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7z & F R £ 7 & 4K 20kb DNA
cylAc EENRE. SHREMEDETERAR

AER' EaR' Fai

HEE'

Bob#k® TEE

"(HEWEAEEFHEERMEWES, RS 410081)
HEERl K EEME P ER K 410128)

¥ E BRI ES M B ( Bacillus thuringiensis , Bt) tE 1§ 6 254 20kb DNA, BT R RERA#
H—HWEEY, BRTRARESER 4TS HECyl BREEFNERNSEE AR GE N PHBESHES
By 20kb DNA, % Nde | BMUIH LG ERERH 83 PCR-RFIP X MFHE N X cylAc BHAMK A F. RE
HH T8 PCR WM oyl Ac EEE ORF 5 pET30a 353 55 (L E. coli BL21(DE3) , WM EET 141D BEH ., k&
EASBEARM 0% E H 0% LUGBEERTFE, FAFREE pHI04 4 H 25 AN pHTX42, B
it Bt L& kB XBUCO! , KB E 4 H Bk HTX42, 25 SDS-PAGE 53 . eyl Ac BEHB BB FL , EAM TR E
FAEMEARSEBEARN 9.28% EHEAMPEEEARTEMN 4.13%, W XMBEM 25 EZRET 1§
Kk, [R5 8RB Atomic Force Microscopy, AFM) RN E R  HNEREXIBHE (L. coli) PREMNBEAEZS A
BUEREE ), MELREERTRPEZARESRBBEESE, KAL R 1.2 pmx2.0 um, L MEFRER . &
S B /N E R Pluella xylostella ) IR E BB A NTEYE. 2HEINERHALTEE Rt — &M B
MK S 20kb DNA A FRIRB SHATRIETEEMNER.

%A HERFFWE, FREE, 20 kb DNA, cylAc R, BHRE

HhESET Q186 TMFIND A

¥ Zx & FF 8 4F B ( Bacillus thuningiensis , Bu) J&2 —
MEXKHEG ) HHE, CEE R TR RN gE™
RS E, LR R & & K E A (Insecticidal Crystal
Proteins, ICPs), ffRBFHBBRIMERE &Y
o B T W R T 2R 1 R A T IR L Y A B
5B B EEARNSERSEREEASHERL
B ERAREEEETS, RESRERRE ",
B 1981 SFE— 1 ICPs RAWRRELX"  BIBEWE
FAEROMALREEASTEMNSF, B,
Biichs XEEM B A MENG  HER £k eH
I HREMNTREEIR S . 8512 8 Bietlot &
193 EEZH B REEOFHSH DNA HIEHE L
*® Bt REEZELT DNA WRBERHIEREXR
ERMEERSEHEELEN —ARE, AXHE
T LA Bt 4.0718 BBk (CCTCC No:M200016) 3% i % B
Y OAHERBEE20KbDNA A TFFABRET
erylAc BB, IF 4RI TE XA B A1 B JC an ik 22 A Bk

Wi A 8] . 2004-02-09, £ (5 H K5 : 2004-04-19,

¥ #§ R B 1000-3061 (2004 ) 05-0656-06

FTRABYRE  REFWRARBRRG . &
MRHUBHBHR AR TREREE KK EEN S
{8, [FBT AR 2% DNA S FERKEORE R NE
REHBERTHAKEREE TEENER.

1 #RET7&

1.1 H#
1.1.1 EHESEA:L*E1

1.1.2 FERFAMS . BREBHKE MBI A,

Pyrobest Taq 8§ 5 pMDI8-T M B TaKaRa 2 A,
IPTG .X-gal #9 8 Promega %+ 7] , Jii > 12 % (brain heart
infusion, BHD #% 3 3 # B DIFCO A7l FREX . &
FEEENABEEWA Amresco 2 7], DNA 5B [
WENEMBERE LY AR, PCRUMA
Eppendorf 22 5] , B ¥ k1L ¥ B Bio-Rad 4% 7] , 8 B K,
ot MEEEEELF,SPA400 R B#
BYMEHEE AR,

EEWH . BK 863 11" (No.2002AA245021) . B F A BB F XL (No. 3270037) B HE AR EE S (No.03)JY3025)

