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B EFABERS UENEREFIEEARRQEERETFRATEEN S BAEE
AEGOS), B AENEEARW REREEAMG . COSHBEMAREINKSE
HEFOIRENEE MR REK., R ERNEBEE pH LB RE REOSL2mRK
BB W GOS S MAH B ¥, 1 CSTR R GE 48 Pk i 60% P, GOS B KB HE Y
31.2% , 2253 96h(B H#EEL G ), =W IR E N HAEN 8% ., EEH 0.0 £HT . FABAEERER
WA IEE K RFLE.COS B REMET MR AEPR AN 31.50 M 17.4g/(L-h), ELE RN
140h, GOSBE TR 20% . FHELFEERHESE S H a4, B3 C-NMR ¥ T NN LF
¥ A B-D-Gal- (1-+3)-D-Gal-(1—+6)-D-G-{ 14 }-D-Glu,

KEE . EEMAME, EHAS I AT P

PES %S (0556.2 IREARISAD A X FHS:0001-6209 (2001) 03-0357-06

BELIAB(COSIRH 2~5 0 THABRH - THBEBEARM —RER"Y, =4
HEAE KEE AR RS EAREEN AL REFEFY AFER
FAMEERSZ - HHERBWAA TN EREE, 55,608 M4 ™ LA #
RER AR THLHEOGSP R MFERY, B3, W B A% ™ G0OS, TRk B GOS
MR ARES AT REEGOS “HEAHRENSHE X,

GOS — R FI T B ILAE I A K WP ISk A . P- LT AE B4 K8 R 5L FI i 4
ERBEFMIME, ECHEE P OE—NREH — O E B T R R
MERTETL REKERENFERA SR LIEN o1, 4R TR Rkat, B %
IR MR AR M A E RN AR R COS(EESTERE =
ERMUE), XHMIREN COSARFETER R EME TSIk 5, b5 Bk
BARE, B COS GMEBEE25% ~45% 2 M, BF AR p-LUBHEEETHNE,
MREHABFARRETEEL, TUE BRI S B, flsrEdR, X
XM A - ALBEE RS AR SR T F R B T E e, B FRLA K GOS MBS,

1 MEFF %

1.1 Btk

W H BB B5 5 AT B ( Bacillus stearothermophilus ) , 2 S0 B & fF BB # ,
1.2 i®#

M AN ARG, KBRS g R ks,

EEWA PR (1972 ), B EEREMNA ANERBTRKEEM THERM+4, TEREEYESE TR,
Y% B 38 : 2000-05-22 , 1 B B %7 : 2000-10-16
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1.3 A

1.3.1 ARMEEH.OFRRSHER H4nL R EBFR(SH 2 AR5 20nL
S REEE IR0 6 54 L F A 200mL 0. 1mol/L & CaCl, ¥ H, F 4°CH & 6h, W,
AEmFkikd, 2. OVRKEEE R4nlL AR EBFHER(EEF 2 BHAM) S 10mL10%
A BEIR AT, 78 40C B A E M, B4 % 1lmm, BT 4CHKHE 2hs W1 H Imm x Lmm &/
BOAEEEC A 0.25% R B 2L IR A B T RS, £, OGEREE
MR 2g LS 2% 55 B -BEES IR ), 6 54 KA 500mL 1.5% & KRB E
eh (pH5.7) , B BE 4 30min, 8] 2= £ WO REM A A, A pH?7.0 0. Lmol/L 8% B2 2h 4% W 1
BREREOR BT .EH.

