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7 R 4 B A — e R AR IR O BF
GEE I A SR e 0 £ ) 1 R Tl BUER ) RE A
RSB RS FIREALA Y (WSS R
DREER ), 5 FL 3h W O T 5 — Y 5 R AAOME
ZARATR N, RGP AT — > 8 % UM OC I IR
Bt 5 V& (Gustatory receptor, Gr)3& DA 2 B% 1) IF 58
W%, A5G Gr5a.Gréla M Gréda—Grodf, Hih 3 4~k
PRI Ay 7 TR SR v 2 4 R AR I, SR, 3
ST IR PR 7 8 2 O e SR 7 B AT A v ) B A
FH 5 AN B

ABFFEIE T RGN AT R, A8 s AR TE
DRER AR R, ST AR O 4 5 2 1 sh Y Ry
TR BN, JIF B X F R 5 AT A SR 32
WSy, BTE N PARAORE 5 R AR A AT
1R 22 S, o) o DO SR s 4R A3 R A R AR AR

1 MRIFGE
1.1 AEMRRBEREMGEFT

Ay B A BUR MR HH A 2 10 2y SR G s o
PR .0 (Ehime Stock Center) , T 2€ 725 {4 5 i >k
B AN RS2 5 5, B AR R R W 0 45 TR R D,
melanogatser (mel) D. biarmipes (bia) .D. nasuta
(nas) .D. meractorum (mer) . D. wvirilis (vir) .D.
hypocausta(hyp )| K FBE[D. immigrans , (imm) |
D. ananassae (ana) .D. parabipectinata (par) .D.
bipectinata(bip) .D. willstoni(wil )], SN 5 b 58 45
&k A1 #§ UAS -TNT 11  (28837).Gr5a ~GAl4
(57592) .Gr5a"* (93440) % KL K 2 ok B AR 7 B 5
LW 5F U5 0 (Bloomington  Drosophila Stock Cen-
ter, BDSC),

JIT A BT AR R IR R 58 AR AR W 1 7 IR R
(24.0£1.0) °C, A X2 B (60£2)% , LA Je 12 h St
HE — R A9 B 19 N TSR 1A ) 5 SR ) 57 A
KA A E RS #7 5E (Standard medium, SM)H, 15 37
FEHM ., B1LKES 65§ .75 ¢ M . 50¢
HIFMING 24.5 g BERE 73 ¢ Tk 17.5 mL 4-F2
FEORH R R A 4 mL NI

1.2 &#H

T ROBE B A0 AL AL EE Y, 52 [ Sigma-
Aldrich A H],
1.3 PR A= BERIFLIE

it JE 453 7 BR AT Sy S 6 31 A 10 2R s g 5
BIAE 1, 1 NEARH 6 em AYRITE B 55 LB H T
YEF=BREE BT A 7™ B 6 0 A6 I 552 56 i) SR 7 P 4k
91 R JH B 2 m BRI A AR 6~
Td, mEFREIFRAEEN 1 LKEE 65 g BEbE,
65 g KEMEFT 50 g AR . F R SL S ], SR FH VKRR B Pk
TEMERE , HOCERE RO, A O
10 HOMEME M SCER R 18~20 Wk, Frfy AR 7
PR A TR SSE E RN 24 b

1E72 00 S 47 A I B 5 100 mmol/L A9 BE
W CRBE AR L BLEE (W T 0.5% BN B T
W, AR 10 mL) 43 BB A B; F= 1L, B B & A
AN ERSEAR 5 B O %, LIS S AT AT bR 58 ) 2 1Y
0.5% B He W BE A S 25 0 IRl 76 R AL AY
st el P SR 7 B AT Ry S A S L R A
e BE BB £ (0,10, 100,200,300 mmol/L) (1) 1 4 A1
INALEE AT, B A IR A 0.5% B iR AT
LA [ 4 7= B =

A FFY XS 1 3 48 52 56 i A 000 % i o A 49 i
(7P A B AR AF . 1A EAAEN 90 mm SF5 k4
K503 0 DY 43 A% B K 7% L9 F i 4 7= 0P %, &
AR A3 E N 5 mL BRI, R BR 1 A3 Oy
X HRZH TS AN 5 A 40T R 5 ) B 1 0.5% Bt g A 1%
W, MR 24 N5mA, 40545 100
mmol/L Y FEME RMH | A SO 1Y 0.5% B g
BRIV TR R FH UK ORR T 1) 77 v Bk 2 7 B0 ) M e | 1
PN E TN 20 FOMERR  7E SR WG S5 1R LR B
BBl 24 h, it [F G BR 0 B 1 %k, Jf A
BN {57 Bl 4 48 2L (Oviposition preference index,
OPI).

