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Effects of rotenone on locomotor activity and gene expression related to

dopamine synthesis of fruit fly Drosophila melanogaster
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Abstract: To investigate the relationship of locomotor activity and dopamine levels in the head in fruit fly
Drosophila melanogaster affected by rotenone, the effects of rotenone on locomotor activity and gene
expression related to dopamine biosynthesis and dopamine levels in heads of fruit flies were determined. The
results showed that locomotor activity was significantly reduced in male and female adult flies fed on
Drosophila instant food containing 0.2 —0. 8 mmol/L rotenone for 6 d. The dopamine levels were reduced to
79.3% , 66.8% and 53.2% of that of the male control in heads of male adult flies and 83.2% , 72.3%
and 59. 8% of that of the female control in heads of female adult flies after feeding on instant food
containing 0. 8 mmol/L rotenone for continuous 6, 12 and 21 d, respectively. Under the above same
conditions the expression levels of pale gene were reduced to 76.3% , 51.4% and 37.3% of that of the
control, and Ddc gene to 87. 1% , 78.2% and 63. 5% of that of the control, respectively. The results
suggest that rotenone can significantly interfere with pale and Ddc gene expression and reduce dopamine
levels in heads of adult flies, and correspondingly affect the adult fly locomotor activity.
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R AE 3 ( Vermeulen et al., 2006) 3K % (Liu et
al., 2008 ) F 7% fi ( Neckameyer, et al., 2000; De
Luca, et al., 2003; Vermeulen et al., 2006 ) 55 £ #
ATt sl o 2 B K- FE SR B R 1 A RS ER
AR, FERLHR Y BRBEE A K & B R R, 2 E
7K B H VA 5 68 1 34 2 T B 8 5 (Neckameyer et
al., 2000) , KFFREAY BT HFE S L, K
W2 BRI iz EE I Z ] ZE VI X RE LR
H . 2R Drosophila melanogaster %54 ¥) 15
FNESE, ZEMKFRE, B3R, 20K
IK PR, 12 3hBE 51 F % (Jackson and Westlind-
Danielesson, 1994; Yellman et al., 1997; Vermeulen
et al., 2006) , izt 25 W) B A% 2 5 1k R AR SR e 1
W2 BRI F-25 3 BUR 3L IE 3l B8 7 T B (Pendleton
et al., 2000, 2002),

TR 22 0 e A5 AR W e L R TR R AR R R AL
fift ( tyrosine hydroxylase, TH) F11 22 2 it #2 B ( dopa
decarboxylase) e EH ZAE . BEARBILEFFMZE
J SR B AE SR 4 BRI B P AR 2 R G B &l IR B
144 #23% (Neckameyer and Quinn, 1989), X Wi ff
AL R 2 B RSV & . BEE R AL
EAEBERE R L-2 8, L-ZE 2 EBRE
PEALRRIE I 22 2 JHe ( Monastirioti, 1999) , BREIRIE
ALBE AN Z SR 53 3 pale FERIF Dde 3 [H 4 f5
JE i (Jordan et al., 2006) , XF4wA%iX 7 B pale
1 Dde B[R 347 528 R 2% i 25 b ok 2R 33X T Bl F) 0
1 F 22 B Rk SE-( Monastirioti, 1999 ; Pendleton et al.,
2002 ; Vermeulen and Bijlsma, 2006) ,

R —FAE IR R, FEAER TR
TR FIFIREEE AR 1, MBS a R, o
GYUESE, TR Py e T 5 XoF R P LR SR e R A 2k
LR FIFIREE S AR 1 P=AmEIvERSL, B35
LI Z DR REM A AR, FARRIT AKIHE
PRI 09 95 B 4R 1F ( Sherer et al., 2003; Coulom and
Birman, 2004) , 35 1& FFF 45 K R # AT 5] & 04 2%
YRR, A0 Y R R R AR 2 K TR
K%, (H 332 O RE P S 40 MR N 2 B ROKSE TR
RERI o FOLEE NG 28, SRR SR, BT
STRTER, SRR - £ R TR S TR R X4 R F 5% 0 4 AR
R ML B B A 2 — (Sherer et al., 2003) , fi
TR TR X0} SRR 32 BhAT A ) S e 75 N SR Sk T 22 R
KPR, ZEMOKTFTRERSHE IR
H R R P2 AL B RN 22 5 30 2R Tl 15 M R AR A 0%, TG
T RERE R THERRIEKF TSGR

