BN - REPBELR B KRMBREEH

T

Hij

REWE (levan) 2 —H RN EEGY
(fructan) » SRR GV 24 2 1 - BR T FREZH
HUFERS T2 Ry B(2-6) HYSBEESL » 53— Re % Wi
(inulin)> 2Ry B(2-1) GfE —F A REA S8 -
MATERKEEERERE - FF2EYHshaE /N
73RO RRNE K AEE (S F- RO, < 5000 Da)
1715 > B - CAIA Z A Y] DU 4 RS
(Han, 1989) - SLEHE S (K RE R S /KIS MR Rk
EEVIINL ErVER AR ~ BAUR] ~ BER ~ 14
T Bz R HE S #SE  (Han, 1990; Jang et al., 2001;
Leibovici and Stark, 1985) ; H A[#Ck M4 HE 78
(I FEE 25 KDa-250 KDa ) (Han, 1990)- [t 4} >

SBIES / EEMA—8% 199 5%; TEL: (02) 2463-3101;
FAX: (02) 2462-8138; E-mail: myhuang@mail.tfrin.
gov.tw

s B PUIER (H5E, 2010 ; Calazans et al.,
1997; Yoon et al., 2004) ~ BE{EfEEESE (Kang et al.,
2006; No et al., 2007) ~ E3E'E (prebiotic) LfE
(Dal Bello et al, 2001; Korakli et al., 2002;
Semjonovs and Zikmanis, 2007) e RIEHE
(Calazans et al., 2000; Liu et al., 2010; Yoo et al.,
2004) SECREEDIRK -

TE/KERE AL b SRR EEE R 2 A
(common carp, Cyprinus carpio; Labeo rohita) #fff
BAREHFHERECR - GPERIRN 0.5 ~ 1.25% 1Y
SR P A MR R AL IMBR S IMAL SR &
B WIS EEE RERE A& E - e
FUENE B IEsRvA TR RS T e e R W HARTT
¥19% IR & Aeromonas hydrophila 2 # §T 58 J7
(Rairakhwada et al., 2007; Gupta et al., 2008) - 4}
Gupta et al. (2010) ¥FEBEERI 1.0% & 1.25%
JRfiEfa (L. rohita) HEFETRIHERE 60 K (267C)
% FAERENEATEEHE 70 (heat shock protein
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70) &SN - HAEEREER 35TC)
BR 2 2Re IS © KR EMAE R HE 70
AIDAHERF A YIRS A DIREME B VB RRREME (Das et
al., 2006) - ] DUR e A 1 ey 52 1 5 R A )
(nonspecific defense mechanism) (Gupta et al.,
2008) - [ IHL A £ S e it L BE TR -

HEARTEYIRA RS A SRR AE - (HH &R
NE o ERTRE A A SRR 7 1A SR DAREHE
HIFAPEYE T8 (Han, 1990) - HETEATHZ
FRAHAE P p e R A AR FE SR 30 - 1400 Acetobacter
xylinum, Bacillus subtilis, Erwinia herbicola,
Pseudomonas syringae Jz Zymomonas mobilis &
(Han, 1990; Hettwer et al., 1995; Keith et al., 1991) -
Hr i = DL Bacillus sp. #ih7Ei% - SE8EMEY)
P DARERE Ry - B RSB EE - R TEYIA S 73
B R OB EE O BE T [levansucrase  (sucrose
6-fructosyltransferase, EC 2. 4. 1. 10)] {EFIREMES
DS AL

SR IE B T P OB O R L RS = S
(Tieking and Ginzle, 2005) : 55—7F& f BEFEAY 7k fiZ
TER - EEYI Ry B B SRR - o8 R R I
J& (acceptor - reaction) » FZIHEFEH FH s R BE /K i iy
FEARZRER: » HU/KIETR & BB 5 — e b Y
R B B B2-1) SEASIUREAYIE R = hE
(kestose) » FZJH IR —WEMEFRESZE - IS H
FERE/K R SRR » BT O SR PYBE (nystose) »
LS R T - AR R/ NSRS
HEIEY REENE B EREGIE
(polymerization) » 5% % 34 R Fe R 7K B2 P 728 A2 12 SR
B—INEEAER R AR b2 IR - IR
BERZ B(2-6) FEAEAURBAYSLENE - ML
FEY) MR R RINE o IR SR e s T P R o
T EEY R RN - HAMEY SRR - 2%
P& (Han, 1990; Tieking and Génzle,
2005) -

