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Abstract

Risk assessment for a transgene is one of the key steps in the genetic transformation. In order to use
crylAc gene in production of transgenic plants, a library and in-silico research was performed to confirm
the safety of the gene product for human consumption, animal feed and the environment. In the first step,
the molecular mechanism of action of the CrylAc protein and its specific receptors in the midgut cells of
the target organism was explored. Digestibility of the protein in the stomach and intestine liquids have
been investigated based on the peer reviewed documents. It was demonstrated that the CrylAc protein
could be completely digested in the stomach liquid of vertebrates, especially mammalians including the
human. It was shown that addition of the pure protein into the animal diets did not result to any
abnormalities in the growth pattern and also blood histochemistry of the experimental animals. Also,
whole plant assays using the different diets contained the transgenic and non-transgenic plant materials in
different experimental animals was discussed. These experiments did not result to any differences
between the groups. Possibility of the toxic effect of the CrylAc protein was investigated via in-silico
tools. The results did not show any similarity between the known toxic protein and the CrylAc protein.
Allergenicity of the CrylAc protein was assessed in-silico in different ways. It was proven that there were
any similarities between the protein and the other known allergens. At the end, the persistency of the
CrylAc protein in the soil was explored. Since the different experiments on exposure of the pure protein
or the transgenic plant tissues into the environment proved that the CrylAc protein is degraded easily in
the soil, it could be concluded that the CrylAc protein is an environmental friendly protein. Eventually,
the final conclusion is that the CrylAc protein is a safe protein for human consumption, animal use and
the environment, and could be used safely in genetic engineering programs.

Keywords: Biosafety, genetic engineering, CrylAc protein, toxicity, allergenicity.
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Figure 1. CrylAc protoxin (I-VII domains) in the classical
model (black arrows), in which the inactive CrylAc
protoxin must be converted to activated toxin by removing
IV-VII domains. The activated protein (domains I-111) will
be binded to insect midgut receptors to exert toxicity. But,
either intact protoxin or part of the protoxin other than the
activated toxin also contributes to toxicity in a secondary
toxic pathway (red arrow) that can be especially important
in resistant insects with disruptions in the primary
pathway, such as reduced binding of activated toxin to
midgut receptors. It is notable that each domain in the
protein may be consisted from several parts including a-
helices.
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Figure 2. Schematic representation of the mechanism of action of CrylAc toxins in Lepidoptera at the molecular level. A) the larvae ingest the 3dCry protoxin,
which is solubilized in the midgut lumen of the larvae due to high pH and reducing conditions and activated by gut proteases generating the toxin fragment. B)
the monomeric CrylAc toxin binds ALP and APN receptors; in a low-affinity interaction, the toxin is then located in close proximity to the membrane. C) the
monomeric CrylAc toxin binds the CAD receptor in a high-affinity interaction and this interaction induces proteolytic cleavage of the N-terminal end of the
toxin, including helix a-1 of domain I. D) the cleaved CrylAc toxin is then able to oligomerize in a toxin prepore oligomer. E) the oligomeric CrylAc structure

binds to ALP and APN receptors with high affinity. F) the prepore inserts into the membrane causing pore formation.
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Figure 3. Schematic diagram of an ion channel in the cell mambrane. A)
channel domains which is typically consisted from four domain per
channel. B) outer vestibule. C) selectivity filter. D) diameter of selectivity
filter. E) phosphorylation site. F) cell membrane. Four activated CrylAc
proteins construct a similar channel without a selectively filter, so that
interrupt cathion transportation through cell membrane.

