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W OE: ATRHAZRBAEEEG T A Loop 94 ME 489X A, VAR Loop RE# CrylBa ZA X REFW T, &
So il it = s MAE DA R R B ) 4T 8 F ik, KB CrylBa & & =AM A = A Loop At A 69 RULBR K B4, ARG
TEET 4 PCR ¥%A CrylBa A LMK F a9 =/ Loop #FTTAAEMNRR, £HKHFT 5 AREWK M1 (Loopl:
340WSNTR344 — 4t % (CrylA)). M2 (Loop2: 402Y — G). M3 (Loop2: 400GIYLEP405 — PSAV (Cry3A)). M4
(400GIYLEPIH407—ILGS(CrylA)). M5 (Loop3: 472LQSRV476—AGAVYTL (CrylA)). #iX s R T4k AE K HAFH BL21
PHATTIHEFREA, BRREA, 28 D ERBTTABERENZ, AMEREYN, Loopl ek RE Ml $9FH, 5
Cry1Ba (LCs 0.96 pg/mL)A8 s, 21K, LCso 4 35.51 ug/mL; & Loop2 89 R B, B4R KT M2 (Y/G)H) &/ oEA
T (LCso 4 1.31 pg/mL); 5% BAF RE (M3 Fo M4 s Kk o) & 7 9 2 F &, LCso /B4 A1 4 11.56 pg/mL. 34.81 pg/mL;
Loop3 44 &% M5 xt s sk eg & A5 (LCs 0.81 pg/mL), 12 £ F R 2%, 3t CrylBa ZAREWM S LMY e
B X R HTER A, Loop R REST CrylBa & & 694 WA 463w 3E % 2 3; Loopl A= Loop2 /£ & % CrylBa 3t ¥
ey E T B E TR,

XER: H=4£FWMHE, CrylBa, Loop, 2B X%

Relationship between Structure and Function of Loops from
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Abstract: To indicate the relationship between structure and function of loops from Bacillus thuringiensis insecticidal crystal
protein Cry1Ba, and the influence of amino acids mutation on toxicity against diamond back moth Plutella xylostella, five mutations
at the loops of Cry1Ba were constructed by overlapping primer PCR, and expressed in E. coli BL21 (DE3). Bioassay results showed
that the toxicity of mutation M1 (loopl: 340WSNTR344-deletion), compared with that of CrylBa (LCsy 0.96 png/mL), decreased
significantly with LCs, 35.51 pg/mL. And the toxicity of mutation M2 (402Y-G), M3 (400GIYLEP405-PSAV), M4
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(400GIYLEPIH407-ILGS) was also reduced to some extent respectively. Only M5 (mutation at loop3: 472LQSRV476 - AGAVYTL)
showed slightly increased activity against P. xylostella, but not significantly (LCso 0.81 pg/mL). Referring to the structures of CrylBa

which was predicted using Swiss-Model software, and bioassay data, we can conclude that loopl and loop2 play a important role on

determining the activity of Cry1Ba against P. xylostella.

Keywords: Bacillus thuringiensis, Cry1Ba, Loop, Mutation
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FAU1, 1996 4, Rajamohan 25K H# CrylAb & [
Loop2 FIER 372 o7 1R R A W i Bk ik 58738 Ok T 24 PR
WHEMR G, RAEX] gypsy moth (Lymantria dispar)
AR e 8 LA L, AR H BBMV(Brush
Border Membrane Vesicle) ' 52 RIS A 1IN T 4
5131, Wu Z56 Cry3Aa ] Loop3 (481MQGSRG486)
A AAAAAA, 6T B (Tenebrio molitor)
(NG SE I 2.4 £, RIS G108, T 30H Y
() 3 Pk 2w U . Jurat-Fuentes #i1 Adang WF %% T
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X6 R;: 5 H Domain 11 Loop 45 #4) fE 4% ke 52 X 52 YK
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1.1 EHRIFRRILER 1
1.2 LB &k, EMKiEFE
Z: WLSCHR[15].
13 MmE=R
REHHEE (Ampicillin) 100 mg/mL /KW,
—30°C {#47, W 200 ug/mL.
1.4 H4ifH
Restriction Enzymes . Ligase, Agarose %5/ {kix
7 B TaKaRa, Promega. F¥#4 T4/ +],
1.5 FRAIEE
Bl S A R BT R, 2 WL SCHR[15].
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Table 1 Strains and plasmids

Name Characterization Source

E. coli

JM110 dam, dcm, supE44, hsdR17, thi, leu, rpsL, lacY, galK, galT, ara, tonA, thr, tsx, Store in this lab
A (lac-proAB) /F' [traD36, proAB”, lacl?, lacZAM15]

