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Molecular identification of Helicoverpa armigera

receptor for activated C kinase 1 gene

HOU Yuan-Chun YIN Xin-Ming AN Shi-Heng DU Meng-Fang ™
( College of Plant Protection, Henan Agricultural University, Zhengzhou 450002, China)

Abstract The receptor for activated C kinase 1 ( RACK1) has an important regulatory function and is ubiquitous in
plants and animals. The receptor for activated C kinase 1 ¢cDNA of Helicoverpa armigera (Hiibner) was isolated using the
reverse transcription polymerase chain reaction ( RT-PCR) and rapid amplification of ¢cDNA ends (RACE). Nucleotide
sequence analysis revealed that the open reading frame ( ORF) of RACKI was 957 bp in size and encoded 319 amino acid
residues. A 3'untranslated region (UTR) of RACKI contained 112 nucleic acids and a 5' UTR contained 36 nucleic
acids. Temporal expression analysis found that RACKI was up-regulated during molting. Hormone-challenge experiments

revealed that RACKI was up-regulated by molting hormones and inhibited by a juvenile hormone analogue and starvation.

These results provide a fountain for further study of the function of RACKI.
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Ashique et al. , 2006 ;Chen et al. ,2006) %5,

44 0 Helicoverpa armigera Hiibner J&— #f it
SRR E 2, A5 F AR AL K N S 2 R R AE
Y, 72 50 A T AR S RIS | RSP AR
WAEHB DK o AATTREFEEAT 1 & A9 38 1% A2y 10K
SERIBESE AH B AT R & X RACKT H [H 1 fF
Jto AL H ok H] RT-PCR,RACE | %% i€ & PCR
BI75 e, X RS R RACKT LR EAT sk, 3T 0P 9% 1
TEAE) & 00 38 325 R e S 00, O i — 2B R 5T
AL DR B HUM A B D) RE B A

1 MR 5%

1.1 HiBHRSKA

A A% LA AT g Al R A S R A 4 SR R EE (26
+1)C, G 14 h/d, O [R]) & 30 0 A 22
H A7 B B 08, in A RNAiso Reagent, 8R J5
BT - 40C R A7 % . pMDI9 - T 84k Il A
TaKaRa 23 ® , K5 AT B IM109 g A 92 5 55 - 47 .
B RNA il #2 i& %) ( RNAiso Reagent) .3’ — Full
RACE 7] & .rTagDNA % 4 fiff ., pMD19 - T #5414 |
7¢ ¥ & 137 & (SYBR Primer Script RT-PCR Kit)
I H TaKaRa 2 &l ; & %% 38 %1 & ( RevertAid™
First Strand ¢cDNA Synthesis Kit) 2 MBI 2 &) 72 i 5
DL2000 Marker 4 [ Solarbio 2% &) ; DNA #E Ji [5] 1lic
W & B AL 50 % s AR YRR A R A B IR 4
IR K (methoprene acid) B J7 3 5 (20 - #%
LW B2 B 20 — Hydroxyecdysone, 15 # 20E ) #1y H
Sigma 2y A ; H w8y [ 7w B oA 2]
1.2 A&
1.2.1 2 RNA B % S B4 mig Az
DEPC 4t ¥ 3 i) Eppendorf 45 H1 53¢ | #72 i8 TaKaRa
RNAiso Reagent 1277 Ui ] 5 2 S RNA
1.2.2 5¥igit X HER # RACKI 1KY R
Fe 5 AT [ U B X, AR R SF X IE A S .
ABESE I S 1) B i WA 1, 51 b 7 1
AW EARA R A5 .
1.2.3 RT-PCR ¥ 184 5 RACKI EE K B
HR A S5 sk i) & BT, DL S i 4 d 5 RNA S A
M & cDNA 55 1 55, B LG i cDNA 55 1 5
A, B GPL Rl GP2 5| 4 i 47 PCR #7344
PCR S 4544 4y :94°C 725 1 3 min; B 5 40 A1 3
RO 38 P 44 94°C 1 min,60°C 50 s,72°C 1