«JHHE.
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LR . o FRFAERAA 20kb DNA  aylAc £ E M TR B R LML EHRE

657

1.1.3 5% LB EFHE" 2% YT 352"  BHI
BIE, B EMIEREY, RESEARE . AT

FEE(Amp)100 pg/mL(E),50 pg/mL(E &) ;
HBX(Km)10 pg/mL; L B X (Em)25 pg/mL,

®1 WeEN

Table 1 Strains and plasmids
Strains and plasmids Characterization Resource
Strains
DH5e E . coli strain Dr.Zhang Jian
BL21(DE3) E. coli strain(ADE3 lysogen} Lab Store
Bi 4.0718 Bt strain wild type{ CCTCC No:M200016) Lab Store
XBU0O1 Bt acrystalliferous strain Lah Store
HT304 XBU001( pHT304) This work
MDX37 DHS5a( pMDX37) This work
MDX35 DHSo{ pMDX35) This work
ETX35 BL21{ DE3 )( pETX35) This work
MDX42 DH5q¢( pMDX42) This work
HTX42 XMDO01 (pHTX42) This work
Plasmid
pMDI8-T Amp” TaKaRa Co.
pET30a Km' Novagen Co.
pHT304 Amp® and Erm', shutile vector of E . coli and Bt Dr.Sun Ming
pMDX37 pMD18-T carried 3.7 kb fragment digested with Nde | This work
pMDX35 pMD18-T camried ORF of crylAc This work
pETX35 pET30a carried ORF of erylAc This work
pMDX42 pMD18-T carried 4.2 kb fragment from PCR This werk
pHTX42 pHT304 carried 4.2 kb fragment from PCR This work

1.1.4 HiX R 8 R FH /b3 8 ( Plutella xylostella ) 3
W4, iy B R AR 2GR 8 b oo B RS A $2 4t
e,

22 EEEBIIVAEN
Table 2 Necleotide sequences of oligonucleotide primers

Primer Sequence
Unl(d) CATGATTCATGCGGCAGATAAAC
Unl{r) TGGTGACACTICTGCTTCCCATT
K5Un2 AGGACCAGGATTITACTGGTGG
K3Un2 GCTGTGACACGAAGGATAAGCCAC
ETOM TTATGGATAACAATCCGAACA
ET002 GACTCTTCCTCCATAAGGAGTAA
PR-OF-1 GTCTACTTGCAGGTAAATGGTICTAA
PR-OF-2 GGATCCCAAAAACACCCTATTAGT
1.2 Fik
121 BIMA R SIS s EE TR, IR
%2

HAPZ|$3F Unl(d).Unl(r)#l K5Un2 . K3Un2 43
H&EICMR(13,14] , S5 RFIPHT oyt KERHY
i€ ,ET001 1 ET002 fi T4 34 crylAc ORF, PR-OF-1
MPROF2 ATV MAIZERBI FRELETH
aylAc BH,

1.2.2 H#AMKREPT 20k DNA X FHHHE: Bt

40718 HBKIEF AN 28C, 72 0. RELBESR
B E A M AT, EE 20 kb DNA H &
Yy if) K48 B 20 kb DNA 895> B 9 7E SCHR (8, 16 K 5
k2L §:i

1.2.3 RREEEERENRR . AEMHE UK
B, E,DNA R BB, BB N, @Bk a
S T REFHR .,

B EEPHIEN 20 kb DNA 3 F2 Nde | 6
WM. Bk 3.0kb B 5.0kb EERE, KRR
pMD18-T FHiXx , 25 %t Unl(d).Unl (r) fl KSUn2,
K3Un2 ¥ # & PCR-RFIP 4 #7, B EH F
pMDX37, X 4 B % pMDX37 b # #, ET001 0
ET002 A5 #4T PCR ¥ 3%, P~ ¥ 52 RE 5% 1k DHSa,
R H 41 F pMDX35, pMDX35 £ BamH [ 1 Sal I M
BUNEMEBSZMEFERIY pET30a ik E K,
¥4k E.coli BL21(DE3), 8 E4 M #k ETX35,