E R SRS 2 A R 220 Bl Rt
Vet HR e T 38N TR A G L ~ BT
SRR RS L BRI TAE LLEREE N i RE s o0 oAt
FIERTT 4 DRI 25 B e s sm) SR A AP AR R
MRImIR AT ~ BT ~ AR B < R - B
EMREEBAIRRVEE N RERHHIER - A5t
Bk RE it (R 32) hEREREG4
FE SRR o M A VA B - Pl H i AR IR 2 R

JIRPRAEREAE L 5 T RAIEIE - Dt — 15
PR R R0 K BB S BRRE M B o2 T
-

FORLEEL /5 ik

— ~ EERIRIERR 0l ~ PRAFERLERR
(—) ERFPBEAEIRRKRT

/KRB R TERE AR VIR R (RS,
32 psu » pH 6.63 » 7Kkif 28°C) #&EH E B IEIRAT
B 12% R EEEAE L FERE R AR
JitR2% Park et al. (2001) > RLHEEEREZEHY)
(yeast extract, [ Difco) 5 g » ZEF1Jl (peptone,
Difco) 5 g » B &E 8 (K,HPO,, Sigma) 1 g 5 i
FE$E (MgSO, + 7TH,O, Sigma) 0.2 g > &ALEH
(NaCl, Sigma) 30 g EHJPEZE¥) (agar powder,
Himedia) 15 g Jfh# (Sigma) 120 g COMNEE) * &
JRZKEK 1 L JARSE B AT%E pH 1 6.5 -
RHEVIRRER LR BRI S el < B R 1% - BN
28 +£0.5C HIRAEHEEE 48 h - POEEEIMEE
HEBGREHETHALESE 3 X 0 LA tryptic soy
broth fA 28 'C K5% 48 h & » HFER /3 BRI N 15%
Bl (glycerol) R -80 “CEFTHETHELE » T H
WHIEET THIE L (10,000 x g 20 min) ZKER EEWR
% U0 10% BRISA-9E T TREZ R R AR AR E

(Z) EVRERTEE TSR
L SEIEERHIE

KL FRES NG 12% FEfE Qe
ZEE > A 28+£05C IRk (150 pm) 48 +£2h >
BYEREE s 10,000 x g 20 min » {38 Miller (1959)
4L DNS (3, 5-dinitrosalicylic acid) ¥AW&HfESEE:
W RENES - HE R RS T HE
—H LIS HERAH g 43 #1i%  (high performance
liquid chromatography, HPLC) #g ] | & ¥ &
B~ RS -~ BB REREKRBEEN SR
(Euzenat et al., 1997) -

2. ERE - AATRE ~ PR  SREERE S RUREERIHI
T
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AR AR BT EREE O - B EVEREL 0.22 pm
TEICEIER - B S RHERAE (U Z3 M gl -
SR EANFEIRERE - AGABRfE ] E s pE i tE g
S3MTEE (Waters, 1515 isocratic HPLC pump) &
fid HPLC #4% Sugar-Pak™ 1 (6.5 x 300 mm
column) 1753 » M H AT G 5t [refractive
index (RI) detector; Waters, 2414] Bhaifl2s sk i
WIRERE ~ #RINE ~ SR0E ~ RGN SR B - 18
IHF 50 mg/L EDTA (ethylenediamine tetraacetic
acid) » FiH Ky 0.5 mL/min » EFEHERFLE 90C -

R ~ A RIS S RPEARHE T Sigma o
FEHE L BT R = BE (kestose) » ARHE LI H
Fluka - 522 #E 5L 3k H  Erwinia herbicola
(Sigma) - HRISHEE L E &I » Sell S AEHENE
FAROEL 1 ~ 10 mg/mL AYAR[ERRERAER » DL
HPLC 73471 » WEE S AR ENE R < R PRI T .
SN 50 25 A T T 90 3 R Mg T A 2 A HE
BR > PERRRRR it 28 e Ak R Mg v R IR L g TR Y
AT IR IR R S IR -

