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Abstract: Gentiobiose is the main component of gentio-oligosaccharides, and it has excellent prebiotic functions. To
improve the biosynthetic efficiency of gentiobiose and reduce production costs, the f-glucosidase gene was cloned from
Aspergillus niger, and its recombinant expression was achieved using the Pichia pastoris expression system. The recombinant
enzyme was purified using nickel-nitrilotriacetic acid (Ni-NTA) affinity chromatography, and its enzymatic properties were
characterized. Using glucose as the substrate, key reaction parameters, including substrate concentration, temperature, pH, and
enzyme dosage, were first evaluated by single-factor experiments, followed by optimization using an orthogonal experimental
design. The results indicated that the specific activity of the purified recombinant -glucosidase was 197.59 U-mg ', and the
optimal temperature and optimal pH were 60 ‘C and 4.5, respectively. The optimized conditions for gentiobiose synthesis
demonstrated that, at an enzyme dosage of 105 U-g”', a substrate concentration of 850 g-L™, a temperature of 60 ‘C , and a pH of
5.0 for 48 h, the yield of gentiobiose reached 163.40 g-L™" and the conversion rate was 19.22%. In conclusion, the recombinantly
expressed f-glucosidase exhibited high enzymatic activity and efficiently catalyzed the synthesis of gentiobiose, thereby
providing a theoretical foundation for its biological preparation.
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Fig.1 Domain prediction of Aspergillus Niger fi-glucosidase AnBgl
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Fig.3 SDS-PAGE identification of recombinant f-glucosidase
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Table 1 Purification results of recombinant #-glucosidase

BEE/U B &G /mg WEEE/(Umg') hiufEsk
HALET 22 500 800 28.13 1.00
wAE 6520 33 197.59 7.02
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Fig.4 The influence of temperature on the enzymatic activity
of recombinant f-glucosidase
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Fig.5 The influence of pH value on the enzymatic activity of
recombinant f-glucosidase

JE: a: KiE pHAA; b: pHAAE T M

243 FUP-FAAEFEN A F AN

£ 60 ‘C. pH1H 4.5 251 T 5 AN R 2 1 0 i =
IR Y-~ W S R, W e B A B- A A B I I
73, FIH GraphPad Prism 8.0 H'[f] Michaelis-Menten J
FEXT AN [F) e A MR 5 11 J B T R AT AR e L &
ES RV, N2 499 pmol-min', K, N
2%mML*kjum%*km%%M&Lm@%z
M5 R SR A s K, B, X E AR,

23




MR @i

Modern Food Science and Technology

2026, Vol.42, No.10

KRS R oE Mg . A0 7T BN K, N
235 mmol-L", AT RARIRAT I B- 6 4 B EF g ) [
— JEWI K, A8 41.67 mmol-L"'*, 3¢ B AHF 5t 1) # 41
Pty 5o e P JE A 0o i 2 2R Ty - - 26 T IR SR AN g, UK
e R A 280 v, B FL AT e 0T 2 A AR AL IR R AR -
EWELF RS, BN AT g R £ R 2 Rk R
AR BT I 25 & B AL RE Y

25 EHL-EEEFEE LN A R AN R E

SR BB O e s L A kot L - R R T R RO
I R RCR IS, BRI TR BE .
PH BB BRI I 5 55 D R 2o0] I IE W = 28 A B2 I
TEJRRE W1 K A BSOS TR o B AR e
K3, B - E b B M e /1. W 6a
FizR, TEARIRPD RS, JRlE WA i b
JEA TR B P I D i, X N TEAR IR IR
BRI w2 R T R A KRR N, T B R
BIRET R, EERES TS EEE O 8 SRR LLRE
B - B RSS2 PR A R R A G i, FETE TR
RV ROEIE PR . (IR RN 750 gL
i, JERR BRI, N 47.94 gL i MK R
BRI E 850 ¢ LI, H B4 RERE
3483 gL', XAl AESE ORI AR AR A IR, Y
MR SRS E . IR R
IR X AR SRR = R Rt AT A i A