2 oGlesss 5 e eddgileans gbe il wanlllas ol o
Jlss el (olassls Jendlsns S bawo s ol
osliisl U CIYIAC 55 5 o 55 caslsl 53 . 0is S ags 1440
e Sl sy 2 OF SE ey 5 OO Oy LT S
D S sls Ol anlls ol gl 28 S L1 bl e
o PS Ghae o i b eled 5l e 43U Y 5 e 55 CrylAc

Eoly odan 0,08 sdonl ool (Betz et al. 2000) s

VFeo limn) 9 3l /T oyloull /o0 0590 [ Samn § (Fos] § Sl § (quwkigeo -



https://en.wikipedia.org/wiki/Protein_domain
https://en.wikipedia.org/wiki/Potassium_channel#Selectivity_filter
https://en.wikipedia.org/wiki/Phosphorylation
https://en.wikipedia.org/wiki/Cell_membrane

g3 e 5 pls Ol gl CrylAc .l

S35 Sy

CrylAC (55, m2n Sl Lol el osls = 5l 51 i
28 sl eyl oS als DL glednd 0503 Laes 5o

o g s
Sty n el Olpe 53 &8 Ko e e S
Taylor etal. ) el Lis 55 6T VL chale oyls 25 gl
s (Fuchs and Astwood, 1996 <Taylor, 1992 1987
VoY 5Ll sy esaese s s &S o))
Las e B3 1 ol IS s dens A Jl Ao
S8, «Cansy ol bslas s (Fuchs and Astwood, 1996)
35 Wl ol a5 OlalS 3 WS Ol « CrylAc
SL S 0F ohcawles dlaa=! o5, opl 515 Llazils

(Betz et al. 2000) » 5 Jal s

S Sl e Sl AR oy K Dlowds ol bl
sols okl Il am b aSul b ol Db <0855
UJ\); dos Lo Sy o J.al,d 3509 J-<l> 6u&;5,ﬁ L o«
sshie cpl 6l ol el w03 T L 0T (gl sl
oo 3 S5 w0 b n s Gl Il slaesls oSL S
GenBank) s, slaesls laell 5l eslizal L SU

sl 0 sl | (SwissProt 5 PIR (EMBL

O anslis 5 CIYIAC 555 5 (ol sl Sl JI 5 oy 0 8l 5
S U8l dsesls oL ol s eddatlis s I L
3590 O3 Glacntisp b CIYIAC s (glams] sl VAVA
Sl n b ol ne wlis 6 Sz o A asls Sl 3 anylie
fglie csiday 28 55 I 0L WL nl sdBanlis 051
51 oz L CIYIAC -5 5 (glamel ol Av Soladas
LT o Caes 4 (glhal ol A+ ankad )44 gy 53 A ol
Rl gl b e eals 15 aslie s, 4 O3 s, L as
Sl A Dlalad ol 5| Soen o 5l 0L 58 e
Olas sddartlis glaos )T Lo gdws YO 51 e copliv
Glaalil Av Slaad oS Clins ol @ amed opl L dias el
sliiemlbem 55 CyIAC (155, el els 5l ol

e €S JI5 L s, Sl SOl ol S K
SLSSL ol 5SS s edde ot g eddantlls o
s oS sl Ol s .28 S B alis 55 SO
Gl el L5 SleMbl GOl ol &> » CrylAc
5 sl LASL 53 g ew ay bbb
oo amet ) il Cglia Cry slageis g alo L G0
Sl o e b b glagnlsl pl bl b
Sayees ! &S Conline ol 4 Llodls (ab_u‘l CrylAc 555
Slagrse ple gl Sda ol glp @ s ) S

Al Al e
odd wlid 03T L CrYIAC oy 5 I 4lis pus

il s 2 e85 G Sl o bzl oy 2 050
S oS ol O e &5l 5 3550 35 0T 233
il D8 ) ) LSy e R
ol b Ll (US FDA, 1992) 5,105 5455 Ol L3 Wi
O R I C T- X ) 1L PIVRUNSIREr
bl gl el sl Ol Gl s S8
ol amlie b 3l 0Ll s s O alilewles
Sy eld bl glicanlas oS b Sl s
il Ol a3 el L SIS (cpl ply 5,50 e
2 Jeld Lsdpe s S Gk Sl S alagts g
Erosn ol 53 S helye G35 (B U3 (s 2 me
O s (eian il 53 0850 OF (oIl Jod 51 )l 2
3 dalgr ol e O G s (Ol5) S 5 10E s

