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Fig.1 Examples of how GOS structure can vary
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Fig.2 B-Galactosidase catalytic reaction mechanism
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B pH B, i 070 far Rk B S5 34 B O T il A ok
U5, AR ST rh R BN T[] A g 1 L0 A
2 5 S e P A D ) A 5 e L AR AR 25 R, gk
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2.1 EHXRIE
K A K (Aspergillus oryzae ) .3 IR 2 1

¥ (Bacillus circulans) 1 FL R 70 & 4k %
(Kluyveromyces lactis) W) B—gal i % & FLdh Tolk
T oMb ) R0 ) o ), R 218 LR T [m] R U
B-gal WIEALRIL . Rk A FLIR ve & 4EWE B B—gal 1Y
A pH H#EIE 6.5, LR EETE 35~40 C,GOS
JEARLN 30.0% , HAEA R AR AR AR BT =
Hs-28.38.41 iy FOIR ZE AT R IR Y B-gal , HEAL IR
J 38 5 7E 40~60 °C,pH {H 23T 6.0,GOS fie K= %
28 40,0922 G AR S5 bR Tl & it A
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B-gal HA f i 14 #FG e P A s X 20E B AL T
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A 5 3 01 S RO AE A A S K
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LU Y T LR v 6 2 T B R OK it R R YR Y T A
B-gal 7E GOS & BN H I B BC FHRICR , 45 R 3%
WITE K M 25 B—gal 5 FLIR vi 5 4k % £ B—gal N JT
BRI BT, LGOS ()7 %M 24.6% 42 & 5
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Gal-B(1—4)-Glu™, Ferreira—lazarte “5UH ¥4 171N
J17 W) DR A B0 o A R B A YA 2 B e
X IEACEE BT rE, 45 R GOSIREGY T B
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) R T A AE— e e O — 5T AE LA
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SRR R AR L A H RS DL A =
MR, FLIR ve B 2R IRk ALK i B2 R Y B-gal
B & FEAF A VEPE, Fischer S5E100) 4 2 1 42 1L il
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2 oo 2 T B B— W iR I0C Y A A 58 ok AR b R T
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E A TR, ZILE A S & i
T2 B R B Tz AR TE T AR I E A 2
BE AL LA S i R RAE R, A SRR
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Kittibunchakul Z5P9 M\ LR A B DSM20075
U H LacLM 7 B—gal 75 KW AT H  (E. coli
BL21Lh B-gal ) FlH 4 FLFT B (Lp609Lh B-gal )
PEAT SRR TR, PRI A 32 40 i T 2658 1Y B-gal 7E
FH AL 250 F ,GOS 77 2 40 il ik 3] T 33.0% il
26.0% ., Fureder Z5PHHEPEAN T 2 I8 F BB #1 B 1Y)
B B-gal YL HEILIE M, 7E 40 °CFI pH 1H
25 6.0 T, FLHEH B 12 400 o/L BEAE 35 i GOS
MR iAW (107.2 /L, 72 3 .27%) , i HAE L #2 rh
SR K B(1—3) Fl B(1—6) 4, JL-T- %A B
(1=4) W FEAE , 52 1, ok 1 2L R BT ARDUUEE AT 18T 1)
B-gal B GOS HAHEZ K B(1—6)F B(1—
3)HE LM S A B(1—4)F1 B(1—6) #EH) GOS IR
BRI T LR RN, B H A A
(36 A 3 s o RIIHIN 2 2 Pz, 3B 2 2 R Y
B-gal TE I £ N 2 F F ,GOS 7= % 4y ) 1] ik
43.0%™, ZF 25 L R OR IR B-gal 728 FRMMES
A RE 70 7 T ¥4 3R B B 0 T, 2 GOS A2
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Tiif 4 B—gal 3= 2Lk U5 — 2L 55 1 B A0 IR Al
TR, T AR SRR A AR ERT  E RTR R A T S,
AR RERTF, K A BRHEY W B-gal AEH
T GOS A =R AL T 2 M &, AR IR W 7
BT BV R R X AR, TR T R e 3 R
I FUBE R RNV B, FRAIR T Ko FAE 32 1R 1Y
JUSE T FLAE e 0 1 5L TG P 400 s o I T S5 44 1
F I 0 AR ) B R R I A B AR 1 GOS
RN THE I BB &P 1k Gk P is Yeross ol
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P 7= W RCRARG . P AT DG T 45 B—gal 19 Tk fk
5% 22 2 o 7 TP R 32 00 S TR R ROk S AR, e
4 Kong S5 PHs J5 T 1 A% 5 ] [ Thermotoganaph—
thophila RUK-10 ) B-gal #4 8 ¥ K7 #F 18 BL21
o, SRR AL S M EEAE 70 °CTF R RUE
FUBE K 152, BLAE 70~85 C R RE M RbF e &
Aot B2 FUBE T b R B R A A R OB LA T
Pk, B R r A H AR R HEE T

