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Recombinant expression and purification of inclusion bodies of the molt-regulating
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Abstract: Molt-regulating transeription factor 3 Chormone receptor 3» HR3) plays important oles in regulating expression
of tissue-specific genes involved in insect molting and metamorphosis, which initiates expression of chitinase and
proteases but represses expression of latval euticular protein and eclosion hotmone during molting. The ¢DNA encoding
the molt-regulating transeription factor 3 was cloned with RT-PCR using gene specific primers from Helicoverpa armigera .
A recombinant expression plasmid. HHR3-pGEX-4T-1. was constructed and the protein was expressed in BL21 strain of
Escherichia coli . However, the expressed target protein formed complete inclusion bodies of the molecular size 94 kD.
The inclusion bodies were solubilized by being denatured with CAPS(3-[ eyelohexylamino J-1-propanesulfonic acid) and
refolded through dialysis against Tris-HCI buffer. After cleavage with thrombin, the target protein was separated by SDS-
PAGE and confirmed with N-terminal amino acid sequencing. This recorbinant HHR3 was used as an antigen for
preparation of rabbit polyclonal antibody. The immunoblotting results indicated that the antibody was specific to HHR3
from H. armigera and can be used for further research on the function and regulation of HHR3. Moreover HHR3
showed high expression in the fat bodies of 5th toward 6th instar molting larvae and declined at 24 h post molting. HHR3
was also detected from ovaries of the adult H. armigera- but not detectable from midguts the 6th instar larvae of H.
armigera at 72 h after molting.
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KR NEEIREEARDBEANGEEE
WER, WA, WEBREEAR. HREED
B RAEREESE, HEREME, R0 L 372, B
BRI P, AR T, 4 R
AR & K B (Riddifords 1993; Riddiford er ol . »
1999>. BB HEH R A MAETHEN 5
FIEE A A R BN (Huet er ol > 19952, BLIEEHE
e BB R, ingi R TR R E T RE L SRR
FLJLT FEs R R MR R il e R R A,
ZONREERSE, L FRREERE, kL EFE
KA. B WE 5B R B R T Cedysteroid
receptor, EeROF I 3] 2 B Cultraspiracle, USP Y #)
BEVEERA=ZRE, RIFE-ETE DNA L, S
FEA B 2 1 T 7% 3R BB F Cmolt-regulating transeription
factor, AR AR EHE T homone receptor 3» HR3),
L1, 37 3 4 T R P AR T i B AR K S S A A SR
HHEFRIE (Yao et al.» 19920, B EIHTREZET
(HRDHAZHIHEE. B4 & T DNA, Bl E 75
DLFEREABILT REgERL EIDEEPHE
B UL T B AR e, R FRiE4h R R e
TR, BUEIATTRERE T R A A R SR
HREAKE R, A RAEEASRE, #Ex
MEEEAFREOME, FHEBATHNEREL 7
B, RS8R TG, BitEiE Ceclosion hommone)
B R ENE, &2 B RE BT EEET
R I, & AR A TR R AT iR 2 U, iR
T F7 5T AR A AN 4, (R B R T R R T R
BB NP R B R, 2R DA O B AR A
BRI FARE Palli er al .+ 19960 WLEZ A%
R R AT DA B2 2R BRI R P
S 4 (Palli et al.> 1992: Retnakaran et ol .
1997>. ERIEZEM E M BB re B3| [ o BT
PR E T, fn 508 ) DHR3 (Koelle er af .- 19922, K
GFUE 5] GHR3- A (0 35 8% B9 CHR3 CPalli et al .-
19960 JHEF ML MHR3C Palli ef al .+ 1992)%.

