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REKXKBHEHRBHORIE"

MOKR™ HER THE™ KISF™ KRE AHF AR

(A B ARG T E RS0 % btk A e B2 BoR 22 st 1022006)

& E CONESTBETE RS PP2A AR SME M T T A Rk E A 24 1 P TSR AR S
TR A PR SERE T 0 H B R BT Hh Sk Spodoptera frugiperda (J. E. Smith) B PP2A JEALF 5L cDNA 4K ¥ 51 5
RTZEENERIITRE PR EL, R ER,S. frugiperda B PP2A Jii5—2% 309 R LR A AREE | T0I0 H 26 (R
Sy Fik R 35.46 ku, FHLEL 5.37 . A HTEE AR T, WA LG T KIS IS, % PP2A REAFET
fomirh, ZEIXHTS. frugiperda BB B AT PP2A B PP2A HIARSTERCE , FTLA S, frugiperda PP2A fE
ST BT R AT A0 25 4 0% B AR, TR ORI TR e, R 3R A B pET30a-PP2A JA% Rk # k54
6% E. coli BI21(DE3) H1 7E 16 ~30°C ,0.2 ~0. 8 mmol/L ¥ IPTG F¥JAEMINi%ES: PP2A-His 335, 45 Ni-Bifghi
FELIEE T LAAS 3 SDS-PAGE 2L — 4 4l fb R 1, FRIK L EE KT 90% , Jyaft— 25 36 P DU 5 B T Al
KR MDA, B URERRET 2A T Ok, AR A

Molecular cloning, sequence analysis and expression in Escherichia coli
of the Spodoptera frugiperda protein phosphatase 2A

HAO Shao-Dong ™ YANG Bao-Dong WANG Jin-Zhong **
ZHANG Zhi-Yong™ ZHANG Min-Zhao ZHENG Lin-Qing SUN Shu-Ling
( Beijing Key Laboratory of New Technology in Agricultural Application ,College of Plant
Science and Technology, Beijing University of Agriculture, Beijing 102206, China)

Abstract This study is aimed at establishing a method of PP2A activity assay for evaluating potential new pesticides in
vitro. A Ser/Thr protein phosphatase 2A catalytic subunit gene was cloned from Spodoptera frugiperda (J. E. Smith) Sf-9
cell culture and expressed in Escherichia coli. The full-length ¢cDNA sequence was 1 303 bp, encoding 309 amino acids
with a predicted molecular weight of 35.46 ku and an isoelectric point of 5. 37. This PP2A may mainly occur in cytoplasm
without signal peptides and transmembrane structure. Multiple comparison analysis of S. frugiperda and other insects’
PP2A indicate that PP2A is highly conserved. PP2A of S. frugiperda, the target enzyme for selection of inhibitors, can be
used for screening insecticides in activity assays. A prokaryotic expression vector pET30a-PP2A was constructed and
transfected into the E. coli BI21 (DE3) stain, establishing a prokaryotic expression system. This expression system
expressed PP2A well at conditions of 16 —30°C with a 0.2 - 0.8 mol/L IPTG inducer. We dissolved the inclusion in urea
solution and purified it using a Ni-agarose column, obtaining purified PP2A which presented a single band after SDS-
PAGE, showing the purity was over 90% . These results lay a foundation for research into PP2A activity assay.
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BT BRI AL RN R B R Ak 2 ELAZ AR W A i
W TR R T B, BRI E
R EBERR L, 2 581 AR 0 dn Al KOk E
AT 52 5 A0 A 2R 3l A0 S A L
%% ( Hunter, 1995 ; Cohen, 2000 ) , 2K [ # /2 il 2A
(PP2A) J& T 22 AR/ I3 R R £ Wi TR 1 v 1) PPP
( phosphoprotein phosphatase ) & i — 51, PP2A &
SR = RAK, AR A PR L B A AL
B C AR, Hrb € WA A A B B R B Bk
ZH PP2A WL, B WA BAT 24N RS
& PP2A VEH M9 I W0 5 57 1 AN D) BE ( Janssens and
Goris,2001)

— 2& PP2A K AR AW R A0 BE OB R
( cantharidin) X Hi# ( okadaic acid) fH#EHZE-LR
(microsystin-LR) A8 #4 % & (tautomycin ) | 77 BK ¥
2 (nodularin) A1 &) il & (fostriecin) 3¢ 7] DA 13
Zh4G C WA & PP2A 1% 4 ( Honkanen, 1993 ;
Maynes et al. , 2004; Xing et al. , 2006; Kelker
et al. ,2009 ;Pereira et al. ,2011) ,FE25¥0F 5+ B
A AR B, an X PR AR Sy — Fih Ei 22 109 43
T THE R 707 WG S &, 21
HRAARNMPTEREE (Chen et al. ,2011);
PEZE R BLA HOR AR R T (9K AR B R R B
1998 ; B HFH45 2008 ; B4 A T4 ,2011) , 7] & 2410
il SIO 4 N34 FE 7 T LA T (SRR E45, 2011 14
SRS ,2012) , TR oAk BRI 200 (A4
75,2003), BARE AT X ZW ALY 40