WA et danliNE S AL e Sy S =
AR R LR RIBIP B R
e R L

FLEMREREE 12% s gt
48 £ 2 h (28 £ 0.5C) #& - AR ST CEET
(WPA CO75, Linton Cambridge, UK) fA 600 nm
HIEEE - LS ks SR 03
A 1% FREREREIRT > R 28 £0.5C K
168 h » BRI ERERER - HIE WIRAERIE K
B s R s L -

(—) RBRRELERREEESRIBINEEE
RERIBE
RHE PR AR MR S TR ORI A _Eit i 25030k

JCEFHHIEEE - DIRFHEHIE RIS -

(D) RRRELERREEESRIBINEEE
pREREHREL

FEERF PR Z MBS ERRY 10,000 < g EffCs
20 min % - HETTHERE - MEHE - RPE - REEEE K
RBHEHE -

1. RN ~ AEIbE ~ SRBE B R SERE e

PR Il v S RE HRORH E0 i 20T o Al
e
2. B RN

HHIE RS O R » A 3 SRR ZBE
A 4C RER®E%K LL 10,000 x g #» 30 min >
VOB R FREE - LR KIS Rk B LT
WK BEA B 3 K 1SR L RN - T
B E%FEE (Shih et al., 2005) °

=~ SR A R TR T
95 78t

i A R B E A WS RS H 12%
FERE B R 0 Y 28 £0.5°C K52 48 h o JKRHIEA
BRPREFERIRY 10,000 < g HfECy 20 min > BETER
LA 0.22 pm JERGEIEE - BEFHIBISEIEENT (gel
permeation chromatography, GPC) 43#7 5 B i &
YIny g5y 1- 5 o R HAR R - AEAER DL
ENAERFH L 0 T (Waters, 1515 isocratic
HPLC pump) #%5 Fc & #8 8 I8 &g M7 & A -
Ultrahydrogel TM 125 (7.8 x 300 mm column) }z
Ultrahydrogel TM 250 (7.8 x 300 mm column)> 3f7 24
ProtEt (Waters, 2414) Fofmillgy o S dextran
UHEN (T ER 52K-11.6 K~23.8 K~48.6 K ~
148 K~273 K~410 K}z 668 K > Polymer Standards
Service-USA, Inc.) FNZEEHERNAR - VSR LT
K FREEy 1.0 mL/min » EREAERFAE 80°C -

VY ~ SRR B R 2 S0 B

WRTREE & oM STk SRS - A
P B A BR B DK i S il 1% 43 A BB AL AR - SR
FiERE N 15% Perchloric acid (70%) A 80°C Jm
B 1 h TR - KV FRLL S M KOH HRfT - it
10,000 x g &, (s 40 min - BY_EEWLEL 0.22 pm &
gz - DL bt HPLC J5ik4r i K FE )
(Tieking et al., 2003) -

11~ FEEEE NMROGEEHT
i I L Z B U - FELURBIR AR -
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Fig. 2 Chromatogram of standard 400.00
fructoologosaccharides and levan S
(up), and levan produced by strain = 20000
1 (low), after 48 h of incubation 70000
(28°C) on medium containing 12% '
sucrose. Column, Sugar-Pak™ 1; 100.00
temperature, 90°C; eluent, 50 mg/L
EDTA; flow rate, 0.5 mL/min; 0.00]
injection, 20 uL; refractometric I
detection.

5 Kig » SRIEREFLC SEBEE - RS2
LA D,O VSIS IIE itk  INBIN LS R E R
#2390y > DL Varian Unity Inova 600
spectrometer 17 'H NMR & “C NMR [EZE45>
#T -

=3

i e LY

JL

— ~ Bk fathrh o AR AU A A

Tk S EL R BB R A VD I R R
MR - £ H 12% K%Zlﬁ%iuﬁ?i@%’rﬁﬁﬁ
5 fEEE SRR AR (Fig. 1) - #EHIE
HAEENINZEENEES) > f&E—R 5 PRI
(M1~ M3~ M6~ M1l J T1) DUSREREERGEST
HEEER - HE R AR IR > DL HPLC
AT SR > A RN M R RN AE
(Fig. 2) - [Fllkf > 3R A bl AR = R