(Kimber et al. 1999 (Metcalfe et al. 1996)
Soatonns Sl ad 53 IS ol Sl ol
Glossmsdae win ol 53 O ol (ol 55, S
357 30 ey Ll Sl S35 2 2l 02 OF ok e
Astwood and, Fuchs, «Astwood et al. 1996) ol odxs >
5> (Kimber et al. 1999 ¢«Fuchs and Astwood, 1996 1996
s Sless Gl Sse 4 gl e SOSN8 s
2p Al 02 Ky d5d e fa s Gl SIS ol
S 6 Slen Llosls OLE (6lLL sdre (el laes 5 (glio



https://www.ncbi.nlm.nih.gov/pubmed/?term=Taylor%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8440407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taylor%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8440407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taylor%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8440407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taylor%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8440407

S35 S5

oy Bamma 5 ls OLl 6l CIYIAC casl

Sjoblad et al. ) 43 0 3> (gla S1y 555 Cob = o
.(1992

S S Oy 3 3l ey S ey allae 8
el s ldly p ol i gl CrYIAC 55 5 O3 5 polas]
Ssn S By adles s ol Sls gz e plu 6l O
Gloaly 55 5 Loyl asbs! sylubal lee LI CrylAc
(OECD, 1995) (sslamil anw 55 5 (5,50 Olasla £0V o Lo
S e i o3y la Sseay 55, YA Cde 4 Slas O sen
£+ ) W Sl slasss 53 o e 6y OF i Jls
(Betz et al. 2000) Lol s & (O 035 ¢SS 2 p Sk
s 4 CrylAC 55, oS a S s Ol Kiass ool ol
RS U P L e I S KV YCHE

S ge S andis jy Rl ay o Sleslaial e dle
DS ol Sle i JeS Glie sl i Jre Al
Sleddiag hE Sy JolS Gl ) 53 el e ol
030> s 35 ge o 55— ol Gl il d g
S5 ol 3 OF Codlw glaair 5 A, S0T 5555

S

ol Bl AT Sl s JalS e sl b3
S oY Oy Bl Bl ol 5 Sl olpes 1 35
O ma sl 0815 QLS Hybie 4 Sl anlllas ;ﬁirbul
AL G s g 4 (Ko oS Col 1e e SV b
aeS b e 25 M Ll ) s 5 Sl
05358 s S Toor Jie s FAOIWHO _aass
oo ooy bl soae Vb Oldlas 5 osls sleli

.,\.NLCJ.\:A ST BT RGNy @\:\345:)54?.;)3
S0 s Qs by s o5l Dllles J- 8 4
5 Lapa ol ol 5 5l aS (539250 Ol 40 ol e B30
Gab el DLl L (sias 55 40 plin ghils (55 5) 50 58
DS sl sl sy b adis o e 5o gl 0ol 3
calas ol js ol eds S ezl 55, W7 e CrylAc
(ol ks a0 At ) il La el

il e 05 alerd Sl g 5 baplll (65 5L s

Gliwel sl A a0 ol awmlis s p opl Ghn d
A Sl Sbotsn ol b CYIAC s,
B =S TCSUUU PP PO PR G P B TGO
Ol gty b JIg Jlasl LSl el gla STy
SaodstslS sl Sl b 03T sl 5 (b3
o3l ol oS bl 5l s s pad Ok el oS
3o ol d ke aueliand A s> s Jgb gl
L oawslis gl CrylAc 55, lawsldasl A Sl
NV gpame 3 i osliad Lasd 5ol 3 sal sa 5
i ool ol 23S 15 aglie 350 Slaal sl A aslad
S 0L sddantlis el O34 L splie mo
DSan el pe sl K Wb s o

Aas e cwws 4 CrylAc
S Ll e Ol s Ll 5 ansa 5 Waesls (il sl )l
Ll ey BB shicasls S, CrylAC 55
Cplin b pwgl 51 ckledls Giiae ioawlas b
Gty Slasiie Ujlh et atlis o3I L Jis
Gk 3l glmal I 50 ) et aodlt sl
SLosVsn b Glicesli 5 e G215 sy pls
WU Cry gbgss, obcel 5 ol on S

