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Regio-selective glycosylation of mogroside IlIIE by glycosyltransferase
LI Chengfei, CHEN Ling, WU Xuri "
Laboratory of Chemical Biology, School of Life Science and Technology, China Pharmaceutical University, Nanjing 210009, China

Abstract Mogrosides, the main sweet components isolated from Siraitia grosvenorii, are a family of cucurbitane-
type tetracyclic triterpenoid saponins. Given that the high sweetness, low calorie and excellent taste, mogrosides
have become the important resource for the development of natural non-nutritive sweeteners. As reported, 11 -
hydroxyl group in the structural skeleton of mogrosides was closely related to sweetness and taste, but it had not
been confirmed experimentally. In this work, we used mogroside IIIE as a model compound, which was 300 times
sweeter than 5% sucrose and tasted better, and modified its 11a-hydroxyl group through glycosyltransferase to
elucidate the relations between structure and sweetness of mogroside compounds. The glycosyltransferase HXSW-
GT-2 was obtained to regio-selectively glycosylate the 11a-hydroxyl group of mogroside IIIE through the screening
of glycosyltransferase library. And then, the soluble expression of HXSW-GT-02 in Escherichia coli was efficiently
achieved by optimizing the induction conditions. Subsequently, the yield of glycosylated mogroside IIIE( MG-IIIE-
Glu) was increased to > 85% through optimizing reaction pH, temperature, UDP-G dosage and biocatalyst load-
ing. The product MG-IIIE-Glu was bio-prepared at a 0. 5 L scale and the final purity was 97. 8% . A “mouth feel”
test showed that MG-IIIE-Glu had no sweetness and displayed obvious bitterness through the comparison with
mogroside IIIE and 5% sucrose. In conclusion, the function of the 11a-hydroxyl group of mogrosides in sweetness
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and taste was preliminarily elucidated which would be beneficial for the structural modification and development

of mogroside sweeteners.
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Figure 1 Enzymatic synthesis of MG-IIIE-Glu from mogroside IITE
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L1 XA Febt

BPURAT TIE (B AR 8RR A P H AR R A
Al 2 N E R R RN R (IPTG) ( |k
WA LAY TRERARAR) ; LIEFHER (A5,
K Tedia A7) ) 3 8 AN 0 F AR i (£
Fermentas /3] ) 3 2 5k B2 0 2 1 700 6 (VL2
FAEMHARA BT 5 8 E R EE R R (S
Oxoid 24 F] ) ; IR PR 1 75 25 W5 —4M 3k (UDP-G, B
SRR TS A BR ] 5 Hoaxiom ¥ ok i 6
SyBTaf, WEEAE R (3 34 ) iy v E 25K
AL A 2T S S TR
.2 & &

Agilent 1260 ER0RAH A 35X ( 55 [F Agilent £}
£ AR 7)) ; Beckman Microfugel6 B5.0H1 ( ZE H
Beckman Coulter 45 B 23 ] ) 5 25 17 57 HLIKAX (3£
Bio-Rad 2 #]) ; YMC-Pack ODS-A C, {ailf: . C o ik
JEHUEL( H AR YMC By A BR A 7D 5 ¥ U T 1AL
( g Christ ({54 BRAF]) 5 pH 31 (Fi £ Mettler-
Toledo /A w]) 3 i fLAR TH IR R 7% % MB100-4A (AT M
PR A BRA A o
2 F &
2.1 BREF UIE fod A4 & % MG-TIE-Glu #)
HPLC 4 #7

3% 45 1F: B35 K O Agilent Cig 2 AH A
(250 mm x4. 6 mm,5 wm) JUUBhA A N EBE K
(I 0.1% B R ) ; i sh 4 B S 1 (Jm 0. 1% H
f2) o VEMLEREE N HIAH B 10% ~90% , F6 F& Bf [A]
R 25 ming, SN IRFE SRR 10 WL, AR 30 °C
P A 1 mL/min; &0 3 KA 210 nm, 7EIZ (035
SR, BUR AT TIE F1 MG-TITE-Glu f4 {5 B I} 8]
Ar5h 12,8 F19. 3 min,
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TEWH LIRS B e I , PR v BT A 75 2 3R
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FH 50 mmol/L Tris-HCI ZZ it (pH 8. 0) PE &M Br i
AE 10 o/L, SR IG AP DUR AT TIE £ 2 mg/mL,
UDP-G £ 5 mg/mL, T 30 °C,220 t/min Jz Jij 14 h,
RS HG , A R R B8 1k )2 iz, 12 000 1/ min

