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|. Introduction

e Bacillus thuringiensis (BT)
G+
Spore-forming
Insecticidal crystal proteins

(Cry toxin, delta-endotoxins)

Kong-Ming Wu et al. Sciénce
Yan Guixin.2009 CAAS [D] 2008 (321): 1676-1678



* BT toxins
~503 Bt toxins(Cry, Cyt and VIP)

( http://www.lifesci.sussex.ac.uk/home/Neil _Crickmore/
Bt/ Updated Feb 24 ,2010)

e Cry proteins

~ 386 (UniProt , with term “cry and Bacillus
thuringiensis )

1 - 25 of 386 results for name:cry AND organism:"bacillus thuringiensis” & in UniProtKB sorted by score descending

Show only reviewed (85)  (UniProtKB/Swiss-Prot) or unreviewed (301)



e Cry proteins

Toxic to many different species of insects larvae.

3A-S114

CK BtSU4 CK HDS8H CK HDS8I

Yan Guixin.2009 CAAS [D]



~* The nomenclature of Cry proteins

Based on the similarity of the Cry protein sequences

Grade /symbol Example(s)

<45% 1/ 1,2,3... Cryl,Cry2...
45%-78% 11/ A,B,C... CrylA,CrylB...
78%-95% 11/ a,b,c... CrylAa,CrylAb...
>95% IV/ 1,2,3... CrylAal, CrylAal...

Crickmore N. et al. Microbiol Mol Biol Rev. 1998,62:807 ~813.



* Overview of Cry toxin
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Cry4Aa(2C9K) Superimposition of 7Cry toxins



e The mechanism of the toxic action to
insects larvae

HevCadlLP ..

1
o Lot oo cligomer
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HvALP . HvALP
Oltgomer

II‘BOMI“I
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B-Caenln

Signalling pathway

5' Ocmetie shook

Jurat-Fuentes J.L. ,Adang M.J . Journal of Invertebrate Pathology
2006,92(3):166~171.



2. Materials

* Get the total /7 Cry proteins structures in
PDB.

[CrylAa(ICIY), Cry2Aa( 115P), Cry3Aa(IDLC), Cry3BbI(1]16),
Cry4Aa(2C9K), Cry4Ba (1W99), Cry8Eal (3EB7)]

* Get full sequences of |7 Cry proteins in

UniProt (including the full sequences of the 7 PDB

Cry proteins and their toxic sequences) .

(CrylAa, CrylAb,CrylAc, CrylBd, CrylFb, Cry2Aa, Cry2Ac, Cry2Ad,
Cry3Aa, Cry3Ba, Cry3Bb, Cry4Aa, Cry4Ba, Cry5Aa, Cry6Ba,Cry/Aa,
Cry8Eal)



* Phylogenetic tree of |7 Cry proteins.

(by MEGA 4.0)
W

EECI'ylAb
100 crylAa

100 L crylAc 100 cry1Ac
% crylFb 90 cryl1Fb
95 crylBd 83 crylBd
cry7Aa cry7Aa
cry8Ea
7 ry 0 cry8Ea
87 81 cry3Aa 81 81 cry3Aa
100 cry3Ba 100 r cry3Ba
100 CI'y3Bb 100 L crv3Bb
40 | cry4Aa 49 | crydAa
98 cry4Ba 98 cn/ARa
Ccry2Ac cry2Ac
100 EcryZAa 100 EcryZAa
53 cry2Ad 61 cry2Ad
cry5Aa cry5Aa
cry6Ba cry6Ba
— —
0.2 0.2

Neighbor-Joining method

Minimum Evolution method




crylAa

77 cry2Aa 100

100 { cry2Ad 100 crylAc
67 cry2Ac 92 crylFb
cry5Aa 100 crylBd
86 —43: cry6Ba cry7Aa
49 ——cry4Aa " cry8Ea
() — cry4Ba 100 9 cry3Aa
67 cry7Aa 100 [ cry3Ba
crylBd - 100 L cry3Bb
o crylFb | cryd4Aa
o crylAc 100 | cry4Ba
100 { crylAb cry5Aa
92 crylAa cry2Ac
cry3Aa 100 cry2Aa
100 { cry3Ba 9£ cry2Ad
100 cry3Bb cry6Ba

cry8Ea . . . . . .