B TR R R AL, RO FE 2 R A Ak
WEMER S — xS W eb i, WM 35 C
TEmi, JeRE R SR T N, 7E 55 C ik B[,
N61.63 gL' HETFEIRE, PEAMS . i
FESeIE —WE 0 & L FE R, EAL B- 8 &R T R I B
TN 55 Co AHLE T HoAth oA, 90 dn K5 T FAAd
W p- M ARG, HBOEIEZ A 95 ¢, w]
DABRARRERE, HEI=cl, reyaiE s s,

SN AA 28 1) R B 58 A ) il P #  5 (R AT PR
e e . b TS p- A E G R T e R,
3@ pH H A FERMEE R, Wk 6c Fin, 24 pH (AN 4.5
IF, e R P AR s, N 106.32 g L, BLEAFLAE
FRPESAF N A R IR E .

B3 S 0T IR F i g — S SRR AR B AN I =
177 %%. WK 6d iR, IRV EIRE 7508 L
TR 55 °C pH H 4.5 1 F, MEEHIAR =M 35 U-g
WA 105 U-g' I, R BE=EM 47.78 ¢ L' BE
BIFE 11875 ¢ L. HEERINEERESE 140 U-g', R
A 122.73 gL, WIEAE 3.5%, BEH7EREE A
105 U-g ' IR SlE4E & ol TlA. W TolA =1
24

A FE, EE AR INE N 105 U-g's 52801
WFFE AL, Wang 227 ] 900 U-g ' (1 il 5 76 36 B 5%
% 800 g L [ B kA 130 gL (1 R ABAR S
B, TR B R ARTEFCR) 8.57 £, XERMARTE
(ORI FH R B v, S BT

a 60 -

40

| C
(S
£
g
20[|
0
250 350 450 550 650 750 850

HIE TR IR / (2 L)

BFe R/ (L)

)

80

i

60 -

=T

40+ d

B L) o

(¢

20+

Pl

35 40 45 50 55 60

150 -

HH

100 -

HAC*

FEFER /(gL o

e

W
(=]

pall

4.0 4.5 5.0 5.5 6.0 6.5
pHH
150 -

—

(=3

(=]
T

4
(=]
T

MR R/ (e L)

3I5 7I0 I(I)S 14I10
BEAs & / (U-g ™)
6 N[l S B & {4 Xt A2 BB — #E = B R R
Fig.6 The influence of different reaction conditions on the
yield of gentiobiose

E: RARNBFHERTEALE 257 (P<0.05).
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Table 2 Orthogonal experimental factors and horizontal design

KF A JRMIRERE) (gL B pH 14 CimE/C

1 650 4.0 50
2 750 4.5 55
3 850 5.0 60

MR SR R IR TU SRR £ 2R, DU ™ B ds
b, EFEEEEREKRE (A, pHAE (B) AR

®3 EXRBHESIR

Table 3 Analysis of variance of orthogonal experiment

(O) ZAMAWEHIT=WE=AKPIERS RS, #iE el
THEA R A . BRI R K BT i 2
Fi7R o

R 3 D TR ATAL, &R 3 e iH A R
PR AR IO : A JRY)TEWREE >B pH i >C iR
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M B R (P<0.01). 3 4 a7 51, @i 259 4,
o RE A R B AR 4 A A3B3C3, B I b
B R B R A R B AR N 105 U-g 'y R &
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KR 1 . 75 Fn B H7 F A& PAi B
& EART 13 213.07 6 2202.18 25.02 0 ok
AR ERE/ (g L) 10 098.07 2 5049.03 57.37 0 ok
pH 14 2226.13 2 1113.07 12.65 0 ok
®E/C 888.87 2 444.44 5.05 0.02 *
7 E 1760.12 20 88.01
4 1E & % it 14 973.19 26

