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WD 2004/ 094630 PCT/ AU2004/ 000524 | NSECT CHYMOTRYPSI N
AND | NHI Bl TORS THEREOF BACKGROUND OF THE I NVENTION 5
WO-R@EWD940B80 THE | NVENTI ON The present invention PE/AU2®4/000524
generally to a novel chynotrypsin that exhibits
resistance to a plant serine proteinase inhibitor.
More particularly, the present invention provides a
chynotrypsin which is up-regulated in the gut of
Hel i c i [ i gera
| msoo LR SHIMETRYASH ARDIRRISITERS IHERECH
inhibitors of N cotiana alata. The novel chynotrypsin
represents, therefore, a target for the identification
of antagonists including inhibitors which are
proposed to be useful in the control of Helicoverpa
l%gg?%%ﬂg@%ﬁﬁﬁ% .S agfgg. eNAGTONE resistant to serine
‘ 0 ' ‘ plants. The
ant agoni sts of the chynotrypsin may be topically
applied to the plants or, when in 15 proteinaceous
HBEMOREHEJEMETOd@Red by genetic neans in plant cells.
The antagonists may act at the | evel of gene
expression or protein activity. DESCRIPTION OF THE
TR R ARAY &fioBirblates gemepiilyctodedovie]l shyaiottypeingthitleixhibits osséstance to a
referred to in this specification are also collected .
plant { J§En@ RIOGIMasH AnlyBides iM@#eoH@ﬂlﬁélﬁaVeH?ﬁe PReSeRin{VERtiQR provides a
L Pndil s | ' i | Helicoverpa
Flhol bt PRl ln (B B of ABRCODPA, g 284 [elicoverp
pubaigerhiiseqr laome avltenffod the geane pofteinhes inbibitors of2%icotiana alata. The
general know edge in a ountry. F e repr.eductiy .
RVl SR CIFNP R TR POt o el R il fJEmH PR, B antagonsts

iNzlﬁ(‘Pﬁl% 3R bitSs A RicR TS Bropbsid {oehehisef@ll inS@k dd@trol of Helicoverpa spp.
proternase inhibitors (PIs) for protection against

moeslatormthat hatehbagems resistritrioceriae peateinaserighibitayst progyqed in plants.

. 203-21 93),. These 6 k Pl C t i :
Thireiazonireol iR fimaiy ogp méspPe tedfi ptied s§ 4 plals or. when in
ptS2Mhcand féin iBr be/grddbded by\enéticmeartstia plant cells. The antagonists may

post-transl ational nodificatjon of a 40.3kDa precursor
aet ditthé levelmicscpe expressinn GPreleE oiVID 2004/ 094630

PCT/ AU2004/ 000524 -2 protein (referred to as "NaPl")
i s conposed of six repeated regions of high sequence
DESCRIPTYON-OB IHE BRIGRARTN t h a potential Pl reactive
site. Processing of the six-repeat precursor protein
unexpectedly occurs at sites |ocated within, rather

B8RS AERiWRIR ik b€ the publications referred to in this specification are also collected
at the end of the description.

Reference to any prior art in this specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that this prior art forms part of the common

general knowledge in any country.

Female reproductive tissues and wounded leaves of the ornamental tobacco, Nicotiana
alata amass high levels of serine proteinase inhibitors (PIs) for protection against pests and
pathogens (Atkinson et al., The Plant Cell 5: 203-213, 1993). These 6 kDa PIs accumulate
in the vacuole (Miller et al., Plant Cell 11: 1499-1508, 1999) and are derived in vivo from

the post-translational modification of a 40.3kDa precursor protein. The precursor of the PI
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repeated regions. Conplete renoval of the |inker
sequence (A u-Ad u-Lys-Lys-Asn) [SEQ 5 ID N(r): 1]

w@oemkav4esd W thin each repeated regi on, gener aeE€EADR00/000524

contiguous 6 kDa inhibitors (C| and T1-T4) and a

novel two-chain chynmotrypsin inhibitor (C2) formed by

di sul phi de bond |inkage of N-term nal and C-term nal

peptide fragments (Heath et al Eur opean Jour nal of

Bi ochem stry 230(1): 25-257, :%95 Lee et al., Nature
Structural Biology 6(6): 526-530, 1999). The

structures of G, T1-T4 and C2 have been sol ved usjing
rroteibHirafvRred ge tasi ‘a&el’sl”)( Ni eompasedtofagix repeataghregiqysopf high sequence

%‘?{é’é&ﬁ%@%ﬁ% f@“gg Wl‘ﬁ_ ?e%gﬁlebl ?gﬁg&ve% 8Cp§6@eﬁﬁr€% o?%he six-repeat

Rb@iddr ghrseim aﬁe@eSteﬁlqndcogﬁﬂ@t siedsaloegted ovillER) ratllimt than between the

encodes a closely rel ated ecur sor protej
reprakash regioan GompleETemONdl ilinker(SoRpense (&1 9%- Yasn) [SEQ

ﬁ) NO: I‘? Uontaire g $athin 201 ?féyloﬁagego Qe)g'lonTh%e epc{t@sc 'ffv%oéoriti%uous 6 kDa

ocesse in vivo res rel ease of
1hh1ibﬁ6rsq0]1tan@UDU§ 4% akda noméli ﬁwot-cmam Ql@motﬂizpsannhhitﬁfpr £072) formed by

difpife bpas deketecol Ml Ghb G HERTRL ACPRRS FRGBEHS (Heath of al,
Eﬁ{o?@cﬁzegoJr;z Ife B%cﬁér%zsgg%'opl R5EGHr $995: 1R at 8K Nature Structural

I donmal n cursors have been described for other
Biologn&¢®0636- spo a1r9|99) iThel Suu e Nif GlaBacihandBa?l save beeatsolved using

%&Wg&gc&n&@qgl éels% ez2 Al %1&;611%8? 2@29%'% Vs 1?94 Nielson et al.,

32999]?9;711%%132115«302—(1@@)1 1995 S5 eNL 1999, Gipay).or et al .
. 'Biol. 23: '1005-1014, 1993) and Capsi cum

annum(l\/bura and Ryan, Pl ant Physiol. 126: 289-298,

OO'AnheatI rotei | va closely related
385 SR, B Sosopl BUELOPEL A FEO0ERD g sl re
?fec&%ﬂ pR6teliy Witk fnagathenthab bikaeseatsd donenimc@Villet yr af, Plant Mol. Biol.

he di gestive proteases of  insects and, have S%ﬂ%ﬁere?easeofthree

£Ha5t Tidy 20008 FribEreatony ojso BHeSSKar VISP Sttt
H&Is § ﬂﬁaqﬂfﬁ?%yﬁg(cﬁlf f'[@fca{n?l 'Pfe) érﬁsﬁettwge&hﬁl ﬁ‘lﬂﬂ)ltor C2 (Figure 1).

Poor gani sns Phyt opat hol
ZFHt‘ée 4Athe iARIBAOrs €Al eGP asd Té) armlidentical: to F@hcmtre@wétﬁrcan the six-domain
Mani pul ati on_for Pr ot ecti.on, .Bi ot

PGPSR tl%ﬁlzgeq\lénuh;dorE@El PIESHISHTS Jéage bgen escr&begomr %tper solanaceous
?@nﬂs%aﬁ&ﬁﬁ 'J@%baédwﬁlaalmm 1B5E, 1Bknt AR92Biol. |JV561C119$ 1204, 1995), N

at are specialist feeders on a particul ar
phutinbsaa(@Ghoj enew.alBigehias ets Baontys: @40@‘41é4%r2ﬂe'21:ﬁ 32000), L. esculentum

8]{(?6% uced b%’l@gwﬁ(ﬁ f&r}'df 23 Og(ioéaf(ﬁf ??é’j) n\éie%'r Bl g (Moura and

Rgah hers ks Phii 512496y 2891908/i A0 N Antdaey 0 BDbL, Emmn s%mpm 2280-2290,
76: "303-31 1995; Broadvvay J Insect. PhyS| ol . 41:

2001)116, 1995) There is interest, therefore, in

Several groups have reported on the affect of serine proteinase inhibitors on the activity of
the digestive proteases of insects and have suggested that they are produced by plants for
protection against the damaging affects of insect pests and microorganisms (Ryan, Annu.
Rev. Phytopathol. 28: 425-449, 1990; Gatehouse et al., In: Plant Genetic Manipulation for
Crop Protection, Biotech. in Agriculture No. 7, Eds. Gatehouse, Hilder & Bouiter,
International U.K., pp. 155-181, 1992). Insects that are specialist feeders on a particular

host plant are generally resistant to the serine PIs produced by that plant, but are sensitive
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transferring genes encoding serine PIs from non-hosts

into crop plants to enhance insect resistance and to
waele@neesso rel i ance on chem cal pesticides. RecRCI/AY2004/000524

however, several 5 groups have reported on the ability

of certain insects to change the relative proportions

of proteolytic enzynes in their mdgut foll ow ng

i ngestion of high |levels of Pls (Broadway, 1995,

supra; Jongsna et al., Proc. "Natl. Acad. Sci. USA

92(17): 8041-8045, 1995a). Broadway (1995, supra),

for exanple, found that certain | epidopteran insec

ts
tpPhdprodutedcby mmebestsc(Broadwayotnd Villssi, Entomel. g edapbs76: 303-312,

 of ich_ is insgnsitiye f, .
08 Bl BRI, G-I T PR, poe,
tlaN§eg nB§ efdbdingoderiat PIHErobt ¥Ps-hosts ddtassopiplants to enhance insect

affecte b%*/ﬂ the PlI's and thus were able to lgr ow anﬁl
repdsarcs prgnie ﬁ@p@aé@_relmssqpachmalc%p;gﬁ.s ?Cfg‘gg,’ owever, several

I i | .y v | o i t I. .
(340 A R8T 001 QRSRHER Ll L1 SBAERR SR popocions o
pretbalgtio enAmeesfiachear midduatfoll@ging abgestitie of bighdtvan obPIs (Broadway,

t hese proteases under these conditio r t
1985 THi%e: enpaMmasel Hdi %emaf&ﬂgsgg’pzé‘f g g(l;}g‘_r 8@?’?@45 » 1995a).
B&dWy ¢1‘925 o' hp,efo& RRABpIRS fRNA kIR RETAR IéfiddHerah A8EH produce two
gut w-l e o? I ["ant

Imted use for |long termplal
hpoast elasseonf tiFhsindikeepretcasedi e phavhick, isainsgnaitive thdys drom cabbage

ot enf | al., advant over other plant .Pls_far . .
RS b e o s et eIy s BaftHls inbdatlprpdfotion of the trypsin
dMs8 RbBarfddRst byPthd Pls SRT hi€ wetsSalOw giow &1l develod wihiddefed. Jongsma

i nhi bitory 20 domai ns, whereas the N. alata PI

apd gowoskars (H9ve saryd} made & simler gbseavatipn Wity Spodapsera qrigua larvae

tential to.eng I Ldinyd ' f

B E 1 Rop RS AR kb e HtRors 10T ATAE (pd Moo of hese
[161¢a¥e8 indérah&k Rasdtongure Ret kivsect gut. The m dgut

prot eases of several Lepidoptera, Col eoptera and

Orthoptera have been 25 partially characterized. In

RS sthRb ﬂm%%a‘teé'@gt > §§éc‘ﬁ§c fi%n R @6 0P AGrafed dMirbdinases in an
I'sSTdue primarily to serine proteinases (trypsin,

infucmgtr ywilsiba cfrithiited edeairdery tamdpleys pritestionndhe gene encoding the

e RS RD L RS g 4R B8 Sk e of oo
éggéhce-rﬁlr frﬁmg ¢ RIS IVIGst erift PENEIRtailt st 6he ol @96 inhibitory
1-62, 1994; Xu and n, Econ. Entonol. 87: 334-338, .

dcdeans, lveteereas dhe\As tadet Rlrprearsorpihavh &onr avoiie ¢rigereol). Thus, there is

égéntgg@?%@;l%’e& 9%?&3161}]@2 Oil%,flcl)l’gst & étPé }V ?lﬂé{lil?t%tpé@d C‘% gxﬁl]mitory activity
PMAlREsevBlPbrotedR4s3s in B Brsd&3ut. 1995) .  Exopepti dase and

["euci neam nopepti dase WO 2004/ 094630 PCT/ AU2004/ 000524
-4

The midgut proteases of several Lepidoptera, Coleoptera and Orthoptera have been

partially characterized. In most Lepidopteran species the endoproteinase activity is due
primarily to serine proteinases (trypsin, chymotrypsin and/or elastase) and cysteine and
metalloproteinases are not detectable (Christeller et al., Insect Biochem. Molecul. Biol. 22:
735-746, 1992; Terra and Ferreira, Comp. Biochem. Physiol. 109: 1-62, 1994; Xu and Qin,
J. Econ. Entomol. 87: 334-338, 1994; Lee and Anstee, Insect. Biochem. Molec. Biol. 25:
63-71, 1995a; Johnston et al., Insect Biochem. 21: 389-397, 1991; Johnston et al., Insect
Biochem. Molec. Biol. 25(3): 375-383, 1995). Exopeptidase and leucineaminopeptidase
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have al so been identified (Christeller et al., 1992,
supra; Lee and Anstee, Insect. Biochem Mdlec. Biol.

WQ@2{01)p9468®- 61, 1995b). The nechani sm of acti onPCF/AP2®4/000524

on insects is only partially understood. Three
responses 5 have been described: (i) Severe

retardati on of growth w thout a decrease in gut
proteolytic activity. Broad and Duffey (J. Insect
Physiol. 32: 673-680, 1986a; Broadway and Duffey, J

I nsect Physiol. 32: 827-833, 1986b) found that insects

fed on Pls had 10 remarkably reduced growh rates that
hage alspbeemislondfied Ehrisieller of dhedP2hsupian Lepnand Agstgs. Insect. Biochem.

rot el yticc,,act Lvi i\n the gut. Indeed the gut
@@8%2%?%%?@95§%P¥HP?5$ften i ncreased. They suggested

that a feedback nmechani smwas operating that led to

hyper production of proteases, that led jn tuyrn t
dspnestiepistoet aetiosrafi Bls g ingsels is %’aihp%ﬂﬁh}ﬁ gmg%ﬁ‘ﬁsg- Three responses
}ﬁ%ggendlég%ﬁbegh_enorrenon has been recorded for other

|

nsects after 15 chronic ingestion of Pls (Burgess et
Entonol . Exp. App. 61: 123-130, 1991; De Leo et

al .,
8 GhRR TNRSh b 00 235 B, S i

(1) $eYeNSy 8HADEAL) QN HlsedT PWsTHINZRN 683480 @886%; | Broadway and
gut proteolytic acti'vity. Broadway 20 (1995, supra

f oundDuflfiest, 4 HesekiePhydindt 8282 7sHc 11886b)Agrnd ithatiipssetsdad on Pls had

(5o LS ot 50150001 U LSy g i

and dbgl NabtebBSRONGIVRY BetHeebtndnfled MgecRsl froteolytic activity often
proteases. These insects had ug to a 70% reduction, in
t ot al ingfigasegy dhew Syggested thatva fgpdbegkamicplanissn 1vas Angsding that led to

(Lepi - Tar t Il cj : i nhi bict.Qr.s:

wor o PRToRch o ibEARE, 8y BhAR) AREIAGh VjcRihial sulphur
was asnethiapathing diddiThispirhedewdrelsdsdeen asbrdedtfpr bther insects after
the gut (Markw ck et al., Journal of ongoni c

e o o i oS aBhveram. Briompl NP 433130, 1991 De

gr owt . £HANGE,, s rp@pz%l. CH'??P'@?EWMMDQE&? MaH&YiBk RRASRS J. Economic
Some insects can conpensate for the inhibition of one

gr oupEmbmpiogy $i/i6s 826Hy6j ¥¥8xi ng a new 30 protei nase
activity. The genones of | epidopteran insects contain

genes for a range of serine proteases and insects can

0di f ¥erbher B ahRSS bR oWkh ARG ddcfedss DZ ¥iWESotedWWI® activity. Broadway
04/ 094630 PCT/ Al 4/ 000524 -5 suit dietar

conpol&fs ssupBoviiaundthahthe lepidepietan Spegiese Mg  a/b %&iIO’BibéﬂCk cutworm)
27 2a ] (rsg’cﬁl’ced growth and delayed pupation after exposure to soybean trypsin
inhibitor and did not respond by secreting Pl-insensitive proteases. These insects
had up to a 70% reduction in total gut proteolytic activity. Codling moth larvae
(Lepidoptera:Tortricidae) fed on ‘elastase inhibitors’ were also retarded in growth
and development that was associated with diminished elastase activity in the gut

(Markwick et al., Journal of Economic Entomology 88(1): 33-39, 1995).

(ii)  No effect on growth - change in the complement of gut proteinases. Some insects
can compensate for the inhibition of one group of proteinases by inducing a new
proteinase activity. The genomes of lepidopteran insects contain genes for a range

of serine proteases and insects can modify the expression of specific isozymes to
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1997; Broadway, J Insect. Physiol. 43(9): 855-874,
1997), Changes in the conplenent of gut trypsins and

W@ boproo4sypsi ns have been detected using Nort hePCI/ADRmY/000524

analysis on RNA fromH armgera (Bown, et al., 1997,

supra; Gatehouse, et 5 al., Insect Biochem Mblecul.

Biol. 27: 929-944, 1997), H zea and Agrotis ipsilon
(Mazundar - Lei ght on and Br oad , Insect Biochem Mbl.

Biol. 31: 645-657, 2001a; Mazundar-Lei ghton and

Br oadway, |nsect Biochem Ml . Biol. 31:633- 644,

2001b). Correspondi ng changes at the protein |evel

have suitsbetarereqomm@@mteéaowusetrrd dnsest Pisheneddoéec. Biol. 27: 625-638,

g oy e) oftedo pribgh BUEF S3baM dr Tl oiRbees n the

et alcom ldﬂﬁe&ﬁ of @umﬂﬁsﬁlhs dad\blymoBiypdins hd: be@ﬁ&leﬂeﬁtb,d using Northern
2001) gpodopt era frugi perda (Paulill o,
Econ.b lysts on RNAgomgd g ngg)e@yg)(Bown, glct] a@87 supra; Gatehouse, ef

Tri chgpl r Cliod3h0 1
R e e
i soz;(mmaaﬁthhmnumd &oddatagd Inseah Biochewsidolal Bigl. 31: 645-657,

rote Vi undet ed  have be er
0 Pt b h A AR B 1 2.0
supr a44d @it C@fr@s?)ohlﬁﬁg chitipes Rf %Uﬁrbte‘im 16%%1 have also been observed

Pl-insensitive try ypsins'in H_zea is re%I ated at the
tr anszsmgp@lscir@hoteémeaepanaaon ohrisagamep dpT ShetmigaradHersalkar, ef al,

LA AR R R 188 IBTKS D o AREoiafh. & Mol i

Chym)j]r ymmm@oov),t% Aﬁt@fa ﬂug@@ﬁdcﬁ(lllhuﬁlllbp bopl.udi &cak) Entomol.
ni |larvae were on artificial diet

cont a93n8929826%2986) f{ ae@aad\&ywhmgea né (BropAway;tdiahs figect Biochem.
act | Vf"}é}&zol a§§ dsaf §§é s%@JémﬁéM@H&ﬁE H%Q}éﬁgﬂhﬁfe%gﬁﬁﬁ “regulated,

bandi'n patt hs~on’ grans I ndi cate ange in
t he r@idatcba/seomummmt pefiopslytundstested Tiree been ebsahat. s
showed in vitro that SBTI could inhibit 74% of the
trypsin activity in gut extracts from control |arvae,

g&g ; dLé/l[Ja%{%n‘a%rBfrFﬁh%ﬂt ahd ylﬁ%h&‘w%“(%(’)fa% dbrdRI¥ABnERRd that the

25 They sugg€ested the new protease
fradutsiog @i®lirwnkitivel trfypsindin Hezeaais age@ilatedvabthedeanseniptipnal level and

G baelilid SRR Ben Yo bl SAUSUAHE RipatPR A3 colleagues

fyRSR e QWY RO Qst %W%@di byr hopl
D B e

ol latvaawateyfed Sostohve amﬂmlal d@@iwgnﬁapnmgnh%o‘-?B Broadway, 1996, supra).

tlﬁ’gglalt %CSIVit?yltBéﬁ%ﬁge%g gﬁ% coﬂﬁﬁﬁy%so%ﬂ 2 % f?ﬁ%%eganghné patterns on
?@ﬂ@ratﬁs hr[tﬁctdt&ﬁa(c%bnﬁl athe lrelagid oomplecheBr Oﬂﬁmgases The researchers
u

00la, supra; Mz ar-Lei ghton and Br oadvva¥ Q01
w;wed)m Vire fﬁl@ﬁ’g Tl coplds inkigt 74% of the trypsin activity 1n guf extracts from

control larvae, but only 3% of the gut trypsin act1v1ty in larvae that had consumed SBTI.
They suggested the new protease bands (one new band for H. zeq and 6 new bands for T.
ni) on the zymograms may be SBTI-insensitive trypsins or SBTI-insensitive
chymotrypsins and concluded that the production of these new proteases was enhanced by
the ingestion of SBTIL Further studies using Northern blot analysis showed that
consumption of SBTI resulted in transcriptional induction of mRNAs encoding trypsins
and chymotrypsins by H. zea and Agrotis ipsilon (Mazumdar-Leighton and Broadway,
2001a, supra; Mazumdar-Leighton and Broadway, 2001b, supra), although it was not
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WO 2004/ 094630 PCT/ AU2004/ 000524 -6 determned if
t hese proteases were SBTI-insensitive. The novel

WO eopp®9483d r anscri pt i nduced in H zea after i ngeGI/AUZN08000524

SBTI was designated HzT15 (Mazundar-Lei ghton and
Br oadway, 2001b, supra). Recently, the first insect 5
di gestive enzyne insensitive to several proteinase
inhibitors was purified fromthe gut of H zea and
corresponds to the protein encoded by HzT15
(Volpicella et al., Eur. J.. Biochem 270: 10-19,
2003). The authors identified several differences in
deteamined itthsserrirpigases veae PBE EinspesitiNg: f ace of the
structural nodel of this Pl-insensitive trypsin
relative to the Pl inhibitable trypsins, but were
Theaddvel tgpdiflaninkdript tinéucst riic UL aiftdframg%mhmﬁ SBEH vitas designated
10 resistance. Until recently, 2(?/m)t ryps

Y

n
o Gk eiahn ans dardveny2001b: pirab Beewgyn the first inscct
L 357L ORGP SR RSP RONLY 8Bt o e o
Hheedt ambsbnSSpof[diﬁ 9] pha)bkc&ainaeméecﬂd»g HZ)Ttﬂ']QVDhJIQQ'Hal et al., Eur. J.

use of t heti.c su tratest wth .

Hacheat | 20 RGr1SC 3R niBe [ikiSors  Oaputi SEfens gisRyelgés pin charge

cflgiﬁ?llﬁﬁﬁf &9&% Fheblirdé lﬁm stiuRikdl Qn%cﬁ[ aﬂt}ﬁzhwlﬁfséﬂ/sﬂWeﬁ?ypsm relative
er synthetic substrates with at |east four am no

tacthedEI mblmbl@pwpsme 81 -v&e bhatdé tyidentbfyi the stregiutah ghanges that led to
nzynme, whereas manmalian trypsins are active on

’§ﬂ5¥W@r substrates with one amno acid that is

specific for the S 1 binding subsite. That is, the

I nsect chynotrypsins appear to have an extended 20

$uiils tacently, (whysiotiyDsing avere asswRed tar comgiae relghvely fge to protein
cg%eggsni ﬁr eg%do%ofgt ar‘l:d?lt &)lngédu%ntéﬁeﬁgﬁt bi ?19195&1? Qﬂéﬁ@s focused on

rypsins dore I ngestion
chafhcrri@atye bﬁyheofrylﬁ@ihlise Thietpm‘dlﬁﬁl droseedid gatheoinitiahese of synthetic
| arvae fromH arn1ge£a were fed on diets consisti

ybstertesibpt wptked i LlwEh anammelisnHiymatyPsips, b%wbébﬂp O poorly with
‘&15 %@?fdgp‘ﬂeﬂlw ek&% Es. L%ﬁ{gﬁé{epan( élfy}‘xfb?ﬂg@ Pg‘ Bfe'?ércsﬁlﬁ%heﬁé substrates with at

proteinase | tor T, s’ of ynot rypsin
lemlﬁfouln améans ecds o @bbupgrafhess IS4 wnding wbmte%omﬂmenzyme whereas

EBERLET Y SO pribi e sbrores BHEoRY AR fat s gpecific or

tﬂé eéfle Bﬁfdﬁf‘% EL@Jsfté VPRIt NS, ﬂﬁoﬁ*@ed@tch inot %§1957 aggdé&‘ 1t@;ha¥ an extended

ecul ar Breeding 3
slubsrumtd dindied gite muamg B leashneopr (amamds dor alficiens potadysis. Recent

s?(%%gsgﬁ \%/q gﬁlo\g%%?a{t Icﬁ ’irif}gsartl htgq) }%géor{ahtg B 1@6@‘&{)@5}{&&1’6%&1}1}’ of more
detamatibeesapitiodl WiRAlir0he fOSERt Hrigdra Wty fed T diéts cons1st1ng of either

activity fromthe qut of 30 insects that had pri.o
rotpepueteinpsse ighbitor H, soybean tgypsin inhibitor, aprotin (trypsin 1nh1b1t0r) or potato

proteinase inhibitor I, levels of chymotrypsin mRNA increased in all cases while trypsin
mRNA decreased (Gatehouse ef al., 1997, supra). Other reports also mention upregulation
of chymotrypsins in preference to trypsins (Bown et al., 1997, supra; Wu et al., Molecular
Breeding 3: 371-380, 1997). Mazumdar-Leighton and Broadway (2001a, supra) assayed
chymotrypsin activity in the gut of H. zea larvae and found that SBTI inhibited 95% of the
chymotrypsin from the gut of control insects but only 35% of activity from the gut of
insects that had prior exposure to SBTI in the diet.
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WD 2004/ 094630 PCT/ AU2004/ 000524 -7 Hence,
consunption of proteinase inhibitors can lead to a

wale@sndw3change in the conplenent of gut protPEEaE2004/000524

which allows insects to adapt to the diet and survive.
Changes in the conplenent of proteases after exposure
to Pls have been detected in insects fed on both
artificial diets and transgenlf plants. The triggers

that regul ate these changes are still 5 unknown .and
the responses vary with the speC|es the Pl and its
concentration, and the base diet. IS unc

Henee, icansusintions of ridaisinashi ighibisiso ﬁ% lgpeh 181 Ref@Stf b thange in the
ot lafid Ch

bl 515y VP W 0Tl 0918184 v, Chinges
1the’iCOIﬁpleﬁ1eﬁt 6f prﬁfeamstaﬁuer egpasote tndie bsar hechaleteated in insects fed on

insect_ to be resistant I oa su 10 .
bt pificial dlicie and E%“SE%HIPF Y tﬁl&&ﬁé%ﬁ\abéﬁgﬁ{aﬁ%%ise changes are still
4&58% afl ‘fﬁeexje e \Wgy) &r?h W EspePRENRS P é&ﬁl ﬁ:scbonE’érﬁraﬁBﬂ and the base

use t ese o scre or antagoni sts of the
dietoTteis nmsbal why csonhe rinhibitolsinduse thlgenmnsmw oftheisrdo not. It is clear,

Igogpgévggl %%@%ﬁtt{f@ﬁa%&%@#ﬁﬁ%g f %%%Egvﬁwr _egposure to a
%U&%%l%ofrbﬁoﬂ AVESH N @Ok IRt OB rdsfitant (Broadway, 1996, supra).

peC|f|cat|on unless the context requires otherw se,
t he word conprlse or variations such as
conprise Q 0 P
RSP 4 6 o UenbOUREO et HRASHAEO O nscnsive
PIs 266 @ RsPthes ®NRAS fo artafoniey Sf ﬁthprcli’taﬂnaseben order to develop agents
excl usion of any other elenment or |n er or rqug
esiefuham centenlling inges growWtiy B PIBEARLS 7 8 survival
sequences are referred to by a sequence |dent|f|er
nunber (SEQ ID NO). The SEQ I D NOs: correspond
nunerically to the sequence identifiers <400>1 10
(SEQ ID NO 1), <400>2 (SEQID NO 2), etc. A summary of
the sequence identifiers is provided in Table 1. A
sequence listing is provided at the end of the
speci fication. The present invention provides a novel
chynmotrypsin fromHelicoverpa spp. referred to herein
as "HpCh5". Reference to "HpCh5" includes al
variants, derivatives, honol ogs and 15 anal ogs as
wel | as nenbers of a HpCh5 family of chynotrypsins.
Exanpl es of variants of HpCh5 include proteinase
inhibitor (PlI) sensitive forns. Such sensitive forns
may carry inter alia a substitution of the arginine
at position 192 to an asparagi ne or glutam ne. This
substitution is referred to herein as "R192N Q' usi ng
single am no acid nonencl ature or
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"Arg 192 Asn/d n" using three letter am no acid code.
O her derivatives of HpF5 include 20 the signal

wGegyemsao of HpF5. The HpCh5 chynotrypsin i s ercDaBzhobg00524

a nucl eoti de sequence referred to as "HpF5". Again,
reference to "HpF5" includes variants, honol ogs and
anal ogs thereof. The term "HpF5" enconpasses both a
genom ¢ sequence as well as a g£DNA sequence. The am no
25 acid sequence of HpCh5 is set forth in SEQ I D NO 2.
The am no acid sequence of the N- term nal activation
peptide is shown in SEQ I D NO 3. The nucl eoti de
%MR&S@FHEHEJNV&N’E@N} of HpF5 is set forth in
SEQ ID NO 4 with the nucl eotide sequence encoding the
activation peptide is shown in SEQID NOS5 and its

- b (13 r‘ 2
P B T Tl g e ot comprise”
drneiativhs wech as ‘@OmipribésBi ¢ Seonipyrising?] Witlohe Nndeiistaod . to imply the
. 2004/,094630, PCT/ AU2004/ 000524 -9 Variants an
FSHEPBEY P AHICHETRAG PLACFR  FoaouR Hfa0 PREMS or iaiggprs but not the
kBRI MAnABIAr clefiRh drlidteb @ oPERUPD MR nders 61€ihteg@1ts! mal
alrgnment.” Variants and honol ogs of HpF5 incl ude

nucl eoti de sequences having at |east about 75%

imlarity to SEQ. 1D NO 4 _or I i f :
FisThoie i iy ortoRiost aftzsRiind 0y dakdudtis, Rl fumber (SEQ
1oy 80 {i PHenSEQADSROQst Borr&pbkdl AumeriGHR fothdlefuente iidentifiers <400>1
conpl enentary form under | ow stringency conﬂ%@ions.
i

(AEELHY iN%ql 9,, <4002 a(§5@c]tD MO:2h &ty Ao SERMar ok fhej sgAuence identifiers is

ﬁ{)%\ﬁjecﬁjﬁlsl“eﬁﬁe ;l,SRlsézﬁd%ﬂ J‘gﬁin‘éii Rl A BleRaH! 08 tHeQPREHSiRE,

a sequence of ‘nuc ot des engodlng a chynmotrypsin from

Hel i coverpa ssp. or a variant, derivative, honol og or

anal og of said chymptrypsin, .wherein 0 id

Ehey moteny davaaten rpyiies § aeveihHetyBiia £ i Ygpa spp. referred to

r&has “ApehEeRAGRES o ®HpURS” RCARRE AL WANARE, Idefvatives, homologs and
provi des an isolated chynotrypsin from Helicoverpa

amjngs ah et as senlkrs hf arblpChp Samily oh chymetrynsiiss Exgrapleg of variants of

@pgf&%g{cﬁgﬁ%@roﬂeﬁ%g éﬁ{)‘?ﬂﬁ%@@&]“‘fﬁ&ﬁ% (iler is\./ gt}llgl\é g%r%snmoggs may carry
inPeY- €M1 OB R MbA 85 tHeQIERB AS pYdiied 19110 M &spuidGhfe @rglutamine. This

its variants and honologs or menbers of the HpChs
sibtitution frsiaferteshiol herein agiiRAAZNAR Bing sipgleeamingracyt nomenclature or

ARt Bind e B0y 308 ROETOBRE el oL Hprs include
$B sibyielkeqlierie @Y HEd. t O

The HpCh5 chymotrypsin is encoded by a nucleotide sequence referred to as “HpF5”.
Again, reference to “HpF5” includes variants, homologs and analogs thereof. The term
“HpF5” encompasses both a genomic sequence as well as a cDNA sequence. The amino
acid sequence of HpChs5 is set forth in SEQ ID NO:2. The amino acid sequence of the N-
terminal activation peptide is shown in SEQ ID NO:3. The nucleotide sequence of the
coding region of HpFS5 is set forth in SEQ ID NO:4 with the nucleotide sequence encoding
the activation peptide is shown in SEQ ID NO:5 and its entire 5°-3’ sequence shown in
SEQ ID NO:6. HpCh5 is generally characterized by being substantially insensitive to
inhibition by a PI from N. alata.
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pl ants or genetic type nol ecul es which nmay be either
topically applied or generated in plant cells. The

wopEhH94880 HpF5 ant agoni sts may al so be a nodi f PEOADZIOM000524

of an existing plant PlI. 25 The present invention
provi des, therefore, nethods for inhibiting insect
infestation of a plant or for retarding insect growth
and devel opnent by the application or dispersenent of
an ant agoni st of HpCh5 activit¥y or HpF5 gene
expression. The antagoni sts include conpounds which

bind to and i nhi bi tH’g'EChS' as well as antisense 30 or )
Giasts andc hemologsiaf HpChl incdudeymedscates chayinga aplegsk 72%| pmino acid

.and..t hen. i 1] ct, :
BR800 5 R el Afhca Y R B Do of ' include
riubRbHAE Seqfueh &k GRoigt @ 18kt iabbuth] 396 rsimildréty po R ID NO:4 or SEQ ID
i nvention further provides genetically nmodified (Ii,ant S
Nicates optimabplignapad of ¢ nuslegtidfcteadengs Bl Oﬁgﬁég izing to SEQ ID

I@@tﬁ&%(i D NERERE ?[g ‘Eg‘rrnb%n%gfaﬁ gﬁ%ﬁluﬂd@{:iow&ﬁngency conditions.

nonocot yt edonous nous plant and” nay be

a plant regenerated fromgenetically transforned

cal l ys .or tissue or_ progeny of such a pl.gnt. The . .