.(McClintock et al. 1995) » 4.5

-

S5 5 soss 55 CIYIAC oy Bl S Sl pus
aS s edls olis JAKM_,LUT 5 Sl oSl L
Al 335 o S 0 4 edan 0 0k 3 CIYIAC 255
ol Slr s e o S pl 58 Jee 534S 35 esls DL
oslinal (5585 5 e i ALl Ol ) sk
S5 eslizal sy Wl wdi s CrYIAC (55, 5 35d 0
ol s 5 Sl by s ol LT SSST S e

Sydip o215 S s p 3550 25 50 U
ﬁ\dwd:)mkgudfﬁ)ﬁﬁwléﬂy@bj: o
Las o OLL e Sl 595 5l A0 sd 6 i) 39 g0 O 3l

Lgl.h)’j.: BEP g.\..ik.j L;“"'“ s@ﬂ)ﬁ: p<4" 4595)_}«0 BE L;j

VFeo limn) 9 3l /T oyloull /o0 0590 [ Samn § (Fos] § Sl § (quwkigeo -




g3 e 5 pls Ol gl CrylAc .l

S35 Sy

IS5 I 5L s Sl i a5 S a5 b 5wl g
ey e 5l Lol @Lﬁ;b@b gl &S L el

.(Rahman et al. 2015) .ol OLS
CrylAC (155, 45 o8 S ame Ol o VU C;Lucu«;-jjt
o) SlS Ok o5 5 4 B e Sls g o ol () 5

RO
plo S ol 4 b o sl 2

o CYIAC (155 5 sl s p e Slaair 51 (S
LS @ gl Comal il pls STy s O s
O 52 amge DUS 5 ple b s ol Joles Jlazsl bl
Oy s OF il am 55 5 05 Sy Olpes oSy ol oLS
ols sl 1aE O Codls WJl= cnl bl oS 55 35

w\)‘JA.:A)w‘)JbC»:M‘JM

G5 3 S bl Goo 2 op s S e
S Gl Sy lapls ol plnil LB S S slapls
oseb Ao 4 3 e 15 e OF et 5 5 S e s
03 S OF ol olS s nl Ll
o 2030 5o osb oy 4 S S Glapls sl B S
s e el i3

sl el CrylAc .55, sl els Sy Sladlas s
e i bt gl el G b ) sl abay
3540 Jall = Wl Ay @3, 90 o fb; wlsasy (gl
Ol Jod 3l alse gy cpl 53 il 0dd 03ls HI 3 )
38 Wy b 3 CYIAC s 35 s OS5 e
Ol andlls cpl s A oals J1 3 550 OF Sy Coneds
ool dald an U oalis oo Slas a5 alsasy a5 5l
5 e OLS S elil g S Sl jy (ol pme ol
395 O S e 5 SRabesl ep3 5o Lagls asY 5 A, Consss
(Castillo et al. 2001) .zl

BNTSIRT A VPR R AES sla bl s cpl el
oBws 53 CrYIAC sdisean 55, 55 5 S 55 DNA
o3 gladils i aadlas S s 58 il KT M 518

Gy = s LT 4SS = ldlas cpl s S 13
lsarsy L sddas s sla ige Condy 5 313 OLiS La i g
ailaiy Ly sdodans i slahge Cony olie SIS w15
a5 alls cpen > (Shahid et al. 2016) » 5 a5 8
s gl s S s sl 5 ey Sl S S

S oL CrYIAC (55, ow

i S Al slolabl eSS sl el elnil sl
5 osd e el s ke & AT Ol g Ol g
ol 53 el 50 el MONB3I ay sl slalS
s a8 s 0 dald Olge w asyl 5 e Al e
AU G 5L S Ol ) 555 4 Dde a4 DUl

ﬁMQM@)‘}@‘J&bfL(QJAM&JWW‘

ol M o bl e 5 58 5 6Y LT ol s
sdslize glie o, CrylAC 05 L ase )l 5 acs ailsasy
slas Jlasl 31 13 5w S 513 4 das 5550 095 8 31 oS 5
)'lw:)'j)q' }&‘J_&)k_q.; JLQJ«\)\ Mj}) e m;:“.i_"
LUl el g La 58 5 e 5l e ol 5l Jles!
A S 0 sl ol 5 555l

sl dis sla 2 S 2 5l edd (5hslmer 4S5 AS sladi sl
Sk 4558 s Ayl 5 ey w5l iy 5 S L
gy reb 5 Ll Ol s 5l (6ol e S5 S 5L s
(LDH) 3U3s,0ms SlSY 5 g 2ndS (0 S8 Lslie aan
Ao 555 S sl 53 03,5 58 Obe 5 ey S o ool S
Lo aliedr 580