BL21 F-, ompT, hsdSg (rgmg") , gal (A ¢ | 857, ind1, Sam7, nin5, lacUV5-T7genel), Store in this lab
dcm (DE3)

Plasmids

pET-21b Expressional vector, 5.4 kb Amp" Store in this lab

pET-1Ba Containing crylBa gene, 6.3 kb Amp" Store in this lab

pET-1Baml Containing crylBa -m1 gene, 6.3 kb Amp" This study

pET-1Bam2 Containing crylBa -m2 gene, 6.3 kb Amp" This study

pET-1Bam3 Containing crylBa -m3 gene, 6.3 kb Amp" This study

pET-1Bam4 Containing crylBa -m4 gene, 6.3 kb Amp" This study

pET-1Bam5 Containing crylBa -m5 gene, 6.3 kb Amp" This study

16 BZEMHENENL, KEFERZSAE
ZFEE L

2 WL SCHR[15] 6
1.7 SKEFTASIYIRFSI

W2 2,

rﬂl

1.8 CrylBa RERETEA LRI EHEN
il Swiss-Model #Af4EX) CrylBa3 &MY
Domain 1T 1 7 [RI = 4E 25 M40 L K RE RO AE "),
[A] B 2K F Vector NTI suite 9 AlignX #{4:(Informax,
Frederick, MD)# Cry1Ba 25 #4311 A28 L2 7 41 5

*2 SIYREFT
Table 2 Primers used in this study

Name Sequences

S1Ba5 CG GGATCC GAT GGA TCT ATT
ACCAGA TG

1BaD33H ACGC GTCGAC AGT AAA CAG AGC

crylba3-1Aaloop2-3 TGAACCAAGT ATCCATAGAA GCA
CTCC

Crylba3-1Aaloop2-5 TATGGATACTTGGTTCAGGTGTCCC
TACTGTTAGG

crylba3-1Aaloop3-3 CAAGGTGTAAACTGCTCCAGCAAT
TATACCTATATGAG

crylba3-1Aaloop3-5 GCTGGAGCAGTTTACACCTTGAAT
GTACCGGTATATTCTTGG

crylba3-3Aaloop2-3 TACAGCGGAC GGCCATAGAA GC
ACTCCTGC

crylba3-3Aaloop2-5 TATGG CCGTCCGCTGTA ATTCAT
GGTGTCCCTACTG

crylba3-delloopl-3 TCGTGATGAA GCGCT AAAAATTG
TAAG

crylba3-delloopl-5 TTAGCGCTTC ATCACGA CATATGA
CTTATTGGCGGGGGCGC

crylba3-loop2Y-G-3 GGTTCAAGAC CAATTCCCCA TAG
AAGC

crylba3-loop2Y-G-5 GGGGAATTGGTCTTGAACCTATTC
ATGG

Cry3A . CrylA #4174, #%3 Loopl.Loop2 . Loop3
3 % L R 2 SR
19 ERRT

T 5ELL crylBa SERUH B, FIRITHIF 514
Y43 AP 38 crylBa FEF ) 51N 3 Rk R R By 64T
I ITE, 78 crylBa 5/ A BR Y B ES IR 33
J B T e s 14 vh 43 54 BamH 11 Sal 19 RGY] {7
R FE SR B RS A 3 i B S |
H ] B e A E I R R AT IR o SR 4 DA SR — K
PCR 3f9hY crylBa 5'%f F BeAl 3/ i BERTR &)
(BEORHE 1) AR, DL S A BE i B S 1A 3
A BE BB 45 | %, @i PCR P A8 4k
5 o AN (R A 28748 5 | 9 BT % o2 1 98 A8 6 IR L% 3. PCR
¥ 94°C, 1 min; 54°C, 1 min; 72°C, 3 min; 32 &
F£; 72°C, 10 min; 4°C {57 -
1.10 PCR P=##Y [E Y FAEG1

PCR J*WITE 0.8% M B B M e - Huvk e, 7E48
SMTTRYIE H A5 . F DNA glifbifnl & (i [ 5
A=) TR BRZH]) (81 PCR =%, 3 BamH I
M Sal I (W H =AY TRARA ) WEGD], S5k
A7 HLIK [T
111  FTIEFHRFREL pET-21b BYIRER. EEH1F0[E U

