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Effect of vitamin C on the activation of B-glucosidase in
Lactobacillus acidophilus GIM1.208 and the interaction
between them

JIANG Guilan, WANG Yi, DING Zhuhong’, LI Binbin

Guizhou Rosa Roxburghii Research Institute, Engineering Technology Research Center for Rosa Roxburghii of
National Forestry and Grassland Administration, School of Liquor and Food Engineering, Guizhou University,
Guiyang 550025, Guizhou, China

Abstract: [Background] A preliminary study showed that vitamin C (VC) had a significant
activation effect on the B-glucosidase (BGL) from Lactobacillus acidophilus GIM1.208.
[Objective] To explore the effect of VC on BGL and the interaction between VC and BGL.
[Methods] The 4-nitrophenol method, electrochemistry, Zeta potential, and nuclear magnetic
resonance were employed to study the effect of VC on BGL activity and the interaction
characteristics. [Results] VC exerted a significant effect on the catalytic activity of BGL, with
Kn=1.167 mmol/L, and the V.« increased with the increase in VC concentration. BGL
presented the highest activity when the VC concentration was 3.5%. At the VC concentration of
3.5% and a temperature below 30 °C, the BGL activity was barely affected by temperature, and
VC had a good stabilizing effect on BGL, which showed the relative activity above 90%. VC
can bind to BGL, and the weak electrostatic interaction between VC and BGL facilitated the
electroxidation of VC. We hypothesized that there was a hydrogen bond between the ethylene
glycol branch chain in VC molecule and BGL. [Conclusion] VC can activate BGL. We studied
the type and site of interaction between VC and BGL, aiming to provide a theoretical reference
for the application of BGL and the efficient utilization of natural enzyme activators.

Keywords: [-glucosidase; vitamin C; enzyme activity; interaction; kinetic parameters;
Lactobacillus acidophilus GIM1.208

YA &K C (vitamin C, VC), WK AHIRIM
iR, HABAEM. PO . U2 M RoE S
TERM, Bz AfEb AT, Ve 1B L
kb E YRR, AT SRR LR
W BEAE P R ) A ) 95 T O, AR T AR AL

PR ol H e A e A R i T AR AR HLA
KO AME . BRTET VC 5 H A 5T (n i
HEAD . Zm A AR A AR B
Wz B E AR O, BT — AR T H ]
UIXIER

B- 7 % B ¢ [ (B-glucosidase, EC3.2.1.21,
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GIM1.208 = BGL HA K 4F i1 FARENS, I
B FURL R ARG PEZH 2 VO X & 1 B W i
WYER, 81 VC 5 MR FLATF I GIM1.208 Sl
BGL M EAERH A . i, Aot
XPAH SR L . AL | Zeta HELTE MR
IR EIEEDSE, 58 VC 5 BGL M E A K
FRrE . A EME R SR 2R AR
KA JE MR 4 8 VC 5 BGLAEAX R,
DL A £ b VC R BGL B AR 9 R FH DL R A i
AR AR e S %

1 MR5r%

1.1 ##

WERRFLIT T GIM1.208 B-# 41 B i A<
LN RN A P G

BGL MK : Fr BRI W B () RAE
Ttk W T P DR R PO )3 FPAE MRS A 1 R
FUS . FEARRA), AE 37 °CHEFRA R E R SR
48 h, 16 3-4 ¥k, BUIEFRWAE 8 000 r/min,
4 °CEL 10 min, R HIBERR, 151EA
(1.7£0.2) U/mL,

Xt il KL A8 Wy (4-nitrophenol, p-NP) . FrEHR |
TR S 4N, R R AL A 3R AT BR A 7] 5
4- 1§ Jk 2K 3L -B-D- #j 4 B 1 (4-nitrophenyl-B-
D-glucopyranoside, p-NPG), Sigma A r]; VC.
A, BRI R A R AR, EK
A, R AR B A A IR A
SRR L P B (Tris), Bz Tl (F i) A
FRAwH] s MRS Pz Ak, B YR
ABRA T