Hess B Helicoverpa armigera {Hiibner ) J& T 85 3
B e mERE. £ D 2S5 EYD. 2
HEMM AR ERNET &, ERE R X T
KA 4~ 5 GBI BT 6 TR, 20 AT 00 EA4Y
RER, Z5EBRRAET. FHIRE, 1995 FHH
LR AR MBS R Fis s AW 1o Xt #
HiE s ’fZ.%fE(Huang et ol .» 2002). HEIEHRFTIE
FEAMNEZEC RGN IR ALERERTS. A

PIT B R RG22 2 R MY AR L, IR F B
WEEE . AL E B R E TR R
TR, IR 1R TR £ IR AR Py B9 /A L EUHEAT
T RIS, UL B 22 (P B B B 3208, 3R B B 20 B2
BRETY RE--EYDTT LIS SR8 R & 18T
s ] 08 (R R 3R 51 BLD A0 S50 1 $2 Al Bt B2
(Zhao et al ., 20030, FATEFE S B B A K
WA R TR REFHITEARE, N ELAEA NI
MFIEAREMELEHRLATRRETF
(Hel.icouerpa hommone receptor 3- HHR3 YRIEM K, FF
HiZEAEAS & 7O, o 588 dub 5 R 1%
KT IEAR A FIRIEHAT TR, AE B A A X
HHR3 EHff . 7T T & E RN RIE gk
i3t

1 #MR5RE

1.1 8

Taq DNA HEEMBHEENTEE N Takara
Biotechnology 23 7 CFFE, KD &h; DNA BRI
FEPCR P #i Al & A0 T, DNA EHEE A
Sangon 22 & (P E, L) 7= & pGEXAT-1 RiE &
4. Glutathione Sepharose 4B B Fr #E 8 B T A
Amersham Biosciences 22 8 (FEH, Buckinghamshire) 7=
o BRI S YBE CHRPOAF 10 M R G 18T
P LEBERLFCHE, 5D ERAEER
EATITAE T H AL T A P s R e A ) TR 1,
BRA 6 & F & 35 # CAPS (3-[ eyclohexylamino I-1-
propanesulfonic acid 24 Sigma 24 & (FH, St Louis ) 7=
A
1.2 HHR3 EEE

%_ﬂ:$£((]homczyski and Sacchi. 19872 EUHE
PR AR ITE R RNA, R R cDNA B, A BAT
wit& A HHR3 2 F4F 7% 5] #CHHR3 EXPF: 5'-
AGGCGAATTCATGAACAACAACCAG-3's HHR3 EXPR:
5'-AGATCTCGAGCTAACCGTGGGTG TAG-3 VAT RT-
PCR ¥ 38 , 44 47: 945C 2 min>94°C 30 s 53°C 45 s
72°C 45 5,34 MEIR, 729C 10 min, P LD F A
1.3 HHR3-pGEX-4T-1 EAFTEBHIREE

F44b 5 # HHR3 57 PCR P70 pGEX-4T-1 £
53 M EcoR I 1 Xho T WES D], DNA #0140 J5 #EAT
TR, AL KB B DHS e, FRIE IS PCR JE 0 BR
P Y TIERSE , PCR W 5 A TEAH TR O RlA R A
H A EAE T
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1.4 HHR3 SR

1§ HHR3-pGEX-4T-1 EH M AN KB &
BI21 Bk, 7 LR/Amp(100 pg/ml) BEFREREKE
0Dy, = 0.7, A 1 mmol/L 1 F AE R ELIEE
(IPTGi% § HHR3 RiA,379C,3~5 ho
1.5 BRATH.EHEAMEASS

BHRETESESZ B Novagen 2FBEERE
15571 ( Protein Refolding Kit> 8977 34T, W
SFEEN BRI AR, BARBFE I x BEFR
[20 mmol/L Tris-HCICpH 7.57, 10 mmol/L Z — & I
Z.EECEDTA), 1% Triton X-100]9, EFAE FHME
BT S50 mL B, FEKE RS AR A N
RV PR, ZHAREBFR AT A L.
£ 10 000 x g B0 10 min, & LIEWE, A 0.1 HBFRHE
FLHD 1 x IB MR R ITIE 3 IR BIMIEREER
£ 3 (50 mmol/L CAPS (pH11J, 0.3% N-
lauroylsarcosine) 5 10 ~ 20 mg/ml, IR F M # = A
AR ER . MR S0 BEBEEMERL20 mmol/L
Tris-HCIC pH 8.5), 0.1 mmol/L — &k 75 #E 8 DT ] R
FEATEE 2 IR, 3 WX, 4°C; BIE 50 5443 L DIT #)
Z PP ENT 2R, 3 Wik, 4°C. 10 000 x g B0 10
min, £ EE LT 10 £ 371 < 8% 88 £ 28 10 V5 B (PBS)D
EMT, E pH BN 7.3, BA Glatathione Sepharose 4B
FMEN, TSR & T B,
1.6 T HrERTEL -3 8 U T A AR T R ik ( SDS-
PAGE

