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Dynamics of CrylAb protein from transgenic Bt rice in herbivores and their
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Abstract: Levels of CrylAb protein in several herbivores and their predators through food chain from transgenic Bt rice
(KMD1) were studied in the laboratory. The results showed that the levels of CrylAb in stripped stem borer (SSB)
Chilo suppressalis continuously feeding on KMD1 or on Xushui 11 control rice after feeding on KMDI1 for 36 h declined
with time at the booting stage as well as at the maturing stage. Levels of CrylAb in Mycalesis gotama continuously
feeding on KMD1 or on Xushui 11 control rice after feeding on KMDI for two days declined with time. but more
dramatically than those of SSB. High levels of CrylAb were detected in faeces of both €. suppressalis and M . gotama,
but no Cryl Ab detected in their controls. 3.5 ng/g CrylAb was detected in the haemolymph of C. suppressalis feeding
on KMD1. Different levels of CrylAb were all detected in brown planthopper (BPH> Nilaparvata lugens» rice aphid
(RA> Sitobion avenae reared on KMDI, and wolf spider (WS) Pirata subpiraticus fed with preys that had ingested
KMD1. The concentration of CrylAb protein in P. subpiraticus fed with M. gotama larvae reared on KMD1 was about
60 times higher than that in P . subpiraticus fed with €. suppressalis reared on KMDI1 for 36 h» and no CrylAb protein
was detected in their controls. These results indicated CrylAb protein could be transferred along food chain.
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AR AR, TR R EE TR AR AR, £ L&
HAUE M EOREIER AT RS R AR 2 1R R R AT
A B Bacillus thuringiensis CBt) & — £ 2K
FHMEZF Al . K28 B BB & T AR A2 B 5
HEBCPOA R AR BT 1CPs M AR ERF A R
HHEMAEH (Schnepf et al.» 19983, Bt BIFI{EA
g Aol AL F R - EREDRGEH /LT
FERIG L Head er al . 20012. EFI.100 27 B &
REE O EANT, T2 CREAEYH T
EHEBCEEESEEFMETED 18 F (Futs e
al.» 1999, HAFE B HEFLARTK AR S E
FEH T DR At & P=(Raps e al.» 2001: Shelton
et al .» 2002; Nap et al.» 2003)-

REERERNMEY PEREN B FEAN AR
TR A, (B R B R RN A RETLE
MR RS AR P FRIE, NTIFIE T AT ME
B 4 7 FF 55 0 58 ( Williamsons 19925 Jepson et
al > 19940 Bz —ml 2R YR e Wt
MARYEAR LW, I BB AN F A H R g A R
(Hilbeck et al.» 1998a> b» 1999; Schuler et al.-
1999). B AT R [ FOK SR AR TE T R IA )
BEEBAT RMAEANOREFLCHRE
CArmer er al .» 2000; Head et al .» 2001; Raps et al .
2001; Dutton et ol .» 2002; Lundgren and Wiedenmann,
2002: Howald er al.» 2003; 3KEES . 2004), [H R
WET o140 BFEKEREN B SEREFERLE
FEAR I BB BLERIE .

4 CEVCBPH? Nilaparvata lugens 1 —HLEE (SSB)
Chilo suppressalis " TEK A L AR ENWITEHE
(R T %, 1987; 22 20T MZE 2R, 19960 FAIR R
Mycalesis gotama T FGET (RAD Sitobion avenae W JE {5
KMERER. B, AR ARG LR
FIEHIEVE T L, ARHR MR € 1 IR, 18 W B AR Y
3 o R0 T RO AR A 8 F R RUACR 8%
(WS) Pirata subpiraticus = 7K NG H i A EZ R L
— RHERIE SMEMETEAFE ERNER(EH
SMERTF M. 19960, ASLH LB UM BA AR
e BAREAE AWFOR R, BT T# oy14b BE
RFERIEN B B EH SRV F B LR ERE
P EIRR BAF L, AT Ay e 5k TR ZRORE A4 A 788 IXUBR: TR AN
R 2R

1 #R5RE

1.1 ##

1.1.1 BEEOKRE AT # ery14p B EKRE miERE
15 (KMD1 > B LR = FN &R KB &1
BE, HESM SRR HK 1.
1.1.2 B (O TIER 3 B E KRGS AT
RIBFEHIRE @, B HRERLRERAYGR, T
= AL PG, SCRIT U RS SR A R R E L A
PL10g B, 1L IR R Lo, AR IR ER, fr H
LG, MR 5 (19790 B K A M0 B 1R 2R A AT
TR, B KIS EME. (OBIRESRIET R E AR
R TR G W, TARKBARKEWNHHE AN
FEMB,EENBA R IND B HAKET 80 em
% 80 cm x 100 em U3 BBl 20 B A9 AR ZE A9 1A 27, 13 LA
10% S8, I AE R 7 _EP= 00, AL A6, 2 80
RHokR, BE-_RER =@ g mATRE.
(3538 KECH B KRR A B AR T FR R 05
B, (4)OFEET FARLK IR ¥R B o B KRG 5L 7Y
DEEEIG H . AR SR SR TR LA,
HIN—EEK, FL 0.5 om, BEAFEBPIEREY.