B30 10 min, B T HPLC #1 LC-MS 34,
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Figure 2 Glycosylation of mogroside IIIE by HXSW-GT-2
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A:HPLC analysis of mogroside IIIE and glycosylation of mogroside IIIE by HXSW-GT-2 ,HXSW-GT-9 ,HXSW-GT-24. B; LC-MS analysis of glycosylated

mogroside TTTE

3.2 FRRFIUE A F ey EMmE T

TE LC-MS fiff 2 4l 2 4% 7% Tiff HXSW-GT-2 fig %
P RS 28 0 LA B DUR T TIE J5, O & &
PR 2 100 mLL, il 85 AR5 20 B8 KT 95% (1 1 4
WACRKESEAL 7= ) 8 mg, FF AT T R i 45 4
YE o R ALIRYE E B UUR AT THE B 1& 1 =
Wi 45 5 ' H NMR (500 MHz, Pyridine-d ) §:
0.82(3H,s),0.87 (3H,s),0.98 (1H, m), 1.05
(3H,s),1.08(1H,m),1.08(3H,d,J =6.3 Hz),
1.37(3H,s),1.45(3H,s),1.47 (3H,s), 1.51
(3H,s),1.57(1H,m),1.62(1H,d,J =7.1 Hz),
1.68(1H,m),1.70 (1H, m);1.79 (1H, m), 1. 80
(1H,m),1.82(1H,m),1.85(1H, m),1.87 (1H,
m),1.87(1H, m),1.98(1H, m),1.98 (1H, m),
2.11(1H,m),2.23(1H, m),2.24(1H, m) , 2. 64

(1H,dd,J =11.5,6.5 Hz),2.82 (1H,d, ] =9.1
Hz),3.63(1H,t,J =7.0 Hz),3.92(1H,m),3.93
(1H,m),3.94 (1H,m),3.95(1H,m),3.96 ( 1H,
m),3.97(1H,dd,J =7.3,8.4 Hz) ,4.10(1H,dd,
J=8.2,8.8 Hz),4.14(1H,dd,J =7.6,8.5 Hz),
4.17(1H,m),2.28 (1H, m) ,4. 17 (1H,t,] =8.5
Hz),4.19(1H,t,] =8.8 Hz),4.22(1H,m) ,4.25
(1H,t,J =7.3 Hz),4.27 (1H,dd,J =8.4,8.8
Hz) ,4.30 (1H,t,] =8.5 Hz) ,4.30 (1H,dd, J =
10.7,5.2 Hz),4.38 (1H,dd, J =10.6,5.0 Hz),
4.38(1H,dd,] =10.7,5.1 Hz) ,4.38 (1H,dd, ] =
10.8,5.2 Hz),4.51 (1H,d,J =10.6 Hz),4.51
(1H,d,J =10.7 Hz) ,4.51 (1H,d,J =10.7 Hz),
4.53(1H,d, ] =10.8 Hz),4.85(1H,d, ] =7.3
Hz) ,4.86(1H,d,J=7.3 Hz),5.06(1H,d,J=7.6
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Hz),5.28(1H,d,J=7.7 Hz),5.40 (1H,dd, J =
5.4 Hz) ;" C NMR( 125 MHz, Pyridine — d;)5:16.9,
19.1,19.1,24.5,25.8,25.8,26.2,26.2,27.1,
27.7,27.9,28.3,29.5,33.6,34.3,36.1,36.7,
36.8,39.7,42.2,43.7,47.1,49.4,50.6, 62.5,
62.9,63.2,63.2,71.4,71.8,72.1,72.2,72.3,

"HNMR

AU
| M W
L LY

75.4,75.5,76.1,78.0,78.1,78.2,78.3, 78.4,
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103.5,106.3,107.3, 118.2, 143. 6. 1% i 4% H 3
B HXSW-GT-2 HEL A BB SE 1L 77 4 ol % LR
1 IIE [y 1107 32550 B-# 2 WS Ab B i), i
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Figure 3 Identification of MG-IITE-Glu from HXSW-GT-2
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FHHEDIE 200 K35 A i vh B 2H 2R 1 A s AT i
PR RN Z, WE 4-C fiR,0.4 mmol/L IPTG
W EI) , HXSW-GT-2 (1) A] ¥ 48 1t ih B0 A, 29
AIVEPEE R I 22.3% , [ IPTG ¥ it — P42
RN B, 7E 0.4 mmol/L I 25 °C 51T,
HXSW-GT-2 [k 7E 12 h I3k 2 5 5 25. 8%
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Figure 4 Optimization of expression conditions for HXSW-GT-2