ARG FRAR, S A R W B
W) AR, R A
AR A A A E SR EREOHL, Kbl
RIS A RAE s A TARS, b
IREAERA R AT Zeta BN BRIAR S HTAX,

DUvE & EIRRR s wl s ARG SRR, LRk
Kt

1.2 &

1.2.1 AEIREEHEXT VC EE BGL EMERISMN

1) AR EE VC X BGL #7652 i

B S mL LB T 2048w, DAL P s
J10.025 g VC, 155] VC HIE N 0.5% RS 1A
R VMR R ES VC R 5518 0.0%
1.0%. 1.5%. 2.0%. 2.5%. 3.0%. 3.5%. 4.0%.
4.5%. 5.0%. 5.5%H 6.0%MIERAIKRZR. ff VC
56 AV TR GRS 0 LS DU R R iR
R AR WG 0 100%, T ARG o BTG 1
BT /MBI SR % BL 0.1 mL A
M, SN 0.9 mL 0.2 mol/L B & —4h-Frk
MR 2% M (pH 5.0), T 37 °CHIi# 10 min; HIA
I mL [A#AE Wi 10 min B9 3 mmol/L p-NPG
VW ARIEITRE 10 min JFAMA 1 mL 1 mol/L
Na,CO; &, ZIRHCHE 3 min, 7E 400 nm AL
EWOGCEE A. 7E 37 °C. pH 5.0 £1F T, LI%
SrEhEE# p-NPG ;=42 1 umol p-NP s B -
1 AEEE BRLAL(U)

2) RRRE M VC X BGL ik if
{14 5% i)

B 6 47 5 mL AHER IR T 25048, 4 3
0.175 g VC, ¥ VC 521 THBHE S 7 BI7E 4.
10, 20, 30, 40 HI 50 °C&M: T #4730 min J5
e L mES , EA 3 I I AR D
JIF I A5 B4 Fc Vo T N 100% , 35 KF G TS

3) KR HEI A VC % BGL 36 :AE

S A 5 mL AT 2048, 4 B
0.175 g VC, 193] VC ¥ E K 3.5% MR A KR R,
fif VC S22 THIBR , 76 10 °CATF 40 3K
B 30, 60, 90, 120 F1 150 min J5{lE BGL K
fgiG, B 3 OIS xR DLET IS
) I 25 TS K 100%, T35 KA X I
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1.2.2 VC 3 BGL #EXRYIR N FESHH
Al

B S mL LG 208 b, DL R
110.025 ¢ VC, 155 VC HREE R 0.5%HRAER R
DIAHIRIR i, FL VC ¥R BE 5100 0.0% . 1.0%
1.5%. 2.0%. 2.5%. 3.0%F1 3.5%HIIEGIAR,
i VC 5820 THIMHA S 7E 4 °CHUE 30 min, il
E AR FEYIHE (p-NPG: 0.5-5.0 mmol/L) F BGL
A TG P, Al Linewear-Burk U2 %5 ih 2 4F &
At K Ml Vi (8. T ID VC Hij5 BGL
BIVIEE 2 G
123 VC 5 BGL HEEAMBKESH

R AR e vk 22 0 B w2 E R
YEME . AR AL B 7 v K i A 0.3 pm FiI
0.05 um HJ ALO; By ARITEEIF IO R B, A5
MR TE K . ZEEFIER ALK H 87 (300 W, 5 min)
VRS T pH 7.4 4 Tris-NaCl Z& tha g h %1k .
WM R —0.4-1.6 V., 353 A K 50 mV/s.
SRR EE Ry a i, I R b I R R AR A
BB 4 AR 15 min, EERVE ] P4

VC #Edh: SeFREL0.017 6 g #) VC CET
10 mL 2, A pH 7.4 Ay Tris-NaCl Z&
BWERAER, BELHmBEREE N
0.6x107*, 1.2x107*, 2.4x10*, 4.8x10*, 9.6x10™*
H119.2x10°* mol/L i) VC IFH . MWl VC IEHK
W M /INB KA T FR AR 22 K

VC-BGL IRAFEfh : FREL0.008 5 ¢ VC
Tris-NaCl 2% R I E A 2 25 mL, I—&
Waifbiy BGL F 5 mL &5 8lrf, FRZE LR
FHEE R 0.00x10°, 625107, 1.25x10°,
2.50x107.5.00x10°* 1 10.00x10"* mol/L A BGL
VW, B2 mL INA S & VC IR, 5.
P BGL ¥ WMk B H /N8 KA TR PR 28
1.24 VC 5 BGL #HEEAM Zeta B3R

S P 55 PO O OB B, B 300 L

W BE A 1107 mol/L 4k BGL %, i A pH
7.4 B9 Tris-NaCl ZMPERESRZE 3 mL, A
20 mg VC, $E5ITF VC Wl fa = IR 2 hs LA
RN VC R X e B IRFE SR 200 uL, fmA
800 uL #H4li/KJ5#EA 5 min, FARBIEE:SLE
WA U B it B, DRk A ] o<
& H Zeta WL .
1.2.5 VC 5 BGL tHEEFAMZ#MEIREE
VRl