WK L AR, FRATTAR I T o R 0 SR 8 Sk R
pale F1 Dde ZERFR/K RN, A RIZR W5 3k
R B e 7K 1 R B HZ B AT Z BB SR R

1 #P5ETEZE

1.1 KH

TR SRR h P 2 AR AE S AR AR AR
ik, 7EE AREE AL ] 25500 F0 25°C 5044 T P BB
FERE-SRAR AR S 57 10 4EL) |,
1.2 Z5FIFnkH

kR | 2 A Na,-EDTA (Sigma /=), B-
Tk 2 BE . LR B (Na,S,05) Ko /\ it 3 1 AR 4
(0SA) (Amresco 7 /) RNA 42 BURK 51| & (18 E
Qiagen 7= i), cDNA 7 %5 5% 3 & ( Invitrogen 7=
i), £& PCR ik &~ LightCycler FastStart
DNA Master SYBR Green I Kit( Roche F=45)) o
1.3 ZFILEIEFNEENIE

25 L 1] 2 B Coulom F11 Birman (2004 ) f) 7
Bio KRR A 1% (L 7K 75 W 78 40 3 RE A
R, AEEMBRARINKE, BARAET
S A T 4"} ( Drosophila instant medium ) ) %85}
WEP, HA BRI, 76 25CHRFEFM4T Hk
8 ~ 12 hit R B R X 7 M S, e A\ 1Bk B
TR ERAE T, B 20 LBUR, B A A
100 Sk e s FRE R, RS o £ 7 7R ) ) Sy of BB
KRBT 22°C TOE M N T RN, B
3 KHe | YOw R IR BT, 28 6 Rk AU
POEE T, —mEA ORI R, RS
Zhil] 2 {X ( DAM2 Drosophlia Activity Monitor, 3£ [H
TriKinetics Inc. Waltham 4 7= ) | 52 B yE shE 1 (SR
B AE DY B AE OR BB IR %) , R 10 min
i B Shicsg— s, ES0R 2 do — Y
A% 32 NI, B 3 MUEAL, FIR—
MR FATE B B, k6 b, b
—ME 16 Skl 4 WHEE LR, 50 EH
AT SR i 5 e R A BRAR R S A N 3G 5%
GEIS

A1 £ e i %o SR i sh RE O M IR 0L,
0.8 mmol/L ¥ 25 W Be il fRUEMA 7R 516 8 ~ 12 h (Y
W R, 25 ER T R b, R 3 d B AT
25RO B RS TR AR SRR R, DAY I R IR Y
TRt %t B, RS R g iE s . S TESE
6, 12 121 RIS 5 M A B AL, PR ACEL Ve R IR
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7, P RE 22 8 R B AR R Rk Ko
1.4 ZBEREENE

Z: 8 Vermeulen 45 (2006 ) Y515 o #2457 A 2
(0.8 mmol/L) J5 A [w] s} ] 1) R FEMR A 3 R, 43
HBCELER . 4 1.5 mL {4 Ependorf 4 H75 A 10 4
W S R R R SR R — R, BMAR B 4 AR
Ho, 0.2 mLO0.1 mol/L HEMEMW (S 0.2 ¢/L
Na,S,05 A1 0. 05 g/L Na,-EDTA) 5 #8755 I &) 3
(4°C), 716 000 g 1 4°C F & L> 20 min, B F1E
W F R VRO 683 HE AT A I, U 3h AE 2H R
880 mLi#A4i/K, 150 mg Na,-EDTA, 4.1 g Na,S,0,,
150 mg /\BEEAHAFR AN 100 mL HIEE, & ARHEH
2 500 psi, ECD iXEHWJEH 0.75 V, WiERH
1 mL/ min, 20 pL F¥EW 5 80 pL WBNRIE S G
B20 L B-& W ERE, B —F kT OR B a )
20 min, HRAE @A G RN Z B R e 2 R
AHRE 2 & o
1.5 RNA f2EU#0 cDNA 55

BN 1.5 mL BB HBOA 10 SRR
— VA, HEE RNA $2HUH . # B8 Qiagen AR A
7=H) RNeasy /NI € F 130 9 43 647 RNA 42
B, R T HEBRZEFZH DNA T4, A DNA FgREf7
15 min, FHJC RNA BE/KUEME, D5 ik B J5 4k i 2 5
Fi . {8 f Invitrogen /A )4 7= ) SuperScript II RT JZ
RN & A B cDNA, 1.5 mL B0 F 40 51mA
1 L Oligo(dT) ,, s 51%7.2 pg RNA 1 L dNTP &
A, FREBTFRAMEE 13 pL. 65C B S min
JER KA, FARIKINA 4 ul 5 x 22 il
2 uL DTT(0.1 mol/L) K 1 uL &% 53¢, 42°C L
50 min, 70°C 15min K35, -20CIRAFEEH.
1.6 EEPCREEY 1