min; )5 72°C 10 min,

®1 5lWFFIFIR

Tablel Lists of the primer sequences

5144 B 319 ¥ 51
Names Primer sequences
P1 5'-GATGTCCACAGTGACTGGG -3’
P2 5'- CTTTCCAGATCCCAGATCT-3’
P3 5'- ACTGGCTGTGTGCTGCCTTC-3’
P4 5"-AAGATCTGGGATCTGGAAAG-3’
P5 5’-GCCATCGTTCAAGTCCCAGA -3’
P6 5’-GCCAGAGTGACCAAGGTGG-3’
P7 5'- ACCTTACCAACTGCAAGCTG -3’
P8 5'- TGATGTCATTGTGGTCCA -3’
18SrRNA F 5'-CCGCTGAAACTCCTTCGTGC-3’
18SrRNA R 5'-TGTCGGTCCGAAGACCTCAC-3’

1.2.4 EFEREMEINNE FIH 1% 3506855
JEEHL PR X ik PCR 7= 8y k47 20 A, IF 24k H B A
B, N 7 &2 M Sambrook F1 Russeu (2002) 14 77
AT o P ANINE hoRIE S AR TRA RA W 5
o

1.2.5 5|#3'RACE #15'RACE Jy T 3R 15 M4
Ht RACKI JEH 58 % cDNA J7 41, A48 bR 4R 15 1)
B Bt R R R S RS T P3O P4 JF:
4355 3'RACE 7 & 7 9 Outer Primer Hl Inner
Primer 5| HCxf 47 E X PCR 7 1Y, B3t & mi
PR SS9 PSR P6 J3 5l 5 5'RACE 1058 &
i) Outer Primer Fl Inner Primer 5| ¥ i %t 3 F7E
7, PCR §"1# . 3'RACE f1 5'RACE Jx b s 1F & IR
A& UL 547, 3'RACE Fl 5'RACE =¥ 1
HL VK G0 B R v B R 47 0 S Jr v TR 1. 2. 4
1L.2.6 RF3 45 & RTI5HRA
ChromasPro B4, 2 5 W2 17 51 73 7 & AL ¥ 15 B
FAELR T. A http://www. expasy. org/tools/pi_tool.
html, [ Y5 P He 4% B NCBI Hi g BLAST T2 F
N ZH KR ] ClustalW 1 Genedoc 4%,
1.2.7 ERZEHETER PCR  Real-time PCR K JH
AR SE 107 0 H 5, IR A% JL 18SrRNA g Iy 2
K, 7E Mastercycler® ep realplex real-time PCR #
M ZGE b IEAT AR BT (95 °C AR P 10
$,95°C 15 5,55°C 15 5,68°C 20 s, 4L 40 M1FE
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95°C 15 s,60°C 15 s,95°C 15 s T ic % 15 fift il
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1.2.9 #EXN RACKI EREFKEHEm F
FH PR 56 4 O )1 2% 26 L) (methoprene acid ) #i
BEEWE S ng - w9 ML W, RIS HL T uL
M1 VR R R 20 ng - ™' M2 TR
(15 N2 55,2004 ) , PR &R 45 5 40 ng/ 3k
Xof Ay PN D AR

FH 95 % TR 1 5t B 3R (20 — B2 A5 B2 1, 1R
20 - E) M B 2061 VUKL, ARG BT wl 20 - E1 &
W, A 200 pL ddH, 0, 38 75 28 ¥ 2 2 50 ng -
pL "'20E2 %% ( Zou and Fingerman, 1999 ; Sun and
Song,2006) , #5i B2 i 38 1 4 5 O 100 ng/ 3k, X
0. 5% K o

TR 2 WL T 5 MR 4T 6 1% 2 d iy A 4%
Hugly e, J 50 O S5 R 5 A W) I 8] Be Kok B 40

B4 1 3L HL RNA, Real-time PCR #:/E f1iT &

Jrk1.2.5,
1.2.10  fLERARIE  XF 6 it 2 d A g% gl kAT

YU AL B, b B R] 4350 6 12 .24 h Bifi 5 45 B 1
e & AT RNA #2310, [ 5% 5k 5 Real Time PCR
J2 v 42 37 & (SYBR Primer Script RT-PCR Kit)
fili H 16 B £ 47 . Real-time PCR # {F #3158 Jy %
1.2.5,

