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Study on the Synthesis of Floridoside Through Trans-Glycosylation
by a-Galactosidase rAgaAJB07

SHEN Xi'*, TIAN Meng', ZHU Yue-lu', LI Xin-yue', QI Ling-xi',
ZHANG Rui'***, ZHOU Jun-pei'****
(1. School of Life Sciences, Yunnan Normal University, Kunming 650500 ;
2. Key Laboratory of Yunnan for Biomass Energy and Biotechnology of Environment, Yunnan Normal University, Kunming 650500 ;
3. Key Laboratory of Yunnan Provincial Education Department for Plateau Characteristic Food Enzymes ,

Yunnan Normal University, Kunming 650500 ; 4. Southwest United Graduate School, Kunming 650092)

Abstract Floridoside, a glycosyl alcohol exhibiting diverse biological activities including antioxidant effects, immune
regulation, and protein stabilization, demonstrates significant potential for applications in the food and cosmetic indus-
tries. In our previous study, we successfully achieved the heterologous expression of the recombinant a-galactosidase
rAgaAJB07 from Mesorhizobium , which catalyzes floridoside biosynthesis via trans-glycosylation was obtained. In order
to improve floridoside production, the reaction conditions were systematically optimized for the recombinant enzyme
using glycerol as the acceptor substrate and p-nitrophenyl a-D-galactopyranoside (pNPG) as the donor substrate. The
optimal parameters were determined as follows: 500 mmol/L glycerol, 40 mmol/L pNPG, 1.5 U/mL enzyme concen-
tration, 2 h reaction duration, pH 8.5, and 30 °C. Under these conditions, recombinant rAgaAJB07 achieved a maxi-
mum floridoside yield with a 66.2% enhancement compared to baseline parameters, while simultaneously reducing the
reaction time by 22 hours. This optimization strategy provides a robust methodological framework for scalable enzymat-

ic synthesis of floridoside.
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Fig. 1 Flowchart of a-galactosidase-catalyzed hydrolysis and trans-glycosylation reaction
XAl R ZR AL R

X and R denoted any substituent group
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1.1 ##
111 E#4kRR AF o LI rAgaA-

JBO7 FE A 4 81 41 3k FURL pEASY -agaAJBO7 LA K

HH KK KW A W ( Escherichia coli) BL21
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1.1.2 2344 LB WAL BE AN 10 g,
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WelE 0.2 U/mL, N I [E] 24 h, J)e i pH 6.5, )%
N REE 37 °C) APk JE (H I EE 500 mmol/L,
pNPG ¥ 40 mmol/L, B 1.5 U/mL, W it
6] 2 h, 0 pH 8.5, )W IR 30 C) R i &
PEATHEWESE SO, 038 5 - 20 C R IRA 1R,
I B SR BRI B TS H M LA S pNPG =
EERORE

2 HEREH

2.1 o-FFEEES rAgaAJB07 HIRIES 4

5 pEASY-agaAJBO7 HIPHIEE 2 7485 55K
ik H P BEREFN Ni2*-NTA SEFZ T, 7280 R v ok
afi B — 25 4y T rAgaATBO7 FUFRIE(E 80. 9
kDa FHFFA (1 2) , ZRBETE R 7, 28k il
rAgaAJBO7 HA o- P FUEH EHE M pNPG H7K fif
WA 2.5 U/mL,

2 o FLHEFEES rAgaAJB07 (9 SDS-PAGE 534
Fig.2 SDS-PAGE analysis of a-galactosidase rAgaAJB07

M 3 FRRIERE Al (23 TR :29. 0 ~200. 0 kDa) ;1 44k

1Y rAgaAJBO7

M protein Marker ( range: 29. 0-200. 0 kDa) ; 1: purified rA-

2aAJB07

2.2 o-FFLEEEES rAgaAJBO7 BEAER SR AE
MEE B MRAL

2.2.1 ZAR(H ) R ERAL T IR R Y 1
TEAR EARSE T LR A R S H v R
500 mmol/L A, £1 356 BT Y AH 4T I 8 5k 3] de
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mmol/ L B | ZT i A AH X6 5T 12 89. 6% 4 &