B R AR pET-21b KK, A BamH 1 Al
Sal I XUV, 78 0.8% M B R bHEERE FHIIK IS, [RIIk,
7 i
1.12  ELHFRR A IR TG

Tt U] 5 19 2635 20 1A pET-21b F B f 2 A8 JL P

Journals.im.ac.cn



1634 ISSN1000-3061 CN11-1998/Q

Chin J Biotech September 25, 2008 Vol.24 No.9

Bk T, A=Y ILERZEM E. coli
IML10 40, Tk &A Amp' BEAL T . KRG S
fF AR BUTURL, 1Y) A PCR AN | LA K7 4]
M o
1.13

ka1

RETEFMIFSRIEMERIRN

W 28K T R 1Y) B A SR A2 AR TR E. coli
BI21 , [FAf#E 2N E SR PO TR . o
WA AL R OR B BL21 B AL T AR TS AL ik R
(37°C, 230 r/min Amp"), 1% T 1000 mL YA
LB K5k, 37°C §555 % ODgoo M 0.5, SR MA
IPTG (¥ E N 0.7 mmol/L) 5331k, 4~6h (30°C,
230 r/min Amp"). ESOUEETRR, EET 20 mmol/L
Tris-HC1 (pH 8.0)[WZ& i, M7= B b PR, 2
O, W B, KUTiERTE T 20 mmol/L Tris-HCI
(pH 8.0)"H' . SDS-PAGE #:l 3% Aty H H A & 1
T,
1.14 H4iEMNE

BF R 25 R AR R 10x .20, 40% , 80x . 160x
320x, 640x., 1280x. 2560x [y He & A B JE AT F R .
LR IEN CrylBa &1 X & A H B R
PEXTIR, DL&Aa 25 80K pET-21b () BL21 Fr K ik i
FIVE R B X ], R R, A3 3l e T 4% 98 4%
IR BE HF NIRRT . AR EA S
L SCHR[19] 6
1.15 CrylBa ERA&MSINGEX AN
HAESEANAEY RS CrylBa EAMY

Zanm

¥4, 43#71 CrylBa 25145 Loop SINEEZ BIAY KA .
HER 500

2.1 CrylBa3 &H Domain Il BIZHER LK
Loop BIF 55 47

LI Cry3Bbl (1ji6A)R#itk, #il Swiss-model
AT Cry1Ba3 £ H 459 11 1Y = 2R 4504 4 TR
FggE ik, 53k T CrylBa3 & 45488 11 1Y
USSR, i 1 . [RIEHES S Cry3A.
CrylAa & H R ERR 7 A LA 500, #6351 3 FliE
F 454948 1T Loopl. Loop2. Loop3 43 5%t b A2
BER, WK 3.

2

Loop 3

1 CrylBa Z&H Domain |1 By =4 45 #y4E 5
Fig. 1 The three dimensional structure model of
CrylBa Domain |1

£ 3 CrylBa. Cry3A. CrylA & HZ (8 Loopl. Loop2. Loop3 & EELLH X AY LL 4L
Table 3 Amino acid sequences of Loopl, Loop2, Loop3 from Cry1Ba, Cry3A, CrylA respectively

Loopl Loop2 Loop3
Cry3A 358YYGND362 450PSAV453 489MQGSRG494
CrylBa 338SRWSNTR344 340GIYLEPIH347 4711ILQSRV476
CrylA 308DVHRG312 367RRIILGSGP375 440AAGAVYTL447
*4 BREKRRETRE Loop WEEBRFFIRFHRTM
Table 4 Amino acid sequences of mutants at loops and their toxicity against P. xylostella
Amino acid sequences of.loops before and after LCeo(ng/mL) 95% C_on_ﬁdence Relgti_ve
mutation Limits toxicity
CrylBa 0.96" 0.7138-1.0451 1
M1 Loop!l 340WSNTR344(Deletion)(CrylA) 35.51° 29.376-43.555 0.027
M2 Loop2 342Y/G 1.31° 0.9465-1.7896 0.73
M3 Loop2 340GIYLEP345/PSAV (Cry3A) 11.56° 9.8125-14.794 0.08
M4 Loop2 340GIYLEPIH347/ILGS (CrylA) 34.81° 31.024-38.473 0.028
M5 Loop3 472LQSRV476/AGAVYTL (CrylA) 0.81* 0.7013-0.9864 1.19

“the same letter indicates that there is no significant difference
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22 BEERTREHRREE

M ESS1Y PCR RGBT 5 4 1.9 kb 19
crylBa RAFFE[H B, 43l 4 4 crylBa-ml,
crylBa-m2. crylBa-m3. crylBa-m4. crylBa-m5,
W F IR I AR BN B o3 il ARG ZAAK pET-21b i,
338 T LA E 4 ik pET-1Baml . pET-1Bam2 .
pET-1Bam3, pET-1Bam4, pET-1Bam5. J341l i 2%
SRR AR SMF L2 IE# 19, 2R728)5 45 Loop
MR 7 5 L3R 4.
23 HLTEHWFRIESRN

# T Fh 4 JFOR. pET-1Baml . pET-1Bam2 .
pET-1Bam3. pET-1Bam4. pET-1Bam5 4} 4|3 A K
Wkt BL21 h, #E4715 53835 . SDS-PAGE # il 2%
KW, RARFLER W] ITE R AT BL21 IEH
Fik, L 70 kD WEFIANE 2), HRZFHE
Harslir 4 M1, M2, M3, M4, M5. 7544
FhoeAE 1 SDS-PAGE )i, MiBFZE 1 mg/mL,
4°C IRAE, 25 H.

