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[Abstract]  Objective  To reconstitute a transactivation system in yeast (yeast model) for screening the pesticides
acting on ecdysone metabolism route and eventually influencing the process of ecdysis. = Methods The fragment of 5

times repeated EcRE from Drosophila melanogaster was synthesized and the HSP27 promoter from D. melanogaster genome

was amplified with PCR. The two sequences were connected and followed by a reporting gene green fluorescence pro-
tein(GFP) gene. The EcRE-HSP27 promoter-GFP fragment was inserted into the expression plasmid pPIC3.5 and integrated
into the yeast chromosome to construct yeast A. EcR and USP coding sequences of Aedes albopictus were synthesized,
and these two fragments were inserted into Pichia pastoris expression plasmid pGAPZ as two respective reading frames.
The two reading frames were integrated into Pichia pastoris chromosome in another recombinant site (pGAPZ and
pPIC3.5k share different recombinant sites while being integrated into Pichia pastoris yeast chromosome). EcR and USP
were constituted and expressed in the yeast. This recombinant yeast was called yeast B. The model yeast was thus
constructed. A known ecdysone agonist-tebufenozide was used to test the yeast model. The effect of tebufenozide on the
model yeast was observed under fluorescent microscope. Semi-quantitative RT-PCR was used to test the transcrip-tion level of
GFP in the tebufenozide affected yeast and the control. Results In the model yeast, the intracellular expressed EcR
and USP constituted EcR/USP heterodimer interacting with EcRE, the expression of GFP was activated, and green fluores-
cence was observed in model yeast under fluorescent microscope. Tebufenozide affected model yeast showed less fluorescence

in comparison to the control model yeast, indicating that the transcription of GFP was suppressed by tubufenozide. Yeast
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housekeeping gene Actin-1 was used as inner control,

semi-quantitative RT-PCR was operated and the result was scanned.

The ratio of the brightness of GFP to Actin-1 was calculated automatically, and that of tubufenozide added yeast and

the control yeast was 0.614 and 1.134 respectively. This result showed a low transcription level of GFP in tebufenozide

affected model yeast, comparing to that of the control.
has been constructed,

metabolic route.

Conclusion

The ecdysone-related transacting system in yeast

and the model yeast can be used to screen the ecdysone agonists which can act on the ecdysone
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xyecdysone, 20E )55 JLA R HUMER A9 IE 5T S8 LAY,
20E 2R, W MR 2K (ecdysone rec-
eptor, EcR) FB IR e (ultraspiracle protein, USP)
A, TEBRMER TS T EcR M USP 45 &R —
ik, HA EcR/USP ZRAKAGE 50 T Wi SR vl
W B RIS 3l X% I8 2 38 3R i )3 T A (ecdysone
response element, EcRE)AHZSE )5 s 10 3L R A0
SEB, B, X IR R M B A AR A D SR AT
fal T4, #rTRe SRR AT S AE R AT RE
W9 2B EcR B USP 1Y DNA 54380, Foikss &
TR ORSFME,  TE B2 R ML R 5 3l F IX. EcRE 119
ZEAI DL SR S0 EeRE fe LA RS, AEFIER
H EcR, USP Al 538 EcRE 45 & I8 B30 1
F . Tran S5 FERERE R ST T — MR S A2 0B
(Choristoneura fumiferana, Cf)EcR RECIARTIE T4 i
ARG, W Hsp27 JA 301 1791 F iy i ook
EcRE, 7E CfEcR, CfUSP [RIEAEAE T BA Bk s S0
THOLT, Wn] DUd R & 3R 58 51 R 3K . Bergman 456
it — 0 i 1 W R XU SCUESE EcR f2 USP 7E ot K it
RINET Il BATEA TR Rk, BRI el DA RERE
AP R B 638 FH SUR IR EcR & USP, I TR i
EcR/USP )5 3l R EcRE-Hsp27 JH 81, JH 3l
G FERRIE . ARGY, SUTERERRAAR P 7 8 K 3
RIFSRIGACR S, IR Bk AR e il B
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1.1 RES5EH#k BEEREEMAEPPIC3.SK, pGAPZa,
DL S ERETRIBR GS115 4 H 32 E Invitrogen 23 A, Hi58
B AR PR pEGFP-N1 1 1 26 [ Clonetech 23 7
K¥es 1 DHSa R AR SLIR = IRAT