(JS5 oS5 30 IS S sles sla et cadlllas ol
3 ol ) S ac S Sl sl
35 gl g alie J S 5 aals glaes S 53 (S sen
5 s 0 A3 Wy pdS (s e (S Sla 5T s

25 0SS 5 el 5 el e slaes S 4es (sl 2 LDH

Sl b 558 5 als 5 U sbadised Gl 55,40 Sl day

AS sls ol CLL INUNKY Lg)ﬂ@q- S8 5k s Olalllas
%ol_jﬁﬁlﬁu;%pg,u)u.géuu;ﬁfwj

- Voo oliamo) 9 unly 1Y 05lauds /o0 090 | s § (oot § S (ouotigeo



S35 S5

oy Bamma 5 ls OLl 6l CIYIAC casl

Ol (nl 53 65 ol b lonil Sbe s CrYIAC Gl
5 <5 (Tapp et al. 1994) (O, San 5 5 L3158 & 01y o
Sl 5 52 S (Tapp and Stotzky, 1995; 1998) S5 sl
Koskella ) S sl 3 IS «(Crecchio and Stotzky, 1998)
S Wlesls Olis Olllas 1 .5 S o Lal (and Stotzky, 1997
Seogr 5 oy b 4 Jlasl LUl CrylAc sla s,

BbelS IS 53 CrylAc 55, polie S Sl s
odi (g ,Seill 53 ol Jead OLL 55 as e Sl edal sk
s &S CrylAC 55 5 slde oLssl gl Waesls ol .ol
w OLLS slledl 0Ll S 0 G s 5 Slsp 5l e ol
Llas 13 eslanal 548 05 S slass 551y S 5D
a ol 5yl CrylAC 55, e dlags )y S b 5o
el 2 s e SVEA ST/0N sl L S S
> S 3 CIYIAC 55,0 o 55 Sy o andllae pslie ol
Sy 01 iSe i Sl Sl sslind b glaiad 0550 Jaoms
o1y OLEd aalllas cpl s plamil 55 o S5 Ol (5 S o5l
B Q)Mm.(,.aju.ajb'- Q)MVACryIAc S
peshes 25dp A8 S s s k4w LS 3L
EA LS Ll ks 5y 8) aLS 3L s CrylAc (55,
JB B (05K GladgVsn b sl edd SIS o
S S ¢l esaes (Betz et al. 2000) ol 4l
sk S a5 i slie cpl g 555 Yo Sl g8 e
sl (Palm et al. 1993; 1994; 1996) ol, e Vﬂ‘v Ly

sl CrY (sla 55 oS A 5 ase ) 5 OlalS

G, 5 05 b el (s Ol cpl Sl s &S skiles
w0 by e )l 5 OV pame M5 5 S5 edige o CrylAc
Sl caalsl 53 g a3y 50 o bl 3 OF 03500 51
L e L A S S e e
o O e gbaair Colg 3ol 0Ll gl

Al o el

&:ﬁj}ﬁ: J‘)ﬁa& L;.;OJ L;)ﬁf MK& QL_:-' b R U'l‘ BE
o sl 55 g, ol 5 Ses oS U el OLES CrylAc

DNA & sls 0lis b o4 o, 53 CIYIAC O sl
an Sl S oBaes 53 CIYIAC 55 L 5 oS 55
SlS Baws wossys L CrYIAC 55 3 slles 3L
e LA o o B S 4 sl PH Ll 5 C
z= LCrylAc .55, el sl gla JI 5 a5 as esls oLz
AL 5P gen (5,00 e S50

o, L (Colinus virginianus) .o 0l (slaar s a4l
@ CrylAC 55, sl skl 5 alsacy )y (gsme ol
Sl gd g el O O3y p S S s el dils £ e Ol
o b amlie 53 Wl Slopast ple 5 035 55 1 olslas
(USDA, 1995) sl 0lis a5 b ailsasy (sl

