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Abstract: Coupling sugar is a kind of new sweetener which can substitute sucrose. It has a good application prospect in food,
medicine and other fields because of its good coloration, water retention and anti caries. The purpose of this study was to find
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cheap and easily available donor and acceptor, and to optimize the preparation process of coupling sugar by using B-cyclodextrin
glycosyltransferase from Bacilluscirculans 251. Using sucrose as acceptor, the factors of preparing coupling sugar was optimized,
including enzyme dosage, starch types, temperature, pH, ratio of starch/sucrose, and cooperation of isoamylase and B-CGTase.
When 105 g/L potato starch and 95 g/L sucrose was used as substrates, the yield of coupling sugar reached 88.4%, which was
catalyzed by 13.5 U/g immobilized B-CGTase and 45.0 U/g isoamylase under the conditions of pH 5.5 and 40 °C for 21 h. In this
study, isoamylase and p-CGTase were used to prepare coupling sugar innovatively. This method had obvious advantages in yield
and cost, which laid both theoretical and experimental foundation for the industrial enzymatic preparation of coupling sugars.

Keywords:
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K5 CGTase HfT &ML ARSI B A=K, &
B BB ) Tl A A 7= o, FH BRI S 56 S Atk

1 MB5FE

1.1 ##
1.1.1 %

B-CGTase Hi A< 5L 40 % # 41 1 B. subtilis/
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@Kl - W S LI 15 min L2 1k 2 i
TG, B HIEE G T 12 000 r/min B.0> 10 min,
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Fig. 1 HPLC analysis profiles of CD coupling reaction products. (A) Sucrose as acceptor. (B) Maltose as acceptor.

100

801

=)
(=]

B
=)
T

Signal (mAU)

]
(=]
T

J

\

O 1 f i 1 n 1 L i
0 2 4 6 8 10 12 14 16 18 20 22
1 (h)

2 G,F #y HPLC & it
Fig. 2 HPLC analysis profiles of G,F.

Br, W 3 fis, AR RAE —1ES, T
A H (miz) 503.1 &b, 5 AR = HERR b 5 A
Fb—50, ULBHRYoh =, Xk — SRR AR
TR = N GoF .
2.2 PB-CGTase fl & BESEHNBER RS
2.2.1 FEE AN EAHE=RHE
HRHESCHkARE , B-CGTase [#5E (61T L) BH i 2
T2 TR )RR R e M L A g R 18 o R e g 1
SE AL A AR R R2 ), 0 591 SR P [ A AN i
% B-CGTase At A L . BIRA pH 5.0
10% (WIV) FTEHETER NIRYT, 5% (WIV) BEREN
feik, A3 BIRAINR 5.0-20.0 Ulg (3 B i & 4k
B-CGTase, 30 ‘C i — & iFa], WilE]4EhE 3 h BURE
M 4 AT, R N N, iE R A
(A 72 AL A AL VR T B0 A5 B 7= R BB = 4
MR AN F) 10.0 Ulg B, P& EET 24 h i63)

http://journals.im.ac.cn/cjbcn

100 20140423-54 882 (6.488) 503.1
R
179.0 504.1
s90 16,0170,
113.0
ﬂii“‘“"‘ { { 78132]“ 2 401
263.1 281. ;
£0. 3411

O Jl |IJ|.\| || T 1 ll[l t | T O O Tl o | Y (I 1

50 100 150 200 250 300 350 400 450 500 550

3 G,F RiEkE
Fig. 3 Mass spectrum of G,F.

e (57.8%A 67.6%), 2 )& NG, F=%
BN, BEAEAHFEDME ST, B e
ALRCRA I B S TR R (3.7%-9.8%), %I
% 5 H A R [R) 3 U5 CGTase 14 [# 52 AL B8 4 — 5
2% 18 3 [ 5 AL A T E Sl L 5 A s
Tl A 1 AL T Is 229y, HLL 10.0 Ulg
o 38 Nl
222 VEMMEIHBEHETEHZ N