100 200 3.00 4.00 500 6.00 7.00 800 900 1000110012001300 14.00 15.00

Minutes

15 » LR S Ry B P 2 SR 2 i e A T
JERE ARG - B RRR T /KR A A m A RE A
SbESL e SEERL B S — e - REREEUE
TG R SR HERE Lo SObE - IR EE - 2L
EERTHERESESNRAECES (Han,
1990) -

Fig. 1 Colony of strain T1 grown on medium with
12% (W/W) sucrose showed mucoid appearance.
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T~ PR A SRR A A A
pErSE R A RTEE

R 7 LB F K i R B E Y 5 PRETRR
TEFERER R A RO KEMESE 12%
PERS BT RS2 168 h (287C) A SRER » Htk
M1~ M3 ~ M6 K T1 ¥J{ERS3E 24 h s3I
Ff ¥Ry 0.55 ~0.66 (ODggonm) * 5522 48 h 1%
HEATEE ] Ry 0.79 ~ 1.02 (Fig. 3) - Btk M11
HIRRBR L E BRIk 558 120 h RIS Ry 1.47
A3 S MREMRESH 12% REFERSERTRE
RAf -

1.6 7 —e—M1

1.4

_\
[

—_

0.8

Optical density at 600 nm

2I4 4I8 7I2 9I6 1éO 1 EI)8
Cultivation time (h)

Fig. 3 Growth curves of strains M1, M3, M6, M11,

and T1lin the media of

concentration 12%, temperature 28°C, initial pH 6.5,

shaking rate 150 rpm.

sucrose with initial

=~ Mol A R A A R R A S
PERES ER R A FIRE R LR

(—) 748 - AERERESEEIL

Bk ML~ M3 & M6 ESH 12% RERER:
B EEE 24 ho BB EERER T 81.34 ~
92.66 mg/mL (Fig. 4) » DIESER R A& &
HOBRFr IR FERE R > HERS Foak ARV RERER]
& BRI A AR PR o A RDR REREA A
H (%) KIFLHEE PR M1-M3 2 M6 5% 24 h
HIEREF R 23 ~ 32% » LS B ERRRER A S8

AR B3 48 h RIHEREFIR Btk 75 ~
84% » HLIRFHEHEARREH > B5B 72 h % > BB
FRERETRER 4.61 ~ 56.26 mg/mL > FIIFHEEE 95% 1L
b ZBFHER] 168 h - GRAwANES =71
Pk MI1-M3 Jx M6 R8I &S & 2AEET#E 24h
%G 747 ~ 10.35 mg/mL - FLRFRERE ZFHI=E
By 23 ~ 32%> K54 48 h B HFFR 7k 75 ~ 84%
M > AT 2 (38.88 ~44.22 mg/mL ) » i
96 h #3EW S (50.21 ~51.35 mg/mL) » RS T
B - T SRBERY EE A BB R A - (H S B
Ao A 48 h SEFIFEER (16.26 ~ 18.65 mg/mL) »
H7E 96 h Sl E & (22.19 ~ 24.94 mg/mL) - fEfk
FF¥ o

BEPR M1 {EFFERE S B R AR 18 - BEAREX
B ERHECER R - 552 48 h & » HFH
HIUE 40% 5 96 h 1% » HEENEZFIHELy 64 % »
120 h #4532 H] 80% - B ARG 96 h 2 1% - 2l
BEARKNEZEERE (3571 mg/mL) Bl GLEE
(13.70 mg/mL) ; 2% 168 h 2% » 4 BfEiE
41.92 mg/mL HJATZIHE K, 14.30 mg/mL (Y55

T1 BEPRESEE 24 hIREREE] 61% HYFEREZFIF
o HEFERER/ERE 48 h 2% 9.86 mg/mL -
FIFEREy 92% » FFF - EHENESER 24 h &RE4
21.17 mg/mL HFZEBE - JLIRHRERE <RI R Fy
61% » [ARGEE 48 h IRIENECFIFERE 92% I > &
AE (46.10 mg/mL) HLELME (13.72 mg/mL) K
EEIEEH (55 72 h RO PIE AR KB EE
F# (51.10 mg/mL) JHp#E (15.85 mg/mL) - [B%H
AR SRR R BB R (168 h) -

Eed DA 5 R DL T1 B Rk RE o
B o 3% 5 RIS EIR PR ER R - AT
Hrrr A AR i = =R RtV E U RERER 89% »
FHE N L ER AR S S W e B TR FH AR AR i - B
ERAIERE (KU 11%) "IRER kR A YIiERER
R -