E: o RTRREE (P<0.05); *** R FHmREE (P<0.001).
R4 EXRBBRESTR

Table 4 Range analysis of orthogonal experiments

A5 AR E RN L B pH /& CiBJE/C Kre =455 /(g L))
1 1 3 3 143.10
2 3 2 1 158.69
3 3 1 3 175.66
4 2 3 1 154.18
5 3 3 2 169.16
6 2 2 3 134.30
7 1 2 2 108.56
8 2 1 2 134.70
9 1 1 1 110.15
K1 361.81 420.51 423.02
K2 423.18 401.55 412.41
K3 503.50 466.43 453.06
k1 120.60 140.17 141.01
K2 141.10 133.85 137.47
K3 167.83 155.48 151.02
R 47.23 21.63 13.55
KA A3 B3 C3
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Table 5 Current status of gentiobiose or gentiooligosaccharides synthesis using glucose as the substrate

- E)HE Bl R B At AL % A ik
. . 2L 800 gL e H EME A R LR, BERE A0 U-g WEME, £ 40 °C.
Coral Microorganisms pH {8 7.0 Z0F T B 5.38+£0.40 [29]
Aspergillus niger CMI VA 800 g L R AAE A EA, B 60 C. pHAA 4.5, B@fimgh 6.25 [25]
CC324262 60U-g'. Az 1 mmol-L" ) K £&# TR 48h :
Thermus caldophilus vk 800 g-L' 49 # E 48 A kM, FEBE 70 'C. pHAA 8.0~9.0. BRRAMEH 1 [30]
GK24 40UmL" £ TFRE 72h
VA 1000 gL #Z4EARE &L, £RE 80 C. pHAE 6.0. Bgfind A
Thermotoga sp. KOL6 500 U'gfl A pE TR 48 h 14.43 [31]
; vA900 g L ey W EE A RS, BEAE A 21010, £ 65 C. pHAE 4.0 &4 [32]
Prunus dulcis T 120 h 15
. . VA 800 gL 498 E4E A R AL &Y, AERE 60 C. pHAA 5.0, BEgfin [27]
Trichoderma viride % 900 U‘gfl Py 16.25
Thermotoga maritima VA 480 g L 89 F B4R A R A, Ao AEALEER, f£ 80 °C. pHAA 5.5 &4 18.01 [33]
STB25 TR 24h ’
. T e 29 RE o L =2 |
T cellulolyticus VA 800 gL R B M RA, HIBE 60 C. pHAL 4.5, BERifimEHh 400 U-g 19.36 [28]

T REL 60 h

262 KBS REM E SRR TE

WA BRI SR, WA A R B e A ik
ATHRAIE, SRR —Er~ ik 3 163.40 gL, i
WA E R 19.22%. B 7 A B AR IE R - 6
B A T 1 R W 1 P A v AR R ) B R R R
MR B s 5 Frow, 18 i B2 & BB A T AR —
B 55 AL R AE 5.38%~19.36% 2 A, % HUHR 15 55 e
SR BE 94 8 T = B N R (400~900 U-g . 43l
U0, R SR P A 4 R R UE B A B E, AE
800 gL~ 7 %) W v VA5 1 400 U-g 1) i % 0 g vk 3K 4%
19.36% HIFALE . SREARTEAURI B- 1 %00 B A2
TR 900 Urg ' 2514 T RIKE 800 g L [ 4 B 5 4k
130 gL' Je 0 —0H, AL Ny 14.86%7 . TR i &
(40~60 U-g) Xof I (5 A0 3R AR o ASHIF 78R F )
TR P S e A Ay e A B SR R i R 2 1/9~1/4,
AL AP B K o 3K 45 L0 B 1% B 2 A
W ERAA W EMA, A BT KR B CEE 18 R
A, AR ZRER ARG AR T B R LB AT L