HE L 20 kb DNA 3%, Ll PR-OF-1
1 PR-OF-2 4519 # 47 PCR, =YWL & E pMDIS-T
% {4k 7k 18 B 41 F pMDX42, pMDX42 £ BamH 1 H
Sl MU RBNENABRS2SHRABIN
pHT304 8 (K% 18 F 4] iR pHTX42, pHTX42 2 B
R [18] ¥ b3k & 4 22 28 # XBUOO1, 4 B 41 ¥ ¥k
HTX42,
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B ¥ #® 20 %

1.2.4  erylAc AR R E FoR ¥ 4 : ETX35 Wi 8%
1% Novagen A7) pET REBEREFMAABES
ik HTX2 EHRBEH T 25 pg/ml B RXNER
B 35 B 30°C,200 r/min, 3 FF 72 h WHRBE &, SDS-
PAGERMA T EH%EXFER  FAXEEALA
Gel-Pro Analyzer KIF EB BRI R,

B 1 Bt4.0718 CrylA XIRRR 4 20 kb DNA
Fig.1 20 kb DNA associated with CrylA protein of
B . thuringiensis stain 4.0718
1: toxin-20 kb DNA complex; 2: 20 kb DNA: 3: mwolecular weight
markers (ADNA/EecoR I and Hind Il }

2 20 kb DNA 1 3Zf&¥) pMDX37 ) PCR-RFLP
Fig.2 PCR-RFLP of pMDX37 from 20 kb DNA
1: PCR-amplified fragments with oligonucleotide primers K5Un2 and
K3Un2 were restricted Pst ] and Xba I ; 2: PCR amplification with
oligonucleotide primers K5Un2 and K3Un2; 3: PCR amplification with
oligonucleotide primers Unl(d) and Unl(r); 4: 100 bp DNA ladder Plus

1.2.5 AFM RZ.ETX35S A ES R LN T EE,
Bt ERERETRE HTXR B2 A RENREY,
HABAKRERER BREEAERE NERME
HWTF=zBARRESRTHESRT, A& AFM 247,
1.2.6 4PME -4 MHESN ETX3S Bk R Bk
MR HTX2 d sk R B L Rk, DINE
8. ( Plutella xylostella)3 @4 R AR K, F S H
XR(17]IMH BN, EMEHIHMNERE
80% BB 27 + 1C, X/BE A B A 14 W10 h, &
3000 Ixo

2 &R

2.1 20 kb DNA 4 FrimR

HEMEMR Bt4.0718 BRI B Rk, g
DNA S+ FRIZERAE 1, 2 FRNMAE20 kb £,
2,2 RERRIHENHR

20 kb DNA 43+ T2 Nde | B3V, ElWt i BX W i k&
B S, 2 PCR-RFLP i &5 R A 2, % ¥
pMDX37 A H crylAc A ,pMDX37 28 F B 7R,
HHRABR®ERFIBITHFIINTE crylac BH,
¥ B 25 3770 bp, H P ORF ¥ 3534 bp, £ BLAST #+#f
H4E, H ORF 5 crylAcS (ACCESSION No. M73248)
HEFF) 100% . pETX35 &5 MR B k4
RERHE3) BHFESFRPEEME—-3.H
ZW FRAE L RAFI A, pHTX42 BB g8 5 B o 3k
ZRLE4,BNFBRFRFXMFERBEK 4.2k
HERES| A

1 2 3

3 pETX3S MBAGMA RN
Fig.3 Agarose gel (1.2% ) electrophoresis of pETX35
1:pET30a digested with BamH I and Sal I ; 2: pETX35 digested with
BamH 1 and Sal I ; 3:molecular weight markers (ADNA/EcoR [ )

2.3 erylAcEEANBHRZE
ETX3 BHEESE L hZERREEX,. FiX

RMAERLE S, BNEARSHEREHERE

ik, E 5K F% 5 100 mg/L, pET30a N-3EH 54
TEER.CHE T TMEER. BNERSENE
ERENY N7 A MEBR EHERETDSTRY
M KD EREESELERNERERM, Gel-Po
Analyzer R EBAFERER, BNEARES L
EORK 51.36%,