RreaxtiRgly; GURASPER P SFeRoPGELon dupudes, ag Hokisd nuclsic acid
UEsh¥SsiiBt 87 buchéOBft hecksh®s! ¢atddingr0dl Ehefbtrypsin fi

%@Eﬂ?g g‘émﬁlﬁ%ﬂ%rgsgnue {e(r;vent [ 8n. 10 P antggTD ﬁﬁ’ory.psm rofn

Idivveaph ayze dr heagin, darbhtive hovolagnor asakegtof saie phymotrypsin, wherein

0B P PSS o EbRRRbR 8L By Y ety e
pi dgeon peas, chick peas, artichokes, curcurbits,

| ettuce, Dianthus (an ornanental plant) and geraniuns, .
Angiber gepsselndr ithe pieserk, inyqnsien s prpvides s i gisolgiedy chymotrypsin  from

' b . . ' [
g N S S PR 9 o i
Velah Bermitie (lomslog enemied ofsaithymotiybsinheat , barl ey,

oats, triticale, carrots, onions orchids, roses and/or
petuni as. The present invention further provides

T LRISC Aty tITEEJI ?P&Uﬁe@ %\‘ﬁhﬁdﬁnﬁ@ GRflen RALiBE OrIpdRS ide)eﬁ's variants and

protenase i1 n ors su as but not imted to Potl A

Jeomab] Bt diBmembes eifrthé Hipaihd gy motrypin ifaraily we svhach inbitit expression of
r eni ¢ plants conpri Si and capabl e of expressing

@8@’% 260 ltSaYﬂS’caﬁ%r é“ﬁg’(?ﬁ]o%f the present invention

contenpl ates a nethod for screening for an inhibitor

of an insect chymotrypsin which is insensitive to )
Timhednpaunds myayNesPthesnictl taipe cepppisids Suelh ag thase speeyed or provided to

}?lﬁrrl]tg kglgle etic! y%levnelgle'éuelgg Iwrflgchf r%%y %@yélﬁfeF ¥(§)}§i£a(ﬂya§1§ﬂli\éh Loy generated in
plant cells. The HpCh5 or HpF5 antagonists may also be a modified form of an existing
plant PL.

The present invention provides, therefore, methods for inhibiting insect infestation of a
plant or for retarding insect growth and development by the application or dispersement of

an antagonist of HpCh3 activity or HpF5 gene expression.

The antagonists include compounds which bind to and inhibit HpCh5 as well as antisense

or sense nucleic acid molecules generated by a plant cell and then ingested by an insect.
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presence of potential inhibitors. The assay is
conveniently contacted in vitro although the 25 use of

woRooangssger a and/ or H. punctiga i s al so enconpelEaszholyo0s24

the present invention. An isolated inhibitor
identified by the subject assay is al so contenpl ated
by the present invention. WO 2004/ 094630

PCT/ AU2004/ 000524 -11 A su y of sequence
identifiers used throughoutn?ﬁé'subject speci fication
is provided in Table 1. TABLE 1 5 Sunmmary of sequence
identifiers SECUENCE ID NO DESCRIPTION 1 linker
Refererssde an "#uthgroisicingluglesiederencedp apaibitqrri gure 12] 3
Am no acid sequence of the activation peptide of H
Ch5 [Figure 12 4 Nucl eoti de sequence of codi ng region

Toe presehl ivertioy Tokthiorpeovidelogantticatly nripfhied ﬁiagtsrvehld.li ars engineered to
Nucl eot i de sequence of act] vat i on pep
W(p:;lvgg paipChs @r&ﬂpﬁ Setacanist flarecs e Biﬁnﬁ glnﬁlgfl§£aam08ﬂcotyledonous

RS IRaGNSS FgI?g‘%d”&ta AR Y BiRk Ao dl GT0M beh@9RN Sfansformed
(?{:'1 gﬁ i gure %2}% %r%am—llegol I ggnuc e(r)gtel 9 anstorme
callugver tiss@e Idi poddehy @tf |sgdn aqllest Thie pmscntenvﬁltlmntferthtrrnmbwdes seeds
nce of  NaPl -i |t|v
PIABEE FOTGare SR Bom ARVl TR s f the present
Ji:{,&]]lﬁ 11 B] 11 FwResChym pri mer [Tabl e 7, Figure
12 Hc35PQE- 60- Fw priner 13 Hc35PCQE- 60-Rv pri ner

Plants contemplated herein include cotton, sweet corn, tomato, tobacco, piniento, potato,
sunflower, citrus, plums, sorghum, leeks, soybean, alfalfa, beans, pidgeon peas, chick peas,
artichokes, curcurbits, lettuce, Dianthus (an ornamental plant) and geraniums, cape
gooseberry, maize, flax and linseed, alfalfa, lupins, broad beans, garden peas, peanuts,
canola, snapdragons, cherry, sunflower, pot marigolds, Helichrysum (an ornamental plant),

wheat, barley, oats, triticale, carrots, onions orchids, roses and/or petunias.

The present invention further provides nucleic acid molecules which encode potato-
derived protenase inhibitors such as but not limited to Potl A and Pot1B or their homologs

or derivatives as well as transgenic plants comprising and capable of expressing same.

Yet another aspect of the present invention contemplates a method for screening for an
inhibitor of an insect chymotrypsin which is insensitive to inhibition by NaPI such as
HpCh5. Such a method generally involves testing for chymotryptic activity in the
presence of potential inhibitors. The assay is conveniently contacted in vitro although the
use of H. argmigera and/or H. punctiga is also encompassed by the present invention. An
isolated inhibitor identified by the subject assay is also contemplated by the present

invention.



14 gene specific sense prinmer 15 gene specific
antisense priner 16 StPotl A sense priner 17 StPotlB
W@ 2094880 ner 18 St Pot| A/B antisense prinmer  1BCT/AU2004/000524
FWBacRECHL (5'-3') priner 20 FWBacRECH2 (5'-3")
prinmer 21 RVRECH (3'-5") prinmer WO 2004/ 094630
PCT/ AU2004/ 000524 -12 SEQUENCE | D NO DESCRI PTI ON 22
N-term nal am no acid sequenc 1of si x domain Pl
precursor fromN. alata Fi gur'z 1 23 Arino acid
sequence of C peptide fromsix domain Pl precursor
fromN alata [Figure 1 C] 24 Ami no_aci d sequepce
ATsumiaptyi efscquangs & e%tlﬁ%fﬁ&lwﬂ throughputcthe §1&Jeqtrse%ﬁ1ﬁPat18pa\% grovided in
,%E gure 1 Cl] 25 Ami no acid sequence of T2 and T3
pti'des fromsix domain Pl precursor fromN alata
[Figure 1 C] 26 Amino acid sequence of T4 peptide from
six domain Pl precursor from N, aI ata [Figure 1 O 27
C-termnal amno acid sequéﬁ@@l‘gf si x domain Pl
precursor from N. Am no acid
sequence of peptldeAk’?}?glgl;rf‘%e‘gn/dsr g?émglfl gf%sf pa
punctl gera chym)tryp3| n [F| gure 58] 32 Anmino acid

AAZ2QG6N
|9

H—arm erg (L,/-V-\/zybs) [Fi gure 7734 ﬁmld%Ps&fabl—‘i’ce
sequence of chynmotrypsin fromH.

2 Amino acid sequence of HpCh5 [Figure 12]
3 Amino acid sequence of the activation peptide of
HpCh5 [Figure 12]

4 Nucleotide sequence of coding region of mature
chymotrypsin domain of HpF5 [Figure 12]

5 Nucleotide sequence of activation peptide of HpF5

[Figure 12]
6 Nucleotide sequence encoding activation peptide and

" HpCh5 mature chymotrypsin domain together with 3’
UTR [Figure 12]

7 BamHI oligonucleotide primer

8 HindIll oligonucleotide primer

9 N-terminal sequence of NaPI-insensitive chymotrypsin
HpCh5 [Table 7, Figure 11B]

10 Fw2ResChy primer [Table 7, Figure 11B]

11 FwResChym primer [Table 7, Figure 11B]

12 Hc35PQE-60-Fw primer

13 Hc35PQE-60-Rv primer

14 gene specific sense primer

15 gene specific antisense primer

16 StPotIA sense primer

17 StPotIB sense primer

18 StPotIA/B antisense primer

19 FWBacRECHI1 (5°-3”) primer

20 FWBacRECH?2 (5°-3”) primer

21 RvRECH (3°-5”) primer




arm era CAA72960) Figure 7] 35 Am no acid sequence of

chynmotrypsin fromH arm era CAA72958) [Figure 7] 36
wae\R0n09mal d sequence of chynotrypsin fromH  BCTAU2008000524

(CAA72952 Figure 7] 37 Amino acid sequence of

chymotrypsin fromH arm era CAA72951 [Figure 7] 38

FWGL primer [Figure 8] 39 RV&A prinmer [Figure 8] 40

Y79Fw primer [Figure 8] 41Y71prrirrer [ Fi gure 8]

42 Y72Rv prinmer [Figure 8] 43 Amino acid sequence of

H punctigera chymotrypsin (F | Acr [Figure 9 44

Ami no acid sequence of H _punctigera chynotrypsin (F|

B chE@U@N@E@PN@ Ani’ o aC| d sequen&ESﬁWTf@N )
et cia Ayt bl F . | :
gci d sgque%geyof Hyppunct F‘Sg ‘}?‘E il (Elf%lédomampl
[Figure 9 47 Anino acig sequenPEHP figure’ IC]
chymotrypsd (F4 cr [ Fi‘jaine agid P20 8] 63 6BAe rom six domain PI
PCT/ AU2004/ 000524 -13 SEwENcaemomm@EMﬁgm 44
Ani no aci d2dequence of | dhyimtacidosimerfce ofiTH peptidecirom siadomain PI
(HpChl Al') [Figure 10] 49 Am nopmcugostouencdatofFigure 1C]
chynmotrypsipg fromH  Uneinhinghdid(setehtBbf TEagUTe pdfrided from six
Am no aci d sequence of | chyRRIfaHPBI prebdr®dP fidm N. alata [Figure 1C]
26 Amino acid sequence of T4 peptide from six domain PI
precursor from N. alata [Figure 1C]
27 C-terminal amino acid sequence of six domain PI
precursor from N. alata [Figure 1C]
28-31 Amino acid sequence of peptide fragment of
Helicoverpa punctigera chymotrypsin [Figure 5B]
32 Amino acid sequence of chymotrypsin from H.
armigera (CAA72966) [Figure 7]
33 Amino acid sequence of chymotrypsin from H.
armigera (CAA72959) [Figure 7]
34 Amino acid sequence of chymotrypsin from H.
armigera (CAA72960) [Figure 7]
35 Amino acid sequence of chymotrypsin from H.
armigera (CAA72958) [Figure 7]
36 Amino acid sequence of chymotrypsin from H.
armigera (CAA72952) [Figure 7]
37 Amino acid sequence of chymotrypsin from H.
armigera (CAA72951) [Figure 7]
38 FWG1 primer [Figure 8]
39 RVG4 primer [Figure 8]
40 Y79Fw primer [Figure 8]
41 Y72Fw primer [Figure 8]
42 Y72Rv primer [Figure 8]
43 Amino acid sequence of H. punctigera chymotrypsin
(F1Apcr) [Figure 9]
44 Amino acid sequence of H. punctigera chymotrypsin
(F1Bpcr) [Figure 9]
45 Amino acid sequence of H. punctigera chymotrypsin
(F2Bpcr) [Figure 9]
46 Amino acid sequence of H. punctigera chymotrypsin
(F3pcr) [Figure 9]
47 Amino acid sequence of H. punctigera chymotrypsin
(F4pcr) [Figure 9]




uncti era H Ch2A [Figure 10] 51 Amino acid sequence of

chynmotrypsin fromH uncti era (H Ch2B [Figure 10] 52
wae\0no9mal d sequence of chynotrypsin fromH  PCDAD20#/800524

(H Ch3A) [Figure 10 53 Ami no acid sequence of

chynmotrypsin fromH uncti era (HpCh4l) [Figure 10]

54 Ami no acid sequence of chynotrypsin fromH.

punctigera (HpCh4ll) Figure 101]3 55 Ami no acid sequence

of peptide fromH punctigera chynotr sin Rechl a

[Figure 11 A] 56 Am no acid sequence of peptide from
H_ punctigera chynotr sin (Rechlb) [Figure 1 1Al 57

Ami r@@@@@@m@e of |pept i de from @E@QR@?TW
LLNALLYAN D1 l_alll I I d 1 ;, 11 I
seéuencé offgpept [ d)é fﬁ c#n H pfl Y ?S% Uéﬂé 6E‘E£{Ih&s¥psm from H.
(Famitylb) [Figure 11A 159 Ani nd ¥y f!«?@”@gﬁ ) Elgure 10]
peptide f rdhH puncti der a ArEH‘;?r?ﬁ’cdrsegPWC%’ E‘Z%lrypsm from H.
[Figure 11 Al 60 Aninolacid sedquieaégera(HpehiBR4Fues 0]
H. punctigéfa chynotry si mrﬁmaICM}luffrfGﬁ@iﬁﬂequw]PS@lﬁom H
Am no aci d sequence of |pepti de pumsnpéta (BipOh2Agfrigure 10]
chynotrypsisn (Fam | y3) |[ Fi qArioltf seqdendoiofiochpnotypsin from H.
sequence of peptide frgm H punglicggsa (HpTHIBY [Bighilen 0]
(Fam 12 ure 11T A] [63
punct i ger lal-slg%yrmt rypsf N He{dggil}f&af Eﬁ ﬁ&&@%@@ﬁ}éﬂ#trﬁzﬁl@gmm A
attHea—Seguet T UI || tH et | ClIl 1
[ Fi gureqls 5@5 Am no Zm d s%ﬁ” Yd Hgﬁé L%i&%’ﬂﬁ?@smﬂom}]
chynotrypsin punctzgera p igure 10]
54 Amino acid sequence of chymotrypsin from H.
punctigera (HpCh4ll) [Figure 10]
55 Amino acid sequence of peptide from H. punctigera
chymotrypsin (Rechla) [Figure 11A]
56 Amino acid sequence of peptide from H. punctigera
chymotrypsin (Rechlb) [Figure 11A]
57 Amino acid sequence of peptide from H. punctigera
chymotrypsin (Familyla) [Figure 11A]
58 Amino acid sequence of peptide from H. punctigera
chymotrypsin (Familylb) [Figure 11A]
59 Amino acid sequence of peptide from H. punctigera
chymotrypsin (Family2b) [Figure 11A]
60 Amino acid sequence of peptide from H. punctigera
chymotrypsin (Family2a) [Figure 11A]
61 Amino acid sequence of peptide from H. punctigera
chymotrypsin (Family3) [Figure 11A]
62 Amino acid sequence of peptide from H. punctigera
chymotrypsin (Family4) [Figure 11A]
63 Amino acid sequence of H. punctigera chymotrypsin
(HpCh1AlI) [Figure 13]
64 Amino acid sequence of H. punctigera chymotrypsin
(HpCh1BI) [Figure 13]
65 Amino acid sequence of H. punctigera chymotrypsin
(HpCh2B) [Figure 13]
66 Amino acid sequence of H. punctigera chymotrypsin
(HpCh2A) [Figure 13]
67 Amino acid sequence of H. punctigera chymotrypsin
(HpCh3) [Figure 13]
68 Amino acid sequence of H. punctigera chymotrypsin
(HpCh4I) [Figure 13]
69 Amino acid sequence of H. punctigera chymotrypsin
(HpCh5) [Figure 13]




H Ch2B Fi gure 13 66 Am no acid sequence of H.

punctigera chynotrypsin H Ch2A) [Figure 13] 67 Am no
wa@eiod/oswauence of H. punctigera chynotrypsin REI/EH3)04/000524
[Figure 13] 68 Am no acid sequence of H punctigera
chynotrypsin (HpCh4l) [Figure 13] 69 Amno acid

sequence of H. punctigera chynotrypsin (HpChb5)

[Figure 13] WD 2004/094630 PCTjAU2004/000524 - 14
SEQUENCE I D NO DESCRI PTI ON, 6 Am no acid sequence of
human brain trypsin Try sinlV) [Figure 13 71 Am no

acid sequence of chynptrypsin fromH _arnm_era

[ Fi @@@JENFE?@ R no a|C| d sequence: OBMWII%I n-o
IIUIIIII efra I—I IIU clb
of bovi ne J(7:t?;yrmt rypgl ol B ( B%f}moc?r—cl%ﬁ; H%‘Hﬁﬁypsm
Am no acid sequence ofl bovine chy ] CHA
[Figure 157%5 Anino acjd sé&l}%%‘édﬁ%‘ﬁm‘? W?lﬁ from H.
(HpCh2A) [Figure 15] [76 Ani no aci dwaegaiencigure
puncti ger a7 HoCh5) [ Fj gur Anfib acld séqrience eftdhymeérypsin dem H.
of potato inhibitor | fam |y (Potl pundigeRoiHiguEFdpur e
24] 78 Ammp acid sequengRindfaciitkgidhct BRb&IhOEhmotrypsin B (BOV
famly (Potl) X67950 [Figure 24 CHB) [Figure 15]
74 Amino acid sequence of bovine chymotrypsin A (BOV
CHA) [Figure 15]
75 Amino acid sequence from H. punctigera (HpCh2A)
[Figure 15]
76 Amino acid sequence from H. punctigera (HpChS)
[Figure 15]
77 Amino acid sequence of potato inhibitor I family (PotI)
{StPotIB} [Figure 24]
78 Amino acid sequence of potato inhibitor I family (PotI)
“ {X67950} [Figure 24]
79 Amino acid sequence of potato inhibitor I family (PotI)
{R01052} [Figure 24]
80 Amino acid sequence of potato inhibitor I family (Potl)
{M17108} [Figure 24]
81 Amino acid sequence of potato inhibitor I family (Potl)
{StPotIA} [Figure 24|
82 Amino acid sequence of potato inhibitor I family (PotI)
{K03290} [Figure 24]
83 Amino acid sequence of potato inhibitor I family (PotI)
{Z12619} [Figure 24]
84 Amino acid sequence of potato inhibitor I family (PotI)
{X78988} [Figure 24]
85 Amino acid sequence of potato inhibitor I family (PotI)
{EILXCH} [Figure 24]
86 Nucleotide sequence encoding endoplasmic reticulum
peptide [Figure 28]
87 Amino acid sequence of endoplasmic reticulum peptide
[Figure 28]
88 Nucleotide sequence of FwBacRECHI primer [Figure
28]
89 Nucleotide sequence of FwBacRECH?2 primer [Figure
28]
90 Nucleotide sequence of HpF5 to which DNA encoding
endoplasmic reticulum signal is to be added [Figure 28]
91 Amino acid sequence of HpChS to which endoplasmic
reticulum signal is to be added [Figure 28]




79 Am no acid sequence of potato inhibitor | famly
(Potl) R01052 [Figure 24] 80 Amino acid sequence of

w@odoanoiesmhi bitor | famly (Potl) {ML7108 Fi gRCEARZ]04/000524

81 Amino acid sequence of potato inhibitor | famly
(Potl) StPotlA [Figure 24] 82 Am no acid sequence of
potato inhibitor I famly (Potl) {KO03290 [Figure 24
83 Ami no acid sequence of po[g&q inhibitor I famly
(Potl) {Z12619} [Figure 24] Am no aci d sequence of
potato inhibitor I famly (Potl) X78988 [Figure 24 85

Amino acid sequence-of potato inhibitor | famly
: > ]

( PotYBOQUENGELP¥Pyur-e| 24 86 Nucl eot IHESCR ¥

REEQN
encoding—epgdoptasmic TEticutum, —peptide {Fig 28787
Ami no aci dggequence of e%’&kﬂoﬁﬁﬁf@uﬁ%‘%‘?@{ﬁ‘lﬁ@gﬁﬁfé%l@m 28]

[Figure 28988 Nucl eoti gle s‘?ﬂg‘@lg%glr‘d%fgq{iﬁﬁggﬁa 4Vf (P1Bre 4C)

[Eigure 28] 89 Nucleotid ECH2

o

primer [Figure 28] 90 Nucl eotide sequence of HpF5 to
whi ch DNA encoding endoplasmc reticulumsignal is to
be added [Figure 28] 91 Am no acid sequence of HpCh5
to which endoplasnmic reticulumsignal is to be added
[ Figure 28 WD 2004/ 094630 PCT/ AU2004/ 000524 -15
SEQUENCE I D NO ..y DESCRI PTI ON 92 Nucl eoti de sequence
of RVRECH priner [Figure 28]
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93 Ami no acid sequence of HpCHY1l [Figure 4C] WO

2004/ 094630 PCT/ AU2004/ 000524 -16 BRI EF DESCRI PTI ON
W@R00IM6B0 GURES Figure 1 is a graphical represeCit/avu2mm000524

showi ng tenperature stability of bacul ovirus

expressed H. punctigera chynotrypsin. Bovine

chynmotrypsin ((r)) and HpF5 (A in 50 5 nM Na acetate

wer e conpared by incubating 1%) L aliquots at 5C

i nterval s between 40C and 70C “After chilling the

heat ed sanples on ice, duplicate activity assays were
performed by incubating 10 L of be or 50 L of HpF5
BRIEFSDERSCRIPERIOBOOF REEREGURES vity was
presented as a percentage of the activity of the
untreated control. 10 Figure 2 is a graphical

Fﬁgs.ﬁr S5 efit Qt rgEh? Y@S%elgcﬁ r%h&fmn:é' cAthie ﬁbﬂli \f€baculovirus

elt rote arrco enartl i cia
edpletssedrHCp&ﬁdD@eﬁaedfynmmypﬁmcIBdNnﬂ& ehyma)myﬁshe(ﬁ} asbHpES (A) in 50

NG e eater whreepnapayl b Mieyhaings 109 a8t i Bls between
4@5‘C baleaet 'A'ft?ﬂ ﬁlﬂhﬁg Qltleghé%@éjd %’nﬂﬁ%shoﬂ\@& rdﬁf)ﬁ’cra@é(egctivﬁ‘ty assays were

he presence o of larvae
pREfbaned/by sicobatifg 10plaé bator 30 pdayﬁHaFﬁ avithf %@dﬁrﬁg app0°C. Residual

on 15 artificial diet, .i.n the. or ce
Vi, Dy proapiied 3 prodapy o it de Vs of B G Pkq BERRT
NaPl survived and all five weighed | ess than control

| arvae after 21 days. (C) The effect of NaPls on gut
Rigyres? ris angraphipatotepyasentailcic shaying growdn ob & pupctigera larvae fed on

tﬁ ]gpg%tpgeéréﬁ%r\'{c%aéeacgﬁﬂcml{ (ﬂg‘& #raéo‘l?to% %Jarftapt‘{ﬁcefﬁrdl%} il tgé Bresence or

opnen renove

Bnce %0260 (WHEPRPRI WYign fgairﬁ(n@@&@e}s&némtoréd fop il lagmd arvae grew
chynotrypsin activity. Extracts from [ nd|ﬁ}{| dua

At arSataT 1ok o bobrAeti A al diets 9RG ey thavs Tefadegh n il%Pree@é)e of NaPIs.
@3%%0&%%1?}(85 %gvzdg%(gf %361?1)@@ I&a&r MPTartffed aPB1 da§ a?@f'?eéiin?é on cotton

are Indicated In
dotificikl diex) lirythk uesehesir abbacy aﬁ0§6%/Nulélis ©Oolyffivet ¢f the 20 larvae fed on

inst ar , ere nost. €O | arvae .surv

Nald syt Yowsighed fs fh? POt laf’r?‘%/?ﬁfif% LG jhe effect of
t h 1 h

o o O gt i

the datefqmrélé suty fith dGtaristagg ef devekapsembahe gutawasm@glove(i/ and gut extract

ut extract rote st anda e ge s
PFF%%SP Rﬁ%& ia%aﬁ, }%1% ?tr%gnda 1v‘%'1$r {rhag)ﬁ‘om individual
16RRE K& 8n coitrd? ébﬁé&f—le‘éf htiGiaiaNafRet (GGﬂaﬂeaﬁddaﬁed whgﬂesa and larvae fed on
chynot rypsin act|V|t¥ was | ow i of the fo

R P Ut contpamng OBVt ep MBI (IO RaPindicaind ¥ Glak. Pnly four test
lgrgl%racyvng&; ?fg %{fghag}]%{alr \a/?{r}gre%ly aﬁ(ﬁ? cb eS léa(r)\t;:atregﬁt?}' \0@? All assays were
@;rfldggllbﬁ l %L%L(ijlﬁhtea Meyfsae aetivigx tvag aleserinttied psinpBApINA substrate and
chymotrypsin activity with SAAPFpNA substrate. Units of activity are expressed as
change in absorbance at 405 nm/min/mg gut extract protein (+ standard deviation). Trypsin
activity was almost abolished, relative to controls, in extracts from NaPI-fed larvae, while
chymotrypsin activity was low in two of the four NaPI-fed larvae. (D) The effect of NaPIs
on trypsin and chymotrypsin activity in the frass. Frass was collected from each larva fed
on the cotton leaf artificial diet and faecal extracts were prepared. Trypsin and

chymotrypsin activity in extracts from larvae fed on the control diet (CC) are indicated in

grey and larvae fed on the same diet containing 0.26% ((w/v)) NaPI (NC) are indicated in
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30 chynotrypsin activity in extracts fromlarvae fed
on the control diet (CC) are indicated in grey and

wo a0vaeicBed on the sane di et containing 0.26% ¥CTAU2004/000524

NaPl (NC) are indicated in WO 2004/ 094630

PCT/ AU2004/ 000524 -17 bl ack. Note that frass of

| arvae CC 16 and NC 13 were included in this analysis

but excluded frém Figure 2C qicause the gut were

damaged during preparation of *éXtracts. Al assays

were performed in duplicate. Trypsin activity was

det erm ned using BApNA substrate and chynotrypsin

thacki Waty thatt fraSASPRNe €36t arat &C10ninmess ocledsydi in this analysis but

ar i %fﬂlslr léél‘(%%caé CE%C E‘Iftg‘f/%:) gl%lg%cgﬁlgg}goprepalatmn of extracts. All

a@ vk afére perfdiaet Hﬂ BhSlidatey pﬁbfﬁSlﬁlCchitjf Y\Nﬂﬁﬂeﬁﬂhﬂﬁ&tushﬂg BApNA
exfracts from NaPl -fed | arvae, notry

sybsttalg tapd vtdngn@nrervane@twrtél\wﬁh \MABFMW tgate %)ﬂts of activity are

SIS, L unt0Th Bt oL P Bl FLAAED A0S0 BBlom o snd

cfe(/i’é(/tlﬁw l\@@ﬁigi%ﬁyps%ﬂ dettvignsdsedvidelt hpe)ﬁtdcfsoﬁ@dﬂN)defed larvae while
The nitrocell ul ose lter was probed with rabbit an

chomiepyR astévitsnved eleratedoelative tq cfm)ol%@i REVE$ Pﬁawysm in the frass
B8 ]ttlol!l’fg%\éelgr\}%. A8 SEGOI4ALY an édbél{%%?@) SDS-PAGE

horse radi s er0XI con

dnd #5{3€rebd! 1ot hitrdkellulbsEmIhe- Iﬁ'em‘eﬂllukﬁe [f[ltdr ewan;SpMBds w1th rabbit anti-
vi sual i zed usinggEnhanced Chen1|un1nes

Hebly¥hssruandl pypR0G flwimn) axtheagﬂmaqymnt A @i)ag,vpﬁ by fhe secondary
e{nlgi%ocﬁ)? ad?gﬂr(]%f ahtRENRS ﬁorg ﬁﬁi&’é@em%ﬂesc F\@até’\ﬁsm 2000 dilution).

signi I ncreased atlve to controls (upper
Ipanmeio-rebetivel pmtdemw evekd \(1$uainmd psing| Bnhapeek lg}}amﬂyammescence (ECL)

iesiopis mebHyPopyBer et Kt T it Ao ey G oflarvpg that consumed
N% r(@{ | @5y 3@ nitfdahilf \{ﬁé}eés@&’ l%@l'ﬁtﬂvé"@o BRI (ﬂbﬁ&e'ﬂ_énel) but inactive

m1the detection level of the antibody
(mnwdupanebn podfsuiiably- bmemlttW&Serﬁ@nﬁ]age‘glthlthet IQ;ufin comparison,

NaPl d l.arya ut extra eI
R}@}S&P ¥aY P‘gbvteela tt{% ?ra fgf]h? 081i1]tr31 a%rvéé zc{%f) e{f%le htoﬁéﬁ/ & amount present
WaPhel b SIRNGdtddtiva 1éveY Bﬁth@%nﬁbtﬁﬂ tE’)ﬁ&de@hnﬁ NaEiMﬂiBensmve proteases
extract was 20 incubated for 30 mn at 30C in

pribe it of DRP B fssllatiacof b auMNNgIIoH Y opeRubiected o inhibition

%sﬁpé},%o 2 IJSS fa%ggyr{sg A o}q?gtlgs %d %H{?@gﬁgqlg%% g:“fach extract was pre-

SRS RER I00mimiat |3etce ih e pesaice Wt abRawe! 6f580 KMNNaPI inhibitor (T1
extracts assayed without inhibitor are indicated in

GoBYeIo T BY PR rag ey a@ddcura@m@ngqqafqr cfhé(@qtré(p@agegssays) prior to the
%qe s u%%rr%tee fa%t 1rnﬁ?attesthe"i‘ec‘a%ﬁ&?fd&e%ftﬁfrbﬁmé{@ F‘@ ss%ggd without inhibitor

says Were per
i 1h§10@t%d b gaefi(eomitiol lafvae)eatdr blacle @NaR]- Edkiatvtaa)‘. Results from extracts

Q%S:Fe%'t ih) Ib{oKPE i FEPEIPGnALT 6ol BERPIL T gUetient. Units of

t%?t?'a?e ea)gprés\ééci ¥s %ﬁtr&%%ﬂ&ﬁ%dat Ugs B8/min/mg extract protein (& standard
deviation). (A) Inhibition of trypsin activity by T1. Trypsin activity was determined using
BApNA substrate. (B) Inhibition of chymotrypsin activity by C1. Chymotrypsin activity
was determined with SAAPFpNA substrate. T1 almost totally inhibited trypsin activity in
the extracts of control larvae, indicating these larvae did not produce NaPl-insensitive
trypsins. The extracts from NaPI-fed larvae contained negligible trypsin activity, but this
activity could not be inhibited by T1. C1 did not inhibit chymotrypsin activity in the
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BAPNA substrate. (B) Inhibition of chynotrypsin
activity by CIl . Chynotrypsin activity was
waledoaogdosied Wt h SAAPFpNA substrate. Ti  al nost PCDAERI0Y000524
inhibited trypsin activity in the extracts of contro
| arvae, indicating these |arvae did not produce
NaPl -i nsensitive 30 trypsins. The extracts from
NaPl -fed | arvae contai ned neglégible trypsin activity,
but this activity could not "B inhibited by Ti. C
did not inhibit chynmotrypsin activity in the WO
2004/ 094630 PCT/ AU2004/ 000524 -18 extracts of six
extratts of sixaoutrel lande and pnbawartiaim grmibrimd ithe gt chiymogfiypsins in the rest

n e re .of ont 1 ol i. ndi ' .
B ops Bricalie D% bR iBtroks AR A1 ghab Mymotypsin,
NIBstNaEt thy I%ﬁyrﬂotrﬁg#ilﬁ ctifityl hee:@hay 0k 61y ASART-fag tlarvhé Yar be attributed to
extracts from -fed | arvae can be attributed to

Nehbtinsensidine ichymetrpineot W ers erEactyWem et cing Nﬁ%hfe_d larvae were
F%g ﬁﬁ{}ﬁlﬁﬁg %h%Pde‘:ﬁg?“F&%ﬁ\@ %@%@Fﬁpﬁﬁ ?{cﬁxﬂW% %@ligﬁetdh

ynostatin activi
abol i shed. Figure 3 is a graphi cal repr esentation
show ng the effect of vari r se i nhibitors
RIEES S hGHBRIC) SPHSSRIF R TP IBE therGtiRct b et Wyuipinase inhibitors

Suthb @fl‘_}érée d\h&ﬁfﬁt %1{9&' ﬂ?hﬁﬂ&fn@nat%’(? gﬁteéx@ﬁéﬁ frdnfM, th&fg%ia Proteinase

wer e protein froman unfractionated
ighibitemst waet mb&ﬂowreh 10pg rof yivateiro frow tin mﬁactmimtndt glycp@qtmct before

substrate N-succin I-Ala aPr Phe- tr
SR TN R S T -
I‘ﬂﬁfb‘lt\{dn ¥ ekpteldg agﬁ’géﬂ'c&lltag A Sﬁ?otalacﬁwtﬁlrﬂthb Softrol samples.

phot ographi ¢ represent at owm ng purification and
N-term nal sequence of an NaPI I nhi bi tabl e

not r, n fromH. untl e
Gatire 159 RapipereelisrpRagtrisfic ey HaprRaon apaa fpminal sequence
BY4 Na@f‘tlﬁlﬁﬁltéb‘}é '&Hylﬁﬂtr?ﬁsflﬂ rﬁotny K Opi¥hgiat futl (AOMd B)ERkotein gel
Cl inhibitor ure 1 (A 15%

BBsisobly @@cmmmtd@argms $teged eef pumi(iwtlea)uamﬁ eacaffigitateedpmn with

3?,9}“ Stk d@l"bg gﬁé\%ﬁk d@”gﬁf 1Pl ¥hs E)?}r adB1afitle gel loaded

WItR ) @FraCBInadd D& da;ulaeu(w ah@ (b)h@ntﬁuﬂ;d podteims. (B)Q)2.5% (w/v) SDS-
N-term nal sequence of protein inla

pdyacrgmpdeel boaged with (d) wg&lhﬁs@ﬁémn&e}@e?e&mt%ﬂe C1 column. (C)
Iﬁg%%%lﬁ% s@ﬂﬁén@é 62k 294 el ARl egequence  of an

tirve chynotrypsin fromH punctigera. (A
PVDF bl ot of chyrmtrypsm (i) el uted from potato

i nhi bi_t or col um. . Potato |nhihitar i,) _an tato
Figrop dof draBampytic barsouaben diagns pur fdflon A Apertinal sequence
gﬂ’bﬁil SR&N VB Ih RO AP Rem B Rk Sh VBF‘HI‘& cﬁ"éh otrypsin
seqlﬁence olbt al %gd Wsom Pr\r/IDF%%JLf ot lé Rg((% was Smotryp
(ipsltedifom potato inhititor fcolnmrs dyptrsn &sbitor 11 (ii) and potato 1nh1b1tor I (iii)
both co-eluted from the matrix under denaturing conditions. (B) N-terminal amino acid
sequence obtained from PVDF blot. Rechla was the most abundant of the four sequences

obtained.