£ B Laemmli( 1970075 HE#H AT .
1.7 ZARMNF

G E 4 HHR3 #1T SDS-PAGE (12.5%) EA &
FAHE®E pvDF IR L, A Edman BHEEEEGR
M % C Applied Biosystem Model 470> £l FF.
1.8 ZREREE

FREE M BB 40 4k 5 #) GST-HHR3 FHAF . 10 U/mg
BEEM,23C BT 1~3 h & SDS-PAGE 5+ & GST
(glutathione S-transferase, 4 Bt H 8-S ¥ % 88 ) A
HAR3, & HHR3 MR EVITF AT R EFR. AHE
H 200 pg HHR3 15T 548 (K78 & 42 7 38 50 87 BB 5,
W ETRERER. SR 1R, 3 A5 AMEE
PV H A E B RN ESER OINE SR 3 IR, I
RIS BN E, SrEF T - 20°C.
1.9 RIZENIE

Al 5 B R A& 1T SDS-PAGE EA &
BB WBRTEEE L BRE 29 kR HH
CTBSYF# T, InA 1:100 BB T 0 F 81"

HHR3 M13&, 37°CIBE 1 h 5% 4°Ci3 7, TBS #fE 3
W BIR 1S min, SO 1:10 000 % B T3 Mk + £
HRP #7 it 1 FE PR 126G, 37°CIRE 1 h, TBS ¥E 8 3
R, IX 15 min, DA & BIE (0.06% 4-C1-1-% B,
10% P, 6 L T FALE, 10 mL TBS) BRE R R,
TREEB M S FE & — @ #1T SDS-PAGE, B )5 U]
T REEERE,

2GR

2.1 RT-PCR # € HHR3

i RT-PCR ¥, AEEHRESI I MIEE
HOTE cDNA FHEH—rTEAH 1700 bp 2B
e D, 5SENERNESN. & mE N
FEEERNETHFEFFILE, 5R B8 0E
N 60%, 5 R R BRI 049, BV A 0
BT R B T, 58 A HHR3( Helicoverpa hormone
receptor 3, GenBank B 55 : AF337637), KL HE
11 668 bp, 95556 MEERE, S 13 M EREREK
H. &1 htp: //www. expasy. ch T RIEAF1T, W5
MEBRSTENG KD, SHA pl §6.52, #F
e T EERS NEEALS, BEE 07 2
IREEBRA—TRTHEMEEZTES DNA £
FrAE 5

—

Bl 1 RI-PCRY B HHR3 AL (19T AEHE RO
Fig. 1 Amplification of HHR3 with RT-PCR (1% agarose)
1. DNA £ DNA ladder: 2. PCR P=#1 PCR product:

3. FAMERTE Negative cortral .

2.2 HHR3/pGEX-4T-1/BL21 %5 Fik
¥ PCR ¥ 18 £ HHR3 48 A pGEXAT-1, EE
AFRAFHL B KB E B2 B, 2358 %
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R —E&RRANEGT, &1 SDS-PAGE 5+
ZEAMMNSTEAN ML, STAHMBANESTR
SRR, 9 GST 24 27 kD, HHR3 1 E e i+ &
EH 62 kD(CHE 2).