R4 SR 0 Bk DR 4038 JE Flybase 2L i) pale F1
Dde F:R B W25 H GAPDH (H IS -3-BE AR [ U5
R W5 F5), FIA Primer 3 B4R IT5I4,
pale Z:R 5|4 Forward primer (F) : 5'-AGTTCTCGC
AGGAGATTGGA-3’, Reverse primer (R): 5'-TTCCT
TGCAGAGACCGAACT-3"; Ddc 5|¥) F: 5'-ACACAA
ATGGATGCTGGTGA, R: 5'-AAGAGGGTCCACATTG
AACG; W23 GAPDH 5|4%) F: CTTCTTCAGCGA
CACCCATT-3’, R: 5'-ACCGAACTCGTTGTCGTACC-3’,

A% A R A7y Ligtheycler 3. 5 226 € &
PCR {FmiR57] & ( FastStart DNA Master SYBR Green I
Kit) #4175 [F € i PCR §"3%, B 55K -5 cDNA
R 10 ERRBERLS ~6 NRIWEEE, #17E & PCR

P44, BES I WHIY HERR(E) o AT cDNA K
Pk BEFIE B PCR ¥ 31475 2/ Cr (ESRIGARMERIZR,
/A E =107 — 1 ( Niesters, 2001) 18§ #a35R
(a FFHERMR IR , Y IR 100% KI5
YA TRARSMERY ., C ERHEd PCR 75k
& SR EUEFEAR I E R

20 uL R RIAB A4 B4 4 11,6 pl BB T
7K.2.4 pL MgClL, (0.1 mol/L) \IERB|I#¥)4 1 1
2 L SYBR Green I .2 pL & cDNA, FHIELH
EPHITY R P, & & PCR ¥ 8 &M 95C
10 min; 95°C 15 s, 60°C 10 s, 72°C 10 s, 40 I~F
o BIGF-WIEM S min, BhE R H ) B—H
% RAEN E BB 3.5 A3t G RERE Y
P Cefl, B—AbBE 4 DEEAEM,
1.7 HiELEMGEITFHiE

% F SPSS13. 0 for Windows #F47 3R 1% iz 36 Gk
7125 EL R K - PR A X 383 7K ST B B8 b 3 R0
ot BRI TR AR — AR T 2. MBS
10 min C BRI 45K R BB AR 48 h P2
THahit, 5K A — kb 28T A I 8 B A B F 299 3h
i, &5 HR—WE 4 WEE LB KFEEHETA
FIAbERAI A 22 5 B EME AL ( P =0.05), B
KFR 4 ANEEHMFE, 2R EBEHKE
A ko

P REEF GAPDH fERA LR MAN SRR,
AR 2449 (Livak and Schmittgen, 2001) 3183
FE X RAE, HPFAAC = (Ctoyge = Ctoapon ) ssm
- (CtTarget - CtGAPDH ) XFHE o CtTarget ﬂ?[] CtGAPDH 5} 5“?‘7 ﬁﬂ: 9'_‘13
EAREER N SRR E 7Y W G f, B—A3K
FRFIKKF T 4 DNEEFEMKFIE, F—HEH
AN R4 B A ] 22 S S 3 KR

2 ZREH5MH

2.1 &Y RN RIEST AR

V5 IR SHE2 £ 1 SR o o R0 ) A R TR
YR B fa TR\ ARV IS R, #E 22 C FITC R A
HTFESMAFE6 d 5, WE fBEExT iz sh5e 1%
o, S5, BEE RDRL A R R vk B 3
M ERURIZ BN E N BB T REEE. SRMA
iR T BRAC BEAH B, MERY AL 0.2 ~0. 8 mmol/L,
MR A 0.1 ~0. 8 mmol/L ¥ 3 24 & i il i 1) 46} A7)
Fo6dFEshfe TR TR, £RE%E, Hf
0.8 mmol/ Ly i Ath ¥ MfE | i 55 8 15 L (¥ 32 Bl BB T 43
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B 0of HEHE (T B R EG 55. 6% F149. 1% (B 1), Z52RSEW, ki B3 RIBHIZ 31T R .
70

8r A B

F TF I = 6
E .
Sz ES E, =
=g 6 S & L
RE~ * g S Ea "

- —~
SEEst 2 OF R Ts, *

H L
ﬁ; S £ o *

° gar * K% %
BE E ®E E3
TR L

Z = ~ a2}
#* 2| #® Z
2 1t 2 !