Figure 6 is a graphical representation showing the effect of pH and a range of substrates
on the activity of the NaPI-insensitive chymotrypsin from H. punctigera midgut. SA,PF-
pNA, N-succinyl-Ala-Ala-Pro-Phe-p-nitroanilide; SA;PL-pNA, N-succinyl-Ala-Ala-Pro-
Leu-p-nitroanilide; MA,PM-pNA, N-methoxysuccinyl-Ala-Ala-Pro-Met-p-nitroanilide.



obtained. Figure 6 is a graphical representation
showi ng the effect of pH and a range of substrates on

W b@4astedwi ty of the NaPl-insensitive chynotrypSI/AULI0eM00524

H. punctigera mdgut. SA2PF- 30 pNA,

N-succi nyl - Al a- Al a- Pro-Phe-p-nitroanilide; SA2PL-pNA,
N-succi nyl - Al a- Al a-Pro Leu-p-nitroanilide; MA2PM pNA,
N- net hoxysucci nyl - Al a- Al a- Pr OIS/E p-nitroanilide. WD
2004/ 094630 PCT/ AU2004/ 000522 19 Figure 7 is a

di agrammati c representati on show ng the design of

ol i gonucl eotide priners for anplification of
chynotrypsins fromH. puncti gera. An alignnent of

P S A LS D B RO e pimer
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agranmmati C representation gonucl eotid
cemedpondmg to slmllolngmnudleotﬁ”é REReraaH bdxedandmhre difection of amplification
Hel i.coverpa chymotrypsins. Figure 9 is a diagramatic
areiricatedtNt A Ss howi ng PCR products from anplification
of cDNAs encoding H punctigera chynotrypsins. PCR
anplification of cDNA prepared from gut nRNA yiel ded
Figutei 8is sedjagrauendtiorrepiesentationt shooting ioigonuojeesidp sequemees used in

at nce is.ali nd the region
1{@?@%%@ %éow}??lufco‘yeﬁapqhng ?gs‘boxed Figure 10
is a diagrammatic repr esent ati on show ng alignnment of
predi cted am no acid uence of ch m)trypS| ns from

Higuysyhés agleagaammhfec @@mp ptien phoyying §Rap@d%ﬁstf€can Bgﬁpgﬁcaﬂon of
d
iﬁ%? g}ugq', n Hzfu li,ﬁfe-;g %h V\Pfin%t}g su‘fso% it igﬁ%fé%?t? Iog 'cb?\IA prepared

ftdrh gt niRNA%ﬁM&éﬂ pﬁfﬁﬁl]gseqhdanoe iﬁmﬁw dipsincischymatiyesiss. t"ﬁle translated

for the pro posed cl eavage of cfhe a t tion g{)

sequancy isaligned prd the £¢8ioReOTTeRPNGING I Rypes,

bi ndi ng pocket and confer substrate speC| ficity are

i ndicated by the synbols ,,#. The cysteine (0)

Figai« L@ss ardaagralghiaym ceprseentation ssrowingahlignareptof mygh¢ted amino acid

25 Figure 11 is a tic re esent.at.i on. hovm

saagqngﬁ S chgoySRE! B He PprsiRere 15 gt RS i tharked by a

s;aild ] ]@(]vngﬁ@hltgHE’ dﬂ%?érvéd‘%lﬁfé's‘itb\{ﬁotﬁfs"ﬁfwmgwﬁ)g}it&ﬁwnh grey. The
rom H. tigera arison of the N-termnal

ép@mieiﬁcﬁ-lotllt)woomﬂaﬁdedu m@l& rrﬁl chymepipsing yigsthassitgi 95 the proposed
c{}_?a{ylﬁgg oF {Fﬁeacﬁﬁ%/trmt re%ﬁéﬁ: g}z] glr})'r ad! ﬁl%eegs{dﬁgmhtapﬁe e substrate binding

pocket and confer substrate specificity are indicated by the symbols ¥.§.#. The cysteine (o)

residues are highly conserved among all chymotrypsins.

Figure 11 is a diagrammatic representation showing design of oligonucleotide primers for
amplification of cDNA encoding the NaPI-insensitive chymotrypsins from H. punctigera.
(A) Comparison of the N-terminal sequence of two NaPl-insensitive chymotrypsins with
Helicoverpa chymotrypsins predicted from the cDNA clones. The unique regions F1 and
F2 are shaded. (B) Oligonucleotide primers complementary to unique regions at the N-

terminus of the insensitive chymotrypsin.
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F2 are shaded. (B) A igonucleotide priners
conpl enentary to unique regions at the N~ 30 term nus

wo@RoohetsBnsensi ti ve chynotrypsin. WO 2004/ 094 6B0T/AU2004/000524

PCT/ AU2004/ 000524 -20 Figure 12 is a diagrammatic

representation show ng nucl eoti de sequence and deduced

am no acid sequence fromthe cDNA encodi ng the

i nsensitive chymotrypsin. The,jucl eotide sequence of

the insensitive chynotrypsin gBNA and deduced ani no

acid sequence. The am no acid sequence obtained from

N-term nal sequence of purified protein 5 is shaded in

@lgeye 131i8 pdiagranveatis reprasentatior spywingoryplotide segiyeage and deduced

nis sh t a T

un er ?a %eq}l%%qeo %ﬁgﬁ} bEM h‘!gﬁ\r]lAcFléC%}all etﬁgee gﬁ%ﬁ%@v? e lé/ Plott 3P sin. The

ﬁda:&lopfds | setjadifee OcﬁfhtHehﬁllseiﬁgﬁA’eefl@&mtmijshE bBll\US edld f deuEKmamino acid
anplification. The pol yadenyl atj on_si gnal A sequence

sSrngNce: Thederinorqell scauenes 05 3 ‘fquzn Rk inah geqiepgs of purified protein

SQHARA id BR: gd?ﬂé' &Qtl%@lféofof"gﬁdé) ng@fglga\%f Stb?erpsm is shown by the

putative~a |va i on peptldel
drodvr.oliedddmpld hmiarrhﬂtaalrregﬂnsrm the ]r@w(eemgie s&imnd:ehreéﬁ tarthepositions of

B8 (RGmene prEelsSaREBr PER SEifl Ry Thsrad Fidefii oD inat sequence i

ﬁﬂ@g wha&lihed £r?c§ér%’s%nsk%érﬁ§the's&ﬁﬁéﬁ%nai“hé H&id@@& @mﬁ{o acid sequence
he primary substrate-binding pocket is marked

Qﬂntdae pytatioe actiFtipmr eeptide isnemberpd ed® i al feltovatdoy th} mature domain

@ﬂgmmﬁ%%o%@}?{? 1%Seﬁ}a?{%§;%esgﬁ%€g? ta %?%q@&{l%ﬁtldugeg are- Rarked by the

W#STM amxﬁéteyﬁsm@bétm bpeREicdy rekidud) yerditd, Gbated at the base of the
chynotrypsins, Protein sequence is given in single

Pt REsUbGES Dinding Hocks! inmRd 1 @8 SEMBO our ed

bl ack, simlar amno acids are grey. Am no acids are

nunbered on the right and gaps have been introduced

Figur@ 13 i3 7 eeprosenadtiognhewing alipgamiaPof Hi psm%ietd sleymotrypsin families

ki F GBS Siegramhal FESittielon the five families of H
ﬁzﬂfc?z e hh ﬂltotﬁr%gﬁ% 'P?Gteﬁﬁs% g‘?f!‘gltvéﬂ RS 5ifgleMe@r@de. Identical amino

cont |ns AN argi nine resid in asimlar
pods ztre @nlouFedgblaé< Bﬁnlla amme pclds eret gteyoﬁnslhmmldg are numbered on the

Ry O e i b e ARG Frafe (o AGRPeR R NgPotnsensiive

cﬂﬂ'jfp@lhg hﬂ:‘ MEmb&Ssiod !ﬂﬁnﬂ’}t 5 akP aRQUhhtacRRizd BBy ainfhie Argifine residue
IS a representation showing the deduced protein

@ugwedLaposisiont§6. HiwansypiinéV alsepon@jnsanchrgiainsi resides (arrowed) in
2A) .chynotrypsins fromH punctigera aligned to
¢ BTG i fcH

chynmotrypsin isoforms A and B. H.
puncti gera chynotrypsi ns HpCh2A and HpCh5 were

Figure 14 is a representation showing alignment of the H. punctigera NaPl-insensitive
chymotrypsin with a homolog from H. armigera that also has an arginine residue at

position 185.

Figure 15 is a representation showing the deduced protein sequences for the insensitive
(HpCh5) and sensitive (HpCh2A) chymotrypsins from H. punctigera aligned to the bovine
chymotrypsin isoforms A and B. H. punctigera chymotrypsins HpCh2A and HpChS5 were
aligned to the bovine chymotrypsin isoforms A and B using ClustalW. The numbering

system (excluding gaps) is according to the nomenclature of Greer, Proteins 7: 317-34,
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30 aligned to the bovine chynotrypsin isoforns A and B
using Clustal W The nunbering system (excluding gaps)

w0 g00a0ewsdi ng to the nonencl ature of G eer, PreCEALI00§/000524
317-34, WD 2004/ 094630 PCT/ AU2004/ 000524 -21 1990
used for bovine chynotrypsin. Dots throughout the
sequences represent conserved residues. The regions
shaded in grey designate resigges that form surface
| oops that are involved in Ffé&tognition and bi ndi ng of
substrates or inhibitors. The primary substrate-
bi ndi ng pocket is forned by the regions | abeled S 1A,
1990_ BsahﬁbrSmmr(B chipreotgpgin. Hlotsethirenghowinibg sngcbbmessgt conserved

ack markrS|deS|nt
rEReS TS B e Hoep yEDlg i Tr Yl Rt EAME R that arc
BRIV RO AL BEI 1109 Sinll | Kifding D Aub&Fateshymathibinss. ﬂShdJ@hﬁgry substrate-
the Greer, 1990, supra nonencl ature these resi dues

bimb%powgisé@meﬂm e regionsgabeley §1A,19d3 and &1C1 bl Sb Seite is formed

B39 RPN R, o 0SS el o i

sig’r@iﬁﬂﬁhﬂy it emlttﬂity ity }Ipme][m)rﬂeyp(mdtngq?dsaiqﬁlm othezahgmetrypsins. Using
that r ts in t t t

(B GiRe. 50, 17 AP RGRUNHES PECTEp RS Gt ACT i AT G772 Pro 83, Gly

1%)9Vﬁ§@!12(§ \Hih R rd ORRwhéh fz’%ﬁtl@@cw pd4, JEpds), AQ% 152 and Pro 207.

era chynotrypsi n HoCh2A are |argér than
mgmttda ainumpmdsmrb osmoned fodry oving pbymotrTprinsly agoeatalitic cleavage

nodel .of H _punctigera F2A chynotrypsin (grey) was 15
t %Fﬁ%sr‘iltﬁﬂbg]@ép%‘?ﬁt’@ntﬁg -SRAEFE- of ~ al pha- chynot rypsi n

from Bos taurus (black). Surface |oops 60, 35, and
142 that are inplicated in substrate recognition are

Il“lﬁg}l%nk {sh &1%&&%&%?3?%9%@?)¥1¥H§Wﬁg@9&51 su-rrﬂl@e loolﬁ)s in the structural

rypsi i CIty°resi
8&! of PO plkdrigeatclgimdthypsindfeChifA hﬂedaqgelr thanyhe cognate loops in bovine

substrate- bi ndi ng pocket is_viewed as a ace filled
ARPOEER Al PO PR T HomPds 86 VBHICUSPEaFas, CHEnerity (arey) Was

s}ésﬂgﬁp@seﬂ kS fife h20 of AL %ﬁyﬁibh‘g}gﬁﬂ ﬁ%mlggs ¢4a8€ (black). Surface

supra nonenc ature, Fi gure he sensiti ve
lobyys60, r3sp and 14lz>ﬂmmr@pmdma@dea§|ub§trm wn‘gmﬂan@ue anenr in the insect

Jeerspva aigio: [hperivgorer YEIES HeolRE) sbiogr pperine 189,

dgﬁlo%@tateth@aoi% b fHebhrirRiry Gubstfd-Biking &'&Retsisd&e\ﬁ&ﬁama space filled
[utamne 25 192 is arrowed The residues of C in

nepesmtathmquyhaﬁandqn Wads sdivsr epresented in stick
configuration (black). F| gure 18 is a diagrammatic

1g?1{'§ ?’? rllg gtré:];%gse%pa 1Vc\>/|nns OW. 'épglﬁla%‘%ﬁ‘e %2 t(Hreer ny édbo erz}o%a nomenclature,
Figure 15) of the sensitive chymotrypsin HpCh2A appears easily accommodated when
modeled in complex with C1. Structural model of the sensitive chymotrypsin HpCh2A
(grey) in complex with the proteinase inhibitor C1 (black). The side chain of glutamine
192 is arrowed The residues of C1 in the vicinity of Gln 192 are represented in stick

configuration (black).

Figure 18 is a diagrammatic representation showing comparison of the environment
surrounding residue 192 of the sensitive and insensitive chymotrypsin complexed to C1.

Enlarged view of the boxed area shown in Figure 17. Arginine 192 of the insensitive
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surroundi ng residue 192 of the sensitive and
i nsensi tive chymtrypsin conplexed to d. 30 Enlarged

WO 2@wonfe3d he boxed area shown in Figure 17. ArBGCTIATIZ004/000524

192 of the insensitive WO 2004/ 094630

PCT/ AU2004/ 000524 -22 chynotrypsin (B) appears to
clash with residues of the CI inhibitor, in contrast
there is no apparent conflic 2vvith gl utam ne 192 of
the sensitive chynotrypsin (Af< Figure 19 is a

di agrammatic representati on show ng the environnent
surrounding arginine 5 192 when the insensjitive

chypatiyPsip @happﬁalﬁ dorplasty withiresideas ofyheeCl ipbitere in contliast there is no
rotei nase. i.nhibi t Fig24 t
Roftef St Rl (2%t b e U

conplex with the potato type | proteinase inhibitor

Potl (black). (B) Enlarged view of the region aroungi . .
Higure|i)is aybagramgietia rsniesgitation shayying thenepviroBmen girprRgng arginine

%’?Zﬁlén ilgegggl?rgsq?\ggm(ﬁ?ggfﬁe% mpiekdd 1 e gyNd ai ?&ktﬁﬁb proteinase

in stick 10 configuration
ifhibitok YPotH, gRig24 2 A) Stauchiralt mgdelpbf ther spemsitévet ehyinpeirypsin HpChS
show,ng expressjon of the chynotrypsin.clo F '
@b on Roguleavitb ine Fealsy Sat diB RS Siory diegh JRAAY. (8) Enlarged
i ePAORbARdrea fOBR! TREkide KBt SFarginine 192 i
V?%\&ggqg%/rigiﬁdr?earg%ﬁ}%sgo- 5t(hr af t er | n%ucti onegf HpChé%mm? 'IS
lebeled. 1Phs deidiies) ofl PodD$ FAGEVigisity sefiATed 199 tase represented in stick

Cbﬁnas§ielﬁlﬁﬁ. The [ anes are marked by the nunber of
waitewratier ¥agklqucti on and the arrow indicates the

position of the induced protein with the correct
predi cted nmol ecul ar nass.agB) Panel 1: Bacterially i
Bigpre2® ik pPtp@Bre reessHtagAn slrawiss expigsyion phthe chiymotrypsin clone

B By PR SRR S0\, spion o
t3tal kel Msaa kalearmpitetpimtanes hi afteranddcioned HpCH2B on a 12.5% (w/v)
geisceel o cep And Trncetaged WD SICEOE e umter of
%ﬁ?ﬂ?ﬁ“ iﬂéucti%ﬁl'paeégge QB in@katB @ Hefdsl dnYo P RRREM protein with the

dsft
rypsin Separated by SBS—PAGE and stained
otirtelot pietlicerd moldcuapmesse (B) Birad oBacterialdjeenpressed GpiCh2B purified on

bed ,w ti.-chympt in H B j [
Faippsony i Biefit drpBra SrTtoayn haeaCUsl SR BACE esl and
dehinkd With 20 hsek B! Fdl |y RIARQS S@EhpK abEPdhel 2b transferred to
Figure 21 is a photographic representation show ng

siprecélfulesetapd dinamostbiodil et ants By ChgRianibodiph €2 AYegrqaging amounts

RS TI0NIE ) 33510 1 RNk BB imotypin pcrzn
Raalafdd BY |SDCE:€FRG®§@S&BEH-W% e1gdrt dndea (pPRdteiantlot of an identical gel
sensitive )

probed with angci-ghymotrypsin HpCh2B antibodies (1/2500). The H. punctigera antibody

had a detection limit of 20 ng of bacterially expressed protein.

Figure 21 is a photographic representation showing specificity of antibodies raised against
bacterially expressed NaPl-insensitive (HpCh5) and sensitive (HpCh2B) chymotrypsins
from H. punctigera. Bacterially expressed NaPl-insensitive (R) and sensitive (C)
chymotrypsins were separated by SDS-PAGE on 12.5% (w/v) polyacrylamide gels and (A)

stained with Coomassie Blue, (B) immunoblotted with an a-His tag antibody, (C)
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chynotrypsi ns were separated by SDS-PACE on 12.5%
(w'v) polyacrylamde gels and (A) 30 stained with

w@omamssse Bl ue, (B) i munoblotted with an a- HPGI/AEZ04/000524

anti body, (C) WD 2004/094630 PCT/ AU2004/ 000524 -23

i m nunobl otted with the anti body to the HpCh2B
chynotrypsin (a-RC), and (D) inmmunoblotted with the
anti body to the HpCh5 chynot %?gi n (a-SC). Figure 22
are representati ons showi ng parification of Potl from
potato tubers. Potl was 5 purified frompotato tubers
(Russet Burbank) by acid extraction, amoni um sul phate

ipraswoplottad i withathy getibady| ta dhe dHPCHAY dpmatnmsins(@iffel and D)
with sjlver. | .l ' K kDa) ,
ipoBlotS g Epgribogd it e Mg TR TRe oG 75

columm, lane 3: imunoblot of |ane 2 using an

antibody raised in rabbits to a comercial preparation

Rigurer2i hre( Catdsemtatiens)showirngepurificakion o8 Potl fremepotato tubers. Potl was
nin. Potl.was.iden

henocy, tified.as a.single.10 band .

RS P e arTs (et gy el A gBnium sulphate
ReghiedioFafa deol &GldtRAS(AY SINSRAGIPeRkEd bvitl sitved. Bnél emolecular size
Pot1l isoforms, peak 4 i s a contam nating protejn

mmitlyers e(kBR), tang §r npled dlotly epnteinmg HectionssHow fg7Yy ol lane 3:

of °H : 1 aial ! Y .

Sy TSP LR P00 A4, NI rion o

Pbgl (@dhbibell?é‘r%)agiékédi t\%l/ lalyholéﬂimi[beethemmyilénm}/p]?cﬁkmsédmfiﬁed as a single
sen . 26% Pl or 0 P ,

(BRSO 0 APPTBETC i DAL BETFL & PP 57 iotions from A

I}{eﬂﬁse {5 s a@%?ﬁtsofggﬁg %@éﬁ% 4 Iiﬁss'ae@on[faingihl_‘xétt@ngzlgr_oteiff.\’\’ent y

Ive l'arvae were use each diet. The weight of the
| arvae was neasured at days 7, 10, 12, 14 and 17 post

egg hatch. At day 17, |larvae fed NaP ne were .84% P
§R8rend Bctwiepibeanerehent ol Foumarviing Bofim g d igas en arificia
At dRRIBARNPT and 1811 GFAR of 2L PMideRPladihedod bh @l cotbf leaf artificial
di ed, seven |arvae fed the NaPl diet died and six

dietr inathe fracheose phebsagd op026% Putv) NuFdtordd.eePo (/guNePbaplus 0.26%

RSP0, S SRR bR Bl PR Rt PGS g 2
TRERS Five WUrvhdI VeROlsdd On lehdH dikt. The el ghtidf Yhe latwas tvals Weasured at days
al i ghnent of 25 several nenbers_of the Potato

T,k Bt aﬁl& and flgrpasy egaaagls 0t gt Kt.dagverided Naklialomg Ve 84% of the
cpgglirlgfég% 155 3¢ Eéc?&%gﬁgﬁs ’P8JLI &%3%%&&%8 1. RO &vae fed on the

r ot ei ardson a ssins, SLetters,
&atroll ikt dikd7 Sdven MirvdOfRd thoNaPb dpe diedi andssix)leevapefed on the NaPI plus
Cleveland et al., Plant Mol. Biol. 8: 199-207,
gBdiet diRd3290: tomato (Grahamet al., J Biol. Chem,
260: 6555-6560, 1985) Z12619: tobacco (Lindhorst et
al., Plant Mdol. Biol. 21: 985-992,
Figure 24 is a representation showing the alignment of predicted amino acid sequence of

StPotIA and StPotIB with members of the potato Inhibitor I family. ClustalW alignment of
several members of the Potato Inhibitor I family. X67950: potato cDNA, (Beuning and
Christeller, Plant Physiol 102: 1061, 1993), P01052: potato protein (Richardson and
Cossins, FEBS Letters, 52: 161, 1975), M17108: potato genomic sequence (Cleveland er
al., Plant Mol. Biol. 8: 199-207, 1987), K03290: tomato (Graham et al, J. Biol. Chem.,
260: 6555-6560, 1985) Z12619: tobacco (Lindhorst et al., Plant Mol. Biol. 21: 985-992,
1993), X78988: maize (Jose Cordero et al., Plant J. 6: 141-150, 1994), EILXCH.: leech
(See Muller et al., Hoppe-Seyler's Z. Physiol. Chem. 358: 1105-1117, 1977). * P1 reactive
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30 1993), X78988: nmize (Jose Cordero et al., Plant 1
6: 141-150, 1994), EILXCH Ileech (See Miuller et al.,

woppesayl er's Z. Physiol. Chem 358: 1105- 118G1/AU2004/000524

1977). * P1 reactive WO 2004/ 094630 PCT/ AU2004/ 000524
-24 site. Both StPotl A and StPotIB are simlar to
other famly nenbers from potato. However, StPotlA
has an additional four am no %gi ds at position 41 to
44 that are also found in a "wound i nduced Potl from
tomato (K03290). StPotlB has a nethionine at the P1

site which is common for 'E)Q?it ato isolates. StPotlA has
sitp. Both StPeslAend FPoHB & sianilgiite Athenfnybt mgmbarsgiom potato. However,

SERSR S0P KOG oLEE BSURP B G BEESE ound i

v h@ked PO SR Héraito QROSTIN) St ofiBriab Iacrﬁéthmmmfat Fhe P1 site which
coli expressed StPotlA_and StPot] B, StPotlA and
iScrRMOB e petaguisolatesd Sty hehan Alapibet tbg Flysge dtich has not been

SRR Eno R S OB el bl s, oo

by RP- HPLC. Protel n vvas eluted with a |inear gradient

0% B f B 0% (v/v) .aceto
igmts P phigal RaESFHF Ao P 0BT o ShlT FRPiEsd StPotIA
andRaPhAB. S8t A Bal | SpotHs RRiré @uﬁh&l Qeinkthe MNetdimimil HISakg fused to
at 36 mn retention tinme (60% Buffer B) and StPotlB
$tPotldd andh SePetIBregndr a peetkl afﬁnzts whin fodlowiedi lon RB-RBLC4 Bypfile after

Buf f 0

S0 Bl T TSR S0 oRTR) Y D PR ATEP0%00% putter

(@b%ogd/ﬁ é&l&lrﬁmlé L2 8%2(v/e) BERPLt B fldkRdte @Tdl hélfigin3oves 60 min. (A)
ied Potl from potato tubers. StPotIA and St Potl B

%OéAa(BI) BtbetlBn tStBebA redyied #bﬁm major( peakiabad0 e eteption time (60%
Sl SR, 3 R e,
Thegpdaks 2Aerd andlygydaiph SD@I—PAGEram‘degmaéd ofthsdiloed (igsert in A). Lane 1 is

nhi bition of NaPl-insensjtive 20 tr iLn.b
HREUAr okl by 5 B S RATB (B 0 1 & BoPYRIE] AR giptato tubers
ﬁ%o{ggﬁa@?ﬁgﬁéort? \T}Mﬁ’\eeﬂé %fgf;el eﬁt g@%ﬁ@ft "rﬁ/d%?lﬁt? (2@& g]g:a}r g&teaeﬂlﬁl offot1 isoforms
iSAlaRH T tubeselodiratuetto the Rditivinal H{B)agepitepe atthe N terminus.

SA2PLpNA, 30 min incubation. Mx of Potl isoforns
frompotato tuber (circle), StPotlA (square), StPotlB

ﬂgﬁi‘@n% )y adtdy g@ﬂl&l reprERhlaBoAN @hdvbiﬁgp(i)ﬁﬁlbi@lbﬁ Mop ONaPDmsensmve

bers were good inhibitors of the i nsensi ti
aﬁlnum;ymnr ‘ypshanterlﬁlljg wxpressed; StPatldy apéi BBptIB. Inhlbltlon of the NaPI-

SRR Y b R AR TD st

SREFI@N& Vde@@l'éﬁﬁieﬁtlﬁnwﬁ mh%e(B)l Jubstldt® sagmyme BOI nhln 1ncubat1on Mix
armgera. Thirty larvae were fed |l e
?@ﬂoforms from potato tuber (01rcle) StPotIA (square) StPotIB (trlangle) StPotIA,

StPotIB and the Potl from potato tubers were good inhibitors of the NaPI- insensitive
chymotrypsin.

Figure 27 is a graphical representation showing growth of H. armigera larvae on

transgenic cotton expressing NaPI and Potl. Transgenic cotton cv Coker 315 was used in

bioassays with H. armigera. Thirty larvae were fed leaves of either the control
untransformed Coker 315, transgenic line 1 (NaPI), transgenic line 2 (StPotlA) or
transgenic plant 3 (NaPI X StPot1A). The weight of the larvae was measured at day 7 post-
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30 untransfornmed Coker 315, transgenic line 1 (NaPl),
transgenic line 2 (StPotl A) or transgenic plant 3

W@ MinP9936t Pot | A). The wei ght of the | arvae waBCT/AU2004/000524

measured at day 7 post WO 2004/ 094630

PCT/ AU2004/ 000524 -25 egg hatch. (A) G owh of

| arvae. At day 7, |larvae fed | eaves expressing NaPl
were 86% of the wei ght of th? control larvae fed
untransformnmed | eaves. Larvae gd | eaves expressing
StPot1 A were 92% of the control and | arvae fed | eaves

expressing both NaPl and StPotl A were 46% of the o
cgatpich] (A @owrhel lrvase it dpy 7 nlgese iferhlearesnampressing Noabi were 86% of

tﬁ% g\%?% ttorf%f?éc' 'cghtlaon qax%aé: tﬁé’d@ﬁ&%ﬂﬁ?&r&e&‘%d\i\éé t arv%J ?’ed{ {eg‘g@tssexpressmg

rvae’in each exper|
QipeArvade 924 ofahs aMﬁr(W&lhé lpead ferdnteaﬂves rxpiepding ho#. NaPI and StPotIA

@%%%ngéfhékéh%%lyﬁ% Bhs kervet i thassiion ot abd aq Paff R gt trypsin and
ﬁ?ﬁapﬁgﬁ#\% e R frddRithS 1arPde ﬁcéa'cH'e ?ﬂexﬁﬁ@h‘ce\%&@ &oRE and extracts

bsorbance at 405 nnt ut extract
reetred. rAu asEaysosem pacbiméd in mcatedﬁw@sin anc‘evw (tack) ovas determined

Lae lggg ! Oluf%tlpqr%e t{)}:ﬁ Iewg%t?ygs%o{ %O l&ﬁ;}\/ﬁg&g@ g% tﬁ%ﬁ su’%s(%rate Units

cﬁcéc'tl‘éitif ﬁré"@fépr@sls@d’ a4 QHarlgd 1B dbk@Ghiscel 4115 hrdmviasief @d extract protein.
| eaves” expressing NaPl or NaPl + StPotlA and reduced

Trwpsntap@vt}sww odneag veletivertedhsemirol.Andhe ptracty Gomdaryge fed leaves
dl a & IH E @iﬁ%@ﬁ%ﬁ%@é %ﬁy&%& %aéﬁe]&gw glfg{/étgc? jn extracts from

lﬁWﬁé f@d:)l\éﬁ«vés gisEigg NPT Na RaPl RsSsilAI and rethyoedtinyeprhcts from larvae
and the Iocatlon o% the oligonucl eotide primers used

fed Syl ploaddopl asmic reticul um sequence to HpChs.