1 2 3

67 — S
C T -
30 —\. "
21 —\

Bl 2 HHR3 55 & k(] SDS-PAGE £ 5§

Fig. 2 SDS-PAGE showing the induced expression of HHR3
1. fEE B A Standard proteine: 2. P AT AL Not induced:
3. FREHE ndueed. FRENFES 100 pp
12.5% K 100 g per lane, 12.5% gel.

2.3 BEETE.S4% HHR3 &1k
Mkl Bon B #Y B 5 TR  aEE A I
F,.mEEFEBRFPEEEMEDS. £13 Glutathione
Sepharose 4B WM F & EF B PR B K E
H.2UHZEEEEEMT T2 NEIEE. KB
B R IA f LIRS CAPS &%, B4 Tris-HCl 19 i

[ ]
[
=

94
67

43

30

21

14

B, RE T AIEMER GST-HHR3 A EH,. # T &
794 kD. FiT Glutathione Sepharose 4B 7% M = {fr,
1 GST-HHR3 8 741 b, v ik E HEE MR 72
B R, 85 27 kD 1 GST M FEH 67
kDA A H HHRI(E 3. & EgmillfF, 24
HHR3 # N-#5 &5 B2 15 71 4 - GSPEFMNNNQFHDLF,
BIE S MEERN GSTHI S, EH 10 MEERE
HHR3 # N-# 771, v 0 3= 28 7= 4 2 4 % R 00 K2 1R
THEET.

M T 55 R 3R A5 5 B 4 R AT BLAE B ) 20
mg GST-HHR3 B8 EH, 82N 0.5%(F 1),

F1 FJEFPHECEIEG LESFR. B8REs W
Table 1 Purification of HHR3 at steps(1 L culture solution,

induced for 5 hours’
L 5 B AEER R
Stee Total protein Yield
P Cmg [
HBEEEES DEE
. 250 0

Supermnatant of sonication
L B
Pellet and inclusion bodies 3 600 100
EHRLRE
Supematant after refolding o 1.9
& AMEE{L GST-HHR3 20 05

Affinity purification of GST-HHR3

ER-FHEAEA/EREEREES. EEFHEERE EEET
#HEEND HHR3, A THEEHE.

# Yield = Total protein in every step/Protein in pellet and nclusion bodies.
The supernatant of sonication was not caledared becanse there was no HHE3
detecred.

<— GST-HHR3
s €— HHR3

Bl 3 HHR3 & B BT SDS-PAGE &5
Fig. 3 SDS-PAGE showing the dematures refolding and purification of recombinant HHR3
1. M A R Standard proteine 2. BT ATH A Not induced: 3. T S AR hduced: 4. FHSF ATRIEE Refolding:
5. BHERIIE Precipitate after refalding: 6. 35 #1247 87 GST-HHR3 Affinity pueificarion of GST-HHR3: 7. ¥E 0 85 2447 /5 77 HHR3
#1 GST HHR3 and GST deaved by thrombin. 12.5% B2iR €, Sk BN 4 100 pg EE M 12.5% gel, 100 pg protein per lane.
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2.4 HHR3ITMFHRERLE

it SDS-PAGE 43 B4 ik HHR3, #Z 5 &, 3k
BERERE. RENTERER, ZPLFR
IRBZE R AT & 3R A 6] HHR3 M8 B4R &
HHR3. 7] LIEH, HHR3 7E 5 ) 6 W 0R & 69 4h &
PR AR &R, B 6 6% 24 h KIh R Ag A&
SEWETE. E6id72h 4R FHFEERN
F| HHAR3 1A . ARSI E PH HHR3 FIA(CE 4.

