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Prediction of Sweetness and Bitterness of the Steviol Glycosides by
Computational Approach

LI Wei'?*, WANG Haijun*, XIA Yongmei™?
(1. State Key Laboratory of Food Science and Technology,Jiangnan University , Wuxi 214122, China ;2. School
of Chemical and Material Engineering , Jiangnan University , Wuxi 214122, China)

Abstract. This study investigated the interaction between a series of steviol glycosides (SG) and
human taste receptors with computational simulation. Firstly,the homology models of human sweet
taste receptors hT1R2/hT1R3 and bitter taste receptor hT2R4 were built. Ramachandran plot and
several quality factors were used to check the model quality. Then molecule docking studies between
taste receptors and a group of natural SG were performed. The interaction energy and patterns of the
docking procession were analyzed. It was found that the docking results of SG were obviously
correlated with their sweetness and bitterness. So the probable flavor of other SG could be predicted
by the computational approach. In addition,the sweetness and bitterness of SG showed different
trends with the change in amount of glucose residues at the C-13 and C-19 positions, which appeared
to be caused by the unique structure of the taste receptors. Finally,the study predicted the flavor of
several modified SG and subsequently suggested possible potent sweeteners.

Keywords: steviol glycosides,sweet taste receptor,bitter taste receptor,homology modeling,
receptor-ligand interaction
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Fig. 1 Molecule structure of steviol glycosides
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Table 1 Structure and sweetness of several natural steviol glycosides
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Gle(al-4)Gle(B1-3)[Gle(B1-2)|Gle(B1-
Gle(B1-2)Gle(B1-3)[Gle(B1-2)]Gle(B1-
Gle(al-4)Gle(al-4)Gle(B1-2)Gle(B1-
Gle(a1-6)Gle(B1-2)[Gle(a1-6)|Gle(B1-

o 9 N W

F5 HHEFHFEES hTIR2,hTIR3 1 hT2R4 B HEEEAGRM~EHEERNESERRE
Table 5 Interaction energy (IE) and residues involved in protein - ligand interactions of hT1R2,hT1R3 and hT2R4 with

modified steviol glycosides

e IERTIR2 / |IEhTIR3 /| IEs/
) (kJ/mol) | (kJ/mol)

F AL FREE hT1IR2

P IEb / Popamrmey
RIEMFRIL WTIR3 | | ZIEERFRIE hT2R4
(kJ/mol)

Met89, Asp92, Tyrl47,

Asn51, Aspl199,

1 64.33 6495 12928 Lys52, Asn130, Ser290 The2ss, Se2so, it 20 o rgs
His128, Glul31,
G 49.60 73.57 12317 Tyr90, Ser290, Val296, Asn299 Glyl51, Glu200, 41.56 Asn165, Thrl66
GIn309,GIn372
Lys52, Asn130, Thr229, Glu289, Ser129, Glul31,
3 56.27 6856  124.83 - Icpiou s 40.66 Met1, Thrl66
Ser130, Glul31
Lys52, Asn130, Ser290, Asp294 ’ ’
4 45.59 7869 12428 Yo A A’3§B R Glyl51, Aspl99, 42.95 Asp92, Serl85
'8 Thr288, His371,GIn372
Glul31, Glyl5l, Ala9, Glul58, Met259,
5 63.81 7873 14254 Ser27, Aspl29, Asnl30, Glul32 T e 31.58 S
Ser27, Asnl130, Serl152, Asp265, AsnS1, Glu284, Ala285,
6 66.79 8276  149.55 R i 1806  Phe69, Met89, Ser263
His128, Ser130, Ser153
Ala30, Tyr90, Asn130, Asp294 ’ g ’ Met89, Tyr14
7 6131 80.88  142.19 a30, yrgi’ ;’030’ sp294, His261, Glu284, 40.05 Thet;fé I\Zrt257;
e Ala285, Thi288 e e
Asn51, Glul31, Asp92, Tyrl47,
Lys52, Asp129, Asp200, Thi22
8 56.92 7541 13233 Y o 258”9 59 ’ 295(‘; ?\O’ 375 % Glu284, GIn309, 2571 Asn165, Serl85,
1ess, serel, Atg His371, GIn372 Ser263
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HRIEX

A, HosB [ Ser290 (hT1R2),Glul31,Glu284
(hT1R3) Al Ser263 (hT2R4) 7] 43 5] 5 11,7,6 #h &t
B E T ) = A U R I A W I e AR U R A
) B R AR AL TE R R R A4 SR i R R 3
HEVEH 5 I A5 5T A Lb R 28 0 T
B AR AR, X2 i TR Y C-13
L C=19 {7 b BATAS RS540 i BB 3 . 3 SEop Ik 5k
B2 R AR 22 R IR R R DU R AL A 0 Kk
AEMEAEN, JFMOEA & A FREE RS S (5
5 A 3 ) R e 28 A N S 52 B AN (] 9 XU

|3 i

T A Al AR, AL R EL AT e nT A R
(hT1R2,hT1R3) Fl 5 Bk (hT2R4) 32 1A 1 [R] 5 A5 7Y
5 — RIVEAGHET Z B HEAT 50 T X 0T oY . kR
VA B 1 2 1 — 44 (8] AH B VR FH BE 55 46 05 1 Y
AU o5 B AH OG5 PR Az (R B A = A BAE L Be H S

T R AZ 1A 18] A5 A AH BV RE 0% i 48 8 1 fc A Tl g
FLAT e (R R RV 55 1 ek L Gl O Vs I
T S R A T A XU O 0 2 HH AT R Y A 5
MR, 38 A BT AR 2 AR AR A ATk
B C—13 v - 4 26 Al 2k 1% 18 22 2 5 BRI 4 4 1)
I 394 5 T i DR , C—19 v i A AR I 2 4
SR AR AR U5 3 R[] 1) A5 f R AR R i
W L R A7 AR [B) A S5 R R TR T B LAk ) 1 4 i
id C-13 Fl C-19 i LAY BERL | 50k 58 Z A rp AR 41
B B G L R B 3 1R) & A= A T AR, DA 38 A R AiE
(WA A5 5 I (AR B AN [R) ) XU 3 2o 3 o
ST R LA G 1% B T A 0 00 45 A 5 KUk
ZIA) BB ZR , 0 EL A 1 b ) I A A XL
W, DT S T T R 1 e Al I RITRR R, X O i — 2B
i ok A W) ER A A O D Tk R R A M 0 XU 4
BT 5 1, oA 3 2R AR ) ) 0 AT R AL T Y
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