1.3.2 MEMNE . AXULEIEYNCME, AR RTa4]. BENE XN
£ pH7 .0 B 55°C , B A9 AN 4 lumol WHEFHNMEN 1 B4, .
1.3.3 BHWNE .S ERMEHEE, RS9 Shimadzu HPLC, Shimadzu RID 10A 7 2 £
22 Lichrosorb PR18 B4 , B a3 M N 057K =65:35(V/V) ik B 10uL,

1.3.4 HEtRiESSHRBELAFOBNEN . RuFYedEErEREmkgHEf
LA AT DOEE A R RS R U M S . 7E 60°C F AVANCE 500 X i#
P B8 H, " C,H-H cosy B! C-H cosy J6i#, 'H-NMR 7E 400Hz,” C—NMR 7 200Hz ,H-H
cosy, C-H cosy 43 BI7E S00Hz W 3B . i8] 2 A9 85 i ol B KB ) AR 29 WP bF
i F IR BE R AT o

2 #Efritib

2.1 EZELAEMLEER

B R aE BH ENESSE TR UGBEBEAER. AXLEER
SR RRyREEHTARBEL, XEREXTEE. THTERET. R1EET
=REELERAE R R ER BERNAEMIREE. UEEBRAAE
KBRS M E My BRRAE, XA ERY S TR, ERRGERSH LRIV,
ATEXANAES TR AERHATMERNHW. DAREIEE, FUHERLES,
EREERNREALT, UHRGHEEAF AR MA-EZAREIBLER BELEE
T RE & 4 R B RS 28 VR o B L Y BT A T R A BE B F A B A 7 GOS,

®1 ZHEELAMYILE

Table 1 Comparison of three immobilizd cells
Alginate Chitosan Gelatin Free enzyme
Activity recovery/ % 26 2 63 - =
GOS vyield! % 17 28 4 30.6 32
Optimal pH 6.8~7.2 7.0~7.5 7.0~8.5 6.5
Optima] temperature/ °C 55 55-60 55 ~ 60 55
Thermostability/ . 153 55 55 50

Mechanical stability good good good - -
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2.2 BARKEECHBFGTRL
22,1 ARABE-RAFREHMS 1g FIRIES, H 6 E E 40, 0 E EE G e
EHHERLE2 MENHRBRTBHEANER, YHRAKELE Sgrit BB IRE
TR, TEEAENRELA  FERREREAE ARRMELMENZY.

F2 RS RG IR [E E AL 4R HE TE A7 HG R

Table 2 Effect of cell loading on immohilized cell activity

Cell lnading/g 1 2 3 4 5

Relative activity/ % 20 62 83 100 86

2.2.2 IR R R MR - FPONIIREZZ RN, T LIGE A M R R A 1 A AR TR,
st ol WA CBRTE A L R R LA I S M p R e, &3 BIX
TR EEE R A RET R R B BER T 0.25% i, B8 S 0 R R B0 AL
BER T REM T IR K B P R ESRBE A TR, XN ST T

MEABRRE _EdLmEm., Nt . BERER_BEEN0.25%,
£33 KIBRENMEEXEETEAOER

Table 3 Effect of Glutaraldehyde concentration on immobilized cell activity

Glutaraldehyde concentration/% 0.05 0.1 0.25 0.4 0.5

Relative activity/ % 72 89 160 70 64

2.3 pH X GOS § R RYE M
A TS pH 89 28 mhil EC il 50% FLAEB W, T

ST 8h, W52 & BB 6O BE L S5 BN 1, pH g_ N

X B I KR A A S B BB

B, R pH HEE S mmeE . e 3T \\\‘
WAL GOS by 15 pHT.0 ~ 8.0 [5 2 10 41 i gm- —
BEEAW R R, AAT GOSMWAM. S © of z/fﬁizz
AL B AR GOS I BE pH CE T o . '

WLHMER RS 05~ 1.5 B, Bpyesrn 0 0 0 07
G AT ZFISUA R MR, EE L

By Bl 22 Rt A AR L B 1 pH GOS &4 RAEM

2.4 J‘EEX;]- COS %ﬁﬁﬁgﬁﬂﬁ Fig.1 Effect of pH on GOS synthesis

& Monosaccharide; € Lactose; &GOS,

43 A FE T 7 IR K A 50 % FLE M (pHT .0),
MHRB\BEXN COSERMER £RILA 2. MBI, RS dFEkE, BHE 50C ~
O CHIFHEEMENATE ., BERtARNE IEREETME A . KTV R N ERESFH
FCOSHAER.ZFERGOS R AMELRBEKBNELER ;B . RESENA
BHEEE BREALBEEEOEE AR THRIED m EEaiifd.