S SCHR[21-22]0 7 IR EIE B, vk
FREMARN 600 uL, Sl HERFRI VC 30 mg T
5% 5 mm ZREE T, [AZREE A 400 uL
FAK, LUK 0, 1.25x10°°, 0.25x107°, 0.50x10°°
1 1.00x10° mol/L 4lifk.f) BGL % 200 pL.
0 mol/L i BGL % ¥ LA 200 pL Tris-NaCl % %
WACE: . TH A9 E SR R 400.13 MHz,

2 BRS04

2.1 AREIRE VC 3f BGL 5E 4RI

VC WEEXT GIM1.208 BGL I 1 At 52 i 4n
B 1 s, 53R, VC B E T BGL 1)
1 (P<0.05), X4 VC #REEFE 0.0%—3.5%3 N
iF, BGL 6 e B v BE G mi s K, ek
JEH 3.5%0 ik B i i s MU E R T 3.5%HT,
BGL i FF 46 212 B A%, VC X BGL M
WEVERIBE S VC e B 3G i &2 26 3 5 )5 0 59
(=R
2.2 AELEEESMH VC X BGL AR

DL VC B 3.5% MAbBEAL, AU VC H
2 HA, TEARIRE T, GIM1.208 ) BGL
ARG PE AR 2 Feos o 24 5 VC ARG, 78 30 °C
BARIRFELE N, BGL X G thds hFa s, M
Xof BTG AR FFTE 90%L) | (P>0.05), {H 4 iR
F 30 °CH}, VC %t BGL B4 FH 32 T EE 5% i 45 Kk
(P<0.05), AHXTHEFIG M 94.58% T [%%] 65.64%.
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Figure 1 The effect of VC concentration on BGL
activity.
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Figure 2 The effect of VC under different temperature
conditions on the activity of BGL.

XFH2S VAL, EARTEAS [R) IR BE 458 T S AR E
(ISR ED S BT Ny NI A LB LEZE A
2.3 VC %I BGL jEMF2E M A S0

TE 10 °C, VC ¥JE N 3.5% AT VC ik
PRAAET, GIM1.208 BGL FOAHXHE A 3
Fis o EAEVEREEIT, 25 4Rt 3
A%, HBER AR s/, 4EHRFTE 80% A%

MU VC B, AR X BGL 62 B Ak 5
m, AE S /EFIE Y 150 min B, FOWAK £ 9
AR B S TIARSRAE 90%LA ., ATl VC X} BGL
A BEAEA, HEA RErFE e .
2.4 VCXBGLEW SN NIFESH S N4FIE
L p-NPG NJEH, AW E VC Xt
GIM1.208 BGL J )i 5l /127 Ry 52 i 4n &l 4 Ji 7 .

_100r
S
2 90¢r
A=
g 80 _% \\‘%—1_\7 e Lostelar,
: e s S
g
5 70F
o
A= —— Treated group
= 60r —— Control group
o~
Al 0 30 60 90 120 150

Time (min)

3 KIEAEX BGL 5 VC HEERKF I
Figure 3 Effect of reaction time on the interaction
between BGL and VC.
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Figure 4 Linewear-Burk reciprocal relationship of
BGL with p-NPG as substrate under different levels
of VC.
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BiZE VC W ERI K, GIM1.208 BGL Y K, 1145
FAEALE, S 1.167 mmol/L; A[HE VC 44T
GIM1.208 BGL [ Vinax 7397124 0298, 0336, 0.415.
0.474. 0.523. 0.565. 0.604 F1 0.686 mmol/(L-min),
Viax B VC MEEMG KM R, Frf &g
Tl — s, iR VC RITE
2.5 VC 5 BGL HHE{ERAMBLESH
R

VC HAT B i Ak 240 M R sk 27
Bk VC IR EARAT A I FHE R I BAE
BLHI . pH 7.4 SEoPi BT DA A A 2 LR
Be, MR IMEM S ARSIk
FAAREME VC 7E Tris-NaCl 22 i Gk
LM 5 FrR. B S AT, YA
}-0.4-1.0 V I}, VC 7E 0.0-0.6 V JEFEIN HEL—1~
ELAe I @ AR, JCIARJEIE, UERH VC 7EZZnf
W A R — A AT Y R