2 FERE5HMH

2.1 RACKI ERAFFFIHNE

X PCR A Bt .3'RACE F1 5'RACE Pl #) F
Bk 47 BF $2, 13 8] RACKI 3t N & K JF 5
( Genbank accession JF979035) (& 1) . JF% 0 ¥r
R, RACKT FE 4 < 1108 bp, JF ik ] B2 HE 40 5%
957 MNZH IR, WiT it 319 D KL sk AL . [A] A
P M 45 L R B AR 4% L RACKT &K TR 7 91 5 Hoe
MUy RACKT 518 17 50 B A AR & i — Bk (K
2) b 85% LA b, Horp 5 SR B /N S M A —
Btk (mik 98% ) . RACKI 1EAN[A) B Ht 2 (7]
AR e ) — BovE 2 B A JE A P A AR s

gttggtgcttagecgetcagcaagtttttegtgaag

E:QACTGAAACACTGAAGCTTAGAGGAACCCTCTGCGGCCACAATGGCTGGGTTACCCAAATTGCGACCAACCCTAAATACCCTGACATGATT
M T E T L K L R G T L C G HNGWV T Q I A TN P K Y P D M I
TTGTCTTCTTCCCGAGACAAAACCCTCATCGTATGGAAGCTGACCAGAGACGAGACTAACTACGGT GTACCGCAGAAGCGTCTGTACGGTCAC
L s s s R D K T L I VW KULTRDETNY GV P Q KR L Y G H
TCTCACTTCATCTCGGACGT TGTGCTCTCCAGTGACGGAAACTACGCTCTGTCTGGCTCCTGGGACAAGACCCTGCGTCTGTGGGATCTTGCT
s H F I s DV VL s s D GN Y AL S G S WD KTULIRIULWD L A
GCCGGCAAGACCACCAGGCGTTTCGAAGACCATACTAAGGATGTCCTCTCCGTGGCGT TCTCAGTTGACAACCGTCAGATCGTGTCTGGTTCC

A G K T TR R F E D HT K D V L

s v A F s VvV D NR Q I V S G s

CGAGACAAGACCATCAAGCTGTGGAACACACT GGCTGAGTGCAAGTACACCATCCAGGAT GATGGCCACAGT GACTGGGTGTCCTGCGTCCGC
R D K T I KL WNTIULAUECI K Y TTI Q D D G H S D WV s C V R
TTCTCCCCCAACCATGCCAACCCCATCATCGTGTCTGCTGGT TGGGACCGCACCGT TAAGGT CTGGCACCTTACCAACTGCAAGCTCAAGATC
F s P NH A NP I I V S A G WD RT V KV WHTULTNCI KL KI
AACCACCTTGGTCACTCTGGCTACCTGAACACAGTCACCGTCTCCCCTGATGGT TCCCTCTGCGCCTCCGGT GGCAAGGACATGAAGGCCATG

N H L G H S G Y L NT V T V s

P D G S L C A s GG KDMIKOBAM

CTCTGGGACT TGAACGATGGCAAACATCTGCACACCCTGGACCACAATGACATCATCACATCATTGTGCT TCTCGCCCAACAGATACTGGCTG
L WD L ND G KHULHTULDMHNDTIITS L CVF S P NR Y W L
TGTGCTGCCTTCGGACCTTCCATCAAGATCTGGGAT CTGGAAAGCAAGGAGATGGT TGAAGAGCTCAGGCCTGAGAT CATCAACCAGACCCAG

cC A A F GP 5 I K I WD L E s

K EM V E E L R P E I I N Q T Q

ACCTCCAAGTCAGACCCACCCCAGTGCTTGTCTCTGGCGTGGTCCACAGACGGT CAGACCCTCTTCGCTGGCTACTCCGACAACATCATCAGA

T s K s D P P Q C L s L A W S

T D G Q T L F A G Y S D N I I R

GTCTGGCAGGTGTCAGTCTCAGCGCGATARggagctaccgaaacttagttteatttatttttgtgctacttatectgtaaactgectgactgt

vV W Q V. s VvV s A R

aaggattaataagagatggaattgtttgactaaaaaaaaaaaaaaaa
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Fig.1 The nucleotide and amino acid sequences of Helicoverpa arimgera RACKI
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H.armi
A.aeqgy
A. ganb
A.mell
S.invi
H.salt
N.vitr
B.germ
T.cast
A. pisu
H.vire
S.exig
M.bras
c. fumi
B.betu
P.xylo
B.mori
G.mors
D.mela