HTIXZ2 BEHEFE N L EREREER B &K,
M SDS-PAGE &R (B 6)FI B, HNWEHEG B AR
REHERBE, BRAN R[IKEEIL 9% L L.
HEFYHEAREANTEN 64.13%, BAEKFR
1.06 g/L, Gel-Pro Analyzer ¥ {f E RO AERBRE
HMEARIBSEBEODRN 79.28%,
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B 4 pHTX42 i) B0 0 o 3K 1
Fig.4 Agarose gel (1.2%) electrophoresis of pHTX42
1:molecular weight markers{ ADNA/ EcoR I }; 2:pHTX42 digested with
BamH 1 and Sal 1 ; 3:pHT304 digested with BamH I and Sal I

- HES5 ETX3s BMAEAMRE
Fig.5 Expression of ETX35 fusion protein
1: precipitate of ETX35 strain induced; 2:suspernatant of ETX35 strain
induced; 3: ETX35 strain uninduced; 4: BL21 ( DE3) strain carried
pET30a; 5:BL21(DE3)strain; 6: protein markers

3 W#

Bt subsp. kurstaki HD-73 ., HD-1, subsp. Alesti.
susbp . entomocidus . subsp . Tolworthis  subsp. galleria LA
B&H crylAa,crylAb Ml erylAc B E. coli P24
W4 ¥ kb #8220 kb DNA A B, 3 H

Bl 6 HTX42 BEHTE Bt LREFEER XMD001 F R RE
Fig.6 Expression of HTX42 protein in XBUQO1
1 : protein markers; 2:XBUOO! strain; 3: HT304 strain; 4: HTX42 strain;
5: purified protein
2.4 AFMR%

ETX35 W ¥k % X 19 & ¥R 1% . XBUOOL 7§ & #
HTX42 BHERE R LA 7, TEHOBEERR
A B &8N, K4 100 nm, B4 60 nm, XBU0OI
B FRXEREE Ak, Mk kie R m i
RPEERE, BEMEEXR, BEHR 1.2 imx2.0
pm, T B A RIEBR B EKDARN 0.5 pmx 1.0 pm,
2.5 £HWE

HEMEREZR . ETX3S BHiESREANCEE
FMHTX2 Bk EBFENRES DNRBHERK
FABR,HP &L 2 d 8 LC, N 20.5 pg/mL,
SR EL 2d 89 LCs M 6.25 pg/mLo

100 200 300
om

B 7 XBU0O1.HTX42 #1 ETX35 8087 /1 B s W
Fig.7 Atomic Force Microscopy of XBUOO1 .HTX42 strain and inclusion bedies from ETX35 strain
A: XBUOO1; B: HTX42; C: ETX35

CrylA XRS5 20 kb DNA REEFE S, BRE
CAWRENA MGk ER BT B+ ,DNA &
FHEHPEERE, REXBELRHE . #RE&K
EOTREZRETI NEMARCHE DNA S FE
A4 DNA S FEE R RERSTF.X—H
BB HR 2 “ Clairmont” 25 S #I ¥, 20 kb DNA &+ F 5
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2 £ B 20 #

EEEERESY HEHSRENBEHNEN
HEEERFEYXRE. REEELELEDNASTLE,
AREEOMAEREREIERRE MAERT4LS
HER AERFBALYRER. E4, RLFHR
EEH 20 kb DNA ¥ THIRE  KEEZHW— 1 REE
Bl TE#EES 20 kb DNA FFHEPIFER. X
5 CrylA XA M DNA 7 T M| i
4447 .DNA FBEA/M N 20 kb AL, BEMAPRE
Hixt 8% ¥ B (Lepidoptera) B . #§ % B ( Helicoverpa
armigera) H/NEREHBEY oylAc BH™ 3 H
DT E. coli M Bt EREEEHRPIBHRE. H
HEHREANEINEEREBREMN/NERAEERHL
BEREMA, DUATHHRES oo EREKBRETH
FE—BEHAET Plac.Pac. . T7 REH E SFHH K
B THRIREHREKFAE. FXEREA
& TTac JB 1 F 89 pET30a fE N TR ERE, BB &S
TEBHA AR SEMBEEE, ATBEESN Tac
FBRRHTF.FETEMREAMTAKFER, 5—
FE RN TAZARECEERN, BRWTAK
B RKEMBEETSBEERN~EBHERHE
K, BeENRIREORKRERIMEEEH
NFELEREZ IMREEREEE. IXHEE oy
EREAXBHEANRERESRAEENHEEER
o HTX2 Btk S ZBTE R0 Stk L B 4 R 6
BEKX -fFUE FARELEARRTER
64.13% , & F— M T MM E M 25% £EH.
HTX42 BBk S = IR T B R B SR B I Bt
INEsSFREETE B XREETRITREN
BEHF. F—FH,. HREARENNELRFRT
FAE XBUKL MAEFREHHEBERE K,
mRNA BB E LU RREHBHE T SREHTRE
H— R, FERR SRR FHED 20 kb DNA
RFEBYE evlAc ZASHERENESTRERA
FaaeEAET BEERATRESR EREXR
Rk REER~R., BRHNEERET, H3 /XK
BEBROERYRE. AHERFHBHTEERR
BESRENTRA RSN AR, I REM
FNBDTF-RBE-BINAE. TENHTEEEAE
BARKEEHPHEARERET —ITHFHH
EAREE.