VC 5 GIM1.208 BGL JRA 1K & 1E Tris-NaCl
2 MV TP AR EMR S I 2 Al 6 BT HIEL 6
AU, VC (RIS — A4 A0, T HL Rl S0

251 — Cye: 0.6x107 mol/L
— Cye: 1.2%107# mol/L
20l Cye: 2.4x107 mol/L
: Cye: 4.8%107* mol/L
— Cye: 9.6x107 mol/L
. 1A — Cye: 19.2x107 mol/L
.<C
S 1.0
N
0.5
0.0 peme—Fr—
-0

04 02 00 02 04 06 08 10
E(V)

5 Tris-NaCl A& P RELRE VC BT
TH%

Figure 5 Cyclic voltammetry curves of different
concentrations of VC in Tris-NaCl buffers.

0.5
0.4t
03}
< o2} —
= / 2
X 01F / I
L Caer: 10.00x10° mol/L
00 ~ Coer: 5.00%107 mol/L
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Caop: 6.25%107° mol/L
—02f Cer: 0.00x10° mol/L
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6 Tris-NaCl £4i%+ VC 547 EXE BGL
TERMMTRIMR R Lk
Figure 6  Cyclic voltammetry curves of the

interaction between VC and different concentrations
of BGL in Tris-NaCl buffers.

TRZ BGL MREERBEIN, ARG TR, ikl
H 7 IR 2 A5 51, W] VC 5 BGL 7E Tris-NaCl
0P AETEA EAE T, JF X Rl B S
1% VC 1 HL AR RN AR B INZE 5 .
2.6 VC %t BGL Zeta B HY SN

Zeta LA L UKL R TH BY V)2 I HLA
A4 M 0 5 ) ) e e AR AR R 2
F5L VC 5 GIM1.208 BGL #HHAE4: &, H
IRAERRT Zeta FEALIEI(E 7)PT #1,BGL [1) Zeta
B U, 6] BGL 2 1A 7 B A 2805 24
A VC JG, IREWERERN Zeta HLAL-2.09 30
F| 1.46, Zeta WO AL XHERFEAL, FW vC
BGL iy faf &8 7484k, VC 5 BGL Z [AIf#7E
55 ) L A T
2.7 VC 5 BGL HEERAMZ#MERSIE

i 'H NMR 3 H JE b 2E 0 B 281k 4
M2 R SRSy H BAE R 52, LA SR BAE
FH RS AR AP, VC '"H NMR jE4n1& 8
iR, R TH NMR $ AR IFF45 4 3CHk[29]1% v
) '"H NMR 1§ 7H)E, §3.50. 83.52. 83.83
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Figure 7 Zeta potential diagram of BGL (A) and (B) in the mixed system of VC and BGL.

B D,0
OH
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g L h
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Figure 8 Structural formula (A), "H NMR spectrum and H atom assignment of VC (B).
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16472 435k 5. 7. 4 fl 3y EREEE T
5%, 84.67 A D0 YW 155 .

AR BE GIM1.208 BGL 5 VC {EFIW 'H
NMR & L& 9. FTLUE H, AFWEE BGL H,
VC 43 F H IR FAL 2= B Y46 AN [ R 1R el A2
AW BGL U2 T VC Bl F = 40 i Je 5 H
AH I A0 G o il 3R 8, R ] B A AE A ELAE
9\é/$\[30-31]O

3 Ww5E&#

H1 3 BGL 1E Tl flb FEE 245 5547k Hh &
PEEHEAE N, i AR A | R B
YRR R G — B %2 KE, VC &—Fh
ZIRHEN y-INERFN VS TEI BT, FEPUARE 5
PER 2 48 07 T R AE L E RN, A
KOAME LI VC J&—Fhou G v B &%
BRI PR B, VC XA
JI T (Fusarium axysporum) Sch1.BGL fi& J1 A

WEREEN, EERERT 0.08%H B /1
R, T A P B U R P 0 2 S i i
S5kas; 2= LB E VC R R34
K, HXF LM B () BGL 346 A F 2 i 1 5 2
FaE . I, VC XSRS BGL /EHAAfE 2
S, XHREBRFLAT B BGL F B H 5 e B8 38008 R v
KR, 24 VC HRIELE 0-3.5%JEF i}, BGL fi§ig
PEREH AR BE G I dE K, FFAEURBE R 3.5% 0 i
Bl e