2.5 FBEREY GCOSSREHER

WEIEEEN COS MM Em LA 3. AETH,COSNBREEILREKENH
R A EAE R RT 30% 6%, X F R A KGR, U0 8 & E 1k 903 KW R,
GOS B RMBM. HAWHEEFT T 50% , BEH AR EHE RS HE, XATER: (1)
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s IR ESN ,E K FEEMABIENER
MEEXE SKBEIBEERMEABESER
GOS, XAEMTHECOSHBE,2)ERELK
BITELE , 223 &) GOS B K, CHMIRIE MR

.

®
3.l
£l e | BRI AR COS B R
gg::0- ‘___,_*’1—"—“\.. 57
) — . T v R 0 B B AL GOS LA B, 15
o e M H B, FUBE VR E XTI E AL A R
GOS R S K, T FLI#12 fL 48 IO 89 GOS 78 A
2 X COS 7 A i B R E D, BRI B2 B R 1L R R

Fig.2 Effect of temperature on GOS synthesis KH A7 ,3[,% 1 A 9 S I R W W»E
@ Monosscchuride; - Olactose: RCOS- e e (1% v FE FLAH T BB WRSE M I BE ST 00 T A
B-FAMEBOEEET R BT EA A ECEE RN ARAFERLR
FR P RAR GOS MR, AR E L KMAB TR LI ENHEE REHRE
R R, HIILER KFRESER GOS 5 (H 4), KM 2K T S0%H8,GOS 1§
BRI EE L RAT 70% ~80% ,COS BEB A, #H—F RN, BT COS2EMmAR
BOmi A8 EREEAL

33 a5
b o
25-—
33 bl g!i W
§ 23 § 5
104
19 -
5k
15 | 1 1 1 1 a | 1 1 i
20 30 40 50 60 0 8 S0 0 20 40 60 80 100
Laciose concentration” % Lactose concentration/ % A
B3 FLEWES GOSARBER B4 PL8EE LI COS & R B

Fig.3 Effect of lactose concentration on GOS synthesis Fig.4 FEffect of lactose concentration on GOS synthesis

@ Immwbilized cell; x Free enzyme.

2,6 BlEMAMEEAREED GOSHIEHE

fE pH7.0, iR FE 50°CARM T, MR LR ER PR 60% A A B 1TE AR E R
GOS L BRRMERF MERNE WAFLHIAEERETT -HER &R LA
5, HFGAHRERE (BER 96h),COS BEXBEI N 2%, LENABNTEIIAN
35%H 33.8%, R HE GOS HBE LT K 88% , L B E B R 2 2 R
7,
2,7 AERAREBPEZER GOS

EEEAHAME AREERR YT, 7 pH7 .0, BE SOCRH T EEKE 0% ILH
B CMEARR SR (GENE/REREEIN COSERMWER, ERLE 6, METH,
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Yo KK, UM K BERK, A H COS B EB K HRFTHEK /N, R & KA
COSSHE KM ERE. AR GCOSEEMEEN0.09h ', XK COSEEFH31.5%, M
RUEBEFERAXEE CH5FYNm BN MMAER X, B REHBREMNERMNERF
RENF TR RS - NEHEBHENEN, A EH I~ Nh ARERMEE, 7
RN B8 EEE UM 1400, COS AR TR 20% MR ERF oS BR, T LIET £ &= Baf
LM,

60 40 25
0} %=
® 40+ -
3 NN & {is &
: Z 0 &
A & T
g ok 3 J10 E
4] 1 i H L 1 i ! ! 0 I 4 ! H 0
9 1 2 3 4 5 6 7 8 9 005 0.10 0O0.15 020 0.25 300
Reaction bawch Space velocity/ h!
BHs fiasassits sl cos Ees =EW GOSHERMAEAEHMENE
Fig.5 Production of GOS by batch reaction in a stired tank Fig.6 Effect of Space velocity on GOS yield and productivi-
reactor ty.
—@ —Lactose ; — O —Monosaccharide ;— & -—G0S, ~— @ — Productivity ; —CO-—G0S.