10 0.8 0.6 0.4 0.2 0.0

Maximum Parsimony method

UPGMA method




e Choose Cry4Aa(

Cry4Ba(

) and

) for further analysis

-both with PDB structures [Cry4Aa(2C9K), Cry4Ba (IW99)]

-both have toxic to Aedes ({iy) , Culex (JF ¥{) and
Anopheles (FZ1{) larvae but significantly differ in toxicity

level

Table 1. Larvicidal activity of Bacillus thuringiensis svar. israelensis pow-

ders containing individual spore/crystals mixtures, againsj Aedes aegypti

early 4™ instar larvae

No. No. LCsq? (95%
Powder assays larvae fiducial limits)
Cryllia 3 1140 1.35(1.01-1.82)
Cry4Aa 3 1020 13.01 (8.82-20.04)
Cry4Ba 3 1020 0.12 (0.08-0.54)
Bti® 3 1080 0.013 (0.011-0.0186)

Henrique de Barros Moreira Beltrao , Maria Helena Neves
Lobo Silva-Filha. FEMS Microbiol Lett 2007 ,(266) 163—169


http://www.uniprot.org/uniprot/P16480
http://www.uniprot.org/uniprot/P05519

3. General property(full length)

_ Cry4Aa Cry4Ba Program/method

Length (aa) 1180 1136
M(Da) 134538.7 127764.2
Pl(theoretical) 5.04 4.87
Hydrophobicity -0.424152  -0.346919
SecP score 0.901246 0.822789
|dentity 56.5%

Similarity 68.1%

ProtParam
ProtParam
ProtParam
SOSUI
SecretomeP
Jemboss

Jemboss

Conclusion 1: The acidity of the Cry ptoteins make
It easier to dissolve in the midgut where is alkaline.



e Transmembrane prediction (SOSUI)
Cryd4Aa Cry4Ba

[Hyd ropathy pl‘Dfl|e] This amino acid sequence is of a MEMBRANE PROTEIN
which have 1 transmembrane helix.

WWLJVMUW%WHW uﬁ“x_w No.|N terminal|  transmembrane region  |C terminal| type |length
1 bl PPAGTVLTVLSAVLPILWPTNTP 83 PRIMARY | 23

£l L LA ~ [Hydropathy profile]

This amino acid sequence is of a SOLUBLE PROTEIN.
1 ;H,fﬂ\m

AV AN N ,

I FRIMARY HELIX

il M S SECOMDARY HELIX
Hydrophobic residue:  Elack i
Faolar residue: Blue

Charged residue:; Eold bluei+) Enolc




e Smart: different results!

Domains within Bacillus thuringiensis protein CR4AA_BACTI (P16480)

Pesticidal crystal protein crydéa (Insecticidal delta-endotoxin CrylVA(a))
1 100 200

_I

Domains within Bacillus thuringiensis protein CR4BA BACTI (P05519)

Pesticidal crystal protein cry4Ba (Insecticidal delta-endotoxin CryIVEB(a))
1 100 200




4. Structure and function
(toxin sections)

e The full length protein (protoxin) dissolved and
cleaved in the midgut of larvae, produce the
active toxin.

e Cry4Aa toxin: 68-679
e Cry4Ba toxin: 84-641



A

_ Cry4Ba Cry8Eal Superirr]positioéj
Conclusion 2: the 3D structures of the Cry toxins

seem to be highly similarity.



e Domain |

Helixes rich (usually 7 )
responsibility for the
formation of ion channel in
the midgut cell membrane
(the toxic domain).

e Domain |l

Beta-sheet rich, involved in
4\ the specific binding to the
, ’ * -~ receptor.

e Domain Il

Cry4Aa(2C9K) Not very clear, maybe with
both function.



e Multiple alignment of 7 Cry toxins
by MEGA 4.0)
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cry3aa