PP2A 4RI, (X B e PP2A 1R R HL I BF 50 36
RABR, SO &MNEH T Spodoptera frugiperda
(J. E. Smith) B9 5 rf 73 B 1 4 57 A9 B MR 15 57 B 1
AN ER SRR AT GEIE P4 5T A FH AL ) 0 e ST
TS TR O e 2R I FRARLSE IO M R, 7RIS B
TR H R B A o, JATE R
Ve T i ST PP2A fEALIEEE C 1Y cDNA 781, 78
KPR PR AR BRSPS 45 R an T

1 MRERAE

5191 PP2A H
% 1% RNAeasy Plus Mini Kit ( Qiagen , f&[%] ) #4
VAT R H SO 4 (10° 4>) B RNA, ffi Ji] 500
ng & RNA 7£ oligo (dT) 514 J¢ M-MLV [ % 5t fif§
(Promega, E[H ) T 3k75 cDNA, J£F PPP {57 X
B Z T HXT, Bl Primer Premier 5. 0 1137514
(F 1), FATYH PP2A B 50 pl PCR 1A &R
% 3U LA-Tag DNA 2 & il ( Takara, K% ) , 10
mmol/L Tris-HCl ( pH 8. 3), 50 mmol/L KCI, 2
mmol/L MgCl, ,200 pmol/L dNTP,200 pmol 5|4 ;
PCR 2544 56 1 M AT B AS 4 94°C 5 min,
94°C 75 45 s,54°C iR ‘K 2 min,72°C ZE{# 3 min, 30
AMEIR . PCR 7™ ¥ 22 35t B MEE I i Uk 24k, v P
% pMD-18T 4K ( Takara, K% ) . BHYE 7o B Fokr
i TIANprep Mini Plasmid Kit( AR, 6 5T) $2HL, 1%
e PR R AE YR A F R ABI377 RGEMT .

1.1

*1 SIMFIIRRAE
Table 1 Primers and its application
Gl RS F31(5'—3") ik P18 (X 4,
Primers Primer sequences (5'—3") Application Fragment of PCR
F1 GTCCACGGTCRGTTTCRC CDS P38 CDS X 172-623
R CCRGCCACCTCTNTCATC
GSP195 GATGGAGCTGTTCCGTATCGG 3'RACE CDS X 195-3' K ¥
GSP371 CTCAGGTGTACGGTTTCTACGA 3'RACE CDS [X 371-3' A ¥
GSP1 CCCTGGAGACGAGTGTCAGCCCGTT 5" RACE 5'K¥i-CDS [X 772
GSP2 ATGTACGTGTTTAATGAGGTCCAATCG 5’ RACE 5' A ¥5-CDS X 1168
FB TCGGATCCATGGAGGACAAGGCGTCGTT MR AR CDS [X.

RH GCAAGCTTCTACATGAAGTAATCTGGCG
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1.2 PP2A B ¢DNA Kix/F 5 18 (RACE)

At 519 PCR {3k PP2A 4K &84 ¥
51,3" J¢ 5'RACE FIRANSEARAFIF AN BRI 3 S 5
¥, 3'-RACE %18 3’-Full RACE Core Set Ver 2.0
Kit( Takara , Ji% ) #4E 52 B, H ) & 9823k 51
W R A 8] cDNA 55 —55, H5C PCR 55—
PCR 5191%F R GSP371 K & ) UPM, #E AR
;7 ¢DNA 25 —4% ;55 — % PCR 514%f & GSP371 Hl
A& UPM, Bib O 55 —%8 PCR %), PCR
SRR Y A2 95°C T A4S PE 3 min, 95°C A8 Pk 30 s,
60°CiB & 30 s,72°C #Ef# 1 min,30 NG ;72°C #E
ff 10 min, 5'RACE #% 8 SMARTer RACE c¢DNA
Amplification Kit( Clontech, 32 [ ) B #:1E 5¢ i, &
SR A L cDNAS v A 223k 51907 51, R
B & b r kg 1Y 5 R R RS | i S X
PCR, FHMI 2L PCR % :95°C B2 1 3 min,95°C
PR 30 s,68°C 1R K S FEAH 2 min, 30 PEH, 3
K¢ 5'RACE AR RES S I LR 1,