BT PE B 22 B B R R R E R
i W T FH R 7 A S S R MR R A
[RT b 72 M I HY SR s R R BRI & &
(Ozimek et al., 2006) - Btk M1 ~ M3 K M6 &
B LS AERE%E 24 h %0 2.91 ~ 4.60 mg/mL » k%
#% 48 h &Nk 22.61 ~ 25.56 mg/mL > K58 72 h
%k 18.76 ~ 28.02 mg/mL- Bk M11 H A& piEL
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Fig. 4 Changes of concentrations of various products
& 8 P
0 0 by strains of M1, M3, M6, M11, and T1. Sucrose
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initial concentration, 12%; temperature, 28°C; initial

pH, 6.5; shaking rate, 150 rpm.
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FREAEAE RS2 24 h A 0.95 mg/mL - FER 2 W
RGN - fERSEE 168 h A5E 27.62 mg/mL ; |
T1 PR H A& s B R BE I < [RIRY 2 E R B 2
24 h FE3E 14.12 mg/mL - £53% 48 h BBk
32.39 mg/mL - fERSE 72 h 3% 35.26 mg/mL - §F
SRR R o DL EERHEN] - BPR M1~ M3~
M6 K T1 1EE52E 48 h BRI S AR BRI & A
B 3 T1 bR H AT BB S E K
DRI AT P o SRS B R R 2 Em R
iRk -

B. subtilis NCIMB 11872 5244 2% FrhE
BR8P 6 h (37°C) % HFERERI T 4.8 mg/mL
(R R I ERE . 24% » FIIFIERHKT 76%) - [F]IRF e A Al
(5 mg/mL) EAERE (7.5 mg/mL) ZFfE B3 8h 1k
FERE SRR AN Y (LGP A e e I 1 SRB
o ERARTEREAR Y R K v RE RS 2 B R A
PR R AR PERR (gluconic acid) FrEL » [KIAE
B8 6 h i » RSB HIE 1.4 mg/mL 7%
PE 5 T AR B BERERETEN S 2 7 h AR EANE
M (Gorrec et al., 2002) - B. licheniformis ATCC
9945 fE& 5% FERERSEIRH 30h (30TC) & H
FERERER KT 5 mg/mL (KO RyJ5UERE.Z 10% » FIIH]
K 90%) - IRF B BR YRR S R 1 =
(Ghaly et al., 2007) - Belghith et al. (1996) i #E%E
HA Z. mobilis REEERFELAVER (levU) &
E. coli f£% 20% HERERSERTESEE 40 h (0C)
% FERERI TR 20 mg/mL (KO REREREZ 10%
FIFRKT 90%) - [FIRF A K ERTEHE (90 mg/mL)
Bl /DB (R 20 mg/mL) 2444 o AGEEFT Y
At FHRER T M1 SRR < A IR )
M1~ M3~ M6 & Tl fEE5EE 48 h REREREZ
FIFRE 75 ~ 92% » Hep T1 Eibk (92%) &R
i rERERI R -

(D) REB-RR=MBEERIBH

¥ 5 MEESE 12% EHE2ERRTE
#£ 168 h (28°C) HARI » DL HPLC A3 REwE
HYRESR =B & A5IREL M1~ M3 K M6
PREERSE 48 h RRERE R (Fig. 4) 0 05k
1.21 mg/mL ~ 0.93 mg/mL J 0.83 mg/mL ' Z#% T
Fky 041 ~ 0.76 mg/mL » M11 BEREESE 48 h
Z¥&E 1.05 mg/mL - L RFE ESHE] 1.44 mg/mL

(96 h) > FEFARIE FREZE 0.65 mg/mL > T1 EiikHl
1ERG#E 24 h FRdUHBEAE] 1.69 mg/mL » Z %%
Wik E] 0.56 mg/mL (168 h) o LI FERHET > 345
BPRFTEE SR = HE S RN -