100
91 cry3bb
w4 cry8eal
crylaa
crydaa
99 crv4ba
cry2aa
| 0.2 {
100 cry3aa
81 cry3bb
62 cry8eal
crylaa
cry4aa
98 cry4ba
cry2aa
! 0.2 %
1 crydaa 100 cry3aa
88 cry4ba 98 cry3bb
67 —— 100 cry8eal

crylaa
crylaa cry4aa
cry3aa 93 cry4ba
100 cry3bb cry2aa

cry8eal , , , ,

T
0.8 0.6 0.4

0.2

0.0



al o2a a2b
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i a3 = a4a wdb [TA]
R00Q00000000000000C000Q000000 20000 .. .00000000000000000000 000000000000000090
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b «ia a7b o7c
LO00000N000NR0N0N00NN0ARNN0N00D L20,...,.200000000000000 00000 0000
230 250 260
RO ¢ v
.EDIAEFYKROLKLTOEMTDHCHEWPNVEGLDKBRGSSYE. .. ... S§ e
.EDVAEFYHRQLKLTQQYTDHC NWHMNVELNGHRGSTYD. ... ..A v
.A‘INSRYNDLTRLIuN'TDYA RWPNTGLERMWGPDSR. ... ..DN 3

KKGLNLEKTTPDSNLDGNIN

CITAINNYYNROMSLIAQMSDHCMOWMRTGLDREKGSNAK.
3]
N
NKGLDVEBRNKSNG......Q

A LRTYRDYLRNVTRD' NT TAFRGENTRLHDMLEFR.
L0000000000000000000000000N000 & 20, ., ilkiiillllilllQ
230 250 260Q
CTAINNYYNROMSLIAQMSDHCMOWMRTGLDREKGSNAK. . .. ..0Q
.EDIAEFYKRQLKLTQE KWMNVEGLDKBRGSSYE, .. ... 5
.EDVAEFYHRQLKLTQ Qp NWHNVEGLNGHBRGSTYD. ... ..AN
.ATINSRYNDLTRLIuN'!DYA RWMNTGLERMWGPDER. ... ..D
LETAIDYYPVLTKATIEDjg TTHKKGLNLEKTTPDSNLDGNIN
GLINAQE CSAGDQLYNTMVQYTKERIAHSETWHNKGLD V RNKSNG......Q;
VILNADEWIGISA........ ATLRTYRDYLRNYTRDRESNYCENT TAFRGENTRLHDMLEFR.T
Conscrvcd Block 2
1 2 1 al 3 3
&’ -E’ 231 200000080 B 4 o B > -J&-’ -~
300Q 310 329 330 340 350 360 370 380 390
[ y IGRIGAQGSWYDSAPSFNTLESTFIBRGKHLFDFETRESIYTGRSS .FSASNYLKEWRIGHOQXSSQPIGGSIQTQTYGTTSGS.SVIA
WMDIPIVGVN. . .NLRGYGTTFSNIEN . YIRKPHLPDYBHREQFHPRFQPGYYGNDSFNYWSGNYVSTRPSIGSNDIITSPFYGNK. SSEP
3 ] PIFSLN...TLOEYGPTIFLSIEN.SIQKPHLFD YROGEREFHTRLOPGYFGKDSFNYRSGNYVETRPSIGSSKTITSPFYGDK, STEP
v+« TVSQL VLENFDG....SFRGMAQRIEQ .NIJRPRLMDIBNSEMTIYTDVHER. ... . .GFNYWSGHQIXTASPVGEFSGPEFAFPLFGNAGNAAP
..VOSELE QVILNFEES..... PYKYYDFQYQEDSLTEHRPHLFPTWERD SENFYEKAQT. ... .. TPNNFFTSHYNMFHYTLDNISQKSSVFGNHNVTDK
TKLSKTEF® VESPS..+...SKSIAALEAAL. . TR PVHBLF TWRKRMDEWTINTIY. . ... . QDLRFLSANKIG.FSYTNSSAMQESGIYGSSGFGSN
S NWPFLYSLFQUVNSNYILSGISG. .TRLSTITPPNEGGEHPGSTTTHS. .. .LNSARVNYSGGVSSGLIGATNLNENFNCSTVLPPLST
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y
) T 8 9 10 o9 all 11
Cry8E R g > £ > -—E-> .?....-’2&&& 2000
409 410 420 439 440 450 460 479 480
CryBEa1 TOQOIGFTGFDVYRTLSTAGVLFAYT. SKYYGVSRKRVVFDAIYPDNK.YKTTFPYNPGSEGIGAQE. ... . KDSEVELPPETLDOPNYEAYSHRILNYMTFIRN
Cry3Aa VONLEFNGEKVYRAVANTNLAVWNPS.AVYSGVTRVEFSQYNDQTD . EASTOTYDSKRNVGAVS...... . WDSIDOQLPPETTDEPLEKGYSHOLNYMMCFLM
Cry3Bb1 VOKLSFDGOKVYRTIANTDVAANWPNGKVYLGVEKVDEFSQYDDOXKN.ETSTQTYDSKRNNGHVSA. . .. .. OQDSIDQLPPETTDEPLEKAYSHOQLNYRECEFLM
CrylAa PVLVSLTGLGIFRTLS . .SPLYRRIILGSGPNRQELFEVLDGTEFS.FASLTENLPSTIYRQRGT. ... .. .VDSLDVIPPQDNSVPPRAGFBHRLSHEMTMLSQ
Cry4Aa LEKSLGLAT ., NIYIFLLNVISLDNKYLNDYNNISKEMDFFITNGTRL.LEKELTAGSGQITYDVNKNI GLPTLKRREEQGNPTLE"TYDN! HILSFEKSLSI
CrydBa LTHQIQLNSNVYKRTSITDTSSPSNR. ... .. VIPRMDEYKIDGTLASYNSNITPTPEGLRTTFFG. , v v v v v .. FSTNENTPNQETVNDYPHILSYZKTDVI
Cry2Aa PEVRSWLDSGTIDREGVATSTNWOTESFOTTLSLRCGAFSARGNSNYFPDYFIRNISGVPLVIRN .. ..., .ED. LTRPLHYNQIRNIESPEBGTPGGRRAYLY
12 13 14 2 3 15 16 17