12 & mAF HSUP B (Ae. albopictus) EcR K&
USP (ZifI741 . Sl EcRE fhHiEst A4 TR (1)
AMRAFR G, NT#H:k (adaptor) HFEAEY T2
(RIE) A BR A5

13 XA FREIEAYIEG EcoR 1 | Sac 1| Xbal 1 |
Hindlll |, EcoRV | Necol . Bglll . BamH 1 | Not I |
Sma 1 | T, DNA 3% . /N4 Bl ME B IR I (CIP) |
BRLF 1ML 33 5 SR (M-MILV ) B T, DNA SR A, )0l
HEAEY TROGE)ARAR, REPENVIEE Avr
5 H 25 E New England Biolabs N Tag DNA BE
fitf . WS = BEAR (ANTP) I A b o = A P R
KB, AR Zeocin T H EH Invitrogen NI
MERE RNA S B0 G H 26 Omega 2w, W A2
FAEPR BB (tebufenozide ) (F1 (k3 7) W [ V19535
VLA TABRA R, Rk A 3iEse A 56 H Sig-
ma A H)

14 &mil4 Bk R LY, Y
DNAMAN BT, bt AgeA- ) TRA RIS,
L5 wA W ST E SR,

2 Fik
2.1 BLAFE ER & USP A LA m  ANTHMH
S EcR & USP, HARIEH 5EREAE pUCST ik I,
2.2 pGAP-EcR-USP B#-F X ey iz WA TLH
B EcR W SEREA pGAPZ TR W R H Il e it f
B F (pGAP) I T e, R4 R C FL R FE &
1E¥75) (CYCITT) by, #8 pGAP-ECR-AOXITT i3
THE

G pGAPZ J5i ki I i %% 5 4 K A 7 ) 8h 7
(pTEF1) Jz CYCITT J¥#51, 435licit BN E5 14 T1.
5" -GAGCTCCCCACACACCATAG-3',  T2:5 -GAATTC
CGCCCTTAGATTAG-3',  C1:5'-TCTAGACACGTCCGA
CGGC-3' K €25 -AAGCTTAGCTTGCAAATTAAAG-3',
S5 ABEYIf A, LA pGAPZ B, PCR 4 141
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pTEF1 K2 CYCITT J¥41, KX i Be s i AN T
A LR USP Bk (pUCS7-USP) Y 130 T i, Haadt
pTEF1-USP-CYCITT 3£A4E

Hind A1 Sac 1 AEFYIEH LR pTEF1-USP-
CYCITT 41, ##: A pGAP-ECR-AOXITT JERSHE )
U, AR AE [ B e 58 UL pGAP-EcR-USP,
28 ORI PP S UE T 1R
2.3 pPIC3.5K-EH-GFP Bf -k ik ey M AT
A EcRE 5 KEZ T, MRBEELF A DNA
PG PR A 27 IR 31 (pHSP) [T 41, &4 R E-
cRE JEH) F i, B EcRE-pHSP £ 4% 4 A pGFP-
N1 Jioki GFP R L, HE ik pkH-GFPN1