TERY R FALE Y, AR TR A T Ry o 22
SR, FEZ AR . RiAR . BRI S SR
GiE . ELBE 9L 92 22 R R R R R R O
WRRIE Y, AT L 10% (WIV) 11 B-2F
Wiks (B-CD). ARZETEM . FIEMEIER . DR HTE
F . ERTER S BT EOKTERE AR, 5% (WIV)
FERE R4, pH 5.0, A 10.0 U/g [#5€ 1k B-CGTase,
30 C RN — WAl BEFE 3 h BUFE



B Z/EAp-AHEEERESBBEFEAENI S 1419

i ./I/l‘i—l—ﬂ

—o—Soluble B-CGTase
—=— [mmobilized B-CGTase

Conversion rate (%)
ey
<
T

L I I I
4 5 10 15 20

Enzyme dosage (U/g)

B4 BEEAMESESZHFN
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Ffwim, (HEJEYEE A 7R 55, NG
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B 101 201, AR08 76.2%7F
74.8%. Zi LA, SEEELZAL (Wiw) 101,
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Wreb, EBETEMMN Y 20%-26%, HAHS R hETE
¥y, BUSCBE T A E R o-1,6-M T, 3L
K 0-1,4 Wit CGTase HAEKF a-1,4-1
T, NBEKME o-1,6-M 5, e AR
Z R ANRERERI o B S AT LA A% o-1,6-H
T, ReR S EEK MR N HEE, IE4FYS CGTase
HEER, HRTER AT,

i 5 CGTase &L, MIFF % +57E 40 'C .pH 5.5
T ] PN A O v 1 T P S Sl A AT AT A
5¢ £ #63K 119 Thermobifida fusca Y X i 1Y 5 1
Kili 5 B-CGTase A/ 4H T2 &M,
PR 02 e — o 64 7 2 B AIE 5 X E A5 1 7= SR 1 5
Mo SR E IR e L S Ry S5 (0 ity b, ) S g
FHIA 0-72 Ulg S 3E 0, 450 aN% 2 k.

x1 FAEEZEKLEHESE=RHZMm
Table 1 Effects of ratio starch/sucrose (W/W) on the
yield of coupling sugar
Ratio starch/sucrose
(W/w)
Concentration of
starch (g/L)

1:2 1:1 2:1 3:1

Conversion rate (%)

50 69.2 79.8 77.1 57.2
100 63.8 76.2 74.8 49.2
150 59.9 69.4 66.5 42.6
200 57.2 65.2 62.5 34.6

Fx2 RIEMEBSP-CGTase EMMIBAE TR
Table 2 Effects of compound of isoamylase and
B-CGTase on the yield coupling sugar

B-CGTase (U/g) Isoamylase (U/g) Conversion rate (%)

7.5 24 64.6

7.5 48 68.9

7.5 72 72.5
10.0 24 77.5
10.0 48 81.7
10.0 72 82.2
125 24 78.1
125 48 87.1
125 72 82.9
15.0 24 75.6
15.0 48 81.6
15.0 72 78.4
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M 2 A%, B B-CGTase IS JEH) B &
WK, AR REAW N, HE p-CGTase K
12.5Ulg, SIEKEEN 48 Ulg, 7=k sH,
87.1%. M45FIEREEINEGE RS R, PRI
TR, XIRE R, B S UER B RN, TERB
SR T B-CGTase FIFEE, MSBRARE
KT EEETER R, TR ERITVE, MELIBY
B-CGTase FI . fERTERM BEERCAEAT , 345 AT A
MY B vemis 2, itk B-CGTase Kl
FHRIE N, Fid Nt i A RS Y 10.0 Ulg 42
& 125 U/g, M4kLe0n B-CGTase Jilfif i i,
HABA SOV AR B, KR RE SRR, M
M-S BO= KK, Bk, 7T LIEF B-CGTase FlRTE
3 T FH 20 R ZE 12,5 Ulg F1 48 U/g.