Cry8E _B_—. E’ —D-—P_zlz ,l,’lq.l.l L’ P‘.’ _B'—'

490 530 540 550 560
CryBEA1 PD....... VPV AD: B VKA CSDGPKPSANEVG. HYLG[DPEISFNSSG.STGVIRLNI . N. . .SPLSI
Cry3Aa QGSRGT.. .IPV VKAYKLOSGASVVAGPRFITGEDITCCTENG. SAATIYVTP.D., .. .VSYSE
Cry3Bb1 QDRRGT...IPF VD : ) VKAYALSSGASIIEGPGFPOENLBFLKESSNSIAKFKVPLNS., . . AALLRQ
Cry1Aa ALGAVYTILRAPTF AE:) 5 S LTKSTNLGSCTSVVKGPGFTGED IBRRTSPG.QISTLRYNI 5
CrydAa PATYKT. .QVYT \ I JAVKANSLGTASKVVQGPGHTG BIDFKDHF ... .KITEQH. . ... SNFQ
Cry4Ba DYNSNR.. ..VSH VESNFLNATAKVIKGPGHTGED LMALTSNGTLSGRMEIQCKTSIFNDPT]
Cry2Aa SVHNRK. .NNIY| g1 5 TG AL EATQVNNQTRTFISEKFCNQEDSBRFEQSN. TTARYTLRG. . \

Conserved Block 3

19 20 4 5 21 22

Cry8E B > : > 9.2.2 911 _—

580 590 600 610 620 630 640
Cry8Ea1 SVDFDLDVVRGEGTTVNNGRFNKSAPNVGWQSLKYENRIKFAS . . .FSTEFTEFNQAQ.DTLKISVRNFSSIVGGSV]
Cry3Aa PSQITFTLSLDGAPFNQYYFDKFPRINKG, .DTLTYNSRNLAS, ., .FSTPFELSG, . .NNLQIGVTGLSA. ., .GDEKN
Cry3Bb1 PINLRLFVQNSNNDFLVIYINKTMNKD. .DDLTYQTOLAT. .. TNSNMGFSGDK.NELIIGAESFVS. ., .NEK
CryiAa TTINLQFHTSIDGRPINQGNFSATMSSG. . SNLQSGSIRTVG, . .FTTPFNFSNGS.SVETLSAHVFNS. . .GNEN
CrydAa NTRAVINLSIPEGVAELGMALNPEFSGTDYTNLKYKDRIOYLE . . .FSNEVKFAPNONISLEVENRSDVYT. . .NTT
Cry4Ba NVSYVLOGVSRGTTISTESTFSRPNNIIPTDLKYEERQRRYRKDPFDAIVPMRLESNOQLITIAIQPLNMTS . . . NNQJ