[ e 22 b, TE B—gal 89T A& 1 HH J7 TH, X 8T ok
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gal, TERMFFH HRIKE R T =K A2
FUBEELAL TG, 7E 20%4) 46 LA R B 50 CHY 251
TR T 33.4%09 GOS R, Jmm T Tk B
K A, Li S5 ORI U 40 T 2SR B M A AL
teromonas sp.QD 01 15w & T — T i) B—gal K
I gal2A FFTERIGAF R £k, 7E 6.0~9.5 1) pH
EYE BN BRI 20 pH R e, HE&S
e Wl 3 A, Xk 2 g v 9 FLBR K S A GOS 1y 2R
A RE R R UL TR AL . ARk IR AT K ad iR
H, BRI Y B-gal 1T HAS W] Y d5c i A% A RO
fLBE 1, WIHESE GOS A= T 20Kk s fE 4 3)
Hs
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H T B—gal 75 K 2 85 bk N 38 5 LA P4 6 1)
e AETE 8 5 B2 i iR B 20, A REAE R i B8
25 RN, T ELE B LA T A R b AR
PERE 2% 45 5 MR HL I A I I [E) HE % 0
PEGL R R 7 AR SEI W DE 5L b Ui B B-gal 1E 1
JE, BEWE R RET 40%; Ui 25 B AE RN 45 R e
J R 2% ot FLME LS , 45 7 0 1) 43 15 4 Ak i TR
ME, 25 o) 3R F TS G 7R A AR AE S B i it
FER R B, F T 8 I R A AR SR 5 A W
BTG S BELBR RS (AN 3a) , 48 U8 B RE A 50O T I
LK R 3 7 TEWE T A5 00 /N 53 AR SR M 43 g 1ot
FRE WA X B S A GOS B FT R SR 2 S b S
B-gal )5y B A B IEAERI N M E . Ren 50N
UE AR SV 25 (UMR) 5 4808 73 25 5 4t (CPNSS ) #H 4%
B, FET K. lactis iy I 25 W #3738 S2 50 41k
RFR, T 4 h /3% 2L sy b AR 159 5 5 & 4y A0l
33.4%M GOS 7= il , & 465 R 57.2% ., 8K BHETHY
T I8 B S I 4 P R R AT 9 3% B 1 R G T 7 &2
FHAE IR (an & 3b) , {2 — o T2 B L R i 2 il 1
T AR S HE TRIAT R
3.2 EE{Es
32,1 AR E A h U R B-gal R E
PE 3T Tl TN, % T B-gal [ & 40 FH Y
WFFE A IR, W 4a BT, B [ 5 AT DL i
Yy B SR 2 Ty T Q0 BT i S R A TR D i R
Tl 7E A N 55 AR AE o 55 40 BV FERE
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Table 2 Optimal reaction conditions and GOS yield!"™ 2!
AR R BR X B % . I°C pH 14 GOS = %/% A1 45 5UHE 40 &% P EEE ]
I 4 B 55 45 243 200 gL, 38]
B 40 4.5 21.0 41.2% [28]
B B 40 4.5 23.0 400 g/L [33]
W B B 47.5 4.5 29.0 50% [37]
# B 36.8 45 26.73 32°Brix [30]
[ 52 At By 40 4.5 31.0 400 ¢/L [33]
R SR Y T B 45 6.5 32.0 200 gL, 38]
# 5 40 75 11.0 41.1% 28]
bt i, 40 6.8 44.0 400 g1, [13]
PO 4 B 40 7 41.0 39.0% 28]
B 40 6.6 45.0 100 ¢/L. [31]
4 B % 40 55 494 400 g/1. 32]
[ 5 1 B 58 6 64.0 55% [26]
LA 4 B 37 6.5 205 gL, [36]
% B SLAF # B 30 6.5 38.5 205 g/l [27]
SLAH B 17 6 28.0 205 gL, 34]
TR AL R W B B 30 6.5 38.0 205 ¢/LL [35]
SO AT &g 39 6.8 35.0 550 ¢/LL [39]
4 2m i, 40 6.8 36~43 450~500 g/L. [29]
o HAG # B 70 7 35.3 40% [40]
[ mmmman {EBe=E

e

(a) 1 25 A AL 15 DB IS 1R 45

(b ) Ve o 8 08 N2 52 2 45 1) R o
HEBELNRREE SRS

Fig.3 Development direction and limitation

&3

of free enzyme catalysis !