1 2 3 4 5 6

B4 SEETRESRE
Fig. 4 Impunchlotting to show the specifieity of
the antibody against HHR3
1 iEE A RCEB YT &2 B 58 DSmndard proeine: 2. X
FF 8 F 3 35 67 HHR3 (4R (1 B2 3 % 5 ) Reconbinant HHES from
Escherichia coli (cleaved by thrambin) : 3. 5 83N 6 S0 4 B g
B % Far bodies from Sth toward 6th instar molting larvae; 4. A 6 &%
& 24 hh B RBAT % Fat bodies from 6th instar feeding larvae (24 h post
moltingd: 5. A 6 #E 72 h T Midges from 6th instar feeding
larvae (72 h post molingd: 6. GER Ovaries from Helisowrpa armigera.
12508 FWREETFMNFR 20 g 12.5% gel, 20 pg per lane,

3 Wi

BRRRERTEREETEERRERR TS
4 DNA H1 & £ ¥51E, 5 2.4 £ MHR3 . DHR3. CHR3
LEFERKAALME. Langelan Z (20000 E X
U 4h B3R 0 M P ) MHR3 B3R A B AT TR
A, R R RS E T RS BB PR A8 A
AL FER LA 8 h HIATEA B+, LRE®
UG E R, SRR W 8~ 90 h HIL mRNA, K RHEH
JE2~5h FEE. ERER RNA AR ANES
&, A EE3RTE HHR3 #1 mRNA. 23R AT £ Northern
SITERER, HARS NTEMR KBRS ERIL, 4)
HARMARI B R RO R F AR HYF HHRS &
K5 IR, A UAEATEE HHR3 mRNA HI# .

BT HHR3 + FEE X, BEF 13 MEKE

W AR SN _me EEREMERREE —E
BE. pCEXAT- 1 MERARECE ZATHRE
BEORE, EAEFREAEREMERNEE S, B
EHMNERFAZRERE, £ REY HHR3 &
FRABITERE BLIREZAERRT B4 66
Hik, BRBREA UHER S S Kb &G m 5
B, EeRENEELAFEERERI. NEEAR
W R IR B R AT 4 BE BB AR R E . B2 &
ERMAETHEEREG EEAIBEP A HEAR
NEHBRANBHNREGY, WO BEF A LE
it —E K& 8 B B, F e MBI R R H R
HHENESFEFERE FRAEAANEARE A
Al EEEMEELE B, SR EEgRELE
SREAXBHEREREER T H R HOERE R H
(Ausuble et al.,1995). FAIEE T LE T EHEF
CAPS 1E A BB 7], 1 4 1 BUR 5 M AR AT
B, EMER B SRR ER LA 2 20 mg/ml, B R
THEEMRER 105, BE&E 8 pH I EG RIS
HHAREEEREM. THENTLEENEEFTEER
B, ZA e EGR I RS ENE D
HHEA S B 2 Ghrathione Sepharose 4B £, # B 1%
MEEMERRE. BELAIFEE pH 8.5 #HITH, &
FME R EE D prS EHRERF pH EF 7.3
7 gefF B B 0 B 7R Glutathione Sepharose 4B 4% £ .

BT Pk sl & £ A SDS-PAGE &4k Y R aft &
thE 4 A H) HHR3, UIE| SRR M E B F A R
ATEZEARALEMRAREREN A BENES
F, B, S AR s Pk 2 R RN L8 K AT B H) R
B, R — e R &, ) LU i B
EHAEMNGR RERARELSEFRE~E. EF
EALIM 75 A48 % BAE A HHR3 #ATRNE, BF &
NEFFAEFE WHZRESHERRER
HHR3 EFHF R, XREENRABREN IS G
HEES, HEAELAET ST SDS-PAGE &l & #)
PR R LA THE 40 AR HHR3 B 2R 1A 4 T it
Ao FENT ERIEH BAEN K HHRZ 23 2~ 3
Zw, RAEEAF TS MBEFE.

BT HHR3 §1Ih 88 £ & & % £ 5 7 £ DNA, i
PRURE 2R BE R Y, B4 3R 0K B0 HHR3 0 AR N 4 R
WA REREVER, B0 X HHR3 & F R B Th R .
FE A, B E 4 R 05 B HHRS ThRR i 2 5 4o
ARER, BERFAREGOABEEELAESTUA
THHAZETZETFTE G DNA & HH B E 7R
EHEEH.
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