H.armi
A.aegy
A, gamb
A.mell
S.invi
H.salt
N.vitr
B.germ
T.cast

A, pisum

H.vire
S.exig
M.bras
C. fumi
B.betu
P.xylo
B.mori
G.mors
D.mela

Fig.2 Amino

oz

N

Amino acids 100% identity are in black box, 80% identity in grey box and identity below 80% in white box.

pisum

MTQIATNPEYEDMIL
MTQIATNPEYEDMIL
\TNPEYBDMIE
\ITNPE¥BDMIL
\TNPEEBDMIE
\TNPEEBDMIE
MTQIATNPEYEBDMIL
\TNPEYBDMIE

\TNPEEBDMIE
\TNPEEBDMIE

TDBT LRLWDL
TDET LRLWDLZ
IDRT LRLWDLJ

BT LRLWDL.

pisum : TDRT LRLWDL

TDRT LRLWDL
TDBT LRLWDLZ
TDRT LRLWDLJ

BT LRLWDL

JRT LRLWDLZ _REEPHTHDV
TDET LRLWDL EBHTH
TDET LRLWDL R
TDBT LRLWDLZ

m

B2 MM RACKI SEBSHTRER RACKI S 2RI S EHKE

acid sequence alignment of Helicoverpa armigera RACKI and other insect RACKIs

319
311
312
317
320
319
317
317
318
319
319
319
319
319
320
319
319
318
318

IR R E R 100% — 3, KO KR 80% —B(, H O HR 80% LIT —E .

160
160
160
160
163
160
160
160
160
160
160
160
160
160
160
160
160
161
161

242
242
242
242
245
242
242
242
242
242
242
242
242
242
242
242
242
243
243

348 W Helicoverpa armigera (H. armi) ; /NSEMK Plutella xylostella (P. xylo) ; SR Mk Spodoptera exigua (S.
exig) ; mAZFEM M, Choristoneura fumiferana (C. fumi) ; 3& [E B &5 Wk Biston betularia (B. betu) ; H ¥ 7 ik
Mamestra brassicae (M. bras) ; MH4F % Wk Heliothis virescens (H. vire) ; 2 %% Bombyx mori ( B. mori) ; f# [& 3 W
Blattella germanica (B. germ) ; #RHAA ¥ Tribolium castaneum (T. cast) ; Z& W Apis mellifera (A. mell) ; [F I
Ui 4E 4> /N Nasonia vitripennis (N. vitr) ; E[J B Bk M Harpegnathos saltator (H. salt) ; £I. kB Solenopsis invicta
(S.invi) ; i 5 9F Acyrthosiphon pisum ( A. pisu); I Aedes aegypti (A. aegy); X Lt WV % B Anopheles

gambiae (A. gamb) ; Ji| 5 Wi Glossina morsitans morsitans ( G. mors) ; W Drosophila melanogaster (D. mela).
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B 3 RACKI BRI FRiX
Fig.3 The temporal expression analysis of Helicoverpa armigera RACK1
SM .5 #0735 ;5 - 12.5 #8 12 h;5 —24.5 #2824 h;5 -36:5 #2 36 h;6M:6 #1730 ;6 - 12.6 {5 12 h;
6 —24.6 4424 h;6-48.6 {5 48 h;6 —72:6 #% 72 h;6 =96 :6 {5 96 h;6 — 1206 # 120 h; PO . {k Iifi 1 ;
Pl ALIR S 25 1 R P2 ALIHE 55 2 K,
5M : molting stage of 5" instar; 5 —12:12 h larve of 5" instar; 5 —24:24 h larve of 5" instar; 5 —=36:36 h
larve of 5" instar;6M : molting stage of 6" instar; 6 — 12:12 h larve of 6" instar;6 —24:24 h larve of 6"
instar; 6 —48:48 h larve of 6" instar; 6 —72:72 h larve of 6" instar; 6 —96:96 h larve of 6" instar;6 —
120:120 h larve of 6" instar; PO:0 h pupa; P1:1 d pupa; P2:2 d pupa.
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Fig.4 The effect of 20E on the RACKI expression
CK ;¥ ¥ %} IR alcohol control; 20E ;i K7 # 2% molting hormone.