FEFAF: WP Bl B AR KRR SER
ER27°C + 2°C, R 75% + 5%, JLRETEH 16L:
8D FIFF HZE N TAF+ .
1.2 FHRERKIRBRE
1.2.1 A0EEL, A SRR A AR IR ) SR BR KA ZE 4T
—E(10 em)» BT 2 emx 15 em B, F T FEAT
BRRIE AE AR AR B Sk N R — B
S e R CEE 4 BT KMD1 MM AU, EE PR
ANBERZ, HITTHMHAE, - ESINELT G
KMD1 ZEH 12 h+24 h-36 h-48 h-60 h 172 h; 25—
REUE KMD1 24 36 h Gf 8 £ /7K 11 _EA4RERR
12 h 24 h+36 h-48 h T 60 h. T — AT [E L EIL 30
~40 k4 k., HAREKBEETESRS LRk —
. [RI AR BN B S8 B KMDI B 7K 11 ZE4F 36
h 81 ZARAE 20 R FE T, bR Ab B I A0 VE SR FE AT
BN 1.5 mL BLERIET - 20°CHKHE .

ZhiL M BRI RAE: BRI AL Bl 5 &
21 B7F KMD1 557K 11 254F EEUE 36 h, FBKER
T BRI AKS, R H R B WA sh g,
EH#EH 10 oL BRI SR B W & 120 L, BN
0.5 mL B0, fRIF T - 20°CHKSE, EE 3 K.
1.2.2 FREELH. SEAMMRINE: 1L 50 kK
IR 3B REER FREANERFK 1
.0 R 2 KR4 R6 RA . Kaaaldk 10 k4B
AR G KMD1 b, BB KRGS O ®
KMD1 _EBUE 9 K7 5 a3 KA1 AR BRI
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EHAEER KMD1 BU550K 11 5 3 RIOFEER 4 L3
EHEE 1.5 mL BLER, T - 200K 1R

FERAMBAENS: B 50 kB —30 3
BB E— R KMD FIEAILE 2 KRR S
HHEARRENHFK 11 L, 53T 0 R2 K4
F6RMY KRG, BEZE 1.5 mL & L& N, —4bH
18] 10 Sk, 1747 T - 20°CHKHR .
1.2.3 1B CEL: gk R R R E T RE AR
B KMD1 B0 A PR OE. AL, A EERE
KMD1L, EZ KRB HME, AMEERZE 1.5 mL B0
B, T - 20CHKMART. DFEK 1 EXRE. LEE
KMD1 FE L E— AR EEE2MNEEA.
1.2.4  FEWF: PR B0 5 0T 4 Bl B 44 TR 77 70 T AR
FAKMDI MFEAK 11 £, —RAERERSFE B
HL A LS ml BOE, T - 20CKBRTE.
1.2.5 AR B 536 Bk AR Bk A R TL I 48
ho SRJE 4r AR — 3K P 7R BB KMD1 2 LEL&
36h M5 W HIER — KK —HEEEH
KMD1 EECE 5 5 8 T AIEF N —ER 2 ~ 3
AEHR IR 0, 4 12 ML — IR A M8 RS HR Ut 7
AL, FREI R, — BRI {LHE FORERR SR 4 i
ERLBELAKRSHR 1.5 mL BLER, HLAE
H 10 KA R 6~ 8 MIELETT 1 3L7F KMDI
_bfAl R B ARG HR WE A LR SR LR 10 R T2
Cryl Ab TE IR P9 FIRCEHME o, 12 RIS IR T
- 20°CUKAH. BLRMEER K 11 B9 Z4hUE 2L REHR
IR R AROR R 3 HE
1.3 CrylAb RASERINE

Bt-CrylAb/Ae ELISA “F #R 7] & B35 H Agida
2 FRAL, AFE BRI 96 FLAR RN £ 1,
FriE Cryl Ab = (R E Envirologix 22 7] DR B4 1l 2
0.0.5-2.5 1 5.0 ng/g. 1% B & i B i 7 5
ATIE . FIRERFRE ]~ 2 M EB Y CylAb 15
A LEERAE L. TR ETRIERERE
HEY Cryl Ab WRE NI AR AR IR E 5.0 ng/g-
B 5 5 B AR (U5 B WA KN 450 nm.
SGRPTRERHESTN B AEEAE (.