1.3 PP2A K cDNA £KF 557

F DNAsar #fF 548 PP2A R )F 5 1) ORF
DX 8 B g s R R e 9, A BLAST £ %
(http: / www. ncbi. nlm. nih. gov/BLAST/) F-#k I+
N # PP2A [F)F51, 7E DNAMAN 6.0 Hiff7%
HIFHIL, [FIR AR R AR Ui, A SR
PEAL & #1000 K, i MEGA 5. 0 ( Tamura
et al. ,2007) 5818, S F o> 78 A LA U AR
Expasy AR 55 %% (http: // web. expasy. org/compute _
pi/) 43 #r, iPSORT T. H (http: // ipsort. hge. jp/)
T8 A B fF 5 Ik, TMHMM T A (hitp: //
www. cbs. dtu. dk/services/ TMHMM/) F T /0 ¥ i
JEEIX B8k, # BT = 20 45 8 P FE Swiss model
server(http; // swissmodel. expasy. org/) SE W, BT A
e 3 ez NINIH

1.4 PP2A ZE E. coli HIFRIE

PP2A Z ety VI A A9 5149 FB/RH (£ 1)
1S, % A pMD18T-simple 32 [ #k 4, 2 Bam
HI Hind 11 XEGYI G, 28 B B W 358 1 L Dk 2l Ak )5
A AR 20k XS V) 3T 2646 1Y pET-30a ik 2%
P& (Novagen , & [# ) # 4k = Trans5a fb22 %2 5
A (434, db5T) |, 1 TIANprep Mini Plasmid Kit
(AR, b)) $eBUskL , P 35 UF J5 7L 2 E. coli
BL21(DE3) Hikkh, pET-30a k8K HA N K

Uiy His-bR2E/BE LG/ T7 454, 76 IPTG i S H T,
AILLERRIA & His i B H M E A, 15 TRIE
Jei B TR AR 288 75 ) 5467, SDS-PAGE ME4T434 . 2
AR i Ni-Agarose His 5 25 25 1 4 4k i 7] &
(CWBIO,Jb5t) 4lifk

2 FHRE5HMH

2.1 ERFETEMFTSH

f& 37514 PCR 153 452 bp () PP2A [R5 A Bt
(K1), 7Edb Il B it 38 R EE S 519, 78 37
RACE,5'RACE H14> 31375 742 bp,889 bp (I H 4>
FB(E ), a8 PF g, 75 3] 1 303 bp 1Y
PP2AcDNA 4 £, & 28 & GeneBank ( accession :
KC429039) ,i%J¥84 & 930 bp MI4AS X, 171 bp
() 3" S AR SR AS X & 205 bp A9 S AEGRADIX , 2wt ik
BEAL 309 ANE MR , T 4> iR 35. 46 ku,
SFHLN 5,37, ZHEHXT S, frugiperda 5B R R
1) PP2AIESE PP2A ERSFVERS R, A 5 PP2A
VAL MG B R 45 G i st (| 2) . kb
BT S, frugiperda 57 FHEER Danaus plexippus
R 2, RGO R RIE (B 3) . iPSORT 43
i PP2A TCA5 5 IR L 4ok i 32 ik, TMHMM
THAHT IR PP2A LB REZEEL, 5 A\ PP2A F
FAEFE T MR o — %, SWISS-MODEL i il S.

52 bp

El1 EMZE e PP2A #) PCR § 1
Fig.1 PCR production of PP2A of
Spodoptera frugiperda

A. IR 5199 1 ) PP2A B (F1/R);B. 3’
RACE % — % PCR /¥ (GSP371) ; C. 5'RACE %—
% PCR(GSP1) } % — % PCR(GSP2) ; M:DNA 41
ARIE,
A. amplification of the PP2A fragment with degenerate
primers; B. first and nest PCR production in 3'RACE of
PP2A of S. frugiperda;C. first (GSP1) and nest PCR
(GSP2 ) production in 5" RACE of PP2A of S.
Sfrugiperda. M. DNA marker.
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Tribolium castaneum D DJEALSC
Acyrthosipon pisum \DD)ATSL
Aedes aegypti IE D)L TL,
Drosophila melanogaster ~— BiEDjaT
Megachile rotundata IEERAISL
Nasonia vitripennis \EERASL
Spodoptera jfugiperda VEDIASL

Tribolium castaneum
Acyrthosipon pisum
Aedes aegypti
Drosophila melanogaster
Megachile rotundata
Nasonia vitripennis
Spodoptera jfuglperda