(=) REBEEZIERE

5 TRMRAVIEERE RS BRI T HPLC 4347 » A6LL
50 mg/L EDTA #E{TIE - lHEERRBEEL - 10
Bk 5.0 ~ 6.0 min JEA SREERIE - (HHR R R
HIEERAEA E LR B T A e B - [RIL A e
BRI SURFILAZBEI 0 ~ 7RG S
RZER TR B T - FESREER » Bk M1~ M3
M6 TERFEAIAR A A2 SR NE - 7E555 24 h
e 2,61 ~ 4.14 mg/mL (Fig. 4) » ARG 48 h 1%
SERTEENR (20.35~23.01 mg/mL) » FLEFREERE
PEZFIMIEREy 75 ~ 84% » A 72 h B 5L WERE L7t
TEFV (EnE 25.22 mg/mL) - M1 RPRAER
24 h FERAED2REEE (0.85 mg/mL) 4L > 48 h
ARy 5.43 mg/mL - BEFIERENE ETHE] 96 h
(19.81 mg/mL) » ZE&FFV- FEREEE 168 h [RPEFHR
BB 24.85mg/mLej T1 EHER 24h B
BREEA: 12.71 mg/mL AYSLEMEE - 558 48 h K&
FHEE 29.15 mg/mL > FEREE 72 h RHIENES
why 3173 mg/mL > [AREE 120 h £330 NREE
9.26 mg/mL (168 h) °
R o A 5 B SR 2 A Y B R KT BT 1 52
B. polymyxa TEAH B AE Rt ARRE IR R A
PAtE A EEARENE (Han and Clarke, 1990) - B.
subtilis (natto) Takahashi Ef B. licheniformis
ATCC 9945 TEAlE R 2@ rh KRB R
BEHABAEEE A=A (Shih et al., 2005; Ghaly
et al., 2007) - HH GBS & S AR BME - 1F
i Halomonas sp. t{E#H R4 RAREIRTIHE
i R RS E 4 & (Poli et al, 2009) -
Pseudomons caryophylli [ 582l &~ 4= W& R AE
ARBEHER SR MRt Ed RN
T (levanase) » 38— P IRF )26 SR MR /K g - R
FWEFER Nk (Elisashvili, 1984) - AR BPk
M1 ~ M3 ~ M6 ~ T1 ; M11 HEREEHEFHE
EREATRER (48 h J 96 h) HEANZEE
» ZEFE 0 HAE 120 h 2 0 Fi 4 PREHE
B 2=E NREAGEEY > THEDL T1 EkkE Ry

35t
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Fig. 5 GPC chromatogram of levan produced by strains M1, M3, M6, M11, and T1 after incubation at 28°Cfor 48 h
on medium containing 12% sucrose. Column, Ultrahydrogel series (250 and 125) columns (7.8 x 300 mm);
temperature, 80°C; eluent, deionized water; flow rate, 1.0 mL/min; injection, 20 pL; refractometric detection.
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(2007) ¥4 > B. licheniformis ATCC 9945 &
5% FEPERSEIRRESEE 24 h (30°C) & RYRILLE
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A Z. mobilis FEREEFHERAYELKZ E. coli fE&
20% FEFERSEIPESE 400 (00) £ REEHE

BRI Ry 50 mg/mL (R Fs W FHFEERE < 25%) < 1
AGEEFT B bk M1~ M3 ~M6~MI11 J Tl >
DIE 12% JErSRE s s i) - SR i
&5 B 25 mg/mL (48 h) ~ 24 mg/mL (48 h) ~
24 mg/mL (48 h) ~ 25 mg/mL (168 h) }z 32 mg/mL
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BMREET - LHIE T1 WRAEREE 48 h &Rt
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FERWEAE GPC E/HUH 2 ~ 4 ARG FER
/NI (Fig. S) » HA R Rk DU BIAE TR ok
12.7 ~ 15.0 min ZB#F R8> Ll dextran {27
nEf TR (Fig. 6) » Btk M1 KJ7E 3 A
[RIR/ NG SREEWE - HSE 5 R B o o il
1067.98 KDa (13.19%) ~ 352.31 KDa (8.24%) K
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Fig. 6 GPC chromatogram of levan produced by strain T1 after incubation at 28°Cfor 48 h on medium containing
12% sucrose. Dextran standards (molecular weight, 5.2, 11.6, 23.8, 48.6, 148, and 668 KDa) were used to construct a
calibration curve. Column, Ultrahydrogel series (250 and 125) columns (7.8 x 300 mm); temperature, 80°C; eluent,
deionized water; flow rate, 1.0 mL/min; injection, 20 pL; refractometric detection.