DNA &S ol 01 5,8 o 513 15 5550 a8 &5 (6, Ks i
wr oli s e O 3 (Kb esle S Olge 4 CrYlAC O
UL)‘; oKmJMv_ij DNA 3959 .,\.5& L,\:.: Lf“w'&};f»
WQ)ﬂw\)J}asﬁC}bakﬁf@bdwqb)&
o ot 355 4S) DNA -l 55 8 s CJE.A pliml sl LS
jY" bp )\ J&a-js u.’;Lx.la_edqu\M 6.,\:.wlja.:>u)b (el
b Osss Slapmpl by badey 5 w8 0 003 5oy BB 2
DNA L 3501 sbml Lpd e a5 WS Sk 055

CrylAC ;s 5 (ool ) Cumd s

o Kl GisliS oy b on U3
oS s GoBLb Gl ol xe L6 Cry glanss
ol s (USDA, 1995) 15 S sdalie Cunb 55 CrylAc
Sy asnpe 5 CrylAC o5y, gladlns S b w0
Palm et ) a0 o 55 Cpgus LS 5 Ay o Sladnls

.(al. 1993; 1994; 1996
Jaie sk oy e 13 CrYIAC Lol 555 5 Cdgi o
ol a8 ol ks Ol Cu sl 4 S 3 e S50
B GJ*”Ul; 4 aids Y Ode 53 S buys CrylAc 555
.(Venkateswerlu and Stotzky, 1992) 5,8 » & se b

Jasl 5 s S ol s 650 sl Slallas

VFeo limn) 9 3l /T oyloull /o0 0590 [ Samn § (Fos] § Sl § (quwkigeo -




g3 s 5 pls OLl 61 CrylAC ...l

S35 Sy

Iy 4 ol S dalgl 5 ed sdalis J@l;'- L;b'q,.:wlm;-
.JJJ;.L:J"‘U

23 CrylAC (555, sl oS glie b las e gl il
otk (PSS F alee s Sl el e Dl s
Lsls QLS 50 el QJLA)' lao 93 s in: QK:SLAJ;:;)}@
O Ok 5 sl s dalee b aslie 3 Lalds ) oS
Jelse plas 5 sl el 325 4 s 45z CrylAc
s S aalllas 350 o dis 05 S 0 A5 5 s,
5 ol ¢l 5 CrylAc 55 JAS sl 5l S5 @L:J o

NG| fb
4 ax CrylAc .55, a5 Llesls OLa b vy n culg o
Sbt 3 (ALS Sl 3 sz ge Spe a5 LAl s
OLL oy o 25500 G O 5 0dd ey D3 ol S
23 s n opl Gl AL Sl W Sl el el
Sl e o 358 e ol g 5 s Oles & S
ede 5l S @l il LS U e e S
il el oAl 5 en s lae 3 55 ol SO

il G Joen (gl S

O3 5 Ofsn S Ll 5 OLL faeme 53 by
O Rea S5 eelge sladsl 3 s eslinal (gl crylAc

o) sl g;i))-i-:” Lgba[)ﬁ.w’yjﬁjé O oreal eslanal aas @)'l

-wbww‘x6ﬁ>&>)§¢nﬁm

&lw

Astwood JD, Fuchs RL. 1996. Food allergens are stable to
digestion in a simple model of the gastrointestinal tract.
Journal of Allergy and Clinical Immunology, 97: 241.

Astwood JD, Leach JN, Fuchs RL. 1996. Stability of food
allergens to digestion in vitro. Nature Biotechnology, 14:
1269-1273.

Betz FS, Hammond BG Fuchs RL. 2000. Safety and
advantages of Bacillus thuringiensis-protected plants to
control  insect pests. Regulatory Toxicology and
Pharmacology, 32: 156-173.