The FwBacRECHL prinmer was used to add the first half

of the ER signal sequence as well as a silent

Figugé 128 ndiaghmngitio grepresent@idro slesing dje triueleBaddisequence and deduced

oo 751 L guEed B0t FPTBR DA STGasiRe 48 NEF Fifndive dfmotrypsin
ﬁﬁn%ﬂe BHticd! § lﬁooﬁéb%u@leot@&d pRinetsNGscd SQUATIC 8n eﬁh@plgﬁhlc reticulum

st gnal was a before the hexahistidine ta
eqadiice tp d{pehxﬁﬂmawliﬁc&ﬂﬁ{bppmsm usebtaepdd ﬁlét hplf of the ER

affinit chrorm after cellular,process

S Gt P DRl o e Futfiorn Shaauft BTG e Bk B Gpam I cut
SteP TAE QG BRRIECHE BFifee REddd @B réﬂ@iﬂdeﬂoﬁﬁﬁr@ﬂﬁigoﬁbqaénce for the ER
the chynmotrypsin clone HpF5 in baculovirus infecte

jigead @ welllas 9. Bapdpl ey sid tqbﬂ@t%uené Oﬁél?ee%ﬁé?}WaT%EBrﬁlgnal was added

%eﬁ:ﬂﬁ/ ( Xa%us &hﬁ P@éﬁ g% @n PAh ‘ilé@glgy% aﬁgﬁﬁﬁd protein by metal

ey Qﬂhtcﬁﬁlat@éraﬁgcbﬁelbclellldldﬂ'prlide\s’ﬁng.t Tl eddedkdminosaads are shaded in
cells transfected with
grey.

Figure 29 is a photographic representation showing expression of the chymotrypsin clone
HpF5 in baculovirus infected insect cells. Expressed proteins were separated on 12.5%
(w/v) SDS-PAGE gels and subjected to immunoblots with the a-HpChS-antibody (A)
RCDNA. Production of HpCh5 by HIGH FIVE (trademark) insect cells transfected with
20 pl of bacmid DNA. Controls; (pFastBacVector) insect cells transfected with bacmid
DNA transposed with pFastBac vector without the HpFSinsert; (blue colony) insect cells

transfected with untransposed bacmid DNA; (cells alone) untransfected insect cells;



20 | of bacm d DNA. Controls; (pFastBacVector) insect
cells transfected with bacm d 30 DNA transposed wth
wWQEEasnB@a0 vect or wi t hout the HpF5i nsert; (bl ueP€CDATZNYY/000524

insect cells transfected with untransposed bacm d

DNA; (cells alone) untransfected insect cells; WO

2004/ 094630 PCT/ AU2004/ 000524 -26 (Cellfectin) insect

cells treated with CELFECTI N §§eg|stered t rademar k)

al one; The positive control; is bacterially

expressed HpCh5 with a hexahi sti di ne tag. (E)

Production of HpCh5 by H GH FIVEiééradenark) 951

(@élllﬁegtll‘i)nﬂé@@te@?lw tpaied it GREERCTINg (samiptersd traggBetio, alone; The
h

p&%bgg ?Eérggo T%sal%]at%te?lﬂﬂ% égpljégs ﬁpﬁqts%ﬁ%%gém&iglﬁ@ 8 (B) Production

oWEIHCGHS By HIGHEIVE (radaheatt) wiskét oells usfeped pathedrsr B 24, 48 and 72.

nont r ansf ect ed bach (pl ue col qQny) .for . and 7.2 .
Mesivg, colsstedi s %ﬁ{ﬁ 312 Qurs At R ea'il?ry i Hol 3 efeombitant virus.

C@%‘%&%U? h?% %@x?y S e @R frﬁrﬂ i 200444 0%@30kus prepared from
04/ 00052 27 DETAI LED DESCRI PTION OF T
nohivaiNTécd Dhehnpide S cohmghtfonrﬁ% A aedi Bathedrsi rPOpléWﬁ control is

on t. i dent i I.ng. of a novel insect
bRfigH Y?’B@F%e‘irgipgg‘bl“’étht Eﬂﬁ ", cDNA encodi ng
HpCh5 is referred to 5 hereln as "HpF5". The
isolation of this nolecule permts the identification
and design of a range of products which are useful in
controlling the growth, devel opnment and/or overal

bi ol ogi cal fitness of Helicoverpa spp. and ot her

i nsects. These products generally act as antagonists
of HpCh5 function or HpF5 gene expression and are
useful as insect control agents. 10 The am no acid
sequence of HpCh5 is set forth in SEQ ID NO 2. The
nucl eoti de sequence of HpF5 is set forth in SEQID
NCs: 4 and 6. Reference herein to "HpCh5" shoul d be
understood as a reference to all fornms of HpCh5 15

i ncludi ng, for exanple, any peptide isoforns which
arise fromalternative splicing of HoF5 nRNA, nutants
or pol ynorphic variants of HpCh5, any post-translation
nodi fied forms of HpCh5 or any non-post-transl ationa
nodi fied forns of HoChS as well as any honolog in

ot her insect species or strains. The term "HpCh5" al so
enconpasses nenbers in a HpChb
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famly of chynmotrypsin nol ecules. To the extent that
it is not specified, reference herein to 20 HpCh5
w0 pkioes30 deri vati ves, honol ogs, anal ogs, chenmPCEAU2004/000524
equi valents and mnetics thereof. Reference to HpCh5
also refers to any variant having at |east 75% am no
acid identity to SEQID NO 2 after optinal alignnment.
Exanpl es of variants of HpCh5,include Pl-sensitive
variants such as those inter &lia havi ng an Arg 192
Gn or Arg 192 Asn substitution. Qher variants
include the N-term nal signal sequence of HpCh5 as
DETABIED DZESSEIRFDIQN @ BRAHBh NV ERTd(ebded by t he
nucl eoti de sequence set forth in SEQ ID NO 5. Such
variants include a signal sequence conprising an am no
cid nce v [ r
138 e BRSSPl b o O hashRHioR L ik Of a novel
ifgect elgtmetey sﬁﬁﬁimoh f&anemgH@ChB’éadﬁNAbmmdﬁ'@%{pChS is referred to

hegpns LS B IO (5 Bl RSO ARS Bt aand design of a
r%séqugﬁe?%ucts’sgfthﬁ‘ﬁf F A5 msoco]pﬁ'BﬁQ 1] @%%\chb Qexké'fﬁﬁﬂe?ﬁ; aRdor overall

rence HpF5 i ncluding a
b2816icS19RBEG FCHEIMIROMDE/ Womotheﬁalscﬂm'fh@scfm¢‘i¥ﬁ3t3 generally act as

genom c f ants hi.c va |ants
eonist ofairCis Fashon hp HaFsaeny Fomestinn Fad pBCME T gp insect contol
%%ghglns of insect. The term™ HpF5 al so enconpasses

nbers of a HpF5 fam |y of genes which encode HpCh5
or HpCh5-type chynotrypsins. To the extent that it is

ecified, ref '
TR RS fotlsSorkf pEHELRS i0H Rirfl hOSERTD MBS, € Bucleotide sequence
iF3ds 8t ARt SEquN%%ahajent ity to SEQ ID NO 4 or
SEQ ID NGO 6 or a nucl eotide sequence capabl e of

hybridizing to SEQID NO4 or SEQID NOG6 or its
ngenﬁé}%ﬁr% “rRICRsY rﬁﬁgﬁlﬁ bg‘géngélrsgﬁgedgcayre%}&%ettb %‘HSform?3 of HpCh5

S|gna sequ nce o ined 1n SE

iaclddippciod edarhyle S peDtlmSSfomms ovhictcaisp dsse altemwveaiphsmg of HpF3
t hereof. As indi cat abpve, var i an rl &
@Rb@ﬁmmlg@a‘,@ SHPA YRR %vag%an‘fd) > AHPQS 5,@5}5 atlon Hodified forms of

ﬁgﬂgl}% ?f %ﬁgy n&rpgﬁgo@g,lel@aﬁ‘&a?’nﬁﬁfﬂ%ﬂ f8Rhd FBHpehs dosRNtas any b homolog in

a nucl eoti de sequence capa
atherhipimct speznas @r BUalﬁEQ“HeDeIND“Hthﬁfe plsp eneappdssrRyapEybers in a HpChS

ondi ti ons and/ or cl.eoti de, sequ e t
R el Bt
gdzﬂﬁ Wﬁﬂhdeslﬁeﬁ%t%@ g6m610hi BEAOSS dHeaBEN! eduineddtitd de mimetics
, is to be understood that unless otherw s

thexgdp £ aﬁddt;encehg) Eipeihé also refrptte @AY ivariag havipg f\’%@aa@toﬁ% amino acid
s Qt?tlyft(l) %Ef()oflﬁnl{}(?y 2P oﬁ{maﬁoaﬁ%%gﬂtt Bxamples of variants of HpChS5 include

Pl-sensitive variants such as those inter alia having an Arg 192 Gln or Arg 192 Asn
substitution. Other variants include the N-terminal signal sequence of HpChS as defined in
SEQ ID NO:3 and which is encoded by the nucleotide sequence set forth in SEQ ID NO:5.
Such variants include a signal sequence comprising an amino acid sequence having at least
about 75% similarity to SEQ ID NO:3 after optimal alignment or encoded by a nucleotide
sequence having at least about 75% identity to SEQ ID NO:5 or a nucleotide sequence
capable of hybridizing to SEQ ID NO:5 after optimal alignment.

Reference to “HpF5” should be understood as reference to all forms of HpF3 including any



10

15

20

25

30

manuf act uri ng net hods, adm nistration regi nens, or the
i ke, as such may vary. It is also to be understood
W@ ba@t/094880 t er mi nol ogy used herein is for the pREePAaE2008MH00524
descri bing particular enbodinments only and i s not
intended to be Iimting. 20 It nust be noted that, as
used in the subject specification, the singular forns
"a", "an" and "the" include &&rral aspects unl ess the
context clearly dictates othé i'se. Thus, for
exanpl e, reference to an "agent" or "antagonist"
i ncludes a single agent or antagonist as well as
@Nmrt@omg@wgmw fosms.agbianistasd aatymaeplie veranty of H@FS as well as any
k V, i £,
RERTGAT hE™ B SRS, P A B TR0, THERHh IS g, guoompasses
Iﬁ&hbeﬁk of @mﬁ)ESGIhmﬁl(yrdﬂgebﬁ ngich@hﬁodedﬂp@hS ooHpGhHdpe chymotrypsins.
"age ‘active ag an active" used v
Toder rEivah et pa/notﬁee%fé?de referenos BaTER to Bink SRR lerivatives of HpES
£oRPYOY n‘ﬁ(@!egbdé E@%Qﬁéeshi étcltehéf'abbfuto’%"/""ﬁ%tﬂto §R& 1D NO:4 or
expression o om c gerne correspondin
SER@ IDNO®H mlamcbnﬂ&rmndﬁ@aﬁ@dbﬂbﬂﬁﬁﬁzmg to SEQ ID NO:4 or SEQ ID
nor t

/—\U2004/ 00524 - 29 | t | t
X684 it snsmlameras B Rl itoEmsl sRpabBit de sldfhf tpavence of

ﬂglﬂf LORRENOEHEISEQ Tﬁ'N@'ﬁgn@'éhcdﬂéﬁ By BEq?dID NGBl 4150 encompasses
esters, am des, rugs, active netabolites, anal ogs
meantshfheﬂeof( eﬁs w«g‘ntqdq@bqvgr pgch” mjmp@umlude aaggml sequence having at

lﬁﬂﬁg é‘bgﬁ&%f §1Hfg ar% sﬁ?éﬁﬁﬁ@s 1% 10 'tlrra{f'%ﬁ g glg%géi%r IB? ng encoded

@Saiuaﬁbtld‘dlbéqluéﬁdd dapablehsdrHyibeidiing ai SEQaI(D:Bm &hinder low stringency
physlologlc active salts, esters anld
gsmditions on diop amnsioatids seqyencd Giaving at leash @bpwy £ %% identity to SEQ ID
o) be construed as a chem cal
@@ﬁ%%@%&ggﬁagalgﬁ%néggt ends to peptides, polypeptides
and proteins as well as -genetic nol ecul es such as

DNA and chem cal, anal ogs i her eof

10, Th
A oIS & oo AR Fet .5 ol BRASER Sorblefilpss otherwise
QHeeh e sl QIHI] Q9 ihR&GitioR Gl 06k timiedd HPGRIMY formulations of components,

own-regul atf ng expression of a genom c gene
manufe@pnngjmntjlod&, adpplisBationreginensy Ordm/\hker, @g alﬂcéltmitﬁgvary It is also to

BB et oDy et iam F fon e BaF of dseripipg partcuta

&flﬁ&ﬁﬁleﬁtfs ohB#@i 8 doCiten@EPloteNnitiRg. growth of the
insect. The’inhibition of HpCh5 activity or HpF5 gene

expression may occur 15 by producing an inhibitor in a

ﬁhﬁ.{l‘ b%%)t%g tflast éshl?sréd T the UJ&BJ%chpeEH%aﬁ&}? fird SlHé’LllL.J%I’I’HS “a”, “an” and

“the” include plural aspects unless the context clearly dictates otherwise. Thus, for

example, reference to an “agent” or “antagonist” includes a single agent or antagonist as

well as two or more agents or antagonists and so forth.

In describing and claiming the present invention, the following terminology is used in

accordance with the definitions set forth below.

The terms “compound”, “agent”, “active agent” and “active” are used interchangeably
herein to refer to a chemical compound which inhibits the activity of HpChS or the

expression of a genomic gene corresponding to HpFS. The terms also encompass
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may be topically applied to a plant or sprayed or
ot herwi se di spersed to insects or a source of
w0 p®e09430 I n this regard, the plant may producBCEHAU2004/000524
nucleic acid nolecule that interferes with HpF5
expressi on when consuned by the insect. Alternatively,
the plant may produce a Pl capable of inhibiting
HpoCh5. Still in a further altz§nat|ve t he HpCh5
inhibitor is a non 20 proteindceous chen cal applied
to the surface of a plant or taken up by the root
systemof a plant. Reference herein to a "plant" i
agmultlmlbx@rr ublertieylawal @etivelingredignisi o8 these( @ctgve @aPmtas§Pe<>1ﬁcally
I ant Jgge u a
mch IO Rl 4t Qb ARl pe AR o RS Bface 3, acive

n?&a‘tﬁ)@@ésl snaldgsamtlithe ike. SWabn deniim éfbd)rﬁp@amlﬂy“dgent” “active agent” or
formulated in nmulti-part a

“HOPET dhteds Biendbing i ingsetaad Dt Bhoims s ths aesglpRete o viel as
gfé}ﬁlﬂguré,lg% g{f RAIcRIEN g &rce]&hlyl@nghfs%l %g&l’l;alal:ﬁfve I8, esters, amides,

ective anp effective
pacdrugy, "matatsblitésn spalbgs tede.i The ferme tdomgpoudd” anoaintd b@fcoaﬁrued as a

%@ﬂ{a ?%ngég&:@ﬁgebut Ieg%gaa %(? %Eét‘fl:c{es,gp&q)@%gtang protelns as well as

g‘% RIBINLs &iRAAORNA THUM an@lchéAftabidalddighdrasect . WO
004/ 094630 PCT/ AU20(54/ 000524 -30 By agri culturally

acceptable” or "horticulturally acceptable” carrier,

t di
P hich L el TR R S8TPE 350y taing i
A H6ieS iof 3RChSt 6r dowhaddulatinghexpreaia@edl bkngeaociic @amer tetasponding to
f@ﬁ’é/ I ncl ude excipients and other 5 addltlves S

nthke, tegat qlcg@meg,ulaé@go reRemaRERY dnhibjsion; Qfgﬁ@ph% activity. The
%ﬂngggl fé’f ﬁgcelgﬁqg ?ugtﬁdﬁ nbﬂg id srlﬂlts ahe fo?ot of reducing or (rjetardmg the

rvati erns "treating"
gréwipd s inse@sThisieHibitoresfHpOhT adtivity on Hpd'Spgean bxpressmn may occur
er adi cation_ of i nsects refer,to reducti 8%9{ ﬂ%sever
t

b3t PregRIRH AR indyibifos 4l @tplam duehyisi thep ggnsymg et or t¥e inhibitor
rﬁ% &Fﬁpic%ﬁ iddfto gagﬁarﬁ%? @#\1%%7&90130’&15%& dlﬁpérﬁb%lecﬁtlﬁsects or a source

n"retardation o heir growth, ~ devel opnent
aftindecsl Imghxsabga‘rd ttheplsnbmamtddbe@ mguclaiq @C@Gﬁp‘@@lﬂd thag fnterferes with

resent |nvent|on rge.or .s e
ey BrroanaapraRaneL oY Ficruat o eDn e BpfEigBroduce o P
dégll Glé'fffﬁ)lbltlﬁg MBS StibloinyD fRthef 8eritiv] HeeHPEhS linhibitor is a non-
brid nol ecules such as RNAI - or S|RNA-conp exes,

protetegensss chemiaienphied to thesurfeeanf-anlantsr sakgaiup by the root system of a

ﬂoatétﬁg#eéencﬁ%real Sf%)ea(? néﬁ%;p af% gﬁtdtgb&c#alg rtl%l)é%) 51§ gu;llé Qi ’E1§Sé1es (e.g. callus)
$oi6h Asntihas®)whi ch incl ude RNA - nedi at ed

Reference to compounds, agents and actives also includes combinations of compounds,
agents or actives. Such combinations may be formulated in multi-part agricultural or
horticultural compositions which are admixed together prior to dispersement or given

sequentially.

The terms “effective amount”, “insecticidal effective amount” and “insect-static effective
amount” of an agent as used herein mean a sufficient amount of the agent to reduce or

retard insect growth and development and/or to kill or inhibit the insect.
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post-transcriptional gene silencing or
nmet hyl ati on- nedi ated sil encing. 20 Accordingly, one
W@spent466d t he present invention provides an iBCI/AU24/000524
nucl eic acid nolecule or derivative, honolog or
anal og thereof conprising a nucl eotide sequence
encodi ng a novel chynotrypsin protein or a derivative,
honol og or mi netic thereof mgﬁrein said chynotrypsin
is insensitive to a PI of N "afata. 25 More
particularly, the present invention is directed to a
nucl ei c acid nol ecul e or derivative, honolog or
anal og t hereof conprising a nucl eoti de sequence

engcodi n r a n got i.de .. sequence c l.e ry.: .
e easiiralh aderHil” otic Barisg D afe Aoy S FRELE SleipRnflor dituent
i$ wRphant Validly @mpirtd fofrd Madtdtiaphkht 3 N6 2nvdfonientally or otherwise
derivative, honolog or mnetic thereof or, 30 havin

. at
undesbreblebtoue. Pl o Mo HEEbInsegb ik ATIgTS BARHErIngs Fipients and otber

fit. [ . ' . ' . .
55k R B SOB L U8, RAEEROSA s, 1
bEfities 6 eenDpPRedARSALRW tRETIkAU2004/ 000524 - 31 havi ng

at | east about 75% simlarity or greater to SEQ ID
NO 4 or SEQID NO 6 or a nucleotide sequence capabl e

e 1R diflfh B9 o f DBt bk WO PherdlEG@hn 1Bl & Plantsto? eradication of
conpl enment ar f'or m under l'ow stringency conditions. 5
iAseotshieferas predictioh ih lsevepite o symiptonenof e rinfes@tien f a plant or the
i sQlated chynotrypsin Helicoverpa ssp. wherein. sai .

R rAORy eI ROt e a) G arel 5t Mo Cpgir groweh
R¥cBp¥ehi G HiologREfith&sioy SvellBEIAB! 09 or anal og of said
chyn%tryp5|n. %bre particularly, the isol ated

chynotrypsin conprises an am no aci d sequence set

orth in ,10.SEQ ID r ] ' . .

g ot B SR S A% 19 dpB Gy mctic acid

Bblebiled AhtliBngaintigshge BE senkBendledules) spaptidey, ipoyypepisdes s chroteins or

herein includes exact identity between co areg?

hybridenleeulesssuch pe R SRR -SAmBlEK 0N BeAYEgs o NAZymes.

Where there is non-identity at the nucleotide |evel,

15 "simlarity" includes differences between sequences

THY edind eautltici acidi mbkcela® ianilsm eacompassérhtbyatle expression “genetic

e £S5 G it 280 LT Sl LGS MO Bhenr medied
MRS I RO BluShud e it evel
nevertheless related to each other at the structural,

./fkgcr})% iingﬂ'?l dne aspect of the present invention provides an isolated nucleic acid
molecule or derivative, homolog or analog thereof comprising a nucleotide sequence
encoding a novel chymotrypsin protein or a derivative, homolog or mimetic thereof

wherein said chymotrypsin is insensitive to a PI of N. alata.

More particularly, the present invention is directed to a nucleic acid molecule or derivative,
homolog or analog thereof comprising a nucleotide sequence encoding, or a nucleotide
sequence complementary to a nucleotide sequence encoding, an amino acid sequence
substantially as set forth in SEQ ID NO:2 or a derivative, homolog or mimetic thereof or
having at least about 75% or greater identity to SEQ ID NO:2 after optimal alignment or a
nucleotide sequence set forth in SEQ ID NO:4 or SEQ ID NO:6 or a nucleotide sequence
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bi ochem cal and/or conformational levels. In a
particularly preferred enbodi nent, 20 nucl eotide and
wW@piono9mal d sequence conpari sons are nade at tPET/ABY®I/000524
of identity rather than simlarity. Ternms used to
descri be sequence rel ati onshi ps between tmc or nore
polynucleotides or polypeptides i ncl ude "reference

sequence", "conparison MAndO 'sequence sinmilarity",
25 "sequence |dent|ty , percentage of sequence
sinilarity percentage of sequence identity",

"subst anti aI ly simlar" and "substantial identit

hivieg et dnaskealsed 76 stmilagitpor greatestto SEQ P NPehoe ﬁéQyIQENO 6 ora

to 18. and oft t
e SR Dot EER B SRR e 3 g D o6 or s
cBfmpRnleRtirf 6Qeh under lcﬁngthhgerﬁgcamaoﬁm pol ynucl eot i des

may each conprise (1) a sequence (i.e. only a portion
of the conpl ete pol ynucl eoti de 30 sequence) that is

S'oarﬁ]ler A &?t Yoty %ﬁ'&gnt f?@er&ﬁ)%mylg%gld@@ah qﬁcﬁatte%ﬂy{n%)ryﬁsin Helicoverpa

e ™t Rat et ween
s | whdteineqid dﬁﬁmoﬁgﬁme reclabrm mgsdstarsens HEL vieen N.woafooor a variant,
more) WO 2004/ 094630 @}UZOOM 000524 -32
deeivatiiGchemelog &% anzles pLHE AP Y@ Por med by conpari ng
sequences of the two polynucleotides over a
‘conpari son wi ndow' to identify and conpare | ocal
Megipartsubily, ﬂeqsrdateé chymmfr)alsm gompaises @mplamwd seiquersgset forth in

%ﬁﬁ gﬂg%soarraégq@ﬁ@ §1c{ A rre gwﬁglatxg tca%é)u? g?%rzsén%leénty to SEQ ID

ﬁ@@%ﬁpgpm{medl ﬁfl son wi ndow 5 may conprise
additions or deletions (i.e. gaps) of about 20% or

| ess as conpared to the reference sequence (which
oes _nQt. ¢ Li S€.a kO
ﬂ}e t&]ﬁrﬁeﬁ{mfﬁglp uste%% COhs ﬁlélnugéss g)?%o deﬂﬂfy) b{t&é%rfrgéﬂlﬁ@%d sequences

a3 Qlﬁ’dlﬁlm&ﬁldEQﬁ a&hh@ Atiddedel COHpRY ihsmnis\Wonddemtitymay tHeenucleotide level,
conducted uterized inplenentatjons o

H’gl(lﬂ’fltlf hlﬂf‘rh@@\ﬁl PECEE pgtweer Aeapsnces ek Aes in dliffgrgnt amino acids
% &Tgﬁ%%%élﬁ? %éc%tﬁer KAGRIcREAE &R tiéndl; biochemical and/or

Science Drive Madi son,
déhforlﬂ&ﬁ&bneﬂ rle‘l&ys IW’hpﬁcﬁlcmnlsanm 1ﬂblﬁ1t§z)e$tthe atnngn aeidtlevel, “similarity”

@@gﬁé&a:ngtig l@tﬁ;;glg?halé g;ctl%%ﬁ]af hsgsr%lgt%g Iri(g?e% & gerfﬁg{) 05?1%?%&11 functional,
ééﬂe éal BLAcg&dScoﬁfdr&%@ﬁ’al Retier apcs pirEoulEByY Fi‘éfdi‘ﬁde embodiment,

I famly of prograns as, for exanple
mhcw:ﬂtlds and kynind asidisaluaste admpiuiions arerviade aRbe levaimf identity rather
t£1389 340 1997). A detail ed discussion of sequence
W%ﬁ?gpg'can be found in Unit 15 19.3 of Ausubel et
al. ("Current Protocols in Ml ecular Biology" John

Wley & Sons Inc, 1994-1998, Chapter 15, 1998).
Terms used to describe sequence relationships between two or more polynucleotides or

39 <6

polypeptides include “reference sequence”, “comparison window”, “sequence similarity”,

“sequence identity”, “percentage of sequence similarity”, “percentage of sequence
identity”, “substantially similar” and “substantial identity”. A “reference sequence” is at
least 12 but frequently 15 to 18 and often at least 25 or above, such as 30 monomer units,
inclusive of nucleotides and amino acid residues, in length. Because two polynucleotides
may each comprise (1) a sequence (i.e. only a portion of the complete polynucleotide
sequence) that is similar between the two polynucleotides, and (2) a sequence that is

divergent between the two polynucleotides, sequence comparisons between two (or more)
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The terms "sequence simlarity" and "sequence
identity" as used herein refers to the extent that

wGewyemses are identical or functionally or PCT/AU2004/000524

structurally sinmilar on a nucleotide-by- 20 nucl eotide

basis or an am no aci d- by- am no acid basis over a

w ndow of conparison. Thus, "per cent age of sequence
identity", for exanple, is ca\[; ul ated by conparing two
optimally aligned sequences 0 gr’ t he wi ndow of

conpari son, determ ning the nunber of positions at

whi ch the |dent|cal nucl eic acid base (e.g. A T,
pelynupleoudqsh erg demwaélan resfonwed aby d coBRRENS FequUnces apf the two

pﬂ}gmcélpgdes A%V;fr o&xp\é%s% Xﬁﬁ@w’l ?dql/d; Hgﬁf d;'%g Sn%gﬁ’re oY 'regions of

sefuchioé Blnﬁﬁ%gﬁ%e‘ﬁompaﬂsb@ whintibe” nefsizen @éoﬂ?ﬁaptobllestgment of typically
positions di ng the nunber of matched posjtions by
1t2h@ntlewa4s retigiss S BRISPAES 2 FF{eIeRES SSRNERMSW B? comparison window

ér’?ﬁ%nadg tloi‘lB o tcféf‘etﬁh? g&w tg%féﬁec)f abBH2 %! drl 18dsYdsN@mpared to the

percentage of sequence
rbfé@em”cé syquehar (thmn e rm»s esmptﬁset duditipne se delefionsg Iﬁdm mel,mal alignment
sequence i den

of the twp PRIVERGSE o gtn¥1e]awwg BP ge;jgel%%t@g %Q'A%?%?%a comparlson window
@m@t @Jndﬁﬁ&@ r@"b&ﬁfﬁﬁt%h%& ZmplefRhtatibid @Y‘Ealg(ﬁi’cﬁﬂnk /AP, BESTFIT,

romH tac tware engineering Co. td., South
ISSSIT A atdcTE(kS)TACﬁilthef maoasmtﬁ&mpﬁm&fgx/@p Qﬁ@]@g@ Release 7.0, Genetics

@@aul t ggg%flencggﬁ}% ﬁg%, ’n@glA) or by Cb 1ns;r3]ect10n and the best

difpansaf G\é’alre§ult1§g M @i EentapR Mool sy @e@theﬂcfbrﬁparlson window)
sequence simlarity eterm"simlarity" is

graetategub iy ofi sbg ¥htious wetiors Beloeisd.rdoistsnee alsgfoan e made to the

r tAl
SEABTBRV 5 o Hah Aol SRS, Wiscl el BY WIS Y. Vel dcids Res
Bafaeslrsemezt D)%Vt) JgemmleﬂbdlsttusﬁBﬁ/oolf deqienty analysiS¥an be found in Unit
arity includes perce ge identitje )
19-3rof Apytiebe! ¢fr 64qustent R%O@%ybnslﬂeﬁ’ b@egﬁ’%&nﬁ%y & Sons Inc,
3 82% 83% 84% 85% 86% 87%
]8(%%1963 }1&%8?}5 i%/%ﬁ) 92% 93% 94% 95% 96% 97%
98% 99% and 100% 10 Reference herein to a Iow

%@%;%uﬁggﬁnlﬁ%&%%dd léee%?c%pg? E)f%flh[j' f(s/use(f hereln Stfers to the extent

1?159 3% %@r@e’éW&@%ﬂc?nf?cﬁf@?%ﬁ&&&lw/%ﬂ%@ﬁl&tﬁ%lyaﬂﬂlﬂhﬂ%ﬂa/ Inakleotide-by-

or ma fromat | east about Mto at | east
ambetid? Hetsls airt anf eminchgéidibhyraminp asid hads Qe & axindawoef; comparison.

'}hus aq‘perceht%gg tof aslgc?u%tncez 1civI ntl %L,t fc)froegia%f 15‘ gal&ﬁgghtﬂyoéﬁnparmg two
optimally aligned sequences over the window of comparison, determining the number of
positions at which the identical nucleic acid base (e.g. A, T, C, G, I) or the identical amino
acid residue (e.g. Ala, Pro, Ser, Thr, Gly, Val, Leu, Ile, Phe, Tyr, Trp, Lys, Arg, His, Asp,
Glu, Asn, Gln, Cys and Met) occurs in both sequences to yield the number of matched
positions, dividing the number of matched positions by the total number of positions in the
window of comparison (i.e., the window size), and multiplying the result by 100 to yield
the percentage of sequence identity. For the purposes of the present invention, “sequence
identity” will be understood to mean the “match percentage” calculated by the DNASIS
computer program (Version 2.5 for windows; available from Hitachi Software engineering

Co., Ltd., South San Francisco, California, USA) using standard defaults as used in the
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15 Generally, low stringency is at from about 25-30C

to about 42C. The tenperature may be altered and
whr@hev4esenper at ures used to repl ace forman deP@naiizN4/000524

to give alternative stringency conditions.

Al ternative stringency conditions may be applied where

necessary, such as nmedi um stringency, which includes

and enconpasses from at |east .gbout 16% (v/v) to at

| east about 30% (v/vV) formanidé "and from at | east

about 0.5 Mto at |east about 0.9 M 20 salt for

vagbrldl zation, and at |east about 0.5 Mto at |east

price Onanuel Setampasyingadis F@&W@Gnﬁlmﬂ@n%om@lamﬁl gpply in relation to

SFE&‘%'&?Q ggg%%nt\é\qg;ﬁ (é Cl‘é‘f ?131‘1 }'&&%@a@@ﬁ% l?m]le%nbe amino acid

seqiisneeicdepatisbnkr Ohe %rni éﬁlﬁﬁtltgbdybaﬂmﬁlhﬂM mwﬁﬂttolcteaaibe nucleotide
about 0.15 Msalt for hybridization, and at | east

SRERANCE 0OMPaAON® at | east about 0.15 Msalt for

washi ng conditions. In general, washing is carried out
Tm=69.3 + 0.41 (G+tQ) % (Marnmur 25 and Doty, J Mol.

RifedencéSto dt0I9ast hBE6R)75YHademtiey or 7506 sTmil@ﬂityaindlupwseﬁermage identities

d by 1 C " oo
SCa RGeS i PoL TR B AL Bl S w10, 5%
8]30)@ 9@}398‘5% 465 839, $894)3995 09BN 186, 9?/0,093%094%%, 98%, 96%, 97%,

these ‘hybridi zation conditions. ~ ‘Accordingly,
ﬁﬁérﬁtﬂ?%hladll@ﬂ%referred | evel s of stringency are
defined as follows: low stringency is 6 x SSC buffer,
0.1% (wv) SDS at 25-42C, a noderate stringency is 2 x

B&erente Rbkleto a %vl%(@r{ri\géﬂay SMsafro@ dtea@:se ﬁa@mroeto Bt lehg about 15%
range 20C to 65C, hi stringenc

(tmf)ffennarmldmmemﬂvyg I %u 3%; ¥orpér Iﬁ%ﬂ &, §1%=§t/°:llé)e(gﬂl%» 12%, 13%
an%C14)"Qof\90t§h8§rﬁ%§ F | nven? ‘%{SQQ&%@‘& &6 afMehstr éﬁb%f 2 M salt for

resen i on Conte ates a nucleic
lf;sﬂdrﬁh?!ﬁﬁbﬁ Caﬂdeatdt%ast dbdmtVBM ve at leasmitogt @rMamltI fog washing conditions.