i 3ot A A 2 ] ) A B R 2 Y, T i AR
7 GOS T Z BT v, ] A i 1) i AL A fiE 5 18]
TE A7 1 MR B DI 5C . Gonzalez—Del-
gado SFAYATTE R I, A A [F) 45 4 AL AR 23 A
(AR XS B-gal T A 520 22 55 WA, Ok 1 Bt

i 7 1Y B-gal FEUF ERE T 72K 11.2% (28 of
L), [ @R E IR ULP-SBA-15 XJ i i 7= 3 nf
X 20.2%(50.5 g/L) o {H 2 WA 7E & 73 A1 K I SBA-
15 XF 7= 38 A — @ i, 27 %R 1.3%(3.2 g/L)ic
T BN AS T RO, BRAR Y [ G b 2k A b sl 22
SRR R B2 v ReUE R A, 1% GE i TCHLRN G 43 F M
B, Han R R EARER AR B TR R R AR
TE PR | T HTRIORT T [ S A AT R | L a0 P 2
TR R BT R AR A R — Rl R AP A
VB EARRE R AARHE 2 RTS8 A AN 0 G
Y J%JEIEI W R 7 B SR A PR AR L Chen S50

i AT B A = % B i (THP) 5 48 14 34 42 7 2008
,B—gal [ 7 7E 70 BME L9 1 R FesOy 98 K KL T
e TE 36% 01 16 LB R FE R RAF GOS 7 i i
K 50.5% 1 HF I EGR A FR 2 7E 45 C
THEE 14 d 5 15R R IEE S 51 62.0%, L ilE
B E R TR AR, JF Oz R R
TEWR BB 5 Uk AT e PR 47 90 4 1 5 1992.0% , 22 IR
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T RAFRTEAERE

ST R N AR R R, B R £
Rl B AR 20 G R T 8 A6 ) Liu 5581978 B-
gal BEVE TR A GOK IR B 25 1 2L 6ih 8 o 40
¥R 20 e (PED) 24y % 42 3 w5 vk
(GMA-EDGMA-HEMA ) 4} K BR 2 T , M 1M fif 75 44
KERFARF BN T 050 0 etk R, RIS 3%
FEFRAR 1 0l A 86.7 mglg, 515 G Y ]
FEACEARFA LY, Ay i 00 W B AR AL TR R A L FR
FRCUNIE 4b) , fe 2 A2 77 e A LI 25 Tl 42 5 29 8

(S
Ho

322 TR E  TORR M E B T A
BELHR £ 0 ik AT B, SR AL T 5 1SS BKE
22 BE ifE 5 1A (CLECs) #1528 B fiff 28 /& (CLEAs)
CLEAs i TR & Ao PEar ML At o, H 4
2T H MBI BRI AL B (R 5a) , 78
B-gal B 776 25 b F I L F MR, CLEAS
V14 1) 2 3 ) R %) 7KV Y TP A B 1D T R A0
i i, (T IE BT HE T A A0 3% 2 1) SR AR
TRUE = HEF G R BEMEIR SR A 38 156 79 f g ik
S5 b AT B Ak & AE Schiff Bl SV 7 A S BET
Li ZMILF B-galBgall, DL — A Ry 22 B 5] il
B R IR Bgall-3-CLEAs, %% 5 ¢ WA L U7 25 il
(57.1%), BEEZRAEKMS T HE &SI GOS /% (59.4
%), It BHAE 10 MR EZ SRR T 82.0%M
WILR ISR, HLA5 10 4t GOS Wit Ak 4K BE 4k £ 75
52.3%, AR T HARE MR AE AR E
CLEAs 1] py 79 Ffr sl 19 b LA L ) il 3 ] 7 52 Ak LA 3R

(b) B PE R (HEMA-EGDMAGMA) 44 K ER 5 PEI &1 j5
SUESEG ISR TS AR
B4 BEEEUNEERAELR
Fig.4 Main technology and development

of carrier immobilization

SRR AETLRE J1 (AN L 5b) , Bl sl I 28 A A
A IR 3o RIS 5 — T T, A Ik il SR AR T 5 4 AL
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(4 7= i 2 PIVASE Pk S5O AT 2 i T R A8 1 1 R
PGk ok 5| A %] CLEAs H (W&l sb) , #l &2 &
M A Kl SR A ff U T A 48 CLEAs B T RLA% 38
BAEROKR RS B0 G DR AR 2 R4 AL [l
()AL, i — 3 K T CLEAs A9 5 3 [, ifi 5
HR A G GOS 46 T AT AT B AR

- 0 ﬂ»&
_T —~e00_ _
g
+9Q RN
® "50 080 oL
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(o) 3K il R AR 1 VB A R 341

(b) B i SR A (0 P S 36 2R 1A 15 22 I 4L 5 5 10K il 58 AR o) -7
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Fig.5 Research progress of carrier—free immobilization
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Galacto—oligosaccharides

(GOS) is a natural functional food ingredient widely present in human breast milk.

The production of GOS by B-Galactosidase is main commercial source. S—Galactosidase is a kind of important glycoside

hydrolase, which has the ability to simultaneously catalyze the hydrolysis reaction and the transglycoside reaction. Due to

the complexity of the source and application of B—Galactosidase, the corresponding GOS products are very different in

structure and purity. Therefore, the research of B-galactosidase oriented to high—yield and high—purity GOS has been re-

ceiving extensive attention. This review compares the performance of B—Galactosidase in the process of catalyzing GOS

from the perspectives of mechanism analysis, enzyme sources, and catalytic methods. On this basis, the research direc-

tion of B-Galactosidase in the production of GOS is prospected.
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