0 . . 0 L 1
0 0.05 0.1 0.2 0.4 0.8 0 0.05 0.1 0.2 0.4 0.8
FBERARE (mmol/L ) FERAYR B (mmol/L )
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B 1 faEEmm X R aam (A) (i (B) B HE ST R 1 R
Fig. 1 Effects of rotenone on locomotor activity of adult male (A) and female flies (B)
* TR SR (AR E K 0) 2 5 B 3 (Tukey R E, P<0.05), TIAl, Asterisks denote a significant difference between treatment and the

control (the concentration of rotenone is zero) by Tukey’ s test (P<<0.05). The same below.

2.2 EBERER SRR S E & Bk TR K-, 5% RER AR P TR R R, 201 DR ko BEOR
TERE 0. 8 mmol/L £ B FR H& B W 4R AN 22°C i e Y P 83.2% , 72.3% F159.8% ; MER R
fER R IOCIRAM TELEFEFE 2L d, A ERE BRI 6, 12 7121 d JFH LRI 2 B HIKF7 5
6, 12 F121 d if e HE AR ALK AR S BRI Ko N XS ERAE R Y 79. 3% , 66. 8% Fl 53.2% .
MELRATLE L, Tigx Bif R Ak R B 6, 12 7121 d F9SRMEME e AR LR 2 1
WA B SR AR Y 25 T e K S 34 B3 R T ME AR, RROKT 50 I T o R L R 2 ] T
BORMERUREY 2 o X REME MERCRCK IR S FER. LRSIRRY, FBkER xRSk 2 E g
KFREE R RE R 2 TGS MESHEa  HeREAWERNRZIER(R LD,
FREBRIRDRL 6, 12 A0 21 d g SR he e A R KR A 22 B Ji

F1 0.8 mmol/L £ gfmxF 5 48 5 1 SL 3B % B ROk F A9 R M
Table 1 Effects of rotenone (0.8 mmol/L) on dopamine levels in heads of adult flies

e Females HERE Males
L3R S (d)
Time after treatment AbFR Treatment it H& Control /3R (% ) AbFH Treatment i} H& Control ST/ SR (% )
Treatment/ Control Treatment/ Control
6 11.52+£0.73 b 13.84 £0.66 a 83.2 19.42+1.07b 24.48+1.16 a 79.3
12 8.21+0.64 b 11.36 +0.78 a 72.3 13.49+0.83b  20.21+1.29 a 66.8
21 5.66+0.81 b 9.47 +0.54 a 59.8 8.64+0.92 b 16.23£1.14 a 53.2

B8 5 AR R on M . HERUR AL N Rl —F7 R 22 5 B 2 (Tukey KA, P<0.05), T[6], The data in the same row followed by different

letters in males’ or females’ column are significantly different by Tukey’s test (P<0.05).

2.3 BRMREBELRIDBRABRIAEBNE  KEDH887.1%, 718.2% M 63.5% , ZRE T
B2 Rt 72 Bl B (R R 5 K T Y R M g, SMRILBFEREER . HapEERHLE
350 I %E P £ R R (0. 8 mmol/L) AbPRAFIRLE]  JEAHIRINSH], BEEMREILEEEE R M RBKF 2 E
76, 12 F121 d R BRI AR R BORBEERNNZRBKF TREENNR, —FZHd
ZEBRMERRBKF . HBEX RREER — FEREER (K 2). 495KV, Ak EmRE
HFERRIBEAKT R 100% , WAHABRIAIEZ 6, T 508 MR LR &R B A 2 LR B R
12 7021 d B R ERAC IR R R IB K00 BIRIA,
76.3% , 51.4% F137.3% , Z B REERFE K FRIE
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O % 8 Control

B AL 6 d Rotenone treatment for 6 d

£ EEHALHE 12 d Rotenone treatment for 12 d
W £ EEI AL 21 d Rotenone treatment for 21 d

100
90F
80F
70F
60F
50

FEFE XTI T (%)