Castillo AR, Gallardo MR, Maciel M, Giordano JM, Conti
GA, Gaggiotti MC, Quaino O, Gianni C, and Hartnell

ol el polantl Gl lails GBI 5 e S 5
2l Sl B ot &S apde el olanl s Slee
ol e i b s e e il i
gl G g2 JSKhs G5 e sy pde Gl 4 Cands
sl Lasl 4 e oyl Al gy al bosg sl 8
ol o gaesls 05,551 s 5 il

0L CrYIAC Lalls 055 5 eslinal b sddplonil (la il
O 3 s e kd edm adae 0 d 3 Jlul 4 s cnl 4SSl
e 5 e ol 3l B, 5l Sbe et ol 255 dal
0330 conl osdhe el (318 olaus 3 Sk slowl
il Sl oM e 4 Al Do a5
oy s L lad e gla, 86 3 (6 ks 4S5 s S ls OLES
sprs 4 AELLST Sl il 5 G clamll
e 85 g 05 Glerdstees Sl il e
L os 53 eSan ol 2 b s e s s SUT L ol s
s ed olis

DS e 4SS dsly ol axdlao ol s M_Jf/éug;‘”)ﬁ
sddatls e gbanSs s U elis &S &> CrylAc
L selss 5o o onl lameldesd A Slalad JUT L5
A Sladas BT 6 O30T L 5 e odazslis glacSs o
L oLelis a5 sy ol 50 CrylAc s, (glasla
S 55y 00 Sl sy ol 51l 05T sddantlis slads !

L S s p opl ol clalie b sla bl o

GF. 2001. Effect of feeding dairy cows with either Bollgard,
Bollgardll, Roundup Ready or control cottonseeds on feed
intake, milk yield and milk composition. J. Dairy Sci., 84 (1)
Abstract 1712.

Crecchio C, Stotzky G. 1998. Insecticidal activity and
biodegradation of the toxin from Bacillus thuringiensis
subsp. kurstaki bound to humic acids from soil. Soil Bio.
Biochem. 30: 463-470.

Doolittle RF, Feng DF, Anderson KL, Alberro MR. 1990. A
naturally occurring horizontal gene transfer from a
eukaryote to a prokaryote. J. Molecular Evolution, 31: 383-
388.




S35 S5

oy Bamma 5 ls OLl 6l CIYIAC casl

Fuchs RL Astwood JD. 1996. Allergenicity assessment of foods
derived from genetically modified plants. Food Technology
50: 83-88.

Harvey L, Arnold B, Chris K, Monte K, Anthony B, Hidde P,
Angelika A. 2013. Molecular Cell Biology (Seventh ed.).
New York: Worth Publ. p 934.

Hofmann C, Lithy P, Hutter R, Pliska V. 1988. Binding of the
delta endotoxin from Bacillus thuringiensis to brush-border
membrane vesicles of the cabbage butterfly, Eur J Biochem.
173(1): 85-91.

Kimber I, Kerkvliet NI, Taylor SL, Astwood JD, Sarlo K,
Dearman RJ. 1999. Toxicology of protein allergenicity:
prediction and characterization. Toxicological Sciences, 48:
157-162.

Koskella J, Stotzky G. 1997. Microbial utilization of free and
clay-bound insecticidal toxins from Bacillus thuringiensis
and their retention of insecticidal activity after incubation
with microbes. Appl. Environ. Microbiol. 63(9):3561-3568.

McClintock JT, Schaffer CR, Sjoblad RD. 1995. A
comparative review of the mammalian toxicity of Bacillus
thuringiensis-based pesticides. Pestic. Sci. 45: 95-105.

Metcalfe DD, Astwood JD, Townsend R, Sampson HA,
Taylor SL, Fuchs RL. 1996. Assessment of the allergenic
potential of foods derived from genetically engineered crop
plants. Critical Reviews in Food Science and Nutrition,
36(S):S165- S186.

OECD. 1995. OECD Guideline for the Testing of Chemicals:
Repeated Dose 28-Day Oral Toxicity Study in Rodents.
www.oecd.org/chemicalsafety/risk-assessment/1948386.pdf.

Offermanns S, Rosenthal W. 2008. Encyclopedia of Molecular
Pharmacology. Springer. pp. 306

Palm CJ, Donegan KK, Harris D, Seidler RJ. 1994.
Quantification in soil of Bacillus thuringiensis var. kurstaki
delta-endotoxin from transgenic plants. Mol. Ecol. 3: 145-
151.