2.63 e =iEFHEE

AR5 W AH A I &5 R E, e I8 OB bR dE AR
13.40 min HiU6, 17 7E AR B T 5 BE VR £ R AH R )
SN, 13.40 min A2 A5 AT 0 L

¥ B % AR % 1% B 4o B8 BT . H I 8a AT A,
'H-NMR (400 MHz, D,0) §: 4.55 (d, J=7.9 Hz,
1H), 4.41 (d, J=7.9 Hz, 1H), 4.10 (dd, J=11.5,
2.0 Hz, 1H), 3.81 (dd,J=12.4,22Hz, 1H), 3.74 (dd,
J=11.4, 59 Hz, 1H), 3.62 (dd, /=124, 58 Hz, 1H), 3.52

26

(ddd, /=8.7, 6.1, 2.1 Hz, 1H), 337 (td, J~6.7, 3.5 Hz,
4H), 329 (d, ~92Hz, 1H), 326~3.18 (m, 1HD, 3.15 (t,
J=85Hz, 1H)-

a 17.5¢
150
125F
100
75¢
50F
25¢
0.0

3.567

13.478

>
g

A
50 75 100 125 150 17.5 20.0

[z 3.162

00 2

t/ min

(on
3.579
7.553

50+

40}

30+

mV

13.711

20

4.201
4.642

10

=)
B 3.172

.
>
Ea!
Ea!

¢t/ min
& 7 HPLC #&ill7z BB — & ey H g E
Fig.7 Chromatogram of gentiobiose detected by HPLC
Era: REZAERSE; b SHRER HERE &A=
A,
Hi1& 8b 7 %1, “C-NMR (100 MHz, D,0) ¢:
102.64 (C-1),95.93 (C-1),75.87 (C-3"),75.59 (C-5',
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3), 74.84 (C-2"), 73.98 (C-2), 73.04 (C-5), 69.57
(C-4"), 69.42 (C-4), 68.76 (C-6), 60.67 (C-6').
G 8 J=7.9 Hz 7T Jl, 205 R AZTE B-1,6 H
i, S MRS CIR U SEA BL ARAE DL - K
HEEGMATERE, TR =Y 9 e H —h .

o By

PR ST RS- S ST - SR - = W N -3-5:F S !
56 5452 504846 444240 3.8 363432 3.028
fl / ppm

b & LI B

Ho'
o

e Ll

110 106 102 98 94 90 86 82 78 74 70 66 62 58

fl / ppm
8 Jz B — HERY AR LR IR T
Fig.8 Nuclear magnetic resonance spectrum of gentiobiose

JE: a: RAE =486 'HNMR B; b: KAe 4544 "C-NMR B.
3 g

A TN R i T R ) v B R T B 2 B
FEBR, PR, iZFE R 4K 2 544 bp, w848
NRAEMR . W T SRR R A A, JFIRECT BA
RIKHR, 2K KGR ERREAT 24k, 4ifb )5
(B p-A AR ELIE J3 M 197.59 Usmg !, 4lifk
5800 7.02 1% . @it SDS-PAGE #EiHL ik K 5%, %H
[R5 F 5 R/ 140 kDa. Higidi gy 60 °C, fxid
pH AN 4.5, LUK il 5 25 1) - B- i ) B HF RIS, K,
235 mmol L. DB & HE A R B, K4tk )51
BB FH R E W B, 38 R R R T B B R
IR T T e RE W5 & B e A 2% A1 S 75 BN
JE 105 U-g's JEY R E 850 gL' /% 60 C.
pH {H 5.0 4 NS 48 h, 33| BRI —pEr) =&

% 163.40 gL, AR 19.22%. ABFF AN b
I AL T — P R AR I L2 2 EH A -
HE BRI R AL ERRIL R, HEE R RER AR R B &
FUA AL & BRI 3, NE b N 355 7 S6at. K
KA o s S AR R A g A e, it —
W E AR SRV, RN A R R B AR R BCR
R, WRESMEFTE, HERMHE A~/ T
AR .
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