Table 1 Comparison of the molecular weight of levans produced by strains M1, M3, M6, M11, and T1 after 48 h
incubation at 28°C on media with 12% (W/W) sucrose

Strain Elution time* (min) Log molecular weight  Molecular weight (KDa) Percentage (%)
M1

Peak 1 10.38 6.03 1067.98 13.19

Peak 2 11.10 5.50 352.31 8.24

Peak 3 13.39 4.03 10.79 78.57
M3

Peak 1 10.26 6.11 1276.66 10.89

Peak 2 11.17 5.50 317.60 10.81

Peak 3 13.39 4.03 10.78 78.30
M6

Peak 1 10.39 6.04 1096.04 10.83

Peak 2 11.19 5.49 309.94 11.45

Peak 3 13.42 4.01 10.31 77.72
M11

Peak 1 9.66 6.50 3188.42 22.73

Peak 2 11.03 5.59 391.42 12.13

Peak 3 12.18 4.83 67.73 0.83

Peak 4 14.57 3.25 1.78 64.31
T1

Peak 1 10.63 5.86 724.92 5.78

Peak 2 11.09 5.55 357.73 4.93

Peak 3 13.18 4.17 14.71 89.30

*GPC chromatogram. Column, Ultrahydrogel series (250 and 125) columns (7.8 x 300 mm); temperature, 80°C; eluent,
deionized water; flow rate, 1.0 mL/min; injection, 20 pL; refractometric detection.
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% > FEFE4 2000 KDa ~ L EBEE (Han and
Clarke, 1990) - [7E&E Halomonas sp. A& 5% Ji
FERSERIER 96 h (39°C) & HIRZEWELL 1000 KDa
B3 (Poli et al., 2009) - B. licheniformis 8-37-0-1
FERAEE 10% FEFERTERP 48h (30C) & &
HiFEd: 28 KDa Z HEJ (Liu et al., 2010) - BIf#
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(Gorrec et al., 2002) - Shih and Yu (2005) 4 B.
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(1794 KDa J 11 KDa) ; Euzenat et al. (1997) X
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(37°C) &L 2 HFZEIFEEE (>10000 KDa
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Table 2 Comparison of *C NMR spectra of inulin,
levan, and the fructan produced by strain T1

Chemical shifts (ppm)

Carbon
atom Inulin® Levan® Isolate
C-1 60.9 60.7 59.3
C-2 103.3 104.2 103.5
C-3 77.0 77.0 75.6
C-4 74.3 75.7 74.5
C-5 81.1 80.5 79.6
C-6 62.2 63.6 62.7

Cited from French (1989)
PCited from Han and Clarke (1990)
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ABSTRACT

This study was devoted to screening of levan-producing bacteria from brackish water tilapia culture pound.
Five strains with levan-producing capability were isolated. To investigate the sucrose utilization of the isolates,
the yield amount and average molecular weight of produced levan were examined. In addition, the structural
characteristics of the levans were analyzed by partial acid hydrolysis and nuclear magnetic resonance (NMR)
spectroscopy. During the 168 h incubation period in the medium containing 12% sucrose at 28°C, strains M1,
M3, and M6 produced 20.35-23.01 mg/mL levan after 48 h incubation, while the sucrose in the medium has
been used in the range of 75-84%. The amount of levan produced by strain M11 was 19.81 mg/mL after 96 h
incubation, and its sucrose utilizations rate only reached 64%. Strain T1 from 24 h to 48 h incubation had
produced levan 12.71 mg/mL and 29.15 mg/mL, respectively. After 48 h and till 120 h, the amount of produced
levan is keeping evenly to 29 mg/mL, as its sucrose utilization rate was 92%. The amount of levan then
decreased gradually with prolonged incubation time after 120 h incubation. The main average molecular weight
of levans produced by the isolates M1, M3, M6, M11, and T1 were 10.79, 10.78, 10.31, 1.78 and 14.71 KDa,
respectively. The hydrolysates of derived from acid and heating treatments of the levan were mainly fructose.
The "H NMR and "*C NMR spectra of the products of the 5 isolates were very similar to peak positions for levan
produced. Based on obtain data, the fructans produced by the 5 isolates were found to be the levan containing
B(2-6)-linked backbone.
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