Cry2Aa IGNSTIRVTINGRVYTVSNVNTETHNNDG, VNDNGARIYSDIN....IGNIVASDNTNVTLDINVTLNSG. ... TP}
ConservedBIocks

Multiple alignment by DSSP: 5 conserved blocks

Shuyuan Guo, et al. Journal of Structural Biology. 168 (2009) 259-266



e The location of the conserved blocks

| .¢\)/4Aa(2C9K) ET O,
: Q )

9
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Block1 Tyr202-LeLt/23i,_
, Block4 GIn584-Ser594, Block5 Val667-Pro676

Conclusion 3: All conserved blocks located in the center of
molecular or the interfaces between 2 domains. Maybe important

for the structure and stability.



e Comparison of domain I/ || between
Cry4Aa and Cry4Ba

Table 1. Larvicidal activity of Bacillus thuringiensis svar. israelensis pow-

ders containing individual spore/crystals mixtures, againsj Aedes aegypti
early 4" instar larvae

No. No. LCsq? (95%
Powder assays larvae fiducial limits)
Cryllia 3 1140 1.35(1.01-1.82)
Cry4Aa 3 1020 13.01 (8.82-20.04)
Cry4Ba 3 1020 0.12 (0.08-0.54)
Bti® 3 1080 0.013 (0.011-0.0186)

Henrique de Barros Moreira Beltrao , Maria Helena Neves
Lobo Silva-Filha. FEMS Microbiol Lett 2007 (266) 163—-169



-

Cry4Aa 68-321 322-524 525-679
Cry4Ba 84-282 283-466 467-641

Cry4Aa(2C9K) Cry4Ba (1W99)



e Domain I(side view)

Cry4dAa Cry4Ba
7 a-helixes 5 a-helixes

(lose of aland a2 )



* Domain I(top view)

7 a-helixes



* 0-4 and a-5 are the keys to pore-forming
in the midgut membrane, maybe because
of their high hydrophobicity



o T- map of Cry4Aa toxin(by Weblab)

Tmap
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This amino acid sequence is of a MEMBRANE PROTEIN
which have 1 transmembrane heliz.

No. [N terminal | transmembrane region |O terminal | tvpe |length

1 14 VGTVLTGFGFTTPLGLALIGEFGT 36 PRIMARY | 23

& M® .
&
The helical wheel of Cry4Aa -5 "

shows its hydrophobicity.




e T-map of Cry4Ba toxin(by WWeblab)
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This amino acid sequence i1s of a MEMBRANE PROTEIN
which have 1 transmembrane heliz.

Ma. W terminal | transmembrane region | terminal | type |length

1 4 NLVGYELLLLPTY AQWVANFINLLL 26 PEIMARY 23
o B X B m The hydrophobic section

. % located in the a-5

P z%;% §§§§I!

AM@

M g A
L

Conclusion4 :a-5 are highly hydrophobic




* Domain I(top view)

Cry4Ba
Vo 5 a-helixes
d ¢
kv‘,- The a-1 and a-2
; & / maybe not necessary
@ for the toxicity of Cry
toxin

7 a-helixes

Conclusion 5: the conserved Pro may play a important role
as the link of the “lip”, and maybe involved in the stability of
Cry toxin. Shuyuan Guo, et al. Journal of Structural Biology. 168 (2009) 259—-266



« Domain ll(side view)

Mutagenesis and loop swapping experiments with
Cry toxins have identified regions of domain Il as
major determinants of insect specificity.

Poncet, S. et al. J. Invertebr. Pathol.1995,66:131-135.

Abdullah, M. A, et al. Appl. Environ. Microbiol.
2003,69:5343-5353.



Conclusion 6: The loops in domain Il
major determine the insect specificity.




Summary:

The acidity of the Cry proteins make it easier to dissolve in
the midgut where is alkaline.

The 3D structures of the Cry toxins share high similarity.

The conserved sections located in the center of molecular or
the interfaces between 2 domains. Maybe important for the
structure and stability.

a-5 are highly hydrophobic thus it can easily insert into the
midgut membrane

The conserved Pro play a important role as the link of the
“lip” which may protect the a-5.

The loops in domain Il major determine the insect specificity
and activity.



e Details of the toxic mechanism

domiarn 17

Shuyuan Guo, et,al. Journal of Structural Biology 168 (2009) 259-266
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