VC X Eg B AE 25 5 5O [RIAVE FIALIRIAR O,
Wen 5 ¢ 28 RIS IR EEE/ N T 7.5 pmol/L
1) VC s, ARG REE VC MRS N
MW I, 3 VC BN 40 pmol/L B i 24
PRl e R0, R EE TR MLTR VC BB SRR
ICIAS GRS, FEEIRIAS G R RTT, T
W FE I KRB RERTZ R T VC ATLAZ A IS 2R
B P RO R B, IR B EK AR EAE S R
) L R R AR S ELAE o SR IR P4V 5%

D,0
Hﬁn ) H;
! \l H ll H .
| H, I Hs €0 0.00%107 mol/L
| " ,.|u'L. Coor: 1.25%10°6 mol/L
| ) b Cuou: 025%10° moliL
I [ Cyr: 0.50x10° mol/L
—_— R RN \
L ! Cyer: 1.00x10 mol/L
J J\ ]

9 VC 5XERE BGL E&AENZuMLIRS T

3.8 3.6 34 32 3.0

Figure 9 Nuclear magnetic resonance hydrogen spectra of the mixed system of VC and BGL with different

concentrations.
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25 R BN I PR VR BE A, PR INAR K
EEHBE R, BOSHLURDZEH T VC mALI
T PSR OS5 AR AL, DT i B A
T R AEARARVE R

AU R AR R % 14 GIM1.208 BGL
TE 4-50 °CHEIEfa , AbFRZ IR & T 30 °C
IF, WS PR T R, (HAS 2 ARG TS K
& T H AN FRAAIG . K25k BGL il 2y T N
40-110 °CP* A5 BF 58 F B VC 3Z i B 5 g AP,
R 4E DL B85 R pr el BGL £ 5 VC 456 )5,
HOoFWHATRMER SRR, SFERKN
LT EMERRAL, MIRET R Ve #iA Ak,
BGL 25t & AR ARk, DA RRAR T G B
SR1M GIM1.208 BGL 7ERAIRILEE 10 °CHI VC ik
BE R 3.5%54F 150 min B, 2 14 22 B9 AE X it
5 JIHSRTE 90%LA |, AT UL VC X BGL AU H:
AEIEEN, HEA RIFMREEN.

ALV VC X R R BT AR
YEFT, FELREEDUIR I ER R (38 in, T B) e b
il K TRAIFAAS , Vi BWIHG K, I8 2 5 )2
ST HERTHLIR 0 BR 2 B4 5 B e AR P ok
PERERE T . FEARBFIE BN 12495, Vina
F VC MR nmig K, K,=1.167 mmol/L, Ff
A EARA, W VC RS5IRWEA, M
H#: 5 BGL 45 & M fEfb . vC 5
BGL # 5 1E R EAR W K 0976 1 1 B A RS s )
e Ll o M e . TR AR
MR LR Z, AEsOOtg% . 1/ 6k
o RT BB . kR BRI IRE
AR,

HT VC BATREAEENE, W58 E ik
RIS PR, (5 B8 A L FEAS I ) vk 27 3
BRHIEY, (0 Ve HA B ry b am 4, A
HL AL Eok e VO B AR T A R T

TN EAEHLE AR AR 2R 4t SR R I ve
TE Tris-NaCl 22 v i s S Ak B R — A58 4
WA, VC 5 BGL 1E Tris-NaCl 2%tk
HAATES M EAER, EaX A e S ve
LA N AR N 2S5 o Zeta HANLG5IRED
IE T HLAb2EEE R, VC il BGL W HLfif kA T 748
fb, VC 5 BGL Z[AIf7 7655 1 s /E P,

Wt e PR E S H AR 0] LUARIE AL A A | st
B A R B A G B S B0 E 4
6] AH HAE FH B S A ERAE . 255 S8R B T ML
AR HHEE BGL WK, VCAFL—
WECHE R B b H R E S m A28 5, Bl
Ksmsh, VC o F&5dh &4 i st i AR
F, HIEHEN VC 435 BGL Z A 4716 S A
., fERZETNE VC T B R
B2 fifi VC & RESCHE R BE W Hy L Ha
Hs Fll Hy 550 Z (8] i) & 84 H kb, H )8
Bl F % TR, Zhrmcsosig K, Hik
MR K3 5 RS 320, 2 90 R A%
PREGE LR VC S Z MM EARH, &
I EATIAE FH A = A7 A R T g 1 T i ik B e
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