KABALR M B E MR E ER R
Rz 1.
1.4 #3ES4H

O 0 T K Y Excel 2000 B4, B00E
R #T R F R B SCRIE A 5620020 8 DPS $4F 4b T
BAr. R ES S EREH>THFEZS H
Ducan EKHTEMREHEHITEZHILE.

2 SR

2.1 KMD1 E#H Crylab IS =

Fof R HAFA AR A KMD1 ZE A FEE] KMD1
R CrylAb EEFNE SR T, ARAF AN
FIEFfi e BERNATEHEER, RABEEDPHN
CrylAb B E 4 2.3 ugle, WA FHBEREEN
51.5%. M FEIAZFEHANZED Cylab EENEM
FEI48.1%(F 1),
2.2 ZAEEEIRMA CrylAb B 2T

R A AR KMD1 2500 AR AR Y Cryl Ab
EEDEHETREFEMAE(F = 11.02: P =
0.0029>, T B 7616 B Z B H1 I B s BVER, — {0 TE
SELE KMDI JG CrylAb B & B RINE H—
FkEts, B 24 w RRERT EEK B EE#H TR E
& S48 5] KMD1 L 2 AR Crylab & T HE
EH BB A kD K18, 2 60 h ER T
BEKTP<0.052(F 1:40. B KMDI 36 h /&
2 EFEK 11 A FR AL CrylAb B & B3R
BRI AR AT AT TR S, T R 4w B
BETHEP<0.05(E 1:B).
2.3 TERIEAAN Crylab B2

TEELERUEr KMD1 %15 T, FEHRIE R Y Gyl Ab
FO B BRI f B JA) A0 2K T B0, RO 2 TR
i RHERE I K FTRIEFERR, & 37.6%. 2
BsRTHENEL RN 19079% ERTEFEP <
0.052, B8 e MIZZ 12 FFRECE 2).

£ KMDI EEUER R EHEFHAK 11 H4h4R
B ANFIRTE], RBIRERE A Cry1Ab & =0T A AR
ST, 7€ KMD1 EEUEM R CylAb & &7
5.0 ug/gME, MBZRFHK 11 LEE 6 REAHER
0.7 ngl/g S, AR T AT E EREIR (3R 20,
2.4 HLA KMD1 B9 {ba= 28 @ Fn M ik B 1L &2 FS R
BRZEE P CrylAb B

FEER B KMD1 7KA8 5 AL S R AR b &) 5 28
A B B BB RY Cryl Abs 57 B 24 8.3 g/ FA
6.9 nglg BFE, T AT AR RLA 8 R W B
CrylAbCER 13- BUR KMD1 B A0UE i 2 B B
Fook 11 (R FE D B9 = 4008 i 3 P B R B B
CrylAb, AITELE KMD1 #) CrylAb 8 EE 2EF AT
HIEARMEEP <0.05), FH 7 3.5 ng/g F11.0 ng/
g SRR L CrylAb FATE T B A T H jth 3k 2
H B AE S S B AR
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F1 ELISAGENEIXEEKE KMDL. AR N R R EEEFEIRKIESRE Crylab S 8Y
Table 1 CrylAb contents in transgenic rice KMD1, herbivores and their faeces. and the predator Pirata subpiraticus by ELISA"