# 3 Box-Behnken Mo i B S238 &+ RIESHET R

2.3 Mo E 5

MR HL R R 5 R, BB A N7 430 LA 5
SEIEM W E (A). FERIEE (B). [Ef
B-CGTase fiNfifis (C) HISFIE M BENAGE (D) 1
J B, WA R N AE (Y), 1T
4 [RZE 3 ACFEAT e R 18 SE 36 A, g it &
gERLLER 3,

DUE S0 7 % Ry i WAL, F1] FH Design Expert12
XPER 3 M R Z oA G, 15 8] H S E Mk
FE (A) HEVEHRIE (B).[#E 1k B-CGTase Jinfiit (C)
S VE B B N g R (D) B9 Wk £ 0y
. Y=87.1+2.48A-11.49B+3.32C—0.0.85D+2.36AB—

3.06AC—7.50AD+4.65BC+8.66BD+1.58CD—11.55A%—
6.61B2-6.74C2-9.67D2, KXW WifE (Y) 5 4 MHE

LHMEHKR (A 8).

Table 3 The Box-Behnken design and experimental yield of coupling sugar

No. Concentration of starch (g/L) Concentration of sucrose (g/L) p-CGTase (U/g) Isoamylase (U/g) Conversion rate (%)
1 50 100 7.5 48 56.62
2 50 100 17.5 48 75.03
3 50 150 12.5 48 40.99
4 50 100 12.5 24 58.10
5 100 150 12.5 72 60.98
6 150 100 12.5 72 68.98
7 100 50 17.5 48 90.07
8 100 100 17.5 72 68.40
9 100 150 7.5 48 58.45
10 100 50 12.5 24 89.21
11 100 100 7.5 24 74.60
12 100 100 12.5 48 87.10
13 150 50 12.5 48 90.64
14 150 100 12.5 24 77.29
15 100 100 12.5 48 87.10
16 100 100 12.5 48 87.10
17 150 150 12.5 48 59.22
18 100 50 7.5 48 84.83
19 100 100 12.5 48 87.10
20 50 50 12.5 48 81.84
21 100 100 17.5 24 64.57
22 100 150 12.5 24 56.13
23 100 150 17.5 48 82.29
24 150 100 17.5 48 66.10
25 100 100 12.5 48 87.10
26 100 50 12.5 72 59.42
27 100 100 7.5 72 72.12
28 50 100 12.5 72 79.77
29 150 100 7.5 48 59.95

% : 010-64807509
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Fig. 8 Effects of interaction of starch, sucrose, B-CGTase and isoamylase on the yield coupling sugar.
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AR TR B TR, A5 SRR R 2 1 OC T
U F AR A B RSN A RS — Ak
A S EmEE RS L2 RAEEE X,

AFFE LA R 2 A, A B N TER AN S | R
JE. pH. iR, i, REh R SRR
X} B-CGTase il & (A0 T 2347 T ik, BARIE
T2 504 0 43 5L 105 g/L 4% 2 5E ks, 95 g/L
FEME A IS, W% pH. IREESr 518 5.5, 40 C,
¥ 45.0 Ulg SHIE RS 13.5 U/g [ € 1k B-CGTase
PEATE RN 21 h, eI B PR A B R
88.4%, %%k H iy R 1 fie s K o %
K I E A, AR AL BORIF, B 2 L
AR E Z WG, ER0CR . A 7 s 2
AT AT AT S UE A I AR TG T
AR &, TE R 19 20 S 9l K A i 45
FNFEA A, HET RS T 12.2%. 25 FTA,
SCHETF B-CGTase il 5 (A0 T 2otk 2
SRy Tt T T % A AR 1 Tl Ak By R — 2 B T
RIS HE A
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