Palm CJ, Schaller DL, Donegan KK, Seidler RJ. 1996.
Persistence in soil of transgenic plant produced Bacillus
thuringiensis var. kurstaki delta-endotoxin. Can. J.
Microbiol. 42: 1258-1262.

Palm CJ, Seidler RJ, Donegan KK, Harris D. 1993.
Transgenic plant pesticides: Fate and Persistence in soil.
Plant Physiol. Suppl 102: 166.

Pardo-Lopez L, Soberon M, Bravo A. 2013. Bacillus
thuringiensis insecticidal three-domain Cry toxins: mode of
action, insect resistance and consequences for crop
protection. FEMS Microbiol Rev, 37: 3-22.

Rahman M, Zaman M, Zafar Y, Hayder Z, Jamil A, Kikuchi
A, Watanabe KN. 2015. Mammalian Food Safety Risk
Assessment of Transgenic Cotton Containing CrylAc Gene
Conducted Independently in Pakistan. Med Safe Glo Heal.
4: 2-8.

Shahid AA, Bano S, Khalid S, Samiullah TR, Bajwa KS, Ali
MA. 2016. Biosafety assessment of transgenic Bt cotton on
model animals. Adv. life sci., 3:97-108.

Sjoblad RD, McClintock JT, Engler R. 1992. Toxicological
considerations forprotein components of biological pesticide
products. Regulatory Toxocology and Pharmacology, 15: 3-
9.

Stefkova K, Prochazkova J, Pachernik J. 2015. Alkaline
Phosphatase in Stem Cells. Stem Cells International. 2015:
1-11.

Tabashnik BE, Zhang M, Fabrick JF, Wu Y, Gao M, Huang
F, Wei J, Zhang J, Yelich A, Unnithan GC, Bravo A,
Soberén M, Carriére Y, Li X. 2015. Dual mode of action
of Bt proteins: protoxin efficacy against resistant insects.
Sci. Rep. 5, 15107

Tapp H, Calamai L, Stotzky G. 1994. Adsorption and binding
of the insecticidal proteins from Bacillus thuringiensis
subsp. kurstaki and subsp. tenebrionis on clay minerals. Soil
Biol Biochem. 26:663-679.

Tapp H, Stotzky G. 1995. Insecticidal activity of the toxins
from Bacillus thuriengiensis subsp. kurstaki and tenebrionis
adsorbed and bound on pure and soil clays. Appl. Environ.
Microbiol. 61(5):1786-1790.

Tapp H, Stotzky G. 1998. Persistence of the insecticidal toxin
from Bacillus thuriengiensis subsp. kurstaki in soil. Soil
Biol. Biochem. 30: 471-476.

Taylor A. 1993. Aminopeptidases: structure and function.
FASEB J. 7(2): 290-298.

Taylor SL, Lemanske Jr RF, Bush RK, Busse WW. 1987.
Food allergens: structure and immunologic properties. Ann.
Allergy 59(5): 93-99.

Taylor SL. 1992. Chemistry and detection of food allergens.
Food Technology 46: 146-152.

US FDA. 1992. Statement of policy: Foods derived from new
plant varieties. Federal Register 57(104):22984-23005.

USDA. 1995. Availability of Determination of Non-regulated
status for genetically engineered cotton. Federal Register
60(134):36096-36097.

Venkateswerlu G, Stotzky G. 1992. Binding of the protoxin and
toxin proteins of Bacillus thuringiensis subsp. kurstaki on
clay minerals. Current Microbiol. 25: 225-233.

VFeo limn) 9 3l /T oyloull /o0 0590 [ Samn § (Fos] § Sl § (quwkigeo -



https://www.ncbi.nlm.nih.gov/pubmed/2833394
https://books.google.com/books?id=fGe6NDIGQpsC&pg=PA306
https://books.google.com/books?id=fGe6NDIGQpsC&pg=PA306
https://www.hindawi.com/84219129/
https://www.hindawi.com/16392750/
https://www.hindawi.com/23949785/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taylor%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8440407
https://www.ncbi.nlm.nih.gov/pubmed/8440407