Tribolium castaneum [ QIFCLHG
Acyrthosipon pisum
Aedes aegypti
Drosophila melanogaster
Megachile rotundata
Nasonia vitripennis
Spodoptera jfugiperda

Tribolium castaneum
Acyrthosipon pisum
Aedes aegypti
Drosophila melanogaster
Megachile rotundata
Nasonia vitripennis
Spodoptera /l{juglperda

JAMELDDELEKY
DEIL K

2 HiRRHSHEERE PP2A SEBFIHNEIRERE
Fig.2 Alignment of PP2A of insect
TRAFOREIERRT AR PR 100% , KEFIR 50%  ~ 99% ;#7555 PP2A {& Pk AL i AH G I S5 R
* 785 R IE T A B AL E R
Black and gray indicate the amino acid sequence homology was 100% and 50% ~ 99% respectively, pound

sign (#) for residues involved in active site,asterisk ( * ) for residues involved in metal binding.

7q_—Apis mellifera(XP 623105)

45 Megachile rotundata(XP 003700689)

Nasonia vitripennis(XP 001602506)

Sole nopsis invicta(EF722272)

Pediculus humanuscorporis(XP 002426726)

Acyrthosiphon pisum(NP 001119644)

Tribolium castaneum(XP 973546)

48 [~ Danaus plexippus(EH]73732)
99 ——— WSpodoptera frugperda(AFS50168)

Anopheles gambiae(XP 319345)

61

47

97 _I—Aedes aegypti(XP 001663281)
52 Drosophila melanogaster(NP 176805)
f—
0.005

3 ERPPRABATIENRELEN
Fig.3 Phylogeny tree of insect PP2A catalytic subunit

frugiperda PPR2AZER UL 4 TEPEIBA S A6 A 2 4> 2.2 EMEA R PP2A £ E. coli HIIRIE
SIRET pET30a-PP2A H 4L T kr 28 M 7 3R B 4 A v
B vake)y o) o6 4 — 2, B0y R Y B HE 5
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4 SWISS-MODEL i ill B ith 25 % 4 PP2A 4544
Fig.4 Predictive 3D structure of the
Spodoptera frugiperda PP2A

Wik AR 1 (%) His-Tag B 2HE IEAf AL G, # 2
BT E. coli BL21(DE3) #REME, fivkmy 32k
THRHAE 16°C ,0.2 ~0. 8 mmol/L Y IPTG 7557
NHIRERL T 3k PP2A, SDS-PAGE HLyk (E 5)
I8 TES T30 49. 3 ku F129.0 ku A7 E [A]
TRl KRG ERIBRRAFNW, SHNEAN
Sy FRVS [ ARAT , 00 AR5 T 00 55 10 v ) oK B
HMEAS, M TIRBIEwIT ST EEER,
EPEAE AR PTG (0. 2 mmol/L) iS5 HEY
A, HEEAFNREEXT B & H R IR 50,16 ~
30°C Z [i] PP2A-His ik A, AL E 10C BT,
HIE A FRB WA (K S) o 1 T A 2 i T o
F 7 mol/L JRZEE W5 , PP2A-His 4 Ni-B g ¥+
gfifk,, 76 SDS-PAGE I+ H 5t L — 257k 1) 4l fk 2R
H(E6), ke KT 90% .,

3 itig

PP2A VIR AL 22 R IR/ 75 B R 5k e £ 1
PRI R B2 — 51, 25 T 4 fCiS \DNA &
il FEFRIN 5 S5 T Ai M A i 1k
T4 2 e 3 3)) 3 72 ( Janssens and Goris, 2001 ;
Lechward et al. ,2001) , —2E 5K PP2A #1114l 57 B
BABEAE R (Deng et al. ,2013) &b, 784 b A4 7=
H A LA VR S B R 500 8 R U A 8 B ( Matsuzawa
et al,1987; 5 & 5§ il 52 ¥, Bajsa et al. , 2012;
1998) , T SEAF AR T — 3 I IF RN H . SR
B mah X g B PP2A MFoT ff WL HiE , A
SO - TR S B L) PP2A 2 LX)
FriESE PP2A OPRSFPER R , PP2A J&— % Mn®”
()4 JE itF ( Xing et al. ,2008) , i fL V% C 76 7Rk