FAFFT M Bt 4.0718 Bk ZJE &4k 20 kb DNA
PR RIBN cylAac B, ELT Bt 4.0718 Btk
Pl KERA ™ XERLTTHRKBERT ED
Bi4.0718 B BR 35 L L S 4% 20 kb DNA 3R 43 A Bt

. [10]

¥ETFHEE, TEAEMSS BEMEROSLERE
2 HTX42 BBk BT L6 &3 f P Wi 48 DNA, JF i — %
FAPR , Ko RE&HE 20 kb DNA R, U X4
S REXSAH DNA X TFHFII NGRS,
UEEEEE @S RERESH DNA HBER
GERAEERREPFTEMNER, AMER B A
B REBEHNERREINHER RERVEDLRE
REGHARBHENER.
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Cloning and Superexpression of CrylAc Gene from 20kb DNA Associated
with Bacillus thuringiensis CrylA Crystal Protein

HU Hong-Yuan' XIA Li-Qiu' SHI Hong-Juan' SUN Yun-Jun' GAO Bi-Da® DING Xue-Zhi'?*
' ( Deportment of Microbiology, College of Life Sciences, Hunan Normal University, Changsha 410081, China)
2( College of Plant Protection, Hunan Agricultural Unisersity, Changsha 410128, China)

Abstract The CrylA Crystal Protein from Bacillus thuringiensis is associated with DNA, but the role and sequences of these
DNA molecules are unknown. CrylA bipymmidal erystals from B. thuringiensis strain 4.0718 was selectively dissolved and
associated DNA was extracted from protoxin. The DNA was digested with Nde [ to obtain 3 to 5 kb fragment_s and then the
fragments were subcloned into pMD18-T vector, screening of recombinants were done by PCR-RFLP and sequencing. The ORF
of erylAc gene was amplified by primers designed and then subcloned. The 3.5 kb BamH 1 and Sal [ fragments of pMDX35
was inserted into the pET30a vector, giving 8.9 kb recombinant plasmid, pETX35. ETX35 stmain were obtained by transformed
pETX35 into BI21 (DE3). A 141 kD fusion protein was superexpressed as inclusion bodies. Quantitative protein analysis
indicated that the amount of 141 kD protein was above the level of 51.36% of total cellular protein. Plasmid pHTX42
constructed from shuttle vector pHT304 was transformed B. thuringiensis acrystalliferous strain XBUOOL with electroporation te
obtain the recombinant HTX42. The recombinant protein was found with a molecular mass of 130 kD on sodium dodecyl sulfate
polyacrylamide gel electrophoresis ( SDS-PAGE) . Scanning analysis indicated that the expressed protein accounted up to
79.28% of total cellular proteins and accumulated in the cells mounted up to 64.13% of cellular dry weight. Under Atomic
Ferce Microscopy (AFM), typical bipyramidal crystals from HTX42 strain were found with a size of 1.2 um x 2.0 pm. Bicassay
showed that these inclusion bodies of ETX35 strain and erystals from HTX42 sirain were highly toxic against the larvae of Plutella
zylostella . On such a base, constructing insecticidal recombinant and analyzing the source, structure, and function of the 20 kb
DNA can be further achieved.

Key words Bacillus thuringiensis , parasporal erystal, 20 kb DNA, cryl Ac gene, superexpression
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