Genergb, 1P rbnseRoGis ismepoutop- B rstres 8231 the Gmplrature may
lgleugllt 0§ Lflg h?%lgggéﬁ% rhgedﬂo k%?a%te fzﬁr{atﬁfde%nWo?acB 8ive alternative

st m arlty 4or SE or a
siﬁnganay icorditinonelimgnative atraigegcy tdmlntemfs mayr be amlbﬂevlm‘re necessary,

ﬁﬁ é’r?éﬁfng Ft%l%g?srg?nw E’ﬁgg?é}?(g% ag& %qpélg}%vs (f% Ftt ]]e%sﬁ gbout 16% (v/v)

R 146 HIUENSRLES) ARmAMH NOariCH 6n SERIGNGEuUL 0.5 M to at least about 0.9 M
substantially as set forth in SEQID NO 2 or

shitr fov duybuidizatiamend git é?asmlvmrc i0e5 Mhée ébka&irabOHhOi%M gglt for washing
st 75% or eater | o
SR o P MR e oMt et o halted (R 3 toast about 3126

eaﬁleastCaBMﬁwo%/ gsvwowhmmelaadlﬂmemﬁeast uboat@ (1 M to at least about
&rotel naceous inhibitor of N ta. Yet an

ééé\dtsabffox hcbristiztiont anchatd st @hOIEth]e%FOaﬁte'@aﬁ’i @gp!éﬁ @15 M salt for
éhlng%necﬁt%n%. ﬁoégﬁgllai'v[)%hmg is carried out Ty, = 69.3 + 0.41 (G+C)% (Marmur

and Doty, J. Mol. Biol. 5: 109, 1962). However, the Tr, of a duplex DNA decreases by 1°C
with every increase of 1% in the number of mismatch base pairs (Bonner and Laskey, Eur.
J. Biochem. 46: 83, 1974). Formamide is optional in these hybridization conditions.
Accordingly, particularly preferred levels of stringency are defined as follows: low
stringency is 6 x SSC buffer, 0.1% (w/v) SDS at 25-42°C; a moderate stringency is 2 x
SSC buffer, 0.1% (w/v) SDS at a temperature in the range 20°C to 65°C; high stringency is
0.1 x SSC buffer, 0.1% (w/v) SDS at a temperature of at least 65°C.
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a sequence of nucleotides substantially as set forth
in SEQID NO4 or SEQID NO 6. The 15 nucleic acid

woreioeo6a0 encodi ng HpChS is preferably a sequePCBEATL004/000524
deoxyri bonucl ei c acids such as a cDNA sequence or a
genom ¢ sequence. A genom c sequence may al so conprise
exons or introns. A genom c sequence nmay al so include
a pronoter region or other reggulatory regions. The
present invention further coh?%hplates i sol at ed
introns and exons of HpF5 such as those involved in
genetic networking within a plant cell. 20 The nucleic
acid nol ecul e according to this aspect of the

i nvention correspon. erei 0 ' -AS
Db R RE R THCRal 3 filod soriiais? f BBl ol motcele or
defivaive] Bemolog orepludetharepf obephisihy at mafotide sequenevsubstantially as
famly of chynotrypsins amly 5 wthin the

h f ) f
seiHprbin SR I Yerkox %%Qﬂbé%@r%qx)é RUslestide sRAVFRCS Iaving at least 75% or
gE%fte%rsﬁrﬁﬁ Irltg tjdeg]f% QD%OW&gEQ ®BE o Gerdativéifomolog or analog

1<% Snefudes & genom ¢ formof the gene. Wthin the
thikay ovemnblerfiigbiigeina io SBQTE? Nebdion SEEND NOS s 5 complementary
el vty (e o homcar st LTS v
sibdadtBlly b sEefBrthYin AR@ID NI0aR%h d&A%tive, HoMdISE of fimetic thereof or
0 nding to |lim e
amly 4 at <20% Wthout I ntend to | t@%h

hamismaattledsh 76%t pogreater adapntitaio, SEQUENNO S afies mptintal aligypent which

two. uni.que stretches of se LR th ' :
i OG0 RRIE G0 “LRAIO SRR Sl HEPERDR o Yidoinacoous
ihgbAb eV t@adaPl sensitive chynotrypsins. Five of

these substitutions did not appear to fall into

functionally significant regions, whereas the sixth WD

04/ 094630 P I 524 - iUt ' . .
R L
ab%hher@fe of hecipstides sybstatifally aase fhithn i SHQIDCKOt4 ofTBIEQ ID NO:6. The
| ocation of this substitution él%nd conversion to '

el RoHb molgcul sspETRIEES is SroIPIgRPYA STHESEAIOT (P hgnegteic acids
0 ! _

ARSI BBy A" B o o

Xoitd oPeintren. afy eggmoniie isequsacg eraye aisdancluty sbetomeder region or other

rpngur{gtgg‘i fq%f@%gsg%@!ﬁlyﬁ%gﬁtﬁg?qﬁ%ﬁ f\ygtﬂgp ctorn Sﬂlarllteg ?s%ﬁltgda {rrlitrlo}{s and exbns

of HpF5 such as those involved in genetic networking within a plant cell.

The nucleic acid molecule according to this aspect of the invention corresponds herein to
HpF5. This ¢cDNA has been determined, in accordance with the present invention, to
encode a protein that defines a new family of chymotrypsins, family 5, within the group of
chymotrypsin gene families, and this protein is referred to herein as HpCh5. Reference to
“HpF5” also includes a genomic form of the gene. Within the Helicoverpa punctigera
chymotrypsin gene families, there are varying levels of homology as shown in Table 2.
Family 5 is exemplified by HpF5, and is most similar to family 2A at 73% and least
similar to family 4 at <20%. Without intending to limit the instant invention in any way,
HpChs5 is exemplified by two unique siretches of sequence in the N-terminal (F1 and F2)
and by six amino acid substitutions relative to NaPI sensitive chymotrypsins. Five of these

substitutions did not appear to fall into functionally significant regions, whereas the sixth



10

15

20

famlies UUV VVVUa HChlAl 90 54 53 58 59 <20
57 HChlIBlI 51 51 56 56 <20 55 HpCh2A 94 83 87 <20 73

wWOL@hABI630 82 82 <20 72 H Ch3A 92 <20 70 HpChBEr/AB2007/800524

HpCh4Al <20 15 The present invention provides,

therefore, an isolated protein having chynotrypsin

activity which is not substantially inhibited by a P

fromN alata. Accordingly, gsther aspect of the

present invention is directed”to an isolated protein

selected fromthe list consisting of: (i) a novel
chymotrypsin protein or a derivative, honolog or

smbgtdutian ish we@ﬁted/h‘é’ﬁthInGZd thei B- S@mmtbray petms pswall of the primary

stligﬁsf?a?ez %b%]legéq%k%hj"pﬁ g I na I nh ft%tgoai%rg céonvel%lo% & an arginine,
B shadihing)] 1|s)h1g}ﬁ 8ftsubDfor |ﬂhd 1 E&Qalh@hm Predofmigantly lined with non-
derivati ve, 'Y or mnetic_thereof or having at

podaagesiquss gt dgﬁ@%@lé/ﬂnmp@@cm?mﬁ%so PCT/ AU2004/ 000524

-36 identity to SEQID NO 2 after optinmal alignnent;

(iii) a protein encoded by a sequence of nucleotides
substantially as set forth in SEQID NGO 4 or SEQID

NO 6 or a derivative, honolog or anal og thereof or a

nucl eoti de 5 sequence having at |least 75%simlarity

to SEQID NO4 or SEQID NO 6 or a sequence encodi ng

an am no acid sequence substantially as set forth in

SEQID NGO 2 or a derivatiVEABﬂdhblog or mnetic

t hereof or havin | eas 7 % or reater simlbarity.

e ceeinei it By M b et il b g
protein encoded by a ngghisps g(,é;l,eg@ hlgul e or

derivative, honolog or anal™og hereof  conprising a

nucl eoti de sequence substantially as set forth in SEQ
IDNO4 or SEQID NO 6 or a derivative, honolog or

anal og | Hhphedigeradr blLe hybri di zi ngto SEQ I D
NO 4 of chfzadtiypsiiO 6 G‘%d s§ [ engy | ndi €i ons

9]
B
245,

and whitahiliencodes AS antnp Gidi © sdguekce S | &
substantially as set §qrgh i |SEQ 1B NG 2 &5 oF &
deri vative hnrmlrmir mnetid-theregf of--havi pg- at

| east 'SﬁMQbL4brpat 58 1 59 | <20 | 57°

o
el Y
1951
W

HpChlBI 56 | 56 | <20 | 55
HpCh2A4 83 | 87 | <20} 73
HpCh2B 82 | <20| 72
HpCh3A 92 70
HpCh3B 72
HpCh4Al <20

The present invention provides, therefore, an isolated protein having chymotrypsin activity
which is not substantially inhibited by a PI from N. alata. Accordingly, another aspect of

the present invention is directed to an isolated protein selected from the list consisting of:

@@ a novel chymotrypsin protein or a derivative, homolog or mimetic thereof wherein

said chymotrypsin is insensitive to the proteinase inhibitors of N. alata;

(i)  a protein having an amino acid sequence substantially as set forth in SEQ ID NO:2

or a derivative, homolog or mimetic thereof or having at least 75% or greater
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simlarity to SEQID NGO 2 after optimal alignnment. (v)
a novel chynotrypsin protein or a derivative, honol og

wo@eooaiosmesso c t hereof that has an argi ni ne subsPCT/AUZH4/000524

for an asparagine or glutamne in the primary
substrate- 20 bindi ng pocket. The present invention

di scl oses the am no acid, and correspondi ng cDNA
sequence of a novel chynotrypsin that is insensitive
to the Type Il serine proteihgéé i nhi bitors produced
by sol anaceous species such as N. alata. Therefore,
this may be used as a target for agents 25 to contro

i nseddentigatorSEQ P N2 afigseptinalialigniye®fs ei nase. A nunber
of conpounds have been shown to inhibit the activity
of HpCh5, and a |ist of these conpounds as preferred

(&iyb 0 Qi prewinsericsdddonynal séque iahd fenusle ol s2DBAAMARFIB set forth in SEQ ID

PCT/ AU2004/ 000524 = -37 TABLE 3 .Effect of vari.ous .
pr ot eV@4ser PERi 1K NQfé%ﬁ Heatiyey E‘W‘P 2 OF apgige ol or 2 nucleotide

i ”S?%éél&eh&eh&\m{ 1;' E}éé@lﬁﬂ'% sfilﬁﬁg?it:gl- t_oFBE“(QtIDgNO&M 3PGEQ ID NO:6 or a

bovi ne"chynot ryps nhi bit or 1,1t a %lInhibition
C50 seqrened Endodirtg am atndisd ecid| segesmsé tsitbgladglly reseast iferth in SEQ ID

BC | siti f'C. il 1~ e Pl, 10 4 0% %

10 NS rasprisbul Phmplagorgminfidfiraova et il e o ercater
Pot |si1§il§it%@@%@éQ@°’N@-:212ﬂ&- dmaBaygmenBi rk 10 5 100%

100% 0. 24 0.06 Lima bean >20 5 89% 100% 3 0.2 SBTI

>20 >20 82% 94% 33 13 PMSF 1000 2000 100% 100% 33 13

Leu e tin.>4000 0 % 529 :
(évgyb eaaﬂro{e‘pg] 6§1F%delc>lﬁl%€ 8ir§1glré;10 %@éﬁ&sé@% %r nder%trlﬁa]_%, homolog or analog
sul phpaebf ddniisinge: nuchatide sefichte subsiphidaly BoenfonthBiSEQ ID NO:4
inhibitor; lim bean, |ina bean
or SEQ ID NO:6 or a derivative, homolog or analog thereof, or capable of
hybridizing to SEQ ID NO:4 or SEQ ID NO:6 under low stringency conditions and
which encodes an amino acid sequence substantially as set forth in SEQ ID NO:2
or a derivative, homolog or mimetic thereof or having at least 75% or greater

similarity to SEQ ID NO:2 after optimal alignment.

V) a novel chymotrypsin protein or a derivative, homolog or mimetic thereof that has
an arginine substituted for an asparagine or glutamine in the primary substrate-

binding pocket.

The present invention discloses the amino acid, and corresponding ¢cDNA sequence of a
novel chymotrypsin that is insensitive to the Type II serine proteinase inhibitors produced
by solanaceous species such as N. alata. Therefore, this may be used as a target for agents
to control insects carrying this insensitive proteinase. A number of compounds have been
shown to inhibit the activity of HpCh5, and a list of these compounds as preferred

embodiments is found in Table 3.
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trypsin inhibitor (Sigm);
i nhibitor Type I.

Bovi ne

Pot

conmpounds to any one activity,

to investigate the binding ability of Potl
pepti de encoded by the
NaPl -i nsensitive and NaPl -sen

chynmotrypsins. 15 The deduced

pot at o protei nase
chynotrypsin (BC).
w2aohoe3d i m ting the node of action of any of PETIaE2004/000524

10

3-D nodeling is used

C 1 donmmi n of NaPI

§ZE| ve ins

an

ect

d the

to both

M no aci d sequences

reported 20 for aI

fromthe cDNA cl ones HpF2A (NaPl -sensitive) and HpF5
(NaPIl -i nsensitive) were nodel ed on the structures of
the Sol enopsis invicta (fi ﬂ"eAEIqE)S and Bos taurus

(cow) chy ns obta ned fr,o

Col | abor a@fif%/ f’»’g‘r’m wé'lsrpﬂ% {iteas ”’é’il oot %’r’?@?‘?&”’?

Pr oNgPI. i#ediRirB lymdlppstiel freMVie. fmcﬁgmwmwtm&:hmfrypsm
predi cted to adopt simlar structures to those

t he chynDtrypsrn structures

eTT llll:‘ ﬁ]E&IIK The r@aﬁ]h hruc
e G assrcngeQ ne:gr t ease’fol'd consisti
ai8 +—p el —beta barrets
[ ted: Eg Weerrl“lg"ﬁ‘é"*mlll d%%r
| M| eaved ™D 2004/ 094630Y¢
PC 4/ 000 , n'the mamral i-an- chynot ryis-
(1 oqpaP_lI42) but 10emailn | ntact Wit 0h i nlse®i% >10 0.04
CORyRbEMReT Ns. olbwer efloreo. it he i ri@ognt chyodat r y p<iod 0.004
StTUsRre (Botoss et dar., 4 Ml Bigh, [2980%595-001, 0.02
%"" eqll,rllbeu to neip ref g obie Oﬁﬂ)@)ﬂft'@m of 0.06
BT VN N 11 :;Cpgrceo”i;,,;gr%'zrg OO e a2
5 1 &$%’g[r in Th?ﬂ? punct Pzgrn hyﬁ%oz)r Vs JJ (IE§ n?B 13
15, PMSE 1| wadOR®delled 2990conpl k00 1 h AN DM IR E
antelsdptini nsens4@00ve |chydB00 ypsi n86%0 | m2ést | gal4d 2400
what residues in the thI-insensitive chynntrypsin

m ght be involved in th Ioss i.ndi
The sSBl]IetsaYl@a@ftrsﬁoﬁl@ @h@’h%{er§ np \ma(rmfii L@plporrx,ﬂgluonde

pr eV'}%Wllan gérf‘%v@ﬁanl i VR Hibdk ! 9 @eal lima bean

1994, supra) s not been determned in a
pr ot etmﬁﬁemhﬁmpt €Sigma)) doe . opagatd Ipeoteishs ibibiton Tepn s Bovine
i nhi bi t or om Sol anum tuberosumin conpl ex

Wt h Wg’coé‘iyﬁ%igi]aé from Streptomyces griseus
(Geenblatt et al., J. Ml. Biol. 205: 201, 1989)

provi ded an appr oprr ate basis guiding the alignnent of
Whthourchmmr@ahs mc@deafgption af any af thsae 6pmpeunds 10 any one activity, 3-D

qlﬁjﬁég? 5‘%) 1H&%grg$ce%e§g)rgﬁi\g%%&lﬁg ??gillga%ld]tﬁ? Ipﬁpet ide encoded by the

@Pﬂgﬂngﬁitcﬁ" NP1 ¢AbSH NalPtlindefsiti®d antaPl-sensitive insect chymotrypsms

The deduced amino acid sequences from the cDNA clones HpF2A (NaPI-sensitive) and
HpF5 (NaPI-insensitive) were modeled on the structures of the Solenopsis invicta (fire ant)
and Bos faurus (cow) chymotrypsins obtained from the Research Collaboratory for
Structural Bioinformatics (RCSB) Protein Data Bank.

The Helicoverpa chymotrypsins are predicted to adopt similar structures to those reported
for all the chymotrypsin structures available in the data bank. The modeled structures have
the classic serine protease fold consisting of two, six-stranded anti-parallel beta barrels

with the catalytic triad located between the two domains. Certain surface loops are cleaved
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froma possible 24 putative contact residues. The
NaPl -i nsensitive chynotrypsin containing the Argl92
W@ choeev46Bmrencl at ure, Greer, Proteins 7:317-34PCT/A82004/000524
Figure 15) residue in conplex with CI| could not be
properly energy mnimzed due to steric contacts
bet ween Argl92 and Cl whereas the Glnl92 residue in
the Na-Pl sensitive chynmotrypgin 20 in conplex with Cl
caused no such problens due 10 its nmuch smaller size.
Figure 17 shows a close up view of the binding region
surroundi ng GLn192 in the Cl-HpF2A chynotrypsin o
irc otp| enammblidns eHyswirypsing Grepod4ds bt emaisoripfaptt within  insect

Wi th any regio on the i nhibi . I r ;
cRlmaotsn tsine Dsghacs ARb B ER Tao R Iy ot 5ol
208YSIBLIYIN D000 YRR reglirads et i@ finé hier eridrsativat ofethessgiarface loops in

space to accommodate this nmuch 25 | arger res

therHefinozerre) chyaiatngsiegnedey  hversuriesloons o ot 12 age considerably
Fur t. . [ | Ry bitor into
Wg‘%&%@%ﬁeﬁeéﬁnégggﬁﬁyﬁgé&@%?%ﬁﬁ’? iazieI chy Im)t rypsin

coul d accompdate the Argl92 residue consistent with

the inhibjtion of this not r. in t Pot | A .
P B P TR RAEBHER e cromotpsins o
iff! ggatté YL ResfdRMald RAVELRAsERE ChmohgssiAMighObdlidRlved in the

ace of an asparagine or glutanine at position 192
16dsadf ishibBodbinilingo TheestSetupd nfithegchypmopyosindoibgor C1 was previously

PCT/ AU2Q04{ 4 -39 pocke nd a j r . .
SRR S DT ¥ B e Lo SRR SPL L Bl P f4bine i o
pf5tBinadce SbAPRxI0aheftBire | thE Erefatdde pydtéiRaddothhibitedi PQI-1 from Solanum
consistent ' wth the observation that Potl is a 1uc

rofperesuest i coreplex iwith BioteinaseB framedireriariigs ayisernCresnhlatt ef al, J

{ NaPL L nhi.bi . r L] f_t. .
AT S VR0 SR07 AP an B T e T stggen of e
Cbﬁlp@ék@b.UE%ﬁ‘g hgluﬁmczaﬂbm mﬁdlhef@lechyr'ﬁ:xﬁtryﬂaﬁl cgmgle@cx revenaled Argl92
the grow (0] . armgera | arvae | ure,. , .
(@odhay wonbsing B SPBEOY Gieh! CiE e such resistance
he act i vi f LNhikBitRrs. j iSe | i
B ) phOS DA DRRIL Tt Ae: (@gmoypsin
doagneag ithe iy 198e(Greer3ddndnotatzErast, Bamtinol/:31dr3fad 99 Figure 15)

the fifth instar stage. of devel opment wher.eas .
resifeg i qomplex Wﬂti‘éfi]i ngﬁ% ROtNRETOPe]| yo?]téer%pém%%%lt dug Jgsteric contacts

ﬁe'fw eﬁi Klfﬁl@ﬁ ahAC CRAtEs e GIA1FNRERILG L thedNaIPI 8EnsidResymotrypsin
of the esent 1 nvention provides a nmethod for ) )
imdeipdd math @t tavsedyncosuchiroblomi lugrtodtshmyeh saaber size. Figure 17

ari ant _thereof in insect, said S .

She b Sl R BB S PR SO 31, o
My hd o3 Psigl dogfhidy 9t an@ethaf GRN92 is not in conflict with any regions on the
inhibitor molecule. However, comparison to the cognate Arg residue in the C1-HpCh5
chymotrypsin model demonstrates there is not enough space to accommodate this much
larger residue (Figure 18) making contact with Thr5 and Ala9 in Cl. Furthermore,
modeling the StPotlA inhibitor into HpChS5 revealed that the NaPlI-insensitive
chymotrypsin could accommodate the Arg192 residue consistent with the inhibition of this

chymotrypsin by StPotlA (Figure 19).

Tn summary, the NaPI-insensitive chymotrypsin from Helicoverpa species has an arginine

in place of an asparagine or glutamine at position 192 that extends into the S1 binding
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agent for a tine and under conditions sufficient to
decrease or increase HpCh5 activity. 15 Yet another

W@spenv466d t he present invention provides a nep¢iDdUL®A/000524

nodul ati ng expression of HpF5 or honol og or vari ant
in an insect, said nmethod conprising contacting HpF5
or its honolog or variant wwth an effective anount of
an agent for a time and under gonditions sufficient
to decrease or increase HpF5 éxpression. 20 The
preferred insects targeted in accordance wth these
and ot her aspects are species of Helicoverpa an

Reckelr ande ppReast tor mierise ch@sCl |Hndingi ¥ reRermprarit & elﬁalbthat this Arg
1’%518&% 86eesdndt I}I’_feﬁgl% Wftl'? ?81% brdin: tc'oﬁﬁst%ﬂt xkf'iﬂﬁ ﬁ%{gl%;t%@tloﬁ'that Potl is a

Vir scens. Suc
mndi lmiﬁe etfjﬁlﬁelhﬂ 1nat‘cmog of dnseen shymoteypimnthan she INa®$ inhibitors. Large
cott.on,

et cor.n, tomato, acco, pinientq, 2
%PEW%S ofgﬁeppg\}‘g}pglt@‘ Werg gurlgpch ?rgm gcgfngﬁﬂﬂﬁrs lseltgw*g%?.) to evaluate the
SRR efrddif &¢ Napi Qﬁ@%ﬂ Bh dHE PRoR@AST H. C&Vn’ﬁgerﬁeﬁﬁﬁae (Figure 23).

artichokes, curcurbits, lettuce, D anthus (a
Bma&mbmiﬁrpiedrﬂlyt Pgé smmﬁmstly calgﬂelceq;d@s@thyﬁf theiNaB! inhibitors.

él 5 11? g%&éﬁeg%ﬁ%ﬁzﬁf%fﬂglﬁa é{gg%%é) % gljag/aﬁwfv) %gpde%P vely) were

Wﬁftﬁ@yi@é of B&ttrolBdri&0AtdRe ARH iledr ﬁetg'eycﬁiﬂé‘véléﬁment whereas caterpillars
ornamental plant) 30 Oher plants contenplated herein

feading ¢o Ne@lealpse ngboatSS%&ms1ze@t‘rth@9ont@é& s,
triticale, WO 2004/094630 PCT/ AU2004/ 000524 -40
etc.), horticultural plants (e.g. apples, carrots,

Dhdréfoge, iothe} aspédﬁ &ffefhbagbrewnﬁﬁiﬁ\&n(lsnl gitodides ar mbihdd, for modulating
roses, petunias, and trees. The present

ahivissof 8 I@Ip,q%]p%ﬁabq gq)rgglogtoh Baris ;lg:reqffép BB dseefs said method comprising
cﬁ{cfeﬁﬂ Qﬂe HC fh%&g%%g({‘ ds 1t¥\’f111'oﬁ43)10§r5011 %‘r‘lﬁft wit af€tfe@Bve amount of an

agoni stso activity S gene expression.
&gent fox anjmheandoneler omidittmhs isnffoiont o dmtrﬁaa@ o imgrease HpChS activity.
candi dat e conpound wi th HpCh5. The screening procedure
i ncl udes assaying (i) for the presence of a conpl ex

Dot BRIk Lt o sé hvaRGhp 'p:roQ'Ides (al th2thed féd meAahiid expression

in the expreSS|on evel s of HpFb or genomic
dﬂéplfi)ommologs»s agna.rm upAn/issect,crisengthod eomprising gontactlng HpF>5 or its

R e Bioc aPrght wioE PRATe s Trglah 6t AR BBRTE 45 W)y conditions

AHtSkhie deereRdecor indidaseHpFarBaprtssioh. free (i.e
unconpl exed) | abel is a neasure of the binding of the
agent being tested to bind

The preferred insects targeted in accordance with these and other aspects are species of
Helicoverpa and other Lepidopteran species. In addition, plants to be protected include
those sensitive to H. armigera, H. punctigera, H. zea and H. virescens. Such plants include
the H. armigera sensitive plants such as cotton, sweet corn, tomato, tobacco, piniento,
potato, sunflower, citrus, plums, sorghum, leeks, soybean, alfalfa, beans, pidgeon peas,
chick peas, artichokes, curcurbits, lettuce, Dianthus (an ornamental plant), geraniums, cape
gooseberry, maize, flax and linseed, alfalfa, lupins, broad beans, garden peas, peanuts,
canola, snapdragons, cherry, sunflower, pot marigolds and Helichrysum (an ornamental

plant)

Other plants contemplated herein include cereals (such as wheat, barley, oats, triticale,
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to HpCh5. One may al so neasure the anmount of bound,
rather than free, HpCh5. It is also possible to | abel

wao b@4porspound rat her than HpCh5 and to neasur eP€TI&aU2004/000524

amount of conpound binding to target in the presence

and in the absence of the conpound being 15 tested.

Such conpounds may i nhibit HpCh5. A simlar approach

may be adopted for conpound§4phich bind to and

inhibit HpF5 or nRNA transcripts thereof. Another

techni que for agent screening provides high throughput
screenan for conpounds havin? sui t abl e bi ndi ng

&9} irrtigultvsaliplants (8.8d 2PRleH csepishOBians, glepaPmamentabpas (such as

(%&mgéqég%ﬁg%égggkws%hg%%%gubIication No. WD 84/ 03564).

rie S arge nunvers of different snmall
peptide test conpounds are synthesized on a solid

substrate, such as plastic ins o 0 ot her i
Hhrarazcat npretiqRegantceplpissther sifdodsrad spresping dongopppounds which

: I

I s MSIRS HAthy REbity P HORY e Bkffelsilil For cxample, one
wrethbd dnvodyesbentadting e dafdidats compoindgwith Hpdd- gbptscmtening procedure
chenical entiti.e Thi t 5¢th f , t end

O Armars ) Kot e prscnen o8 Skl v BL08 CarDEpS SRLHPChS, or
@5 2R AMefaPon iHRKNSKREGRANBH f§i(') FBFS idDNeAl JFeRSMADNRE One form of

coated directly onto plates use in the = .
asbay mwelves oomgetitiyerhinding asseys. 1y stele hempgiiive hindiay essays, HpChS is

SR, FE SRRk SRR 85 e o o
Q&Oﬁ/ep&%%%k%’dj AURORA REARRA0S thé birldiveofthiermakst tithtested to bind
as H. armgera and/or H._punctigera nmay also b

d
torHp(elediQng ey alise meagire thecrmping ot pawnd, mihei then oo, HChs. It s also
}ggsgl%?entt? Y ntﬁnle o{b otldd CRRkf "Eﬂéll‘?t}g&ﬁﬁq %BH \?\ﬁ H{?asure the amount of

onpet i age i C

ive nt  Screening assays in
¢ompoual i bindigg ao targedinethe pagzahtecamf irs fiecalfsenl dfythe compound being

A S GOPBOAEoGReY AT ek ORI HPITARG g ey adopted. for
SdpEn Rl ?@g@hﬁ?&cwqmﬁﬁ F5Qr AR AL rdni&igl arRge of

any pept shares one or nore antigenic
determ nants of HpCh5. 10 Yet another useful source of

nal ogs of. coppounds whi.ch are.chem cal | dified Y

B2 Gelniat R pE6n RelbarBR s T Pt FonamUb i atorbiy i eompounds
Rivigle N@lthisle PBIONRY ity §6NEpEHS Nghd Ayt hRbribed kPQWRail in Geysen
Analogs of HpCh5 contenpl ated herein include but are

foterrafighaleBates RahdicatiomtNoonWOp 84/04864). Briefly stated, large numbers of
different small peptide test compounds are synthesized on a solid substrate, such as plastic
pins or some other surface. The peptide test compounds are reacted with HpChS and
washed. Bound HpCh5 molecules are then detected by methods well known in the art. This
method may be adapted for screening for non-peptide, chemical entities. This aspect,
therefore, extends to combinatorial approaches including phage display to screen for

HpChS5 antagonists.

Purified HpCh5 can be coated directly onto plates for use in the aforementioned agent
screening techniques. However, non-neutralizing antibodies to HpChS may also be used to

immobilize HpChS5 on the solid phase.
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15 chains, incorporating of unnatural am no acids
and/ or their derivatives during peptide, polypeptide

wW@eoopootead n synt hesi s and the use of crossli nkECBHAEZNWN4/000524

ot her methods which inpose conformational constraints

on HpCh5. Exanpl es of side chain nodifications of

HpCh5 contenpl ated by the present invention 20

i ncl ude nodifications of am no _groups such as by

reductive al kyl ati on by reactign with an al dehyde

foll owed by reduction with NaBH4; am dination with

nmet hyl acetim date; acylation with acetic anhydride;

Teixe RS sch@n Fbfarmigene agd/ou s pwidtigerymagtatsp be used in feeding trials
I A i.on of am no groups with 2, 4,

t%-f%nraiptgfe%?ggé%%g&ﬁfe& sul phonic acid (TNBS); acyl ation of

am no groups wth succinic anhydri de and

1tet rahydropht hal i c anhydri de; and 25 pyridoxyl ation of
Rehrrseninventcn plae cantemplaasshe #5@of eompeitivetagent screening assays in

WIS O GE b4 M d ol rginine. .

RN My B e SURDIE LIPS OBt o e
q@etpgrlgﬂ: gmrl b'indin_gm@léipﬁlﬁ [ mrflra;glnmﬂtscl.?ﬁremf. g[h tlliiS a@éﬁlﬁﬁeﬁ ?‘fgél \@)ﬁ%ibodies can
as. 2,.3: but anedi one, en yoxa nd gl yoxal . o
B B0 Ba 86  tRE) RIOSEISE) DGRy PePtide WHeh ShRIs83Ae @F grgse antigenic
deeymbRntRditiced. by carbodiim de activation via

0-acylisourea formation followed by subsequent

derivitization, for exanple, to a correspondi ng am de.

I | -Qroups be dified by .methods such as,
B e GRS o TR TR pa Bt o gpmicaly ricitied may be
uisedtl o GietuderifekRl- bRk InBIbiich B bibcRMhRAL bP BehficCYthel i
acid. formation of a mxed disul phi gD Bohc¥ERRYS for generating
apHietic HgBdunds; reaction with nal eini de, nal eic

anhydride or other substituted nmaleimde; formation
of mercurial derivatives using 4-

Artalags efdtpCihSi doatengasted héretthinofudeBurate inph HAYes W Bl dtion to side
ci d,. phenyl nmercury chl oride, 2- . L i _
Cgﬂ%r IHE‘BPE%PPg &fn‘il%\a%ﬂeﬁmmamd%m@r theitc derivgtives during peptide,

j ' : t ' Q .
b bty blbe A e The R e olfker ol bty rethods which
impestaonfommational MendraortosuBipChbmi de or al kyl ati on of

the indole ring with 2-hydroxy-5-nitrobenzyl brom de
or sul phonyl halides. Tyrosine residues on the other

Bxaigles HsidReclHil RREN RS bF MJH3 Wrkdhpldad by the present invention
tetranitronethane to forma 3-nitrotyrosine

igrdpdemedifieations @ff pindra gouposuchiae byrediztiot elkylatipndfy maction with an
aMeﬁHedifgl?O\Le%s ib‘}“ ?ec{@yiog Cwith Cﬁgﬁhl ;S rell?nqdi?lgtion with methylacetimidate;
acylation with acetic anhydride; carbamoylation of amino groups with cyanate;
trinitrobenzylation of amino groups with 2, 4, 6-trinitrobenzene sulphonic acid (TNBS);
acylation of amino groups with succinic anhydride and tetrahydrophthalic anhydride; and
pyridoxylation of lysine with pyridoxal-5-phosphate followed by reduction with NaBH,.