OPI (%)=[(%FR 2 Fl 4 = -2 B 1
F1 3 Y B ) /7 B ]X 100
1.4 Gr5a-Gal4/ UAS-TNT R ERMBHZ

TE Gr5a—Gald f5ic 9 #f 2 oo DL R SC 56 vpr
GrSa—Gald F1 UAS-TNT Wi~ & 28 (9 M 1 25 g 43
B 55 2 S e S AR L P 2R S8 Y GrSa—
Gald/+F1 UAS-TNT/+HEVE 5 AR, GrSa—Gald HEPE I
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&, H o GrSa—Gald/+ Fl UAS-TNT/+ 4 X} HE 41
Gr5a—Gal4/UAS-TNT N S2 54
1.5 HIFEBSHITFIHHT

i F GraphPad Prism 8 A4 X AR AT
IG5 17 o TEGE o3 B, X B i 1 28 20 A
17 Kolmogorov—Smirnov K55, >4 &4 0 1E 543
AR, S EOR 5 T PAE . S5 A2 IE &)
At ARSI E P, B ns. 0%
T EEER, REREFEEZER (P<0.05),
ok (ORI PE2E R (P<0.01) , s (SR I
FME2E S (P<0.001),

2 HRESW
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P T e 647 O 52 563 223 S A6z DN L R
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GRA R, LI A5 R 7E O mmol/L &5 |, MR
WEPE SRR TL A 7 B, 3 T P SR i 1 7 B A >
o SRR AR (L 1) o AT 7R REWE A L AL B
Lo 1, I A5 W 2 e B8 A 1 S M 1P SR e )
7 P A X 5 LB i A (I8 1) . SR, Y
Wi M B2 75 2 100 mmol/L i, 7 B KL A AS 11514
o, RBL AR AR (B 1), e A B, FE AR R ik
JESRAET, PR SR e A L B S T L e B
Bk o IR T RERE S (18] 1), L EZIRR] T
Ry Jo T LR SR o e SR O R, A Ob
BRI FOretl, 3 Al BE -5 9 Fh s S8 ) o 7E IR 5
BN AN RE AU B2 R A G,
22 RIBHEREEMARELIITHELR
Iz R R YR o R AL A Y A
A SRR T B 7 B AT e B, DL AN TR
WERALE Y= BAFAE 2 S AT AR 5250 B R
RBEAh, BEPEALEEJE 1) alb \mer vir hyp .nas Fll
PR IR0 imm , DA S K R SR8 W7 J& 1 bia par \bip |
ana Fll wil 12 DY Fh AT BRAT Ay o fi 52 g, 5K
by, e SR 40 ) AR BR AR 3 PR N CRAE .
R 0 B ) PR 85 v, B IS EAE 100 mmol/L
W BT R SR P B 2 B, R E S
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FLu I (ZE ) o il R 3R 5 22 93 B J5 R T Sidak 22 3 L BOKS 4
RO P AR, LB REME AN (L AL 00 2R 077 BT A S ) 2 S e

P<0.001;**;P<0.01;*:P<0.05;ns:P>0.05( T []),
B 1 mel XA HEH L RE R 1T MR 2 5
Fig.1 Behavioral difference of mel to sucrose

and sorbitol
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Fig.2 Calorie sugar induced increased D. melanogaster

egg—laying
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o7 B =B, JEHIE: vir hyp 1 alb #7FF (K 6) , #H L
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alb Fl wil 1R B0 — 2 19 7= B 07 B I df, S48 I
i B (L 55 T B A0 R 4 B AL B (P 6)  MfEPE SR
W TE R WA AE B S5 S ] T A 7E TR )iz i X
BRI X SRR % 35 R AN 0 TR R 4
WA ana FOAFE K L0 55 ) Fh 7E S [R) B2 b 1 2
TR P R E S A A X AT, R R i
IR AL, XS B E AT E R 28 P Bk % A R
T P T8O R A Ak A I SR