A :SDS-PAGE analysis at optimal conditions( Lane M Protein marker, Lane 1 ; Soluble proteins from E. coli cells containing pET22b( + ) after induc-
tion , Lane 2 ; Soluble HXSW-GT-2 in cell extract after induction) ; B: Effects of temperature ; C ; Effects of IPTG ;D ; Effects of induced time(x +5,n=3)

3.4 MG-UIE-Glu % #4 m 09 Stk 51
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FHOG, SO BE T e WIS IS 3 1 R FARE B
BN A H R BE O 2 5 3O AR Y AR R R
W RBRE BT 30 ~60 °C 4 fF T HXSW-
GT-2 4k & it MG-IIIE-Glu [ 773, & 5-A fF
N, Y RN SRy 37 °C Ip, MG-TTIE-Glu [ 7 Z83K
BT I KAE, 200 41% 5 B2 I g B & T
37 CJa ,MG-IIIE-Glu [ 7= 3 Fifi 5 5 3 T 5 1% 7 Fe
I, X AT fig & HXSW-GT-2 A5 4 2% 1% fr 3k, A,
PEFE 37 CHERHATIR SR AR

3.4.2 AR pH W pH AUA] DU i eicds
PTG 1 O A 2 R B R 1Y) B - AR T 5 i
B AR, M 5o s s ARy pH b 255 iR
SRIG T ABF ST R FIAR W) 14 28 nh g 25 Y, %
27 pH 4.0 ~ 10. 0 % F HXSW-GT-2 ¥4 1%,
MG-IIE-Glu {5 #t. U 5-B ff 7%, HXSW-GT-2
AR S pH A Ak 85 A BURR, AL 2 I
JAF IIE 4 A MG-IITE-Glu [ 535 pH % 8.0,
3.4.3  FAE#EAE4k UDP-G Al & HXSW-GT-2 2
— 7l UDP-G 4 61 1 0 56 5 B ity , M A0 2 DUR AT
IIE £ B MG-ITE-Glu {1 2 i 15 B v il B8 o 3
{4k UDP-G''' {H{it{A UDP-G A & %F HXSW-
GT-2 F=A Rl ™ o Rk, ABF5E L UDP-G 5

2 DU LLE (44 T 9 1 LU AR R %5 58 S 40U
Wi e UDP-G &, &5 R AnK 5-C iR, 4
UDP-G 5% LIE W4 BT & te oy 10: 1H,
MG-IIE-Glu {7~ 255 55, 55 82. 6%

3.4.4 mAEAMEAFNAE  1E MG-IIE-Glu (1
AV BGOSR R A WAL R O 658 HXSW-GT-2
PR IIRA WAL, 78 10 o/L BT TIE Jii
WHEF ARG 2548 T AN IR] 4 4t e A 0 4 £ 7
5 MG-IIE-Glu P2 H K FR, WK 5-D iR, 44
208 A 79 5 R Wk B ik B 10 g/ L B, MG-TTIE-Glu
(147 2L RIIE BTG W, AN 23 B 5 200 Mo o vk 2 1y 14
hmi gy, H UL RE 10 o/ L i) 4 40 M A= 4 4 1k 5
FE AT MG-IIE-Glu Fy 4k il % .

3.5 MG-IIE-Glu # %) &

FEW & MG-IIE-Glu i A & Ak,
ARG VAR R OR Z 0.5 LR (B R4
IIE 2y 5 g) LAl 5 MG-TITE-Glu F A - R
o 5 I (R A 38 s nwy AR A A0 A 3, AE R
12 h i, MG-IIE-Glu 7= # BJl 1k 21| % 254 85. 6% ,
HLF A 0, B 8] ) HE 78 O R th 904 TH1% 20 (1] 6-
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Figure 5 Optimization of reaction conditions for HSWX-GT-2
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Figure 6 Preparation of MG-IIIE-Glu at 0. 5 L scale
A ;Time course on the reaction catalyzed by HXSW-GT2 (% +s,n=3)
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;B:HPLC analysis of purified MG-IIIE-Glu
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