HTF B B EE (mg) EEH CrylAbCng/g BFE )
Material analyzed Fresh weight n CrylAb (ng /g W)
Z Stem
KMD1 224858 Booting stage 20.0 2 43204.8 + 4942.0a
KMD1 FE#4E Maturing stage 20.0 2 22271.0 + 1563.5b
FER 1T EEDIKS 11 (€K 20.0 2 Oc
ZEREIANT Leaf of hooting stage
KMD1 20.0 2 89750.0 + 8 918.8 a
FER 1T EEDIKS 11 (€K 20.0 2 0b
KA Nilaparvata lugens (BPH)
BV KMD1 Fed KMD1 102.3 4 56.6 + 5.6a
BUE TR 110 B8 )Fed X8 11 (CKD 90.7 3 0b
FEUT Sitohion avenae (RAD
HY & KMD1 Fed KMD1 116.3 2 20.6 + 12.42a
EREFHAK 113 B )Fed XS 11 (CKJ 05.7 2 0b
TALIE R Chils suppressalis (SSB) Faeces
& KMD1 Fed KMD1 20.0 4 8335.7 £ 1840.1a
EREFHAK 113 B )Fed XS 11 (CKJ 20.0 2 0b
TBAR M 2EE Mycalesis gotama fasces
& KMD1 Fed KMD1 20.0 2 69374.0 + 1312.0a
BB TR 11T B DFed XS5 11 (CKD 20.0 2 0b
0B I HaemolyraphHHHHaemolymph of SSB
& KMD1 Fed KMD1 100.0 3 3.5+ 1.0a
BB TR 11T B DFed XS5 11 (CKD 100.0 3 1.0 + 0.3b
K IRER Pirata subpiraticus (Ws)
WRMRELE Conammed M. gotama tested” 71.9 4 664.6 + 118.5a
HEMRRYED Consumed M. gotama tested” 56.1 2 14.6 + 8.7h
BT HRYE Consumed M. gatama (CKD 72.4 2 0c
FEAE SSBY Consumed SSB tested”’ 58.1 3 11.5 + 6.0a
AT S8B (CK) Consumed 3538 (CK) 68.2 2 0b

DRPEEGFEHE + PR FESFFAFHEREREE (P <0.05. FHEWMEIE), T The data in the table are mean + SE, and those
tollowed by different letiers differ at P <0.05 by Duncan’s rultiple range test. The same for the following table and figures. 2JBCE T 1 2R7E KMD1 L FRAY
2~ 3 WEFBAR IR 4D B Consumed a 2nd — 3rd instar larva of M. gotama reared on KMD1. 302 HEE 1 SL7E KMD1 LR FRATFEARIGE 2 ~ 3 #34h R, B SIUTR
10 & Starved for 10 days after consuming a lava of M. gotama reared on KMD1. 42U T 1 R7E KMD1 %2 36 h 89 5 #3 “hEEE0 E Consumed a Sth
instar larva of SSB reared on KMD1 for 36 h.

2500 A BB Mawring stage o[ B
W AT Booting stage a ab

L am oy

i

= “_:;n gl

?Eéi 150 = ab .

@3 00 / % 7

12 24 36 48 60 72 12 24 36 48 60
B £ ) Fecding time (h) HREr I fnf Feeding time (h)

Bl 1SS KMDL A RISTACAYFIEUE KMDL 36 h SR 277K 11O ED F4Raier
ARIEAICBIE (RS A CylAb BEARE
Fig. 1 CrylAb contents in the stripped stem borer (SSBJ. Chilo suppressalis continuously feeding on KMDI for different times CA)
and continuonsly feeding on Xivshui 11 (CKD for different times after feeding on KMDI for 36 h (B
HAFEEE LS FERET SRR A 2R RS R B8] CylAb EEERFEZFEREE, P>0.05), FH.
The same letter above bars with the same shadow showing no significant difference among feeding times ( 2> 0.05) at the rice booting

stage or matwring stage by Duncan’s multiple range test. The same for the following figure.
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UL)Z:
N

B H] Feeding time (d)

B2 IESEECE KMDL AR R AR R 4
B CrylAb & E
Fig. 2 CrylAb contents in Mycalesis gorama
larva feeding on KMDL for different times

®2 HRIENE KMDIAREHZEK L L
HEE A R EHEA CrylAb &2
Table 2 CrylAb content in M. gotama feeding
on Xiushui 11 (CKD for different times
after feeding on KMDI1 for two days

WERH (D) HEEE(ng) EEH  Crylab (ng/g BH)
Feeding time  Larval weight (FW) n Cryl Ab (ng/g FW)
0 46.8 3 5037.2 + 1019.3 a
2 103.3 3 121.2 + 49.2b
4 112.3 4 7.9+ 18¢
6 170.5 4 0.7 £ 0.1d
8 224.6 4 0.9 + 0.2d

2.5 TYEESFEGORED CrylAb B2

Hf KMD1 A48 K E. REYF DL R A e B g i
KMD1 B {08 FE AR MR 40 e BRUACR kiR i3 &
BH—EWRER Crylab, T Crylab BEBAMGERE
FKME-FR-RE Y EH. 8RR Cylab &
BRI 2 8%, PIKRE D AR f 1 L
KMD1 MEIRIEL SR & B&a,. £ERE & 1%
KMD1 M AR iR 45 & 5 UL 10 RFEME & 1 %
KMD1 —AHEE S SR 45 ~ 60 15, 57 B 2Y 664.6514.65
11.5 ng/g BEE; TEEN]E B F10) BEALIE 1 R4 H
CrylAb(FR 105