The guanidine group of arginine residues may be modified by the formation of
heterocyclic condensation products with reagents such as 2,3-butanedione, phenylglyoxal

and glyoxal.
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al kyl ation with iodoacetic acid derivatives or
N- car bet hoxyl ati on with diethyl pyrocarbonate. 20
wEx@apd4s30 of i ncorporating unnatural am no aciBGT/anezho4/000524

derivatives during peptide synthesis include, but are

not limted to, use of norleucine, 4-am no butyric

aci d, 4-am no-3- hydroxy-5-phenyl pentanoi ¢ aci d,

6- am nohexanoi ¢ acid, t-butylglycine, norvaline,
phenyl gl yci ne, ornithine, sarcbosine,

4- am no- 3- hydr oxy- 6- met hyl hept anoi ¢ acid, 2-thienyl 25

al ani ne and/or D-isonmers of amno acids. A_list of
Tianearbeall ga:mlmcm@c ibg, medifiednby aeeekpdiintdeastivaioph ¥igh Q-peylisourea
Tabl.e P
f%“’(%&i%uoaf?’ Qeoqnven engrli aﬁ@%}ﬁ% aga%geg to %ég‘n esy\ﬁéhﬁg amide.
Non- convent i onal Code Non-conventi onal Code am no

acid am no acid a-am nghutyric acid

Ab
SulnyABH hgiopMate bREIITCH) by - BRTAGS Uk A%y FHBPYYREEylation with
%?g&}flfﬁ%mgﬁ?ﬁ&@{a%% ri?er [ 9aci@BLAAGYE IIOO@}FS%@Q&CI formation of a

aragine Nmasn car boxy
nhix&d distipitldes mnhtathaerambﬂcdﬂnpmmdsmatmnwﬁumtmml@c indleic anhydride

o@l :Jq_t}#él\l- ngﬁﬂétpiy%?iél%ﬁﬁq@n ‘%gnq;g{gbg Flé?lg:q.l? X derlva?wes using 4-
cht&bﬂ@kﬁﬁh&z%@m @hl%%ﬂerNﬁ%Hény@M@h&ﬁ@&Wdabﬁéﬁ efei§Xéhloride, 2-

Nret h I stidi cycl opentyl al ani ne en
chldkbllreltctlglMl-mubplmml aml thl merchxials searbamqydation with cyanate at alkaline
-N-net hyl  eucine NmMl eu D-arginine Darg
=*N-nmet hyl l ysine NmMys 20 D-aspartic acid Dasp
L- N- net hyl et hi oni ne Nmret D-cystei ne Dcys
L- N- et hyl norl euci ne Nl e  D-gl utam ne Dgln . )
Tryptopkarhytesidiesal mas Nenvmodified - by, for example, oxidation with N-

bromosuccinimide or alkylation of the indole ring with 2-hydroxy-5-nitrobenzyl bromide
or sulphonyl halides. Tyrosine residues on the other hand, may be altered by nitration with

tetranitromethane to form a 3-nitrotyrosine derivative.

Modification of the imidazole ring of a histidine residue may be accomplished by
alkylation with iodoacetic ~acid derivatives or N-carbethoxylation  with

diethylpyrocarbonate.

Examples of incorporating unnatural amino acids and derivatives during peptide synthesis
include, but are not limited to, use of norleucine, 4-amino butyric acid, 4-amino-3-
hydroxy-5-phenylpentanoic acid, 6-aminohexanoic acid, t-butylglycine, norvaline,
phenylglycine, ornithine, sarcosine, 4-amino-3-hydroxy-6-methylheptanoic acid, 2-thienyl
alanine and/or D-isomers of amino acids. A list of unnatural amino acid, contemplated

herein is shown in Table 4.
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D-glutam c acid Dglu L-Nnethyl ornithi ne Nnom

D hi stidine Dhis L-Nnethyl phenyl al ani ne Nnphe 25
warigowsci ne Dil e L-N-nethyl proline Nmpro D PEUaUn®4/000524

Dieu L-N-nethyl serine Nnmser D-lysine Dys

L- N- et hyl t hreoni ne Nnt hr  D- net hi oni ne Dmret

L- N-net hyl trypt ophan Nmtrp D-ornithine Dom

L- N-net hyl tyrosi ne Nnmtyr 30 fhenyl al ani ne Dphe

L- N- et hyl val i ne Nnmval Dpro ne Dpro

L- N- et hyl et hyl gl yci ne Nnetg D-serine Dser

L- N- et hyl -t - but yl gl yci ne Nnt bug WO 2004/ 094630

PCT/ AU2004/ 000524 -44 D-thrgenie Dthr L-norl euci ne

Me D-tryptophan Dirp L-norvaline Nva D-tyrosine Diyr

a- met hyl - am noi sCoddsyorte:-karenibralainivine abilal

a- met hyl -y-am nobutyrate Myabu 5 D-a-net hyl al ani ne

Dmal a a- et hyl cycl ohexyl al ani ne Mchexa

Da-methytargrnine Dmar g a- net nyl cyl copent yT al ani ne

t hyl as gi ne
%ﬁ‘é’flﬁ Qio&‘?ﬂgpt hy! aﬁgﬁ?ane l\/aggﬁggwemw?ﬂyl aspartate Code
RSP Q- met hyl peni ci | | ani ne o et hyl cyst ei ne

Dncys N-(4-2a

m-nobut \I| \ nl \/r~| Ae I\Inl H—10

a%rﬁm%& ybabiat ami ne gl n N- (2 M@ﬁdﬁl@ﬁﬁlbmhkgl yci ne NaegNmala
D a-net hyl hi stidine Dnhis N (3-am nopropyl ) gl yci ne Nom

obaminoet-mydtidbityiatd ndighitl e N Britmeetlyl Wﬁmﬂﬁ butyrate Nmarg

Nnaabu, D-a-net hyl | euci ne Dm h | mne Anap

aﬁl%o%lloﬂmﬂag}%l ne P N benzgf 1meéc§)ﬁé p\élr "% I% Nmasn

%@X fchyl met hi oni ne Dnmet NLaﬂﬁﬁd’tﬁﬁﬁgﬂaﬁtd’mﬁd gI yci ne Nmasp
D- a- net hyl orni t hi ne Dmorn

am(lcnmmmmd avid hyl ) glAjki ne Nash-N-methylcysteme Nmcys
D- a- net hyl phenyl al a

appiponorbeBEk y et hyl )gﬂf’gl?ne Ng| E'Nﬁ-leé}-l%{ 3 1rrJIF:oI i ne Nmegln

HREGIN (carboxymet hyl) gl yci nE-N'Qﬁeﬁhylglutamlc acid Nmglu
cyclohexylalanine Chexa L-Nmethylhistidine Nmibhis
cyclopentylalanine Cpen L-N-methylisolleucine Nmile
D-alanine Dal L-N-methylleucine Nmleu
D-arginine Darg L-N-methyllysine Nmlys
D-aspartic acid Dasp L-N-methylmethionine Nmmet
D-cysteine Dcys L-N-methylnorleucine Nmnle
D-glutamine Dgln L-N-methylnorvaline Nmnva
D-glutamic acid Dglu L-N-rhethylornithine Nmorn
D-histidine Dhis L-N-methylphenylalanine Nmphe
D-isoleucine Dile L-N-methylproline Nmpro
D-leucine Dleu L-N-methylserine Nmser
D-lysine Dlys L-N-methylthreonine Nmthr
D-methionine * Dmet L-N-methyltryptophan Nmtrp
D-ornithine Dorn L-N-methyltyrosine Nmtyr
D-phenylalanine Dphe L-N-methylvaline Nmval
D-proline Dpro L-N-methylethylglycine Nmetg

D-serine Dser L-N-methyl-t-butylglycine Nmtbug
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D a- net hyl seri ne Drser N-cycl obutyl gl yci ne Ncbut ~20
D a- et hyl t hreoni ne Dnt hr N-cycl oheptyl gl yci ne Nchep

w@4metehy | t rypt ophan Dmtrp N-cycl ohexyl gl yci neCTNATT2004/000524

D-a-nethyltyrosine Dnty N cycl odecyl gl yci ne Ncdec

D a- net hyl val i ne Dmval N-cyl cododecyl gl yci ne Ncdod

D- N- et hyl al ani ne Dnmal a N-cycl ooctyl gl yci ne Ncoct 25
D- N- net hyl ar gi ni ne Dnmarg N-Kg%l_opr opyl gl yci ne Ncpro
D- N- net hyl aspar agi ne Dnmasn ycl oundecyl gl yci ne
Ncund D-N-nethyl aspartate Dnmasp

N- (2, 2-di phenyl et hyl ) gl yci ne Nohm D- N-net hyl cyst ei ne

IP{H?&Mﬁne# (3, 3-di phemyi,propy! ) glaegieBgindbhe Nle
D- N- et hyl gl ut am ne Dnngl n
Ny Btoghani di nopr opyDigl yci ne Nenogvadide Nva

D- N-net hyl gl ut amat e _Dnngl u N- (1- hydr oxyet hyl ) gl yci ne .

INBRPSIRD 2004/ 094630 BT/ AU200% ﬁ%g]z%n%f’%ﬁu‘)y&tg_ Maib

]%;,ght{get hyl hi sti di ne[]ﬁaphl s N &t}ﬂgths)pgy_g&%bw}ghgm ne  Mgabu
e

er D Nnethylisoleucine Dnmle
Nofmethgtazming et hyl ) Dyhalai ne Nbimsethfichelobedydlamoei ne  Mchexa
Dnm ey N-(.3-indolylyethyl)glycine trp .
IOPNROY RIS o InTYREN, et AYREQY BHichBpYYlaging  Mopen
\ yl cy xyl al gni NaGR 1
[glg%?%?, %35/#)% r%eg@h?oni n?%%ﬁmst %qﬁ@tﬁ%t hyl gyﬁiﬁl?ﬁnﬁ% Manap
IDormethy Mspartay | cycl @peaspy| al animethjlpepieilamine Mpen

N- et hy| gl yci ne Nal a_ D- N-net h henyl al ani ne. Dnnphe
BRSS! Sobut JIBEE ot B0 REEPHY DEBGiEne. Neto
) = et hyl 1) gl y&j_pe, N i
%&r@?@#@é}ﬁe Dn?fjsrggﬁlo N- 2@%@1%‘7%‘? Q%lyf’l)n& yci ne Naeg
NosmefByMistilifey | t hr edrmhie Dnnt N-(3-@aMopeiplyl)klycinet ophan Norn
Dnnmtrp N (1-nethylethyl)glyci Nval
Wﬁ%ﬂh%l?%“%ﬁsi ne DHREST N ng\f’ﬂ?}né’-' HRETR YUY ne Nmazbu
t hyl val i Dnnval. L.peni ci | | am ne
e Anap
Dbo(-prethyllysny phenyl ) Pulysne NhiNeberkSldlydindut yl gl yci ne  Nphe
%&gg@gyirtagﬁq}%gﬁiﬁgxl ) %r}/ncnlep © m)f\ﬁ(Z-lEa{rgatugylle%yY)%iy%?neEt g Ngin

D-a-methylornithine Dmorn N-(carbamylmethyl)glycine Nasn
D-o-methylphenylalanine ~ Dmphe N-(2-carboxyethyl)glycine Nglu
D-o-methylproline Dmpro N-(carboxymethyl)glycine Nasp
D-a-methylserine Dmser N-cyclobutylglycine Ncbut
D-a-methylthreonine Dmthr N-cycloheptylglycine Nchep
D-a-methyltryptophan Dmtrp N-cyclohexylglycine Nchex
D-o~-methyltyrosine Dmty N-cyclodecylglycine Ncdec
D-o-methylvaline Dmval N-cylcododecylglycine Ncdod
D-N-methylalanine Dnmala N-cyclooctylglycine Ncoct
D-N-methylarginine Dnmarg N-cyclopropylglycine Nepro
D-N-methylasparagine Dnmasn N-cycloundecylglycine Ncund
D-N-methylaspartate Dnmasp N-(2,2-diphenylethyl)glycine Nbhm
D-N-methylcysteine Dnmcys N-(3,3-diphenylpropyl)glycine Nbhe
D-N-methylglutamine Dnmgln N-(3-guanidinopropyl)glycine Narg

D-N-methylglutamate Dnmglu N-(1-hydroxyethyl)glycine Nthr
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L- honmophenyl al ani ne Hphe L-a-nethyl al ani ne Mal a
L- a- met hyl argi ni ne Marg L- a-net hyl aspar agi ne Masn

wao 2@4m0etehy | aspartate Masp L-a- et hyl -t - but yl gl RCI/AB2004/000524

M bug 20 L-a-nethylcystei ne Mcys L-nethylethyl gl ycine
Metg L-a-nethylglutam ne Mgl n L-a-nethyl gl utamate

Myl u L-a-nethyl histidine Mis

L- a- net hyl homophenyl al ani ne g)be

L-a- et hyl i sol eucine M1le N {2-nethylthioethyl)glycine

Nmet L-a-nethylleucine Meu L-a-nethyllysine Mys 25
L- a- met hyl et hi oni ne Mret L-a-nethyl norl euci ne Ml e
N val i nepMaa, L- - REiloRyahifjghfiddr n
%@%&%t@%@l al ani ne Mphe L-gls}net Zyl %i?)()%vfbﬁe’ Mpr o
D-Namethyhiydlesinene Ms®nniilea- net hy(imkdasolylatly INglyncine

AR | e MR ot PORTBHBSE BRI e
Iﬁ@%{éﬁgﬁ%lﬁ? 04/ 0946%3@ / AUZM@@@Q?—%ﬂlindlﬂl@yrate

phenyl et hyl) Nnbhm
Nin{elthy( ScBohai plakaniriep Napghicka Nnb BeN—methylmethiopine
ST TEL L) 91y e, Sar DA el DYl ) ALY ik
iLpalcycl opro 5 C ' used,
%@fﬂgg@#@@é ycl op PRl Ok SIRe RN R

to stabil1ze 3D confornations, using
Nenohylhinoisobutyread Nroabl i nkeDsNsuethykpsolirtee

RIS S T et 5
1S3 Sty RGiSE RS DiNiERCt | Onaln AGnt@gaRELAnuh of

an amno-reactive nofety such as
INwreotysgiicstiani mi d®nnatnel  anoMNel-mgthylgthyl)glycine
specific-reactive mpiety such_as eim or. dithio
IAov-aefhyligresing:  car I%’Fn’ de Mﬁa-pwtﬁﬁaﬁapﬁn&’
P be confﬁ]{lﬁr@%]i onakhlt. tahngReby. for
@)@ghﬂ%ﬁql‘éﬁvﬁlﬁgor poration of Ca %gle nmet hyl am'eno aci ds,
J-athinoBugtit asidof doutGabubonds Noét-hpdoxGhenyliglPpinat ons

of am no acids and the formation of cyclic.peptides or
Tariredglydise by i nt r odd®Eng covéﬁ@ﬁ’c""&?&%’églﬂgﬁ as

]f-%[h%é??ciffi‘@ am de boqﬂgbet ween pEHf%iliélnﬁHéj C
L-homophenylalanine Hphe L-o-methylalanine
L-o~-methylarginine Marg L-a-methylasparagine
L-a-methylaspartate Masp L-o-~-methyl--butylglycine
L-o-methylcysteine Mcys L-methylethylglycine
L-o-methylglutamine Mgln L-a-methylglutamate
L-a-methylhistidine Mhis L-o-methylhomophenylalanine
L-a-methylisoleucine Mile N-(2-methylthioethyl)glycine
L-o-methylleucine Mleu L-o~methyllysine
L-o-methylmethionine Mmet L-o-methylnorleucine
L-c-methylnorvaline Mnva L-a-methylornithine
L-o-methylphenylalanine =~ Mphe - L-o-methylproline
L-a-methylserine Mser L-a-methylthreonine
L-o~-methyltryptophan Mtrp L-o~-methyltyrosine
L-o~-methylvaline Mval L-N-methylhomophenylalanine

Nser
Nhis
Nhtrp
Nmgabu
Dnmmet
Nmcpen
Dnmphe
Dnmpro
Dnmser
Dnmthr
Nval
Nmanap
Nmpen
Nhtyr
Ncys
Pen
Mala
Masn
Mtbug
Metg
Mglu
Mhphe
Nmet
Mlys
Mnle
Morn
Mpro
Mthr
Mtyr
Nmhphe
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termni, between two side chains or between a side
chain and the N or Cterm nus. Such anal ogs,
wezpeodmBdy if they retain activity or even theCHACU®4/000524
nol ecule itself may have indistinct applications such
as in washing powder or as in a stain renoval 20
formul ati on. Anot her aspect of the present invention
cont enpl at es any conpound whi bi nds or otherw se
interacts with HpCh5 or its dérivatives or variants or
whi ch i nduces feed-back inhibition of HpCh5 synthesis
resulting in down-regul ation of HpCh5 activity or
ANRH S gx?e eSﬁﬁBmhnventN%y' (B3alpe {y for  Nnbhe
}nggénfﬁ ngﬁggﬁer conpounds igh ré%hggﬁégggression
cafbaiykhethf)glgcinet y of agent scarbamylngthydiglyvizfues may
be enpl oyed such as__those described herein and in
1r‘i?f1¥}?*<a{alt'{%g'élfp ri 88%%n No. WO 97/02048. 30 A
g@mg& LAY st includes a variant of HpChS such
ea a yggzgkﬁﬂ%onprising an analog am no acid residue
as indicated above. In one enbodinent, the target is
t he HpCh5 WD 2004/ 094630 PCT/ AU2004/ 000524 -47
pol ypeptide. The term "pol ypeptide” refers to a . )
Gro$s)inksers ofanabe nisedicforsexample.t o sighiliza) YA tconfprmatigps using homo-
not refer to. a Clfh i ,
e albrobirBrs 3B beh® phERAa il bl Al ( Gl Spacer groups
with =D tohe=6] eflitaialdebpdQf Nehydedxypapiiiniéde ddters andr hetedosmfunctional
does not,  exclude nodifications of the pol pe@}hq?, e e
reggenisyahish aisuallyycandaim gp agnBo-TeRcHy? é}%qwé}ml’g s N-hydioxysuccinimide
| QRS RN dNE thbik&- sucR HsUeBEinddb e itk moiety (SH) or
aﬁggﬁgﬁgf%hﬂ%}ﬁ£é¢%?gzkghﬁbé}SI%glySeptihes_céntainingty( )
cart@dimido(@OaR ngslditionapepideas awandieccopfarpiatidiially, cdngirained by, for
exanpl e, unnatural_ am aci.ds such as t.hos Lven in
RABPL. AJCCBFOTBTY Bl S T Nt ARB D 2% s &€ dotble bonds
b]egvé%nsﬁopﬁcﬁeﬁlﬁtohge&tdnﬁihs GcRS 280 tROFRBRAGS bf eyclidnidplides or analogs
function or HpF5 gene activity may be a eptide or
hyoimtyodpeing eovaleniabends . susb raspispmingean gpade bapd detivesg the N and C

are often preferred .for n Il . .

B SRR 50k Bbocp PR TR PR I B8 or C cminus
stability. There are several steps commonly taken in

the design of a mnetic-type antagonist _of 5 Hpqi:hS .
Suchranalagsnprmeeially i they retehbaginity; Qupven thaH mqigeule itself may
co n it | . i a PN .
GRS b olng JROALAE i o sin removal
foagglafibn.a peptide, this can be done by systematically
varying the amno acid residues in the peptide,

Another aspect of the present invention contemplates any compound which binds or
otherwise interacts with HpChS or its derivatives or variants or which induces feed-back

inhibition of HpCh5 synthesis resulting in down-regulation of HpCh5 activity or levels.

The present invention is also useful for screening for other compounds which reduce
expression of HpF5. A variety of agent screening techniques may be employed such as
those described herein and in International Publication No. WO 97/02048.

A compound antagonist includes a variant of HpChS such as a variant comprising an

analog amino acid residue as indicated above. In one embodiment, the target is the HpCh5
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e.g. by substituting each residue in turn. Al anine
scans of peptides are comonly used to refine such

w@eptiogw3noti fs. These parts or residues constPCTAUZNY4/000524

the active region of the 20 conpound are known as its
"agri chem caphore”. Once the agrichem caphore has been
found, its structure is nodel ed according to its

physi cal properties, ster%ochenistry, bondi ng,

si ze and/ or charge, u5|ng datd’from a range of
sources, e.g. spectroscopic techni ques, x-ray
dlffractlon data and NVR. 25 Conputational anal ysis,

rolygeptids. tRherteypp p@%fpmdc’hrerfezrdecb 8 pohyenar lmﬁragﬁncﬁmdgmnd its equivalent
t t t
BT 1 e PO AP SRR e Sl BT s ng

prbteins Ay et nde P MALRS She 'dBf‘ﬁuMﬁfdfa@t e ’
the three- d| mensi onal st rtﬁct ure of pogf@hg dﬂﬂHP t%lalso daes not

eﬁ‘%’ﬂ%u’ﬁ‘@ fmatipnsn @i nigei polymintige.c dor t%alepbe cglad;dsylaﬁsm‘ uhceylations,

a e opformation

ﬁ%l ng, all %\E/lvldntg?et f]Heye 91§Q uﬁ% {;'%E%‘ b oﬂqﬁntb‘?n tHf-s P %nlh example,
golpq)e]j‘e@sgcmnnﬁmhgem%r&ﬁ%/ A8 Of RaTdri30R4d BiAORdthg, for example,
-48 m.net.ic. Mobdeling can he used to generate
‘ﬁnﬁi’ﬁ“ﬁ‘il {Ag}HEo \f&ﬁlidé e A8 (Bse aiyamhiny heble i) éarpolmudmwtb rsubstituted
Ikhddsee- di mensi onal configuration. A tenplate nolecule
[ hen sel ected onto which chem cal groups which
ninic the 5 pharnacophore can be grafted. The

t th ] fted
A TBtR ARt B b Bitegan 6 BB B2 atbi oF Ripe Syasas activiy may be a
gﬁd&&eﬁblﬂﬂ@ﬂﬁﬁkﬁn‘ rﬁauﬁ@SNoﬁ%eﬁtYdét *B%?dllzﬁlo?erémes"’ Srel 1)1*&‘?4 Yreferred for

to be agriculturally or horticulturally acceptab

Y ASHEE tur@ll §r, hosiestiaral prarposggrduetie tedayshaiedi stability.

pepti de-based, further stability can be achi eved by

cyclizing the peptide, increasing its rigidity. The

There aeestvedapbRps comnagily ekeniif andAedsn foPUNehiR¥tid- Wp% ala@agomst of
r ch can then be screened to see whether they

Pﬁ?ﬁ%‘? TRy A FORPOING E‘F%ﬂpﬁ\et gartl@plar( baﬂs/\hﬁttheemremurldh@yt are critical

S0 ol BOURREORS 0 G5LA AEAED e cs o
pa]gﬁdwt thi§ can lbeeddmerig/ sy‘sf’etnaalzﬂtmrymgpﬁﬁ tmiro dcitﬁre@fd@éﬁﬂiltge peptide,

entfé& I‘OVI %}met hod for detecting an agent
é&ﬁr‘ bFtng o ﬁ@“ © 19t HE dilaming 968 & pepiifloniafhcemmonly used to

ré‘ﬂﬁ@"‘ﬁcﬁ'ﬁ%ﬂh&@ n?dtff@ esd #Q{% bP ?@s#due? %Hh%’tﬁh@ﬂ% })tlshe?‘ctil%g region of the

said nmethod involving the use of In
competridage knowdenits fagrichemisephmds”.t hat bind to HpCh5 and
specifically, are not interfered with by Argi nine 192.
The goal of rational HpCh5 antagonist design is to

Opico dHE QgBithidigichifidre AR RES fOIndRENSrRkure is modeled according to its
physical properties, e.g. stereochemistry, bonding, size and/or charge, using data from a
range of sources, e.g. spectroscopic techniques, x-ray diffraction data and NMR.
Computational analysis, similarity mapping (which models the charge and/or volume of a
agrichemicaphore, rather than the bonding between atoms) and other techniques can be

used in this modeling process.

In a variant of this approach, the three-dimensional structure of HpCh5 and a compound
binding it. This can be especially useful where HpChS or its antagonist change

conformation on binding, allowing the model to take account of this in the design of the



20 of small nol ecules with which HpChS5 interacts (e.g.
an antagoni st or inhibitor) in order to fashion

wag®ansieshi ch are, for exanple, nore inhibitorRCDAU2004/000524
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HpCh5. See, e.g. Hodgson (Bio/Technology 9: 19-21,

1991). In one approach, one first determnes the

t hree- dinensional structure of HpCh5 by x-ray
crystal | ography, by computer nggeling or, nost

typically, by a conbination of*approaches. Useful

information regarding the structure of a 25

pqugeptide_nay al so be gai ned by nodeling based on

fHEcYe.r Modeling ¢n disywsdr (ppgémesate Anhibatwanphizhofnteract with the linear

i esign is the devel opnent of HV
y%r teg%gder aﬁhﬁelgb(ﬁ?’slgsgo aérc?‘?:thkgi‘lf)%loé‘t ~al., Science 249:
527-533, 1990). In addition, target nol ecul es nmay be

ggal ¥éed by an al anine scan (Wells, Methods Enzyniol.
empggognolegule isothen selegtedhpmiot whithi dhemicangranpsnovhich mimic the

ga[rgl | | B I, C nd its effect on the
BEsPaL IR Eurl B WBAI" The Pl AORcl il BF SrpBieglithipes erafied
agtodt capsioduasemly hae]qaeqt JodRati the agradhaeehphbret i ie&sy to synthesize and
manper 10 determ ne the inportant regions of the.
Beﬁp? de'© BB MM 3er Rerialpndly/ ecstble. - Alernatively, where the
fthem®a h@r@"ﬁ@%@fﬁ ] UG ik Lad Vg -

[ r.ect_edpt 0 parti gﬁf grg&%dbcatl cgﬁgsﬁtgg&n!r:%lgi%ce)@beged by cyclizing the

ﬂ@iﬂdﬁ;ﬂ@cmm?b@h&glcﬁtgl. fdrhje Stga'blmlf]nipa]ﬁm'rdablleagﬂbhéﬁﬁdaph&eﬁlfound by this
5:spegifi.c anti y an en to solve its crysta

R SR Bl % PR oo Pieocey Bavs i aganistc property, or o
it O tHeP QRIIMN €. PRt SEUERL GG thodiFR b cdn@BeREe carried out to
based. It is possible to bypass protein
¥FYS pePnecy maqi yingl agsgistfheiesting. generati ng
anti-idiotypic anti bodies (anti-ids) to a functional
anti body. As a mirror image of a mrror inage, the
Wetnahatiger sispect off theepragidnt ihbhitibs RAABSE E%étﬁo@_qg@?gtgftépg an agent

anal.og of the original 10 receptor. The anti-i

ERerie s biad@er & pRsHYSy \ESEsiRting oviih &t g deisdingosite or functional
Akfen? fih I \ call r oduced banks. of . .

OBl I R L BLAE BB e Y5 S0 RS o omty

@gmoah@uhaaphab teeHpChy emd spepifically,|apngothiple2BrddSvith by Arginine 192.

expressed in E. coli fused to a six histidine (6.H)

tag at the 15 C-termnus and is purified to

EBEdatiY idd f ' | )
T pasankine ST a8 B Bt s
Pompdiraplasulemwith odiidsHpRh$ énteractal(e.s.emumnaiontst of inhii®r) in order to

N M RN T O S

(@ru/mamm%h €9:5¢9.21 1199¢P! 1ne6h@dap§ﬁs%ch,6%h€dfg@f* REPFeS the three-
acteri al f%})& expr essed Hr oteln an

Cﬁﬂlﬁgligsg@faufl slateg QP& bastray crystellograpliyody cdetpatdrenbdetiag or, most
tgqﬂl:élb}, By Qt&‘)mbination of approaches. Useful information regarding the structure of a
polypeptide may also be gained by modeling based on the structure of chymotrypsins. An
example of rational drug design is the development of HIV protease inhibitors (Erickson et
al., Science 249: 527-533, 1990). In addition, target molecules may be analyzed by an
alanine scan (Wells, Methods Enzymol. 202: 2699-2705, 1991). In this technique, an amino
acid residue is replaced by Ala and its effect on the peptide’s activity is determined. Each
of the amino acid residues of the peptide is analyzed in this manner to determine the

important regions of the peptide.
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20 reconbi nant chynotrypsin at a dilution of 1 in 2500
as well as several break-down products.

wQndonagtesonat ed gut extract and a sanpl e of prECEAL2004/000524

bound to the C1 affinity colum were al so stained
with the anti-HpCh2B anti body which detected the
mature native formof the enzyne. 25 Purified

6H. HpCh2B is used to test the getection l[imt of
anti - HoCh2B anti body by conﬁé i'son of immunoblots to
silver stained SDS-PAGE gels. The anti body detected 20
ng of bacterially expressed chynotrypsi nogen and al so
recognized the mature formof the native chynotrypsin

gg IO?}S c§rﬁ§5“ E,Il{l(i«q%%lg a.% a, 81215% %6%9% Qhr-ggt%d %%&%ﬂﬁf 5R)(:a,tlons or

@gﬁ@ﬁsﬁ@&ﬁﬂhanlﬂs orElp@H.i in a simlar rmnner except the
six-histidine tag is fused to the Nterm nus of the WD

2004/ 094630 PCT/ AU2004/ 000524 -50 expressed protein.

1€ g al [ ific "k gainst 6 NBive it 1
36 AB0) KELOIALe SIS VEKhSabelfe PSS, 28T 4 M6t i oy
soioisse. rIﬁapﬁnc\mlb ht}hxaap]ﬁ‘oadi yie] dsx put eagﬂ'.emireNq:}Bh which subsequent agent

nsensi t ] ot ei
J@iﬂig@ (0 baybased B by, o s&fastgaggrﬁgﬁy altogether by
%éﬁcgaﬁnghl%-ﬂﬁ& gﬁic%ﬁb@dl’é@ EhdBds) @fdn@ﬁbl?&@taﬁﬁbéd}a%s a mirror image
ese antisera can be used to 5 specifical
afiaghirrog imsge, Betbieding siteioftbaianibrids @@éP@tedftOtbh@nNaﬁllog of the original

-insengitiv epnsi tive hy in .

AR o A COHE Dieh cied A SR Ry 1ol meptides frgm banks of
ARGy OF biolSuied18§SRBduded baflts Fpe ﬁde@l Saédt@dj ¢itides would then act as
antlbodles(%ﬁg FE@?S and Hpcﬁgg)Fncludlng cgﬁglytlc
theegrinhgingesphd®. | n anot her aspect of the present

invention, a nethod is provided for the isol ation of

and separation of individual isoforns of

Clipnnaitypeidsdlone HpF2B iesdpochsedinsk.sdolinfysealfto(a gix hisftlldmet(ﬁ H) tag at the
chr omat ogr aphy of .i nsect gut, extraﬁms in

Gregrmanisndels SBitigA 38 dompgengitpph da yﬁe%gf nefm l)esm ' Rigure 20) for
ig]térc{nl?r? e ol aBbit ¥%‘ﬁ‘g?ﬁ%o iﬁfmycl?ﬁal LRBHMARO W rminal se%uencing of

el ns using I ta serine protelnas
the hpubified rpr@luct cohfimtedathe dxpRissionifbthe athymotrypsin HpCh2B. After the

BRI s 7 e o sl b 4 SBERAS SN SF vcteriay
rds e lafd t&f@bﬁ%a‘téﬁﬁgﬁt%ﬂﬂa@t@ €The ThEbdMt adtboted the full-length

Pl -1 nsensitive chynntr¥p3|ns are then eluted with 8
mtomeiaant chymotrypsin at a dilution of 1 in 2500 as well as several break-down

products. Unfractionated gut extract and a sample of protein bound to the C1 affinity
column were also stained with the anti-HpCh2B antibody which detected the mature native

form of the enzyme.

Purified 6H.HpCh2B is used to test the detection limit of anti-HpCh2B antibody by
comparison of immunoblots to silver stained SDS-PAGE gels. The antibody detected 20
ng of bacterially expressed chymotrypsinogen and also recognized the mature form of the

native chymotrypsin isolated from gut of H. punctigera.