¥ pEH-GFPN1 JFRi 4T Bgl 11 . Not T XU,
345 F Bt EcRE-pHSP-GFP, F] I A [5] i) i 11 47
¥ A B W 5T A pPIC-3.5k kL, 4 R
pPIC3.5K-EH-GFP 40 ¥ 46 3 Joi%
2.4 pPIC3.5K-EH-GFP Ji 42 #5 L B 5 GS115 # 3 %,
B A Bgl Il fi# V) pPIC3.5K-EH-GFP JFkL, HEIR 4l
A IS AR BORL , R A B 2 B TR 0 o 2 AR
T VEBAME IR, PiAE R GA18KA BE FH M AR I vk v 4
DUmeRE, MR4E GFP £ 11514 GFPL: 5'-TATACG-
TAATGGTGAGCAA-GGGCG-3', GFP2: 5'-ATCCAAG-
GGTTGGCTAGATCCGGTGGAT-3" , LA PH ¥ ¢ it Jk
[K 20 DNA A#iH, LA GFP1, GFP2 N5|#11E4T PCR
2.5 pGAP-EcR-USP Ji #x #: AL BE 5 A, #3E x BE4F
B, BpifitAEA Avr LD pGAP-EcR-USP ik, %t
WEaliAb I 2t ks, FBALEERE A, ZeocinBf BE T
M s 1 BH P i 4 DL e, DABHE FE e 240 DNA Sy
B, LA C1, C2 N5 |HiE T PCR %5,
26 BRI AER  MPAR EPREUEERE A | 2
B 25 IR (BEEE GS115) Tobe, 4h9 1wk
H1, 299C 250 v/min $53% 12, 24, 36, 48 }2 60 h )5,
POCREE T HMZOCHREE, I RE A H.
2.7 sEm ok BB IR AL A B IO A IH
(Aw=0.30) MIBHEITERE (BERE B) FERE GS115, 4%
SRl (RIAERIZG A (a dl) . RRAIXFREZL (b
), I (c 4l) ., BIMEXTIRA (d4d) , 3t
4 4], F4 100 wl , fiINA 10 ml 558, Ha, e
PRZAA AR BEE  01g HIRGEIR (HREEH 083 mgml),
b d BRI 6 B Rl 3% 12, 24,
36, 48 & 60 h J&, ZOGRME N HIZOMRE, If
SIANIIAE A g TH
2.8 ¥ £ & RT-PCR &4 M| AL A 25 4 20 Au AL A ST PR
2049 GFP A& B 4 F i &

28.1 Gkt ARIEREEME R ERNIZhE -1 £
(Actin-1) ¥ i 51 %, Actinl: 5" -TGTCACCAACTG-
GGACGATA-3', Actin2: 5’ -AACCAGCGTAAATTG-
GAACG-3',

282 REZX fFHEHE Omega 23 A [ERE B RNA $#2
B0 &0 B4 O B 2 Wy 2, AR AR X6 R 4 R
FEGS115 &L RNA, fHBENLE 9, M-MLV 5% &
AL cDNA,

283 PCR Y VIRFLSRIG ™ Wmtsit, VL Actin-1,
Actin2. GFP1. GFP2 JB|%y, ¥ 1 GFP. Actin-1
HHA,

284 PCR P4t 19K 55 B NE A 56 i
WK, RSB AUR AT (hema V3.41) 431
BAIREE, SKENZSHUAE,

2 R
1 pGAP-EcR-USP 5 pPIC3.5K-EH-GFP B% £} % i%
A ORI 25 S 42 DNAMAN 344 Lo x5 28
g*ﬁ%ﬁu—ﬁo

2 BEANEE
DATERE A BH % 52 B2 56 AT 2H DNA SHBCAR, LI

GFP1. GFP2 A5|¥), % PCR ¥ 34 730 bp £ 4 1)
HB, STUHATR—F(E 1),

bp

1000
517

390

M: DNA #r&4¥, 1. BBk GS115, 2. pPIC3.5K-EH-GFP Jfiki,
3. BERE AL
M: DNA marker, 1: Yeast GS115, 2: Plasmid pPIC3.5K-EH-GFP,
3: Yeast A.

1 EAEGALEE

Fig.1 Identification of the recombinant yeast A

3 BB BHILTE

PAEERE B PHM: SERESE 2] DNA SMAHR, A C1,
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390
230

M: DNABREW), 1. BEREA, 2: pGAP-EcR-USP ik, 3. W%tk B,
M: DNA marker, 1: Yeast A, 2: Plasmid pGAP-EcR-USP,
3: Yeast B.

2 EAEE B EEHE

Fig.2 Identification of the recombinant yeast A

4 BEERMERIMCRERE

PN T Al WLERIR A EERE AN & T SR 050k
(E3), BHiEEREAIA TR 48 h O e, B
PEXTHRA RS A F1As X IRAE (B8R GS115) R0
P, RIS EcR K USP 781 1k 40 it N 45
A IE K EcR/USP — 4k, — R AKAE T mia i ¥ 571
EcRE, J&3h HSP27 JA3h+, MIMJEahik& A GFP
#ik,

3 ABMBETAHRAREIOCLHET (10x40)
Fig.3 Yeast with green fluorescence under fluorescent
microscope (10x40)

5 MEMMAREBRHENERAYASERIRAREE
KB METHIXTEE

Rigf 12, 24, 36, 48 J 60 h £ 2HBEEE Ay, 1H,
afi: 0.12, 032, 075, 120, 1.30; b#H. 012, 032,
076, 121, 132; c4H. 012, 033, 077, 122, 1.35;
d#. 012, 032, 0.75, 1.19, 1.31, &4HEEZEAN
S, T L O R B A K i ZR TC A SR, 45 B
48 h HE IR 10 pl 2GR Hi, 24549 4R8I i
BEDS R B I k55 (K1 4) .