K, H 2 pNPG ¥ 2 i#f — 20 F+ &5 (40 ~ 100
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REad (K 4) , 855R%M 40 mmol/L [ pNPG K
S BT BE | T 20k R ) S 2 40 o e
B AT SRR AR T

3 SER(HH)RES o-FFEHE
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Fig.3 Effect of receptor concentration on the trans-glycosylation

activity of a-galactosidase rAgaAJB0O7

E4 fh(pNPG) iR EX
o-F ZLHEEEE rAgaAJB07 FEHEEHE MR
Fig.4 Effect of donor concentration on the trans-glycosylation

activity of a-galactosidase rAgaAJBO7

2.2.3  o-FFUAEH B rAgaAJBO7 IR E 69 AL

ST W AR R Bl -l FLBEH il rAgaAJBO7
e B ) AR A S B B TS R R R MR
JE/ 0.1 U/mL 8405 1.5 U/mL B, 20 50 Y
AR BB W R T, R AE 1.5 U/mL B ik 3 5 K
B, 4G It 1.5 U/mL B, 21 BORF 140
MBI IR R (K 5) o X —45 R 3R ik
X ET R I AR LA R R I ) A
JEF (0.1 U/mL) , 25 35 B8 4 19 A X i B Al
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Fig.5 Effect of enzyme concentration on the trans-glycosylation

activity of a-galactosidase rAgaAJBO7
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KA 6) , L2 h R A L%
W I e A SRz s ]

Ee6 RERTEX o-FEHEEES
rAgaAJBO7 FHERTE LR RN
Fig.6 Effect of reaction time on the trans-glycosylation
activity of a-galactosidase rAgaAJBO7
2.2.5 B pH 8944 LT B0 A0 B B
pH ER LRI ETHE TR ES, 4 pH (E

6.0 3EIN%E 8.5 A, £ BaMF Ay A X o i 4 4
1, IEFE pH 8.5 B IR B KAA, 4 pH {EHilE—2
HOINEE 9.0 B AHXT BRI IR FRE(E 7)  Z5RE
B, pH (BT 2T 38 19 2R g LA B 3 52 i, pH
8.5 JEALMERL A BRAT BENE T (W e SO pHL,

7 KRB pH Xt o-FFLHEEEE
rAgaAJB07 FHEEE MR R0
Fig.7 Effect of pH on the trans-glycosylation
activity of a-galactosidase rAgaAJBO7

2.2.6 BEEEMEA  LLEEBEE 09 AR B
B A AL 2 IS B TR TR, iR
1 20 °C_LFH2E 30 °C i, 2L i A AR i 2
$EFt IFAE 30 CIRBNHKRAE, 2 S i ifit g ik — 25
FHEGZE 40 C AN 50 °C s, £ deb Ao AR o 2R
TR 8), 45 R 3R UL, K i BE 5
rAgaAJBO7HE B 3 A B Z0 B 1 7= 5, 30 °C 2
rAgaAJBO7HEMRE A AT SR A Fe D S BT

B8 RERERN o-FFLHEEE
rAgaAJB07 FHEEE MR R0
Fig.8 Effect of reaction temperature on the trans-glycosylation

activity of a-galactosidase rAgaAJBO7
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ERIN PR T 66. 2% 1T 5 T AL R
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FEAR AL T A F= i $E 1 T 66. 2% , I v A (] 4 4
22 h,

9 MUABEFRGTHEEES=EX L2

Fig.9  Comparison of trans-glycosylation product yields under pre-optimized and optimized conditions
GIOH FRFRH i, X" L3R X AR L= 1)

GIOH represents glycerol; X" represents the trans-glycosylation product from X
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FTHET KA 36 KK (GH36) , i 722 a4k
PRk A 20 n, A0 28 LR B P AR AL ) ( Classical
koshland retaining mechanism) , ZAEHLEH T 4R
A S INE3E B e A TR PR IR« — B A%
AL B , 53— ER T SR/ i AL R TR
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