The ¢cDNA (HpF5) encoding the NaPlI-insensitive chymotrypsin (HpChS) is expressed in

E. coli in a similar manner except the six-histidine tag is fused to the N-terminus of the
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The present invention extends to a genetic approach to
down-regul ati ng expression of an 25 HpF5 or its

wheomioog3d or variants. Such an approach uses nRCT/aiUz004/000524

acid nol ecul es or nolecul es having a genetic

conmponent (e.g. RNAI) to induce pre- or

post-transcriptional gene silencing The terns

"nucl ei ¢ acids", "nucl eotide" pol ynucl eot i de"

i nclude RNA, eDNA, 30 genom(543W\ synthetic forns

and m xed pol ynmers, both sense and anti sense strands,
e chem cally or biochemcally nodified or

esg@p&teﬁn nohe-Redvclenal aptisegan itheddy raésdd \AERIQIOUE DEUGBly expressed

4 as w

@é@ﬁ%&&gﬁé@?@fﬂéd o 1 SR b, Shfld iy imsensiive

crhymcftlry@aml (Hp@hﬁ)]oﬂl pdﬁemfom‘ts igamel ). 1LiabRlss fthei ertlntlserum raised against
nore o e

|on bst f one or

}ﬁe{:@/ aff 1& r‘iongpf%éﬁeg 1sqidicgtashthah thessl aniseuedn be used to

gl fﬁﬁ il -
%gcall 4 C3gt8|so n%hg uget()v'gg}gélﬁcé ﬁig?hé%f%%l ?tgdéégﬁfigl dpserl%tselg:lhyland sensitive
PryeEypsias esunfﬁcphms‘pﬁ}gmexﬁ&tter s, phosphoani dat es,
car bamates, etc.), charged Ilnkages (e.q.
phosphorothioates phosphorodi t hi oates, etc.), pendent
Avioedihgly, (sﬁllganoﬂ@r YeRBd: | SFeme preéeﬁ% %\%i’l'tl@ QF SifeBted- 1o, antibodies to

acri di ne soralen, etc.), chelators, ators
p

e prectHDChiR dnsduding eptalytic antthodicisc nucl ei c aci ds
etc.). Also included are synthetic nol ecul es that
mmc polynucleotides in their ability to bind to a

Idemogratggbcs of| rnmesent anveitis)aemetionds Peovadsd AR R 'ib%[atlon of and

cheni.cal eractions. Such mol ecul es are known in

sgparatiepyof lﬁ& il 1spfsme o ehsimeotrynsing said inethod eomsistng @ﬂe

I i nkages substi t ute for phosphate |inkages in the

backbone of the nolecule. Antisense polynucl eotide
(Bequertfinigy cliromamgapblyef imscet gis ekishetd MittdllyeRith Benzamidine- -sepharose
transciugts of 15 HpF5. Furthernore, polynucleotide

vect dP SUEIRYRSI; ng all or a portion of HpF5 gene | ocus

may be placed under the control of a pronoter in

either the sense or antisense orientation and

(itht r diiberdaffinity chrorestbgraphiyp rofsthé ambofind pnd‘telas SBn@eumnoblhzed A

antis e_gconstruct withj es. W

tar geat? gf?rsg\rﬁ%ecprlo St "thd#% ﬁttf’ EHQ %ﬂ ﬁ?}ﬁ{ nﬁ’ﬁ?ﬁf“h‘é ,chgpgtypsms and

co-suppression (i.e. using sense-suppresion) and

nmechanisne to induce RNAI or si RNA may also be 20

(Bpl W@aty ghromptogtaps(of theaeltits drse (iby Witk immobilized Potisand Potl or
t.hi.s

[ 0
enbo% fiv tgﬁl% t‘% o |h§ erﬁélg n?? }f?s%ut%‘fe @af) légnswl\@echymotrypsms
for mai'eaﬂledehmechmﬂﬁ;@MQﬁdatl on and then adm ni stered by
any nunber of neans to target cells.
The present invention extends to a genetic approach to down-regulating expression of an
HpF5 or its homologs or variants. Such an approach uses nucleic acid molecules or

molecules having a genetic component (e.g. RNAi) to induce pre- or post-transcriptional

gene silencing.

The terms “nucleic acids”, “nucleotide” and “polynucleotide” include RNA, c¢DNA,
genomic DNA, synthetic forms and mixed polymers, both sense and antisense strands, and

may be chemically or biochemically modified or may contain non-natural or derivatized
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A variation on anti sense and sense nol ecul es i nvol ves
the use of norpholinos, which are 25 oligonucleotides

w@e ovposwe of nmor phol i ne nucl eoti de deri vati vesP@nau2004/000524

phosphor odi am date |inkages (for exanple, Sumerton

and Weller, Antisense and Nucl eic Acid Drug

Devel opnent 7: 187-195, 1997). Such conpounds are

injected into enbryos and the_effect of interference

with mRNA is observed. 30 |n 8hé enbodi ment, the

present invention enploys conpounds such as

ol i gonucl eotides and simlar species for use in

nuolgotide ibagest s filhched aerddly amfrreciatedfbsibossi gkilled dn the art. Such

né?{ieﬁga;ﬂﬁas O (?Ai/eg{g,l%g eolagcﬁ-rg'ggégp 810 sgl tltu.ualg §£ one or more of the
rafuRd15C rcbd@hi'rﬁ{gamdé[eoﬁ@éd Wlﬁl@nﬁﬁrarmdgo n(ahch g&nahe morpholine ring),

silencin This is acconplished PFOVI di ng
1@uengl@}¢953@ grodjHeatigni cich psc mlea%eﬁy mlkagss  (§i& engifiyh phosphonates,
ARSI Gyt TR BSHRER TR ey s e

phiossokdtiiohrsa phels}bhmdﬂmmfsat &tcl),wipehdent t eiatiek | (e.@s polypeptides),
used 5 herein, the terns "tar nucl.ei c aci 4" ay .
infetralanrs (218 2FTidHICe PITAICRRED NI ﬁéaﬁqm%«yﬁaﬁ%@ng %ﬁ?ﬂﬁﬁwages (e.g.
\ S di e . .
o Fhor AR TR B, Selc BER TRRS DineMe R ke molecules that mimic
Wﬂubl&ﬁﬁdéshﬁrtbﬁf hblllt}ata)Slﬁnd beal démglmtah@k]u@klé vi@hydrageobinding and

derived from NA. The. hybri di.zati on .of
c&@w@awabmtﬁrﬁ@l%b?@@tm? Rl AT KGR P fhert 15%1%136 for example,
|G ' i@ Bink 35 P @RSBackbone of th
(P B otk BROREA N6 KTl AinkdAdt i BiSBickbone of the
rhdemﬂeluded in the practice of sone preferred
enbodinents of the inventionis referred to herein as
"anti sense inhibition." Such antisense inhibition is

AR bylyRagestiderRuineds, opeRxhapll ag: bageldin silencing transcripts of
ybrldlzaylon of ollgonucleotlde strands or segnents

HpE:‘h Fukthernzare) prdgnuctaeside vecierd contaiideglhor ﬁ@Oﬁw@a&fé@W gene locus

T

ddGhRbduced lifito alfellMbixprogiions ofmeththainse b Elﬁ:tisleﬁmwmtruct within a cell
such antisense inhibjtion. The functions of DNA to be
inferisrepevil taRgch t@BsFrinten (ad/oF dpnslalpp-oRuriifgmore, co-suppression (i..

%i%?%%e%tggﬁﬁglgn SRl %Ehﬁxgsn?sn do L EBRGE rRI‘@Ai QU SIRNA may also be

rom an endogenous cel l'ul'ar tenpla
cﬁnplvsﬁ&t ltermatplehs nintsense ot rsemse molectlbe mwiyses difealy admlmstered In

functions of RNA to be interfered with can 20 incl
i At ram Skenls B SHUSGER! PorfoBF. TSR 1Y abS {pgtlated in a
ﬁmrﬁsﬁfoﬁ' dttlﬁt nﬁhisfé@ed by R RIARALE RRa tofth@efhst O

t'es Wlt e cell whi'ch“are distant fromthe site
of RNA  synt hesi s, transl ation of protein fromthe

licin f the R
A var1at1(? or? an se%se Em sen'éelArr}o?ecﬁ

es 1nvo?ves & uSP6F morpholinos, which are
oligonucleotides composed of morpholine nucleotide derivatives and phosphorodiamidate
linkages (for example, Summerton and Weller, Antisense and Nucleic Acid Drug
Development 7: 187-195, 1997). Such compounds are injected into embryos and the effect

of interference with mRNA is observed.

In one embodiment, the present invention employs compounds such as oligonucleotides

and similar species for use in modulating the function or effect of nucleic acid molecules
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RNA species, and catalytic activity or conpl ex

formation involving the RNA which may be engaged in
wo@roohagicBd t at ed by the RNA. 25 In the context PET/ALR®4/000524

i nvention, "hybridization" neans the pairing of

conpl enmentary strands of oligonmeric conpounds. In the

present invention, the preferred nechani smof pairing

i nvol ves hydrogen bondi ng, which nay be Watson-Cri ck,

Hoogst een or reversed Hoogstieenh hydrogen bondi ng,

bet ween conpl enent ary nucl eosi de or nucl eoti de bases

30 (nucl eobases) of the strands of oligoneric o
enaripgu HgEhs Foe. i aotgoanclackides nedensdiratsyriptienalyOr post-transcriptional

2004/ 094630, PCT/ AU2004/ D0p524 -53 are conpl ng ar .

et F RO oo S AL SCH BUGHOU AR B SrLTBRTGE Pich specifically
hPYHAiRQenithoBEs or MHRE | AlicIat | Qi CABleRBIRHT entddRIy iRS YinhiBitor. The
Ci rcunmst ances. An antisense conpound is specifically
ohigomictiotides mayiberprovided dijeasty torrecelbaphsenserted within ths cell. As used
tar ucl ej.c [.& . ntenferas : »
e B Ok ol b RGP iochs” v
beén asdd fortapnvanehck herecompassSDINR encedingdihgriakibiibr, RNA (including

conmpl enmentarity to avoid_non-specific, .bindi f th
pagriiReeA sad @@%&Jéu@rdmrao%ﬂlﬁfe&_ﬁgfé%nsm@deﬁ@nwﬂ %TSA’ ?nde also cDNA
. . . i
ARG RS A0 RBRENL SR on it
target hecleiapand isy gérmerally edfersel paias i“agtisseseie ionsequently, the preferred

nucl eobases of an ol jqomerj,c conpound. For aml if
meChERFBJREEE 0o by BElBes i SSTRIUSR Of gpme prefericd Smbodiments of the
ig{gélﬁgg ug! BRkedetol BbteR h§OARAdAsE HATRUBA) . Shich aaRRBYe inhibition is

rogen bonding with a nucleobase at a certain
tpmisaltyi basedfupen hpdnggen hondieg-basgdihybridigntion af ghgomygleptide strands or

aci d bei a RNA, .or .ol igon t | , :
SERRE Rep SRt TR, Bg el SRR g Eled il nigEefl or othervise
OhdSQNHeh&able OB @drebhid, italk PedsemUcpeferedcib dargst specific nucleic acid
consi dered to _be a conplenentary, position. The
raolegjdenandabeir Smctiprs fonsuah Anfipest bitipa,  or

ol i gonucl eoti de nol ecule are conplenentary to each

ot her when a sufficient nunber of conplenentary

Tesfincons dhDNraeh beolafdral avith cacinplueld feplication and transcription.

nucl] eobases whi ¢ch. can hydrogen hond wi th each other.
Repligationspddranserantion. 1y i5¥Amp aﬁﬁngme Prg an &ﬁ%%eé’ﬁﬁﬁf“j[‘&}“ template, a

Lfor! e?'bﬂ?mi’&qé&fgtrﬁ‘éteorﬂﬁﬁé}wﬁé& 70 rnfdtieAd 6r ANUEd b irRdtfered with can
egreee’ o

precise pairing or conplementarity over a _
inctifié dimotions ubleras winshocotionvdsiie BNA ta asite tad bpretedin dranslation,

tiﬁ%glcol Ltlé(g} g%@fej Hﬁglfxgg %ﬁrgi iwg %n %ncehh\%hicl Ia%ocrllilgfca!rl{s ﬁ%lndgle site of RNA
synthesis, translation of protein from the RNA, splicing of the RNA to yield one or more
RNA species, and catalytic activity or complex formation involving the RNA which may

be engaged in or facilitated by the RNA.

In the context of this invention, “hybridization” means the pairing of complementary
strands of oligomeric compounds. In the present invention, the preferred mechanism of
pairing involves hydrogen bonding, which may be Watson-Crick, Hoogsteen or reversed
Hoogsteen hydrogen bonding, between complementary nucleoside or nucleotide bases

(nucleobases) of the strands of oligomeric compounds. For example, adenine and thymine
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According to the present invention, conpounds include
anti sense oligoneric conpounds, 25 antisense

w@bdogomead eot i des, ribozynmes, external guide SPCUANRZIB4/000524

(EGS) oligonucleotides, alternate splicers, priners,

probes, and other oligoneric conmpounds which hybridize

to at least a portion of the target nucleic acid. As

such, these conpounds may be introduced in the form

of single-stranded, doubl e-stranded, circular or

hai rpin ol igomeric conpounds and may contain

structural elements such as internal or term na

dre| agewlamentarypsuclbesss 30hich trraod threwpht theafosmgtiemof thydrogen bonds.

%oggﬁyqu of the inventi.on nqﬁﬁglicit the action of

HEBFMAPSR CEHY YREY Y8 PP YI“®Br ot ei ns to effect

nodi fication of the target nucleic acid. One WO

2004/ 094630 PCT/ AU2004/ 000524 @ -54 non-limtin

Ar anpiseaso torspemndap spasiijaatly ihybryliaglle pyhea birdipg pgrhe compound to the
| Whi | L

BT BN SIS L fefesp U R R PR @Rk Mbicic acid 1o cause o

el sctblityamttethercaidta sEfisientcdugpausfioniénbntanity to avoid non-specific
"DNA-li ke" elicit RNAse H. Activatiog,of_RNase H, ..
bipdingradrthe antisgpger compeupe 4o paprdargst RuleigppAd sgqygaees under conditions

: 1 ihdineM@Rekng the efficiency 5 of
%ﬁ%@%%%#e%ﬁ?lbe@%edl ated inhibition of gene
expression. Simlar roles have been postulated for

ot her. ri bonycl eas such _as thgse in.the RNase |1.I. and

G HBRGEIBAED 1 FRhelPIL oL 9 HECoPHF xS ot BHEPE doveen two
AN 69palesTah DHBSR GO BRAPAMA] Borfex@inpld, 8f Shlicdéibask at a certain position
antisense 10 oligonucleotide, in many species the

ofhan olgaiclsntidd (atoeligomesicreompoynd), ivieanablesof kydepgeasbonding with a

doubl e- ded RNA.(d | 1 . .
SRRSO, PO S, A PRt e
DR RN ANoobliddnacibotidd moRcalk, thed eepddition 6f lagsendiodding between

%gne,products. In the context, of  the subject

thaveligauselcotidre and the taBelgBRleie cacibip samuderpeftarle pocogplementary
. I .

B T RISt DR, 1031 ) i ol e

tdigplementaryotd gavhuctheotvhaea siffieiest hunber of c@oplementary positions in

pol ymer of ribonuglejc acj RNA) _or deoxyri bonugcl ei c

FERIPIBRIY %67 ORTURRG g,nu@ﬁgb?éé%&hl%%ano@sﬁﬁgf@ PRAfbIMdgecach other.
e A0 -} REd»U @l {i d

}g?@{’l a?g?céﬁ{u;ﬁlo%%ﬁl%%gé nglgtlﬁe‘g%ﬁg Ie%gié ﬁ{agﬁ’ gggi %earﬁ% TRARAare used to

mdicateensuffinieet dagodeafgireese( frankdonemplempatgety evsr ashifficient number

as oligonucl eptj des .havi 20.non-natural | y .occurri .
PRLesoRaER thetiatt R Adepi B, e bRt s, Sfbomucteotia

stibstak geithBleic@kidonucl eotides are often preferred over

native forns because of desirable properties such as,

for exanple, enhanced cel lul ar uptake, enhanced

g]::&rﬁintgytoftﬁé p?esér%rig\?etntigﬁ,cclzo%fou?iﬁé ﬂqcﬂﬂi% antisense oligomeric compounds,
antisense oligonucleotides, ribozymes, external guide sequence (EGS) oligonucleotides,
alternate splicers, primers, probes, and other oligomeric compounds which hybridize to at
least a portion of the target nucleic acid. As such, these compounds may be introduced in
the form of single-stranded, double-stranded, circular or hairpin oligomeric compounds
and may contain structural elements such as internal or terminal bulges or loops. Once
introduced to a system, the compounds of the invention may elicit the action of one or

more enzymes or structural proteins to effect modification of the target nucleic acid. One
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increased stability in the presence of nucl eases. 25

Wil e oligonucleotides are a preferred formof the
weopomsses of this invention, the present i nvBCI/ATZ004/000524

conprehends other famlies of conpounds as well,

including but not limted to oligonucleotide anal ogs

and mnetics such as those herein described. The open

reading frane (ORF) or "codin 4region" whi ch is known

in the art to refer to the 38 regi on between the

translation initiation codon and the translation

term nation codon, is a region which nmay be .
nef{ligtting exympker gbsed. anentsime ih BNowst Bxta esflludgseendonuclease which

resent _invent i \ 0p4( 09463 . .
e AbeBow S o IBSA IR abled e equey inglspu tag ginglp-standed
g g
2815 388 pHehdsNRhich as I“BIN AikeNieliciBRIGAsO . t Astikatiah | frRNase H,
codon of the open readi.ng frane 1ghO?F) of a gene., )
tigr¢fere., resudfe dn pbgqug@sofi the tarae. thergbyt gra#il gihggeing the efficiency
egi ' . b, a t .t t
oS B A0 LSt BB Syt B e boen

postangddafor othet fibérirldasss sactdanthosmnia the Rase HE bndifibopuclease L family
nucl eoti des between the 5 cap site and the

of EBFYSMSt i on initiati on codon of an NWRNA (or

correspondi ng nucl eoti des on the gene), and the 3

untransl ated region (3 UTR), known in the art to ]
Whiler the o pteferrgab rbimn o6 f ardisensRNAcinpotiite i8' adpinglststignded antisense
fromthe translation termnatiaon cadon,.,and thus

QHEGRIAego ik P88 SHEe, 0 A B HEHEn (O doplsrtgddthSructures, such as
doBbRIsA3hIQMRNRIRRRANY) Bole@ilss, Has BBerTENAVH @ induce potent and specific
correspondi ng nucl eoti des on the gene). The 5' cap
aptisensofedinterRdueommfitesiimetiomat agsnr wr is assogigied gsns groducts.
residue joined to the 5'-nost residue of the nRNA via

a 5' -5 triphosphate |inkage. The 5 cap region of an

RN dontex@nTi Wer Rljdco inveatiok] etht herrh' “oligpmsiic wohpoend” refers to a
itself as well as the first 50 nucl eotides . adj acent .
nodyméreorc aigasnereconprising & | pigaliyeplomopgmeric uay, E%ﬁecoﬁtext of this
.cap..regj 7} S r ' : i aci
PR el oD OB Ol Rohfer S Pymer of bonucteic acid
@INAYTOr ded:ggibomscleik nmoith (BN A) iart monetics, vhimekasampalogs and homologs

traveos i Wi g CLERRIRedes Cqrpeiet B BB ging Acleobases
%g%?’:aﬂa%o&ﬁﬁ%@@émﬁ@ﬁoﬁ&@(baél%dn@?ﬂnﬁa%@@&sh@éll h9oligynitiRotides having

uous sequence. Targeting splice sites, i.e. )
riontHatural2P oexaming poctiorsnshioh faxdioni nmilady.j Swebt medidied ragysubstituted
| so he rticularly.useful in situatians I .
P B el Ry QB G g ot s
RN FRVEERPRI WGhARBA @Elhda@stiltes hidinced biffifty fof @duigbt mseleic acid and
Inplicated in di sease. Aberrant fusion junctions due
inoreasedrstabilifs e thegpresence of nucleases.

While oligonucleotides are a preferred form of the compounds of this invention, the
present invention comprehends other families of compounds as well, including but not

limited to oligonucleotide analogs and mimetics such as those herein described.

The open reading frame (ORF) or “coding region” which is known in the art to refer to the
region between the translation initiation codon and the translation termination codon, is a

region which may be effectively targeted. Within the context of the present invention, one
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deletions are also preferred target sites. nmRNA
transcripts produced via the process of splicing of
wo ww4fore300r e) MRNAs from di fferent gene sour CBGT/ADZ004/000524

known as "fusion 25 transcripts”. It is also known

that introns can be effectively targeted using

anti sense conpounds targeted to, for exanple, DNA or

pre-mRNA. As is known in the gét a nucl eoside is a

base- sugar conbi nati on. The basé portion of the

nucl eoside is nornmally a heterocyclic base. The two

nmost common cl asses of such 30 heterocyclic bases are,

rédien puhe esganid redien pyeompagiimethe tinslhtion indiéasionras termination codon
cl eosi des that f er include a phosphate group

Ogg%?aquﬂtr‘f’ ll}g&%ﬁ((;g%%?ﬂéagﬂlﬁar portion of the

nucl eosi de. WD 2004/ 094630 PCT/ AU2004/ 000524 -56 For

those nucl eosi des that_include a pentofuranosyl sugar,

Qther tptgst pgians igelodethead unéranglatad segien (BUTRer kiqyg m the art to refer
3. 0r 5 hwdrox ' ,0f. TRaTe e

S brraen S ERGRNAH Bl Arckln HA e Wbl ARA Hion codon, and

thiigikcladingGRblconids| lRostcake §Ocaprite and thwetrartsiation initiation codon of an
| i near polyneric conmpound. In turn, the r

Y4 gor Emrgsppp@,]@gr n%q:%;ﬁgq i thsmgsifid apd it Spg’gtuin)c/raemslated region
(F it E{g{))\gn% '?r?ﬁlgtzﬁt {0 o ﬁ{elrlfbyﬂicﬁ{p ofé RN iy RV Vifection from the

i near ounds are genera referred. In _
teestlatiom nernlihatiar codomp cwddtusrdyclhding nurlestided between the translation

PR RO 5 Broh b TEOER oy Brespdiding e Eteolifs on the gene).
1?1%?’ Lc%g sl 3PIR hRNANRRMHes W NILiet@llaf@ntiohedhd S8Rlue joined to the

sphate groups are conmmonly referred to as ]
F emont mepidueeof theenRIA eissd d&5hiribiosphatotinkdgs. The 5° cap region of an

r%;&%gﬁ (lil:%l S érif:g ?oéing{h%F gﬁ)ersmgﬂ gisrtgﬁg%lel‘ésg{f ears lvf)eillﬁ ggg ﬁps'i (5)? fnucleotides
Jd?)&ieﬁt%b ﬂ%eéa;p}’s@té VIt & alsdpriefeird €0 eRFM thsicaptrbidios.

ol i gonucl eotides may contain nodi fied backbones or
non-natural internucleoside |inkages. As defined in

i s ifj ' N i ' i fd :
e
horelfegidie, acwhomne “mndnt’hoskich hat aoisadtfrérave teanscript before it is

hosphorus atgmin the backb F t.h «Of
ZhOSRIOEHS 210 0., eOPe 0 L, UCBORES Bl e
%Eitced dink} &9or@l 4 SQHELEOMRAES sthRhed TaR&iinBayRedsites, i.e. intron-

ospnorus atomin their 1 nternucl eosi qle ac bone can
@loaguingionpaséxbariatton futvtond, mgyrlsol keqmirtdmdarly2gseful in situations where

Preferred modified, al.i gonucl eotjde backbones.. . .
ohSFeRt Sh ifigeds Bﬂ%‘é‘ﬁﬁ’girll} 1S¢AS6, 0% WREIS 20 ovog?qe},}fg’cm fog A particular splice
lgrﬁé‘ﬁﬂ%l i §eAOOlRERB! Aberrfiti fiBlonPiASRORr Budit®absangements or

osphor odi t hi oates, phosphotriesters, am no _
ddltidng hos plsot prefeted rtergetraitesy MRINA tsanseripta|neguced via the process of

%ifi%%%hgp %}tvoe S(or more) mRNAs from different gene sources are known as “fusion
transcripts”. It is also known that introns can be effectively targeted using antisense

compounds targeted to, for example, DNA or pre-mRNA.

As is known in the art, a nucleoside is a base-sugar combination. The base portion of the
nucleoside is normally a heterocyclic base. The two most common classes of such
heterocyclic bases are the purines and the pyrimidines. Nucleotides are nucleosides that

further include a phosphate group covalently linked to the sugar portion of the nucleoside.
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i ncludi ng 3'-al kyl ene phosphonates, 5'-alkyl ene
phosphonat es and chiral phosphonates, phosphinates,

w@bwgpMss@m dat es i ncl udi ng 3' -am no phosphor aPCAU2004/000524

and 25 am noal kyl phosphor am dat es,

t hi onophosphor am dat es, thi onoal kyl phosphonat es,

t hi onoal kyl phosphotri esters, sel enophosphates and

bor anophosphat es having normal_3' -5 |inkages, 2'-5'

| i nked anal ogs of these, and ﬁﬁbse havi ng inverted

pol arity mherein one or nore internucleotide |inkages
is a3 to 5" to 5" or 2' to 2' linkage. Preferred

Eqr t@@??u@‘ﬂ‘%?ﬁsid?ésﬂlﬁdwlﬁée ianpentefechnpsl aiu'galy to phospheteagroup can be

l?tirl]dtég lrtﬁ Si%l?er {? % a3 | néaﬁdrg}tg}étrg%eéi q‘fgﬁ% s?g?\l/ellntfggmng oligonucleotides,

thel phemmré%rmqsl cduelewdly Ghk aapcdif nabRsdiges(tohmic\Waother to form a linear
904/ 094630 PCT/ AU2004/ 000524 -57 nucl eobase is
RALEEETCYRPeTRd. fp ‘f\%r’tb&wspg?twwndﬁ op thig einedrerodyshyric compound can

DRSS oﬁ@dtt% fofth )ée(ﬁlrcﬁ 8{}&1 s O%C 'hﬁea{ ocrogr‘fézregﬁgsc are generally

al so |nc uded. I n an ern tlvé e

meoletd.ulot alditivel, l]mieargcdﬁlij#blihdamyrﬁWe iafeenall 31i&dleb“@ase |5:|omplementar1ty
pl ant cells

ner at S e or sense nolecules in
aggrrp%r ﬁ%‘?g’ nﬁpﬂj o HRCH AR Q PFice Rebillyy @ spaytially derehle-stranded
o@ﬂfi)‘éﬁn@rWnﬁﬁPBH@du@feguﬁé%r tﬁeeglif?spﬁéig Fﬁ?btgpeﬁe%}b c!:omm?nl% referred to as

mol ecul es. further asp ect i nven
f@@’ﬁﬁe@etmte@lmohdd lbaskbmmmf che afligonsadedtide. The normal linkage or

|nsec If%?\ﬁA??(gfgﬁ a%ﬁﬁt&g%pg?ﬁjgsi@q n]%e(ste(r)lrng :lome

and under conditions sufficient to |nh|b|t t he
expression of HpF5 or sufficient to inhibit the
Eox t“?R}‘FEtl ﬁebYerHstwelsemmommugés, dhase olizenucteetidesmiay sontain modified

jitness
bﬁﬁg}gﬁéé g)?e err etgl% : r%{% di rren nflﬁlgespr‘g‘g e%‘%nieﬁv gli“BnSpeCIﬁcauon
oligenwdgmtitlies lsavixipemb fidited (L‘)adSkU@héHjmbl@ldé ffse &t Ritdi@ Phosphorus atom in
tﬁ B &#ﬁle b@ﬁdlng po&é f HpCh5, and not be
hPRFPaRe andyitaase phat ¢ ngk Java ﬁ@hOﬁm@tOﬁbuh&mbackbone For the
Pﬁﬁ)%'séé oF &1?52 IpBﬁE@éftﬁﬁllC CartdO a8 sd'n‘f’éifbﬁﬂ: e Ohoﬁlgc %{"t modified

fi'tness" shou e understood to Sc anges
ofigemisieatided thai drgpotthave aqmoéphmuselﬂorh@n tl&haﬂ@ﬁmclldbsi@l@ Mckbone can

s and/ or abl [i erably, 20 these changes
aimz)elfﬂﬁségeg?%ﬁj %11%08§f}8?q1&§5 in both body mass and/ or
viability. A reduction in biological fitness,

therefore includes a reduction in their gromﬁh and
trived Mﬁed lokiggeuclentice hwkh@mccorttzhmngr esgintsphorus atom therein

“%"23’02683%1" B R R O3 Bl R P hesp G, Phosphorodicioates,

phoﬂphbtrmﬂtafs e@tﬁin‘é@lﬂ(?]é‘ﬂxo@hodﬁstei‘ﬁt iéhy 12§nd h&theoT alkPighosphonates
gopprising adninistering to an i nsect

uég ﬁ,-ﬁlécygeélp Cphq aggp, 5'-alkylene phosphonates and chiral phosphonates,
phosphlnates, phosphoramidates  including  3’-amino  phosphoramidate  and

aminoalkylphosphoramidates, thionophosphoramidates, thionoalkylphosphonates,
thionoalkylphosphotriesters, selenophosphates and boranophosphates having normal 3°-5°
linkages, 2°-5 linked analogs of these, and those having inverted polarity wherein one or
more internucleotide linkages is a 3’ to 3°, 5’ to 5’ or 2’ to 2° linkage. Preferred
oligonucleotides having inverted polarity comprise a single 3° to 3’ linkage at the 3’-most

internucleotide linkage i.e. a single inverted nucleoside residue which may be abasic (the
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functional equivalent or derivative thereof with a
putati ve agent and detecting an altered activity

WQEhb®not4spe associ ated with nodul ati on of functPONATGR004/000524

HpCh5 or its functional equivalent or derivative. 30
Reference to "adm nistration" of the nodul ator to

HpCh5 refers to delivery of the nodulating agent in

any convenient means. In the agricultural setting this

is likely to WD 2004/ 094630 PE€T/AU2004/ 000524 -58-

include, but not be |limted to: (i) the delivery of

the agent as the active ingredient in a spray or
npolml@zse fiomimasirgtdrdras a hydrdxyl giopp tihelape teuetf). dfariolis s4lts, mixed salts

t ei ther as protein or the product of a
B&F‘ldggmﬂ%ﬂ‘rﬁ\ﬂ% l?cgu% lant. In a preferred

enbodi ment of the invention, the adm nistration of the

agent is via the 10 introduction of a nucleic acjd

Ie rocidiemyptivaicnbodisnent ganstie cphgimctsf ineludingsBhienyaccines” are used to
gspgﬁ%f’q?r%%&gﬁgoggsegge @che%ul?n of lahp %tg ?gﬁherﬁ‘[b% q‘ﬁﬁr}if of the preferred
feauee deslribbd 86dvd ad@ipromtatd faﬁ} sﬁi};bln\aeleidt@tcbdlbmnﬁles
"Introduction” of the agent is to be understood to

cover all nmeans known to those in the art 15 of

[ T e u :

ATHSHRG, FREE of AP RARRL il Plh Hplntce RE S melOHORE" el of insect
papuladond, CshEl inethbdrodn@n[SmgNglnnimatehﬁgltu rmseedi at effective amount of an

atg;%éqrge{;?lap%ggdppgéﬁicwngg%ﬁgt&hfﬁéeﬁﬂﬂadg@%%@e expression of HpF5 or

Uﬁic@&ﬁ R& ﬁﬂﬁbl@ﬁhe%h{/i‘{ﬁ oPHBCh5 9PRGSin 8RI MEEARGGIEsHlts inteduction of
ont ext of e present invention, nucleic acid

th@b@mgl@éfmmfwglmnectsantlsense or sense form of HpF5
or encoding an inhibitor of HoChS5 activity or HpF5
expression is operably linked to a pronoter, generally

Thdn@ pY&Teiréd e@bod@hRe ofStHe bARER iARGItUA) the @peritd 61@1&111% ¢z@1rb1nd to the
to a plant genone. Alternatively, an existing

ysnarly (ﬁﬂb&traéﬁ dinding gpgkieb @f ﬁp(}héng,@(i not bgé{lqe(fgregg\gqﬂh ?b’ the arginine
ra%&%fogggl osnﬁ’ ef992nt i nvention further provides a

N5 pl ant conprising cells which are
capable of produ0|ng an ant agoni st of HpCh5 or HpF5
ene reSS|on q
eferen reductlon of biological fitness” should be understood to be changes in the
insect including, but not limited to, changes in body mass and/or viability. Preferably,
these changes are understood as reductions in both body mass and/or viability. A reduction

in biological fitness, therefore, includes a reduction in their growth and development.

In yet another aspect the present invention provides a method for detecting an agent
capable of modulating the function of HpChS5 or functional equivalent or derivative
thereof, said method comprising administering to an insect containing said HpChS5 or
functional equivalent or derivative thereof with a putative agent and detecting an altered
activity phenotype associated with modulation of function of HpChS or its functional

equivalent or derivative.