972
66.4

s 443

29.0

5 EMBEIHA PP2A T E. coli FHIRIE
Fig.5 Expression of Spodoptera frugiperda
PP2A in E. coli
A. R[] IPTG ¥ BEFE 16°C T i T pET30a-SfPP2Ac 12 h
J& PP2A BIRIE 1 RS FAIX I, 2: 0.2 mmol/L,
3. 0.4 mmol/L, 4;: 0.6 mmol/L, 5: 0.8 mmol/L;B. 0.2
mmol/L IPTG 7EA R T 755 pET30a-SfPP2Ac 6 h J5
PP2A (38351 EFE SR IR, 2. 30°C FifTRik,
3: 248 CTHRRIE, 4. 10CTiETRD; BEERY

His-PP2A {8
A. induced expression of recombinant protein His-PP2A in
E. coli BL21 (DE3) cells after induced for 12 h under

16°C. M: protein molecular weight standard, 1: control

without IPTG, 2. 0.2 mmmol/L IPTG,3: 0.4 mmmol/L
IPTG,4 . 0.6 mmmol/L IPTG,5; 0. 8 mmmol/L IPTG;B.
induced expression of recombinant protein His-PP2A in E.
coli BIL21 (DE3) cells after induced for 6 h under different
temprature a of recombinant protein. 1,5: control, 2,6
30°C, 3,7:24°C, 4,8: 10C. Dotted box indicates location
of His-PP2A.

R R B RS E , WT AR B M Hh A O ST
1% ( Cohen et al. ,1990) , H C ¥ihl) 6 A Rk 5L
(TPDYFL) }§ 5% C W3 5 45 #) W 3 19 45 &
( Tolstykh et al. ,2000; Xing et al. ,2006) ,K2 /n'5
PP2A ML RUM DG I 5 & 8 I 145 G AL &
TR . FATI A n] LA 5 5T PP2A A g
GEDETE 2R S5 1 50 1) 245 9 O R RE bR I, T T AR 1R
FIRTEPED R 83X —FE bR RS i O A
T R ST LA & ST Y TCBR A1 L &R S, 4R
o 8 T M0 2 S T DAk — 25 5 A M P o
SEINN LA, TS, — 558 4K 1% PP2A #0571
(1) B W B B 2R A, 6 PP2 A P ) 1 4 7
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ku i, Rk P ST R B PP2A (K (1 2 43 K ST

RO NSE 45 6 7 8 9 10/111213

20.1
143008

E 6 Ni-ZRRE¥EH 4L IR 4% TR = 89 PP2A-His
Fig.6 Purification of PP2A-His dissolved in urea
solution using Ni-agarose column
1. B BV 2,3 AIRIR SR 4,5 WS 1.2

mL;6,7: EEEMIRE 1.2 mL;8: 20 mmol/L BcME Y
WA 1 mL;9,13: 300 mmol/L BEMEPEE S 1.2.3.4.5
mL; M. 2 5 marker,

1 supernatant of lysis solution;2,3 : inclusion body protein;
4,5: flow binding buffer 1st mL, 2nd mL; 6,7 native
binding buffer 1st mL,2nd mL;8; wash buffer (20 mmol/L
imidazole) 1st mL;9 — 13 eluting buffer (300 mmmol/L
imidazole) Ist mL,2nd mL,3rd mL,4th mL,5th mL; M.

marker.

VA e X — 2y W e AL 5 0 T REPEDE A
2N MR DA 0 A 00 S S5 0 IR BIF 5 3R ]
TR G SO AR R & WAL (TR ,2013)
HMIFEE IR BE 5 7 KW A T IR R Gk 2 3
H R A i S B R PR 0 B LA K
B Y75 5l B R A [ S5 5 W 7 R L B A
W, PP2A 2 B VF £ HoE & A B e T AR
(Janssens and Goris, 2001 ) , 145 2 R & Jk H L 4%
M (leucine carboxyl methyltransferase, LCMT) AJ
DAHT AR B C Simse 2R , 2 51 PP2A 0B
5 B W45 il 4 ( Kloeker er al. ,1997; Yu
et al. ,2001) , & C i) i] LASEBE PP2A fYHE 3%
ik (Wadzinski et al. ,1992) , I B 5% 5 K PP2A
W) TG 52 PR 2 22 3K (Green et al. ,1987) , PP2A 1)
FRIR 4% 37 2] B PR K F- 19 I8 #2 ( Baharians and
Schonthal ,1998) . 5511 57 Ak PP2A AL 31 K Y
C ¥ AN EA SRR, A2 5 BIR R W R 7% W Y
PEAER, ATRERIT PP2A B9FIK, WS KK
R T HE R PP2A FE R IAAT I (4 38 K 4l
b B IR RIS 0 A R, 5 ZEAE 4 5 WF 58
TLSER, 16 E. coli HRIKH PP2A 1AL
Ni-BRRBHELE (L5 AT LU o B s H PP2A J7E 1L

AR E L BAT R
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