3 itit

TUERAF A E HAAFALRTH Cylab &
ERREBEFEER, FHEH Gylab REER A,
IR W L EF—EZHSE L AR
AT 88 R 2B Crylab BRI S EHAFE RN

00010, ARG E I ZHEZE Cylab BEY
HARHBENTG BN EEHAY DR
48.1%. SEOMERNER 2. NASH R
B CrylAb PGB EE RS, HEFBEEESDH
HTIEANEEEAFES M. THEZFRRNE
AP R B 2 s K EVRIRENE , HAR AR CrylAb R
FES3 AR KMD1 ZE A B 2.54%:F0 0. 48%0; [F] A 55530
B 5 B A HE 2 N REER MR 2Dt o) BB & F A R
KMD1 ZF1H 48 h /5 2 BF A FRYFEE, 44514 £
—EFFH A 2.55%0 F 56%0. XEMFEAEEER
X Cylab EEANSEEAREREERT XK.
KMD1 % 5 8% — L8R 6D LT, 4 96 h, TFEZA R 3
A TEAR R4 HTE KMD1 FRESE R & HToak — AR
(REFREED; G CAS AT (OB SV, 1 — ik
WH BRI A AR, BAFIRGELE f ARk,
Hesl AEmMEATRIEEREEN cylah X
H. X485 Head F(2001) FITF L &5 F 21, BR
MERE Ostrinia nubilalis~ EXFE R Helicoverpa zea
FUNHLER Agrotis ipsilon %7 FBARPY B Cryl Ab W 43 3)
PR EE TR CylAb WRE K 6.94%0. 14.71%0
F116.67%0. T CrylAb 2255 BARIB4G E =B FHE N
MEELAREE, AT I 889 (B & KMD1 —
FLUEDFN 84 .79 (AL Er KMD1 FEHRIG .

TEZR SE B A T A0 ME & R IR Oy A ) B
CrylAb. 37 FE 2 (2004 OB 5 & B — {LWE 4% 7 o4
Apuanteles chilonis T TH SR oyl14b B E KW
TANEL RS, AR A R BT,
PAF AR BT — 2 R, A FIAT
BN TR AR ME R e R B N 4 A A TR A
Zh BB L e, Rk, 305 2 M P B CrylAb
MmN R A EER . HIEFH—E R, L
X4 CrylAb B B R EZEFHAMER & KMD1 5
BEHE AE R MERRER G ERITHR
FIE e B0 EE M. Down (1999 TEEL&
¥ ST FEEAE M K M Lacanobia oleracea %5
A3 £ A ) B 3 A £ 3 B, BT R) R A5
HARNNT AR R, XEERRH Cy1ab 7]
D Esittis, NI mE AN R E RS
BB,

CrylAb BEHET < W DDT —HEA AR
BrhRE R EEVRARE. SEEEED T FRIE
) R AL CrylAb B E BT IEP HI RGN, O
BHYF 2 W 7 (Sims and Holden, 1996; Palm et al. -
1994, 1996; Sims and Ream 1997; Tapp and Stotzky»
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1995. 1998; Koskella and Stotzky. 1997; Saxena and
Stotzky, 2001: Saxena er al.» 2002; Zwahlen et ol . >
2003:; RS, 2003, (BX CylAb BEETTEY
HEIFRE DR A S . AR EE K hRE
) Cryl Ab =TT AL ME 47 B FIRE AR ik 25 B4R A
AR B AR EFIAT T, R CylAb FEBEET
AU FNFGAR W py 5 & B RFREL & KMD1 B JA] J92E
Bl F M. 3X A EER B TR MR KMD1 B ] £ 3E
K, MREE S T, I KRBARE N FEA
1 Cryl Ab 75485 B8 /0 BT S ASHR Wi &, 16 A B
R HT IR KRR E. & T LIEL B RSAR G
Zh B E P 4 M B Crylab, T BIRE LS E
TR Gyl Ab WF B E MK 80791 22.7% . F
W B Cryl Ab TR IS B 18 5F 4 EE RS, B
hE RECE KMD1 — B a8 22 56 Bl A A 44 42y
tr—ERETA]L Gyl Ab & EIE T, JLH R IR G,
T4 ROBAVIERE K 1.57%0, 7] S5 HR 6
HRREE KA ED REREFPEERSER
HH. IFCLELD S KMD1 AR KMD1 — 52 A
AR R XK 11 LA AR L ARG R g 4
BH CrylAb IR BENASRW, BARTERTRIEAH —
TR EHRBARERN. B, Cylab FE
HTE S AR EAR BT R A K.
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