W 12 3 4 5 6 7
200 — s

110 — s
9 — -

Ofh— wmp W S T T . ——

40— ww

B2 REZEHH SDS-PAGE il

Fig. 2 SDS-PAGE analysis of mutant proteins expressed in E.

coli BL21 (DE3)

1: Marker; 2: CrylBa; 3: M1; 4: M2; 5: M3; 6: M4; 7: M5
24 RTEHWMEYEMENE

A ZE L, Loopl AYBAERAE M1 HIEE ST,
5 CrylBa (LCsy 0.96 png/mL) b, &K, LCso
1 35.51 ug/mL; 7 Loop2 W45, PAANSFERR Y
AR (Y/G) M2 B#H (LCso 1.31 pg/mL), 5
CrylBa ML, WA TFE, HESARE; MM
RAE (M3 Fl M4) X/ sk i) 2 77 B8 FEAR, LCso
{53514 11.56 ug/mL . 34.81 pg/mL; Loop3 Y578
M5 X /NSE I T IE A $2 5 (LCso 0.81 pg/mlL),
5 CrylBa fHlk, ZRMWARE (& 4).
25 CrylBa EEG&MSEXAED R

W MRS S CrylBa 2K [ 0450 5 4% B0k
Pz B R, KB Loop3 RIERAE (M5S) RIlf

CrylBa #E 1/ Loop3 Ak CrylA H AN AR
FEBRIF S, XF CrylBa 1 (Wf/NEk) 98 P52 i)
AR, fE—ERE LU Loop3 L Xt F CrylBa
B SZRNEEEBA KK, i Loopl
Loop2 M) 578X} Cry1Ba 25 718 1 1Y 52 M W B S 450K
2B Loop2 (85 Loopl —iZ) X CrylBa 5/ ik
ARG G R P E PEAE T - [F B Loop2 Hr B4 24 2k
M2 (I8 M5 (342Y/G) X Cry1Ba 25 1975 1t 3%
AEEFEK. HREERHBEARREZ N T ARG,
G KRR ) 00 e 5 AL /DS, R R AR TR AR T K
Ar, AHIE o ZE Bl (KIS ) KL% Loop [tk
BARE A R B AR A, DR R T T A A B
1 520
3 Wik

Loops AT 51 E M AV 2= hfe R HRIGE)
AR B R R A SR Loop X ZEMRYRZAE SR E
ZARGE RN KA AR, T B A 8 R Bk
RAEMUE , TEZIRR g ind, ARGk E ATk
Jei, dE i 25 A e 1T Y Loop 5 B U i b Bz 40 it i
LIRSS G, ST AL, TS R BT B
W, ARG RN SR IEADE, ZIREE A %
AN, XFEEVESZ AL N B2 ARG i TE RN A B0
iR, R A Xt R ot R . KTR] Cry1Ba %8
TREAZ RN 2SS, TReE R TX M A
B3N FR) AN [v) JT 38 B

Y — 1, ¥ CrylBa 25 [/ Loops i/ & JLMR
FF3 278 Cryl A Fl Cry3A 2K UM Y 2 3 152 15 41
Je ., K 548 8 10 8E 1T B, I A S8 Y 28
54 CrylA /) Loop J&, M5 ZIKMEZE 5 6. 135,
B8R, RAEHK Cry3A 1) Loop Ja, ®H 532K M
S REI TR, BEIREAK. BB — Loop MM
A HURE ST — o A DR C R il HA
AR R R EE 2 8] Loop .46 5 et %
B KA miEs, AT RENHRE.

2006 4F, Boonserm 7EMFFY Cry4Aa 25 [ L5
B, & IH Loop + B A9 AZ AL X 28 (A 2R TG A —
AR RO AR 5 A8 A 5 AR P s & B, Loop A K
WA KA AR M2 MS, XE/NSEIR A B )
WA ; BE#E Loop MK EMIMEAR, RAEN
B #E I B N R FEED A Z AR I BT
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BEIIREARZY 12 % miAeEsD 4 DNEIERIEL T,
FEHRAR T 2 35 %, MBE Loopl i (B4 5 423k

i)

RALE AN /NI S AR T3 36 1. XL

45K W] Loop MUK EEHL AT RE &R CrylBa 3R
HETER— R
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