SRR TE e B LW B 25 AR, SR
W A i A 1L B A AE I SR T 1 IR ) A A
XF AL, Bz B A AR ks, KA vie
1 bia, 75 L1 A4 st b 2 20 o oK 22 B 1S 0 2 0 7 B s
BRGNS A A S8 PR P Bl AL S
=0 (L 7) X5 7 AR o Ak B2 b £ E I Y
7 B B A v B B B A6 L R, A E Al an
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47 B AN, B A, 0T 1 32 438 0 0 WU 1 A6
R, RS K P e G 38 AN B FE BE R R IR B T
2.4 R BEZE Groa /v 5B E# KR AR TT

TR R A X A g B SR g 2 10 2 7 AR A R F
FERHUR Z AR Gr5a 16 B AVET R 4 03 AR 45 7 BR 47
FHFRER . TR BN, Gria 7 B 2 HE M
PESL I (GrSabe) 76 TR AT 1L BB 0 L 1% 7= O 3%
PR B B (P 8 A1 9), FE 100 mmol/L f B
R INEAS -8 Ol ST N 22 N 7 N T 2
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T TR, K S S AR AR A RS D i 1Y B
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Fig.3 Effects of energy sugars on the oviposition ability of different Drosophila species
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of different Drosophila species
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T« R0 1 7 00 4 (n=16) . XL 1] 245 7 B <2 46 Y =X (72
), 5B 10 3 BI5E 10 mL 0.5%350 8 Wl L 0, G2 R 2 0 4 B30
I35 A 100 mmol/L HEME | R B AN 4G 45 B 19 0.59% B fis bl & Jit
STR] ] R B 5, X R G 4 D RGBT 0, 5% BBl .
B 20 FUMEPE SR 2 A O A L 24 b AR SEit R A TR
B B R ™ B L G e i R T 22 B e SR TR
7 20 T PR 36 45 X AR 21 S B AL M H LR P AL
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Fig.5 D. melanogaster prefer to laid eggs

on substrates with sugar
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Fig.6  Oviposition preference for sugar in different Drosophila species
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Fig.7  Oviposition preference for sorbitol in fruit flies
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Fig.9 Gr5a™* mutation resulted in decreased

ovipositing ability of sorbitol
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B 8 mel Grba REFERHEE B L B 7= P ik b4
Fig.8 Oviposition defect of GrSa mutation

in D. melanogaster on sucrose substrate
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PRI (n=18) o Gr5a M 22 700 I B MEPE SR I 7 R 2 0T b SR L
B0 BB BT 25 00 BT JE R B JE AR 2 FE LB 4 S GrSa—
Gald/ UAS-TINT 3 H IS LB P (n=22).
10 Grba # £ Tk 5 5 B X AR 0 AL R
Fig.10 The inactivation of Gr5a neurons resulted

in a decreased response to sucrose
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The Preference and Perception Mechanisms of Different Sweeteners in Drosophila melanogaster

He Shan'??, Tuo Yibo™, Zhang Hui*
(‘Jiaxing Future Food Research Institute, Jiaxing 314031, Zhejiang
*College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058
‘Institute of Botany, Chinese Academy of Sciences, Beijing 100093)
Abstract To effectively address health issues caused by excessive sugar intake, it is crucial to explore the selection
preferences and perception mechanisms of sweeteners. This study used Drosophila melanogaster (black—bellied Drosophila)
as a model organism to investigate the specificity of sweet taste perception receptor mechanisms by assessing Drosophila”
preferences for caloric sugars (sucrose, fructose, glucose) and non—caloric sugar substitutes (sorbitol). The results showed
that, compared to sorbitol, caloric sugars stimulated female Drosophila to lay more eggs and exhibited significant oviposi-
tion site preferences. Considering the sweet taste receptor GrSa, it was found that this receptor played a ecritical role in
the perception and behavioral regulation of low—concentration sweet substrates. In high —concentration sweet substrates,
even when the function of GrSa was impaired, fruit flies could still perform limited oviposition, suggesting the presence
of other compensatory perception mechanisms. These diverse perception mechanisms enabled animals to more effectively
select foods that meet their needs in their environment, optimizing nutritional choices. This study revealed the perceptual
and behavioral response mechanisms of Drosophila in a complex sugar environment, providing scientific evidence for the
application of sugar substitutes in food and offering new perspectives and theoretical support for broader sugar reduction
strategies and healthy eating research.
Keywords sugar reduction; substitution effects of non—nutritive sweeteners; Drosophila melanogaster; sweet preference;

sweel receptor