2.2 RACKI ERERRBABRENPANER  FF RACKI WERE (K 4),
Rik

M2 € & PCR 43t RACKIT 3k [H 72 1 4%
HOASR] ) 0 e Ik 45 2R s (8] 3) , RACKT FEA
SR TE BB B P R IR B TR WS R 3 RACKT &
AT BE S 5 40 4% th it K 7
2.3 WiRMEIN RACKI EE¥ERH M

) 5 7 38 25 A BE A 5 RS K I RACKT JE A
M FIh a5 Z B0, WAL B 3 h £ 12 h I fz S 4

2.4 R4 EN RACKI EEREFZHIEM

AL ER 254 methoprene Kb FRAR 44 HU 5
Kl RACK BEPR K 25 R A B, MALFE3 h 3] 12 h
W58 R R 14 1 S A RACKT R RIR (1 5) o

2.5 i3t RACKI EE®EFH 2N
YU AR 48 HU RACKT 5 [X 5% 55 19 52 1 3 7t

(L 6) 7 A £ BT f B B X A 48 s E 47 1

kb AT DL S 2 B0 ) RACKT () %% 5%, WYL 6 h
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FHRFRIE K

Relative experession level
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Different developmental stages

B 5 R&GHEN RACKI RiZHIF M
Fig.5 The effect of methoprene on the RACKI expression
CK: A HR X} I8 acetone control; MET {4/ 22 25814 juvenile hormone analogue.
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Different developmental stages

B 6 HHEX RACKI EEERBI#M
Fig.6 The effect of starvation on RACKI expression

CK ;25 (4 X} B8 blank control; Starvation:?J[{fk 4t 3 treatment with starvation.

FEth— 4 %) 12 h, RACKI ()7 5 WA 58 9 4m i .
3 it

RACKI1 J& WD -40 A KB Y — D it,
JE— Ay R 36 ku 1Y G AR B Y [F]
{& (Van der Voorn and Ploegh, 1992; Ron et al.
1994) . RACKI £k PKC M Z IR EAEZ MG
e 3 imAz bR HEAEH](Chen er al. ,2006) . BR T
5 PKC AHEAE A4 ,RACKT 14 55 1% 4 I 34 1 AR 1
YEN, 72 Sre 2 W2 45 H G Y — Fh B 2R W), 0]
AL AR A2 A S R AR R Y A S, T
AE U 2 40 Mg 2k K ( Chang, 2002). & K M,

RACK1 & [ () 2235 5 WG B IR B w158 1k 2o 72 2%
YIAH G (38 U4 Fig 35 05 ,2006) o JTUEE RACKT J
HAEZ Rl 2Up BB A AR 9 1 Rk, JF L5 k3
A 5 (Kwon et al. ,2001) . 7E3C & /Y IR IR
KE B, RACKT T Z 4 434k b 1 i 4248 ik
TR Ak SCE R AR LI B 431, L
T e e A 21 2 el ke 4 R A (B A
2007) . HREGX RACKIT F PR BF 5% A TA T ok
% W& E il RACKI S Ei% £ EE WL
Wy s 3t A v AT R £

AWFFEH FH RT-PCR J RACE Wy rkvalse T
RACKI B[, J¥ 553 Hr 45 R /R RACKI 28 3 1
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JPANAE B B AR R SF L — 3t ik 85% L I
Rl 55— el 2Ll Py an & RN S5 ) RACKT FEA
PEAT He e, JH 2 A 11 2 3 1R — B0ME o i 3k 80% LU
o XFE B T RACKT JE R 7 i 1k
RS o

XTI HEZh W)y B HUk i, W R — AR
Yyeg Al g B oar R A A B A AR A 9T 00 B RN
MEmL o AWFIE 51T T RACKI FE AR %% A b (4 1) 7
M35, R BZ HE IR 1 3R 38 5 W R U 2% A T AR
AR AH — B0, 400 1T BB 2 2 W P R R E— 2B )
PER A PR AL IE S W0 R PR 15 5 RACKT BEPA ) &
K, TR S 9 28 I T W50 2 % 3 XF RACKT SE A 1Y)
WRER . P B AT R R IR M EEEA
2 s PKC By 3% P (Sun and Song, 2006 ) ,
PKC % /E H & 400 2 5 RACK1 %5 &, #
RACKI1 #1715 5 ML , FEAR L IR h RACKT A
14 22 35 55 W R 3R 1Y) B AR A A — Bt g S A R
To AELBIREC LT RACKI L, IF %%
T SR (H I RACKT Ay TE 40 ) g
T i — 25 T o