(© D

A: BRI IR IR, B TR A R T,
HPEF, D BB YATOCBME T,

A: Yeast B under visual light microscope,

C: BiZ5Y)

B: Yeast B under fluores-

cent microscope, C: Yeast A under visual light microscope,

D: Yeast A under fluorescent microscope.
B 4 05 S bE 0 B B R AR B B S 7E AR A ET
5% BRIETRIXT L
Fig. 4 Comparison of tebufenozide added model yeast A and
control model yeast B under visual light and
fluorescent microscopes

6 RT-PCR i GFP EERRIELE

DLRERE LS B L Actin-1 YERINS:, B
GFP BRI f%E 350% . PCR 7=k 2 44087, Ru/INr il
oA 737 bp #1283 bp, fFETU GFP, Actin-1 FEHK
AN BT SRTIREE, SRR GFP SNSRI L
{8, BERIZGHI2H LU N 0.614, BRI AR 4 LA
1,134, W] ULJita hn 259 )5 B 15 1 GFP 35 PR 1) e Sk
SR s (K S)

(—— T

1 2 3

1: REALEELE GS115,

1: Negative control yeast,

2: BERIZGYIA 3 WX IR
2. Model yeast affected by tebbufenozide,
3: Control model yeast.
5 REZGYASERNRARSHFEES RT-PCR 4R
Fig. 5 Semi-quantitative RT-PCR results of model yeast affected
by tebufenozide and the control
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55 3 A0SR HUF B RS B AR K95 ) (insect growth
regulator, IGR) 32240 45 57¢ Z M A s il 77 . Wi iz
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ENTREVER TF AR AR B OGP By, BUEH
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R B, MEEAEREE SN, &
ZpHCERT, HARREM R Tt Xt
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{EL B 25 i s T A R, 5 e 2 pE i ol F2 22
[P/, T B — 2R R S ], TP R £
PR HGRERS | A0 F R 03 U2 AR
VRIS, (AR A E BRI R ABAE R %, X &
BURH TR ik, S8 XTSRS Y, RS
A8 HOGRI ik S BAREE X IAR R R, R A A i R 2R T
58, DR T I AR AR . VRSO | X
G SR RAR R AR, T A ST AT LA R
e HRUR A e R AR b B AN G Y, H
T EE Bt R 3 R 0 4TI O s e, 20 A R A
) EcR A1 (5% )USP LK A K EcRE & 8% v e A1 ¥ |
HAFLIREM T ARA, X Ry HE T o5 38 H 0 24 7 e AR A
AL T AT SRR B ARAE

AR IR (10 35 fth 2 B SCPR ISR EcR |, USP 3 A
NG I EcRE JEH, EZJEH F EcR 2 USP 1%
DNA 56350, FLARZE SIA 1R SRR PED, B R
I EcRE fe A1, FrLAMMER T s i a fb &
Yrelgext B BAT 2 A KIER, HETE A i %
Z AW A H ) o e T A ] b 2k B e g % R
PEE S, FEHHY EcR AL & X N SEmR %k 5L
HIZEE 7 S SRR/ Nz 10 Ir DA Xk 2337
BB 0 a] REXT 11 S0 IS0 T ISR AT 5 B — AR
KAEH, B2, XFEERRA vt je i R A iR AT
] — AN = A TR T AL B 0 o] RE R R
HRHGR]

AR IR HE A B R AR SO WA T nT DLk
PN, UEPATERERERIAY N R IR EcR 5 USP TR T
EAA TR, IEHT EcRE i3 3 GFP 445 JE [H &

IRV, i P R PR AU B X P AR 7Y
IR, HREEIEE A AR 25 ) 2l e B 5 i
TEART AN 25 W) OBt BR 2 B BE . RPH GFP iU 3R
KA FME . 2K E i RT-PCR K36 GFP 3 [A (54 5%
R, RUIFE REEHE R T RERERIAL N GFP JER 1

e PART R IR, ERAHIE SRS i A 2
2 % X M
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