2.8 GOSEHET

RUMFYEIEMEREHE, L 10% -0 O L EEITHEFERE, B2 S fEsa
fh, FIAAGHMERS EMBNSHAAESN, HILES BN B-D-Gal-(1>3)-D-Gal-( 1~
6)-D-Gal-(1—>4)-D-Clu, i TG EB - IR FRMBERL — T ¥IABI=HEIN A
HET AR B =B W E 3-D-Gal-(1>6)-D-Gal-(1—4)-D-Glu, iZ # 4 H1 5 T H R E /M
GOS fhgbiy—5™ . i COSMIb¥ &M, BH T — S K GOS B SheEm %
o

2 ¥ X B

[ 1] Prenosil ) E,Stuker E.Bourne 1 R. Bioteshnol Bioeng ,1987.30:1019 ~ 1025,

(21 Onishi,Tanaka T. Leuer Appl Micrabiol , 1996 ,23:253 ~ 256.

[ 3] Zawmte $,Lopez-Leiva M H. J Food Protection , 1990,53(3) :262 ~ 268,

[ 4] Prenosil ] E,Stuker E,Bourne J R. Biotechno! Riveng ,1987,30 ;1026 ~ 1031

[ 5] Dey-Chyi Shen, Shin-Yi Li, Kow-Jen Duan, et al . Biotechnal Technique ,1998,12{4:273 ~ 276.)
[ 6] Mozaffar Z R, Nakanishi, Matsuno & . J Foed Sci,1985,50: 1602 ~ 1606.

[ 7] Ken-Ichi I, Mitsutoshi N,Shin-Tchi N, Process Biochern , 1996,31(1) :69 ~ 76.

© FEMFERMEDHFRFATIESHESE http://journals. im. ac. cn



362 o #£ Hr 4 4] %

4k

SYNTHESIS OF GALACTO-OLIGOSACCHARIDES BY IMMOBILIZED
BACILLUS STEAROTHERMOPHILUS

Chen Shaoxin  Wei Dongzhi Hu Zhenhua
( State Key Laboratory of Bioreactor Erngineering , Institute of Bischemisiry
East China University of Science and Technology , Shanghai 200237, China }

Abstract: Bacillus stearothermophilus was embedded in sodium alginate, chitosan, gelatin respec-
tively and utilized for galacto-oligosaccharides (GOS) production. By comparing with each other in
the enzyme recovery,optimal reaction conditions, yields of GOS and mechanical strength of the carri-
ers,the gelatin was selected as better carrier for immobilization . pH, temperature , lactose concentra-
tion, lactose conversion and mass transfer resistance of carrier significantly influenced the Yield of
GOS.The maximum yield of GOS was 31.2% in a stirred reactor with lactose concentration at
60% . It remained about 88 % after 96h (8 batches) reaction, A packed bed was employed for a con-
tinuous reaction at space velocity 0.09h™", where GOS yield and reactor productivity was 31.5%
and 17.4% respectively. It lost about 20% of its original yield of GOS after 140h reaction , Products
were separated by active charcoal columm . The chemical structure of tetrasaccharide identified by ©
C-NMR was 3-D-Gal-(1->3}-D-Gal-(1—6)-Dal-(1+4)-D-Clu.

Key words: Immobilized cell, Bacillus stearothermophilus , Galacto-oligosacchrides
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