% 2% 3L ik ( References)

Ashique AM, Kharazia V, Yaka R, Phamluong K, Peterson
AS, Ron D, 2006. Localization of the scarfolding protein
RACKI in the developing and adult mouse brain. Brain
Res., 1069(1) :31—38.

Chang BY, Harte RA, Cartwright CA, 2002. RACKI :a novel
substrate for the Src protein-tyrosine kinase. Oncogene, 21
(50) :7619—7629.

Chen JG, Temple B, Liang J, Guo J, Alonso JM, Ecker JR,
Jones AM, 2006. RACKI mediates multiple hormone
responsiveness and developmental processes in Arabidopsis.
J. Exp. Bot., 57:2697—2708.

Daria M, Hanita K, Jamie L, 1991. Identification of

s

intracellular receptor proteins for activated protein kinase C.
PANS, 88(9) :3997—4000.
Kwon HJ, Bae S, Son YH, Chung HM, 2001. Expression of

the Xenopus homologue of the receptor for activated C-kinase

1(RACK1) in the Xenopus embryo. Dev. Genes Evol. , 211
(4):195—197.

Livak KJ, Schmittgen TD, 2001. Analysis of relative gene
expression data using real-time quantitative PCR and the 2
(-Delta Delta C ( T )) method. Methods, 25(4) ;402—
408.

Ron D, Chen CH, Caldwell J, Jamieson L, Orr E, Mochly-
Rosen D, 1994. Cloning of an intracellular receptor for
protein kinase C: a homolog of the beta subunit of G
proteins. PNAS, 91(3) :839—843.

Sambrook J, Russeu DW, 2002. Molecular Cloning: A
Laboratory Manual, 3rd (ed. ). NY: Cold Spring Harbor
Loboratory Press. 84—87.

Smith NA, Singh SP, Wang MB, Stoutjesdijk PA, Green AG,
Waterhouse PM, 2000. Total silencing by intron-spliced
hairpin RNAs. Nature, 407 :319—320.

Sun XP, Song QS, 2006. PKC-mediated USP phosphorylation
is required for 20E-induced gene expression in the salivary
glands of Drosophila melanogaster. Arch. Insect Biochem.
Physiol. , 62(6802) :116—127.

Van der Voorn L, Ploegh HL, 1992. The WD - 40 repeat.
FEBS Lett. , 307(2) :131—134.

Vani K, Yang G, Mohler J, 1997. Isolation and cloning of a
Drosophila homolog to the mammalian RACKI gene,
implicated in PKC-mediated signaling. BBA-Mol. Cell
Res. , 1358(1) :67—71.

Zou E, Fingerman M, 1999. Pattems of N-acetyl-beta-

isoenzymes in the

glucosaminidase epidermis  and

hepatopancreas  and  induction  of  N-acetyl-beta-
glucosaminidase activity by 20 - hydroxyecdysone in the
fiddler crab, Uca pugilator. Comp. Biochem. Physiol. C
Pharmacol. Toxicol. Endocrinol. , 124(3) :345—349.

T NZE HARE AT SR ,2004. LR AR 25 LY B i R
ORI SR R ARG U A e o
47(5) :562—566.

e K7 ,2006. RACKI fE R 7B sk, 7R
Kp2pH,44(12) :1209—1212.

B, AR, TR IR IEE, EE, BNE, KA R,
2007. 3CH i RACKT JENAER I % & i k. o R
2£,37(3) :287—292.



	KCZS1201(1) 154.pdf
	KCZS1201(1) 155.pdf
	KCZS1201(1) 156.pdf
	KCZS1201(1) 157.pdf
	KCZS1201(1) 158.pdf
	KCZS1201(1) 159.pdf
	KCZS1201(1) 160.pdf