Relative gene expression levels

30F
20
10

Pale Ddc
g @ Genes

2 fE R X SR A R Sk B R R
il 22 EEL 5 7R Tl R R 3 7K - 14
Fig. 2 Effects of rotenone on expression levels of pale

and Ddc genes in heads of adult female flies

3 itig

TR E , WOt S 5, FilEEm 4
TR LG AL AF I . FaTERRMEYS Tk, SeHE R
BRI RS A AR, BmBIrR M E, JEARE
TP £ BRI FE 3V A o TE 2GRS i AR R AT R
BEOCERAE, Z9MBECI A . & 25 1R SR 1R 7 i
BHRLAAE T REPIRES, DU Bk R 25 3500 X 32
FE o AL SR I 0. 8 mmol/L £ ik R 24 YR 5 5 ¥k
FER G LI E BB R BT, 7R BE T Hp sk
TRFEALTE BRI RIE T, WS Coulom FI
Birman (2004) il %€ I 0. 75 mmol/L IV B FE 1k &
EH L, AWM E XA, MERRHO0. 2 ~
0.8 mmol/L R 0.1 ~0. 8 mmol/L ¥ JFZ5 %
BE il AR 5% 6 d 51z 3hEE ) 31 B T %, Coulom
#1 Birman 45 (2004 ) & F 0. 125 ~0. 5 mmol/L £
TR TR 245 YT T R ARDRL ) R BRI R B R 7 d iz 3h R
HRBETRE, BRXPALRRNE T EARRE, H
GERR N, FOUESE A — 2 R T S
R I BT R o

2 05 & 1Y AR R R OK H R S 3L
Z U RREFR 2 A MUR L, AR T AR E AR
R HIFT M ( Betarbet et al., 2000) . AV EFLFIE K
BRI (R R BRI R MR R, S BUR M AL L KR
TR BB 2 40 M & AR e B IR AL, TR E I E Hs
51475 (Coulom and Birman, 2004) , ZEREFEMZ
TCIE oA 2 EE A A M i B FE SRS, IXEB LR
M2 BEREERE , WS WP 2 ERRAEY
B ALY E B R WSk FR Pale T Dde R 3%

ik R B RO T AR A Be 5 2 B G RE M & ou 2 B
WF A K, B LYW R E R R LSS
(Pendleton et al., 2000) , BE XTSRRI Pale 3[R HH1T
ARRE, BARHRABARZILEEREES, 7]
BERRKZSERKRAKE, ¥mREEEHITH
(Pendleton et al., 2002) , {H 2 f i 72 U0 fo] 5 3
ZEREREM LML, A B 2R R LR
Z BRI, UK AT Pale 71 Ddc £
RRIXM T RERNERE, ARREAPR

Pale BRI FRIBE 3 FYAMARNARE L, %
% & R 2 1L B ( Neckameyer and White, 1993 ),
BARZIERE L B &R RERE, L-25
H B BRI EILIE L, 22 B R B ALTE )
ZERMETEY . 7ERBI A L-2 B4 521
F%, Al —ERR R HL IR T R LR iZ B RE T, (AR
REFH 1E £ & Bk BB #f £ 40 Jfd 1 38 1= ( Coulom and
Birman, 2004 ) , MASSZI6 M 5E B Pale F1 Ddc 3R
AHXS IR AT LA H, e ) Ak 38 R e o,
AHEIR ) JG , SRR SLER Dde R 12357k B 5
F Pale ZERFRIBAKT . AHRH, FbakiRZ B
REGHIE TR B TEREAR R, Fik, mA
L-ZEXRHEZERNER, &5 2 BIRKE, %
HBRIBIBEINITH . BT 2 EBRERE AL
RUBIZ Zly, 167 H] H2 5 e SR ) 75 4w (De Luca et
al., 2003),

Sherer 45 (2003 ) %18 £ B Al X K H B i 22 B2
Jiic BB 22 2 B i 400 3 5 4B AL 338 (oxidative stress )
AR FERRAERL b [R] B I A fo e R A AR BRI R
(melatonin, f(2% 44 N-Z,W-5-H 48 B 65 1% ) 1) 55 2R
W, R TR REEZR R I AR I R R o SR S
22 1 il BB 25 4 R L 32 3 B 1 i 3 ( Coulom
and Birman, 2004) , #REEFEDIAMN], MAEEER
Xof SR 2 1L Jre B o 20 4 i ) 400 AR T BB 5 4R AL M
A K, HRMBEER AT TR B AR SN o
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