Reference to “administration” of the modulator to HpChS refers to delivery of the

modulating agent in any convenient means. In the agricultural setting this is likely to
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particul arly useful exanple, cotton or other crop
pl ants are engi neered to produce Potl or a

w@eorobionasd on of Potl and NaPl. Reference herei PCT/AU2004/000524
"Potl" and "NaPl" includes reference 30 to
derivatives, variants and honol ogs i ncl udi ng
nodi fications to one or nore domains in Potl or NaPl.
WO 2004/ 094630 PCT/ AU2004/ 000524 -59 Reference herein
to a "pronoter” is to be takeR®rn its broadest context
and includes the transcriptional regulatory sequences
of a classical genom c gene, including the TATA box
indhindeh) butsnat b linrited tber accurate transcri ption
initiation, with or without a CCAAT box 5 sequence and
addi tional regulatory elenents (i.e. upstream
BCt i VR §4018/e8PEBB G88nt 28 MNARESE SngrddliensSin| LGRAF 61 poMides ormulation;
alter gene éexpression in response to devel opnent al
and/ @r external stinmuli, or in a tissue-specific
manner. A pronoter is usually, but not necessarily,
positioned upstreamor 5', or a structural gene )
({:i}fgi QRs prétRict¥R St penf eitiitr Ciy & tpro®iubattes product of a metabolic

urthernore, the regulatory elenents conprising a

pr ondredwayrie addii |y positioned within 10 2 kb of the
start site of transcription of the gene. In the
present context, the term"pronoter” is also used to
ldes preflreedacmpodinent of die fuvention, tholadministration of the agent is via the
derivative which caonfers, act.ivates or eﬁgg?cesb ¢ .
igteppucten of agtuclpis, gelf engoding pid AgPUdRI%e? PHIL IFUPseqpgnt expression
al?l'azﬁ'&fd'cﬁgn Bf QERLENS AHBeCRBlcRcd cAtdifnh P & the BthRSatidh of a spray or
one or nore specific regulatory elenents, to further
revideneithexidragsst asrthodctivaéngredie®. nol ecul e and/ or to
alter the spatial expression and/or tenporal
expression of said sense nol ecul e. For exanpl e,
RGO RS Yof tBE 8pRNIStoWRhBldeRdtes coR pHmdand kaown kd thyse in the art
may be placed adjacent to a hetero| ogous 20 pronoter,
ofetpakingegeneiioi ohanaxy i ¢s Pt of hepe simgBide b @ ot limited to plant
t hereby,.conf er,ring p ' cibi L t o emad]
CaRSERIGR bR HRPEE,) prhO R, | Mrobcterium-mediated
tEsRemMhBon NdRErdfRati@y what viryl tamfectionpfplant{bresditge techniques and
sequence neans positioning the said nolecul e such
MBAEeneRIS 08 83 BhPIARt 88t r ol | ed by the pronot er
sequence. 25 Pronoters are generally positioned 5
(upstream to the genes that they control. In the )
Acuvsdinglyt irotheofonkext ef theogresemt prventiom ryvsteiaacid madlegdgseencoding an
conbi nations, it i erally .. preferred t osition .
FBONSE rcieBre Zont O Ao eRopginRy b TREor, L ABERS iy o HpEs
é!p"f'éstsioﬁ'ié @pérQl?lSI ]inked to a promoter, generally in a vector or other suitable medium
for introduction to a plant genome. Alternatively, an existing PI may be cloned and

modified to render it active against HpChS5.

The present invention further provides a genetically modified plant comprising cells which
are capable of producing an antagonist of HpCh5 or HpFS gene expression. In one
particularly useful example, cotton or other crop plants are engineered to produce Potl or a
combination of Potl and NaPI. Reference herein to “Potl” and “NaPI” includes reference
to derivatives, variants and homologs including modifications to one or more domains in

Potl or NaPI.
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approximately the sanme as the distance between that
pronoter and the gene it controls in its natural

W@ edaotiong30 i . e. the gene from which the pronot ePCT/a02004/000524

derived. As is known in the art, 30 sone variation in
this distance can be accommpdated wi t hout | oss of
pronoter function. Simlarly, the preferred
positioning of a regulatory Egg;ence el enent with
respect to a WO 2004/ 094630 AU2004/ 000524 -60
het er ol ogous gene to be placed under its control is
defined by the positioning of the elenent inits
natural setting, i.e. the genes fromwhich it is
' ; [ t he
B Rr et R QeS8 bt BEbise 308 Sapiext and inctudes he

pammptmnahmgufae@glsaqwnbébeo@(ﬂﬁﬁﬁﬁl Qéhoﬂﬁc Heid n%ludhhg the TATA box
constitutively, differentiarfl

ant _or, I o
lrsergﬂ'é‘(:ft% ?‘g Prate {rapscripyany ém@?ltl@‘r, gaithiar withet a CCAAT box
%ﬁé&%%h@ @ddlﬁ@ﬁaﬂrr§g&£tor§m&ﬁﬁﬁt§§1%eﬁéstfe?t eQ?lvatm )¢ segpencgs, enhancers

devel opmsnta st age at S1 ONn occur
ek gitenserst whisht aéten aens eXprastsuonsmcﬂesmls@ ey ﬁb@él@ﬂhéﬁhl and/or external

SRR 6 10, o BREPRERDR mibnciy GhreRORS s apaiiie. bt not necessarly,
p@mﬂn@ﬂ Pﬁre@iﬁ%@sbpﬁ s@ﬁcﬁaﬁé’éﬂe%éﬁoﬁmthg f‘%ﬂjegs‘f(ﬂ]&" WhicR it regulates.

ant ce ti ssue or organ, ['tast du
ggfheggom the,rﬁgul@t@gr elgimients cpm@ntsmggiqtrogletaf aresusually positioned within

SEPLERR Fsgmt%:t% ?L[%rgjg fth(%r ef erably al so inmediately

prece I'ng the Co £°1%Yet ect abl e expr essi on
of t he HpF59ene in said cell, tissue or organ. 15
ordin , stron% constitutjve pronoters are
€

?lpEfﬁF r Oyt%ethﬁ teror Prometesy) ispdlae sagk tot descrilpy @ spnthetic or fusion
hONMERE] m&fvaﬁﬁ@mﬁcﬁrc%nm5 Ce!gtl?aegsr gfﬁﬂgggée%e%pré/sswn "ot nucleic acid

i nfection or commencenen

reglecds & orell. 20 Pl ant - oper abl e pronoters are
particularly preferred for use in the construct of the
present invention. Exanples of suitable pronoters

Profelred roiaiis :
1r41 o8 I T050) A G%din?aﬁ? Hahgﬁjkllale\?\n ﬂégsnte)lg gﬁ%: orllapre §pe|%ffc regulatory
chyraents, 26 fugisg- @lgancel@ém)sslonlafahe s¢risk mébletilaand/of SaaRer the spatial

&?ges%?hﬂﬁﬂ/@b Ghocgh i’ﬁfﬁ?sgmggf é%églyslegrgaﬁculeagebﬁ;%éla regulatory
eldtadrind foatideh ebnfet copﬁ’éraihﬂuéibﬂ@y ﬁe%sbg%ace@lggcﬁa%%% 2P heterologous

ki nase (Schoenbeck et al. I ant - M
Hrofeteh egquenod glfleﬁ’S‘?Kthﬁé"g&lvﬁ% aetensd moldaule, theeby conferring copper

Jé%ggg dnotﬂé%’é‘%& Ef;%xpe%@t I\/bl’ ecul ar Bi ol ogy,

Placing a nucleic acid molecule under the regulatory control of a promoter sequence means
positioning the said molecule such that expression is controlled by the promoter sequence.
Promoters are generally positioned 5° (upstream) to the genes that they control. In the
construction of heterologous promoter/structural gene combinations, it is generally
preferred to position the promoter at a distance from the gene transcription start site that is
approximately the same as the distance between that promoter and the gene it controls in
its natural setting, i.e. the gene from which the promoter is derived. As is known in the art,
some variation in this distance can be accommodated without loss of promoter function.

Similarly, the preferred positioning of a regulatory sequence element with respect to a
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Plant Sci. 143: 63-70, 1999), pnpi (Cordero et al.
In: CGeneral Meeting of the International Program on

woR@e/0Bicot echnol ogy of the Rockefell er FoundatPGIAU2004/000524

Mal acca, Mal aysia, 1997) or glutam n synthase.
(Puj ade- Renaud et al., Plant Physiol. Biochem 35:

85-93, 1997). 30 WD 2004/ 094630 PCT/ AU2004/ 000524 -61

In the present context, the t%hns "in operabl e

connection with" -or "operably~under the control" or

simlar shall be taken to indicate that expression of

the nucleic acid nolecule is under the control of the
hetesotogaits ganguionbe pidicedh ket is jconirel ispdefingd| y the positioning of the

BESH S8 B SR PR MR R s B oo i

theg| sehRrriefie@nanhis dissancelhi gis@dtcedrr anscription,  for
exanpl e, a transcription term nation sequence. The
term"termnator” refers to a DNA sequence at the end

crinti Ot - . _ _

The, BrohfREhbf opale, M ofiisilln OF BPAONS i variant or homolog

cdnstitativdly,an sliffidrentiaDyiAvide cpspent &s celh eleetisshit pr oxgan an mihidp expression

a pol yadenyl ati on sjgnal,. which f ciIita%e the . .

0S8 t otV fesa%qtytad‘é%y%éﬁ]&?@éa@é ﬁ%@% oW ‘ﬁﬁ CFPIEAGN grecurs, of In
' St T8¢ agtd b pRth8Béns, or metal ions,

b P e P &

ameonghieothesl at ed from bacteria, fungi, viruses,

animal s and/or plants or synthesized de novo. 15 As

wi th pronoter sequences, the term nator may be any

BrefeFbMAURY pro@fdie i€ Eapable T régulatiipedxpfdssioh Bf & RecleR|dekd molecule in a

tissues or organs in which it is jntended to be used. i

Etreglletissue or erasnnaitleass dpeing theupeaiodyofdime avareviiigh thestarget gene is

in_the i e . [ [

e AL B PRl b, BERRRL AR G mencemen o

Redcyditenprasbsion s shedilipl Sgené esaldy€zlll tisemerir beganr , ADH

term nator, SPA term nator, nopaline synthase (NOS)

gene term nator of Agrobacteriumtunefaciens, the

%@gg%iﬁ?lh/g Et£cg{gn$dﬁ§titﬁﬂ% Pfdn?c‘ﬁ@fs ?Qﬁi@lﬁl‘éﬂ& Yeful W paposes of the

gene term nator om Zea” mays,
fRedeins davattioh| os yrombters gelrieh (188) bayenducedr by nétwsr infection or the
sequences, %J.ﬁpcg over stunt virus. (SCSV) gene sequence
opmmencrmsat P Sgfpe cRFCs i pendent E. col

term nator, or the lacZ al pha term nator, anongst
ot hers. _
Plant-operable promoters are particularly preferred for use in the construct of the present

invention. Examples of suitable promotets include pCaMV 35S (Fang et al., Plant Cell 1.
141-150, 1989), PGEL1 (Hajdukiewicz et al., Plant Mol. Biol. 25: 989-994, 1994), class
ITI chitinase (Samac and Shah, Plant Cell 3: 1063-1072, 1991), pin2 (Keil et al., EMBO J.
8: 1323-1330, 1989), PEP carboxylase (Pathirana et al., Plant J. 12: 293-304, 1997, MAP
kinase (Schoenbeck et al., Molec. Plant-Microbe Interact, 1999), MSV (Legavre ef al., In:
Vth International Congress of Plant Molecular Biology, Singapore, 1997), pltp (Hsu et al,
Plant Sci. 143: 63-70, 1999), pmpi (Cordero et al., In: General Meeting of the International
Program on Rice Biotechnology of the Rockefeller Foundation, Malacca, Malaysia, 1997)
or glutamin synthase (Pujade-Renaud et al., Plant Physiol. Biochem. 35: 85-93, 1997).
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In a particularly preferred enbodi nent, the term nator
is the SV40 pol yadenyl ation signal or the HSV TK

w@odoyasessy| ati on signal which are operabl e i n BOI/AER004/000524

cells, tissues and 30 organs, octopine synthase (CCS)
or nopaline synthase (NOS) term nator active in plant
cells, tissue or organs, or the |lacZ al pha term nator
which is active in prokaryoti % cells. WD 2004/ 094630
PCT/ AU2004/ 000524 - 62 Those &illed in the art will
be aware of additional term nator sequences which may
be suitable for use in performng the invention. Such

[13

Ischairesent prnerte i teymp einuepagabli chpraction ithing goperably under the
ol i Q1.5 . for i L: i ‘o .

ct%ﬁa%ﬁ . foggﬁglﬁégr sglfgll P? g%ﬁgcﬁrﬁdgc&se t@é‘(‘r ﬁ?{?}i‘%\%&l{aﬁ o? Hléeenucle1c acid molecule is

wdasthe wohgobsftha@rdmotenssgmerice Wwilo shicikit lid gehtinlly thinected; in a cell,

art. The constructs descri bed supra are capabl e of

115645 §TIRAT ROdE PlaRt her, for exanple, by the 10

i nclusi on of marker nucl eoti de sequences encodi ng a

det ect abl e marker enzyne or a functional anal ogue or

Terdonsttriot @réfmbbofontains ddditionkl mpelathey eletients fof efficeent transcription,

fsgnthetli Cc gene.in a cell, tissue or organ in which it

P5e LR S CTARNI TRHR AU SPAVCEyhodi ment, t he mar ker

nucl eoti de sequences will be present in a translatable

format and be expressed. 15 Those skilled in the art o

Thiel terrh Eteznnénagors refisvio rdd IS Acegeence lab theeadtaf @dtanscriptional unit which

descri bed herei and of the requjr nts for

BERL Hempan o BEtptin. (PR e 2dntr/pisg DN sequences

@nSREGI Ttbataink®d | a Opolg@ichylajio® bigasll whithc didiifaieanshe addition of

desired. In particular, 1t will be known tq_ those L

potyadenylatej sgqugnsesto the Jaend RE a paimary drapesipp Ul ariRsks active in plant

GRS bt pREiciiRd s ERRR, TINERLY 38 el SR bdckeria, fungs

Vifrsed, animial@antFor plats vesynktesized de now. 20 prokaryotic

cell such as an E. coli cell or a plant cell or an

animal cell. The constructs of the present invention

AT ¥HEpIOma Mefitncsd BeSPRRBROE R be, chy aafpior QkdiRfioe which i

apertbie mettie velishtissuas sworgas ie vduel it éy intendeditodss used.cel | |

virus particle or |iposone, anongst others. To produce

a genetic construct, a nucleic 25 acid (e.g. HpF5) is

ERSHIEEET iehthfator$ Phrtisilh@y YEIEALA fRruse Ph FRGnHRLE @ehe, of the present
such as a bacteriophage vector, viral vector or a

ipyeginndinclude thel SYAO obyadenyilationctignptoihe HESV ddt dplyadenyéation signal,
2S8R oA B R A AR P 0v0S) s
fiefth DattdioF D4 drbbderatkb smpfcIEnsy thetefrathate dbf the cauliflower mosaic virus
(CaMV) 35S gene, the zein gene terminator from Zea mays, the Rubisco small subunit
gene (SSU) gene terminator sequences, subclover stunt virus (SCSV) gene sequence
terminators, any rho-independent E. coli terminator, or the lacZ alpha terminator, amongst

others.

In a particularly preferred embodiment, the terminator is the SV40 polyadenylation signal
or the HSV TK polyadenylation signal which are operable in animal cells, tissues and
organs, octopine synthase (OCS) or nopaline synthase (NOS) terminator active in plant

cells, tissue or organs, or the JacZ alpha terminator which is active in prokaryotic cells.



10

15

20

25

WD 2004/ 094630 PCT/ AU2004/ 000524 -63 Accordingly, a
further aspect of the invention provides a genetic

W@ 48t whi ch at | east conprises a geneti CPEI/aIBI04/000524

as herein described and one or nore origins of
replication and/or selectable marker gene sequences.
5 Usually, an origin of replication or a selectable
mar ker gene suitable for use in bacteria is

physi cal | y- separ at ed fronlthdég'genetic sequences
contained in the genetic construct which are intended
to be expressed or transferred to a plant cell, or
integrated into the genone of a plant cell. 10 As

sed rei.n,. the term "sel ectahl e rker gene" .
o BBy B L b AR o P M penge, i ey
PRaMbifsihusetin iperfBRing I8& thveRidraSubh ta@fuendddnay readily be used without
identification and/or selection of cells which are
any amdeeeipgdmsntatipansf ormed with a genetic construct of
the invention or a derivative thereof. 15 Suitable
sel ect abl e marker genes contenpl ated herein include

NbasaoPintiobhding (ies hahdeag @enasfoAnig) cells with the constructs are well-
tetracycline-resi stance gene (Tcr), bacteria

ogmary dhase skidled inhedrigene  (Kann), the zeocin

resi stance gene (Zeocin is a drug of the bl eonycin

famly which is trade mark of InVitrogen

Tler qastandto ddscribék supdRlareapeble offveiig roodified urthes, for axaneple, by the
to the ntibi otic auyreobasidin A,..

IBF‘IZ‘-’}%lBHi o‘?’ﬁ‘flﬁeﬁiW—"&QEH%tsﬁwgcegfe?f&c’dﬁ’@oﬁﬁter?table marker enzyme or a

@H&ﬁﬁﬁpﬁﬁa@@gﬁfe%r%ﬁvg@vegﬁ@re()ﬂ Rb Ifhdilitate detection of the synthetic gene in a
ygromyci n-resi stance gene, P-glucuroni dase (GJS)

apin Essue ir argampinewhisbl it Isaewrgese ._ghcg:pg}iggéo thdngmbgdiment, the marker
T T e

sel ectabl e marker gene is the nptll gene or Kann gene

or green fluorescent 25 protein (GFP)-encodi ng gene._ X
Tirass skidlefl in e prs WiHebeagwargiof hopetoaptiaficeothe sopgfucts described herein

e?rﬁl o%gfleagl GirDREAS rfcgr%@ﬁﬁing%?%%ng%sg}ohl'iﬁeregf Wheh @@ﬂgﬁreggitn a specific

|
e present i nvention an ect rnvention Is n
dellnortceli-tyme vrder thetconditiond ddstred. deperticatak,dt will keknayent. those skilled

rkBe Pl G L3R, EHREUC RPN AT ot R the Preseat nvention may
R5EMHeYrbYagdiotl 885 'GP JdRERICR described herein or a derivative thereof in a

prokaryotic cell such as an E. coli cell or a plant cell or an animal cell.

The constructs of the present invention may be introduced to a suitable cell, tissue or organ
without modification as linear DNA, optionally contained within a suitable carrier, such as
a cell, virus particle or liposome, amongst others. To produce a genetic construct, a nucleic
acid (e.g. HpF5) is inserted into a suitable vector or episome molecule, such as a
bacteriophage vector, viral vector or a plasmid, cosmid or artificial chromosome vector
which is capable of being maintained and/or replicated and/or expressed in the host cell,

tissue or organ into which it is subsequently introduced.
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whi ch include further genetic sequences intended for

t he mai ntenance and/or replication of said genetic
w@oovsN948d i n prokaryotes or eukaryotes and/ orP€TI&aU2004/000524

integration of said genetic construct or a part

t hereof i.nto the genone of a eukaryotic cell or

organism 5 Standard net hods descri bed supra may be

used to introduce the constructs into the cell

ti ssue or organ, for exanple:6§rposone-nediated

transfection or transformation, transformation of

cells wwth attenuated virus particles or bacteri al

Axebtdingly,ed furthat aspget of tharisventimatprovidesra genstis feoustiush which at least

procedures kno tog those skilled in the art. 10 . .
RO TSoh an%@a‘%im?n?tgrasi : ?%o‘f?é?rhtée%raégo?ﬁﬁ %Iaﬁ]tmwglinﬁtog replication
BN ARLILI SR thaBlfer GBA Seqhéiideside, but are not limited

to, transformati on using CaCl2 and vari ations thereof,

di rect DNA uptake into protoplasts, PEG nedi ated

take to.pra . . mchopant i : . . s
S 80 B AR T) SRR B AeADRLBR v
phesibardsspatated frohs hite exdktidtse@ient&s ceomthied in the genetic construct
vacuuminfiltration of tjissue with nuc [ [

\ i &ﬁ%ﬁ aﬁld,,or in._,

whieh @ess ntesrdes |t besexpressadaor Harslerelto ¢ &¢lls ppjptegrated into the
' o the plant tissue. For mcroparticle

gggé%ggg%gﬁny%%ﬂ'cel s, a mcroparticle is propelled
into a cell to produce a transfornmed cell. Any
suitap] e ballistic cell transformatjon. nethodol ogy an
Rppiebbaetn i i treicoiobly FRISEH0F hTRUER d0yr OB YAIoh confers o
| . 161 it 3P Petrds P 1AL 410 RAUERSiAFiBn and/or selection
I%@ﬁ@?@%g aﬁgﬁgﬁgﬂp e% aﬁﬁﬁ(u.s..Pa¥ent_hb. 5,122, 466) )
afred]| Swhfohrade traasfstbed o thiSforPat ovith a Kenetia congrugs of the invention or a
V\h.en.us'&lglg gal listic transformati on procedures, the
dsLNaiyctheSAst ruct may incorporate a plasnid capabl e
of replicating in the cell to be transfornmed. 25
Exanpl es of mcroparticles suitable for use in such .
Syjtab leatatile) aearkert gengen cgaicmplaierh derein infludepglpe ampicillin-resistance
const r.uc . de it ed t ' ri /|
SBFT HHE. TRy o8 (T CHRGERR Myt AiMance gone
dKuntnee zesdn eisiedice génd (Xoginds ediug ofitha bleomycinhfamily which is trade
genetic constructs descr itged her a n 30 are a&l‘ﬁ{)t ed. b
mak phiBYiEeesComRPBLPRe BendHE! b1 senec hich GoRTS Fesisance to the
ai Slfibfc?ﬂ%ra%&%gsidi-ﬁh&,%o%%i%ﬁﬁcin'-l‘asigtgﬁc@ééne%édmﬁe}n UG pBotransferase
Ha , In order to achieve integration of a genetic

SRURITE hypropeeit-resistBe? @end, 0D BB roRRsA 208/ 8806 5cdoramphenicol
-65 construct. into the genone of a host cell certai% .
acqtylanskespse i B0 8TF ﬂgﬁ,@rmgp‘tﬁgotmn—enwmﬂg gene or the luciferase

gene, amongst others.

Preferably, the selectable marker gene is the mprll gene or Kan' gene or green fluorescent

protein (GFP)-encoding gene.

Those skilled in the art will be aware of other selectable marker genes useful in the
performance of the present invention and the subject invention is not limited by the nature

of the selectable marker gene.
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required. In the case of plants, left and right border
sequences fromthe T-DNA of the Agrobacterium

wao comosesens Ti plasmd will generally be requp@BAD2®4/000524

The present invention further extends to an isol ated

cell, tissue or organ conprising the constructs or

parts thereof. The present invention extends further

to regenerated tissues, organs and whol e organi sms

derived fromsaid cells, tisséas and organs and to
propagul es and progeny thereof as well as seeds and

ot her reproductive material. 10 For exanple, plants

Theypiesent dyemtipateatenfls dmnallr genefio raopsirysksaatseutislllysasodescribed herein,
tlssue r o%%ans on hor non

Pagamet RGBT ICT Y ik BT gIARES R{ighyepliation of

s8R SdHeIBasstRkt I AoRAQHIE br cBkAr§oRE Anden tHe ﬁtb‘g?ﬁfdﬁeﬁ' said genetic
celTs; clonal transformants (e.g. all «cells

consirest or apart therend mtaithe gamemegd raee@karcfﬁtl@ g@h@tqréamsm

grafts of transfornmed and wuntransfornmed tissue (e.g

a transforned root stock grafted to an untransfor msd

StendaRd infetHdals Aebdribed SREGI @8y be Tusad s Q’ftfﬁddc@ﬂ&rﬂcﬁlsﬂm(m fxéto the cell,

propagated by a variety of means, such as by, clo

iU alfat T8RN, 0 ol | XDl [ippsases-mgdietsdh ﬁ?a&a%gtw%?r tfansfomlatlon
Nk ) pLant

S Bog el o T Fplihedl birtt ert BT, SRTB LA Sl mating,

tTadsfortnaaors blourmﬂ:cnbmpﬂosedmmjkndvm to2hpleahilled fin thehet:

propagat ed t hrough cl assical breeding techniques. 20

Pl ants contenpl ated herein include cotton, sweet corn,

A?’cﬁﬁ&?&l rﬁééﬁ@?&Qnter&'lr?gnfe‘é@mB%ﬁit DNA ﬁiﬂ@f)laﬁ’d\ﬁ%ue%'rfcéllllﬁnclude but

sorg | eeks,” soybean, alfalfa, beans,
a1¢ dgtlimited ae, traxisfoa:map@a9$lng &raClchnsk ariations Sherdsifs direct DNA uptake

L 5 e MBS Rl LSRR bombaramens

&é&%oﬁ@i@ﬂsm1&@i&1%ﬂo@@ﬂ@Nﬂeﬁﬁ&bpartl@l@%n?oarcﬁﬁent of tissue explant or
snapdragons cherry, sunflower, pot mnarigolds,

qadb,i vfaquyglumf (tmﬁlogrqfams@m g{lt}pp%@ly acigy 4tin the, §p$ee9f plants, T-DNA-
8 A G005 Py BB B O rosce and

ect e‘presen |nvent|on
relates to the insen3|t|ve chynotrypsin as a
sel ect abl e marker for the transformti on of

hgr miceaparticle hermbadaentnf cellg ag@}qzigpqrgge 1%@opeﬂelgi 1nto & cell to produce
4 &QHS%I% Eéllog&{zf L\.'ﬁtﬁﬁl@or;aﬁlstﬂc e8! YRR o8&t bethddblogy and apparatus

I nsect ryo a genetic construct conprising a
¢a|nmmed aib perfedneing tite, predeat geretiaf. Exetplay bpparatus and procedures are

Beckp TR 4 (U BT o2 1o0h 265 Srafibind Welf (USS. Patent

Iglé f’]ﬁ 9%? 05O ingNR sing ivADisME hidhsf¥BfdtRMSprbétdrds NGk efeticBnstruct may

incorporate a plasmid capable of replicating in the cell to be transformed.

Examples of microparticles suitable for use in such systems include 1 to 5 pm gold
spheres. The DNA construct may be deposited on the microparticle by any suitable

technique, such as by precipitation.

In a further embodiment of the present invention, the genetic constructs described herein
are adapted for integration into the genome of a cell in which it is expressed. Those skilled

in the art will be aware that, in order to achieve integration of a genetic sequence or genetic
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interest and a sel ectable marker (Peloquin et al., J.
Got. Sci. 5: 114-120, 2001). Presently, nost insect
W e@asdwsimat i on i s done using white-eye nmut ant BCDAURGN/000524
insect, to allow the detection of the commonly used
sel ectabl e markers. Typically, selectable markers are
5 genes that conplenent the white-eye nutation or
Enhanced G een Fl uorescent Prg%ein (EGFP). In
Drosophila, the white eye nufdtion is caused by nutant
all el es such as the 01118 allele. These individuals
can be returned to normal (red) eye pignentation via
cohgruci mtoothegenomeoff amost! ¢adl, ecgainf elditionyl ronetitl segyences may be

[ nt ati on such.a Lte . (Li.dholmet al. -Genet |
BfEo e s 1R oh bt B ety SOH Bl FA of e
AROBAY & B hdnefdct sl plaskild 3919 6dnerdiiebed RY6ired.on of , 1118
mutants to normal eye pignentation acts as the marker
for introduction of the vector. In a simlar way,
l%gzc[{):;es@%’? S{}oﬁ&%& %X{eﬂgé g@gu? istorfeﬁecp L&Y &ikshe o t)lé@n comprising the
VECTOr. Agal n, insects w non- pi gnent’ed eyes e
dogstehictsaod partF-Reroofr Blss pregerit Snveleibe eixends furtthee teyegenofated tissues,

these insects (Hediger ef_al., Jngect MIl. Biol. 10;
organs pnd Whede QljgamfelSﬁ?EV%CLff@@t S&td %eiﬁaP%@?%alﬁgﬂ%?ﬁ %P% to propagules

' [ ' ' : [ cts to
T L L

fluorescence, which is time consuming and requires

estrucfiv anpl ing of t i nsects. Th resent ..
OSSP P PG b° e hasrhed (37 SoowarEpBnbfTfor tisues or organs
drf 1RmbAE TBStainfeh Ml ahg thel I’é?éﬂ_éfatéchplaﬂt@ @hyf take b R&€&Y of forms, such
di ssection or |q;£ect|on of individual insects. This

ascebirderas pbwansfermascentisrapd aponitapsformesh selby; wignek trapsorpnts (.g. all
BlR e Stafedoa: RORELT YR FEPRSHPL SERAER, Wae f panstomed and

widhifoned tifkRie e @S antankiovaed revd spckVvdraRed to aeansarfsérmed scion in
the selection of transformants that does nqt rely on

aites snpaierhdirmsfgrmes! it BLg\he ROPagated. byTh ¥apFty <l ppeans, such as by
é&@aﬁf@%ﬁpﬁ@g&&ﬂéﬁﬁ?&%ﬁeBretegl'i%’g YSGinRfues o eg%mgle, first rggn%ration (or T1)

og or anaFog there ncod
tivaSformed eplantsi may cby netfed/ psi pive abormoz@ors t wbdrel rgenéretion (or T2)

in an insect transf ion vector. This. vectar, . .
et rRjorisrend B B ARG dLiHar, PropRgate dhioRe sigssigal breeding
@ﬂnﬁ%gggfornants for any insect that is susceptible to

the Cl serine proteinase inhibitor of N alata. The

contenpl ated insects may be naturally resistant to d,

r may pbe NaPl|: susceptible nmutants or genetjically . .
ews huorli boRtRener doboParie: st il offgbpinggto. pouto
JBfbEAR rdsNBIRGIsSsorbiun®, 186Ks! o581, hifalpd, ®kaist fidgeon peas, chick peas,
enbodi nent of the invention the insect host of _the

artithpkeac taorcuglits, d lateice.e Riawhrer @R, Nl (el o geraniums,  cape

ng)%-srélﬁaLI’Jr%f?%'e{igeqof?a%{A'and ﬁgseed, lupins, broad beans, garden peas, peanuts, canola,

snapdragons, cherry, sunflower, pot marigolds, Helichrysum (an ornamental plant), wheat,

barley, oats, triticale, carrots, onions, orchids, roses and petunias

Another aspect of the present invention relates to the insensitive chymotrypsin as a
selectable marker for the transformation of insects. At present, methods for the germ-line
transformation of insects. involves injection of insect embryos with a genetic construct

comprising a transposable element, the gene of interest and a selectable marker. Somatic
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HpF5 or a derivative, honolog or anal og thereof
encodi ng an NaPl-insensitive chynotrypsin could be

w0 pmenpws@t ed i nto any insect transformati on VBCT/AD2004/000524

usi ng common nol ecul ar bi ol ogy techni ques known to

those in the art. Upon transformation the insect 5

woul d transcri be HpF5 and produce HpCh5, the

NaPl -i nsensitive chynotrypsin.__ Transfornmed

i ndi vidual s could then be selé@ted by incorporation of

the A proteinase inhibitor of N alata into the diet

of the insects. In this case individuals that did not
tceansfwmammf insentsean aleo bhyﬁdc\reylpﬁing wred odetrsoiatypemdg he gene of

el PP Sttt € miofer BROAEOT B B0 58 3¢ B 4sf20. 200, Presently,

A6$ dhshch @hﬂsfbﬁ@tf@heﬁeddnel WwHeNvhae-epé avitaies dfnaedtsect, to allow the
transformati on vectors i ncl udi ng acul ovi rus vector

d<iasBion SHirige HORENEY sedrselrateblsemarishiol Bpieallyansiepigble markers are
, 0

%e'ﬁ@g ?r%f(t) CO ﬁleﬂiell}? gf(l)eg g\yh?t% ?ﬁe |t§§6e% P;%%ﬁﬁdmé{e:gﬁ?lg&escem Protein

@&GHR! hsDwmbhxm thg evlﬁtecéwnmugmog aneaweprigsmiutnt aliees such as the

ggne knockouts. Specific exanples 15 of

®r arddlels rTélFiieoWd'}/‘é@‘t‘aé? san fe 6etmeé Ho m@ﬁsalc(sgq?)desﬁeplgmentaﬂon via the
1'nﬂ' ﬁ?ﬁﬁ{%gg‘g flﬂae @%ose %181 |){€ﬁ52 gﬁt&l}%{]ﬁﬂ{ %{g:glgg Et%z‘e?tfdholm etal.,
G‘éibzltz*w 2841 85RBE8IEIN93) @)He;dn@témee(toad)vska)%éklal SGmaaz}:S 142: 173-177,

P- el enent based veg{ors (Cripps al ol
1996). Theagvesion ofg@ " MpaHis 1R |neﬁ%ﬂteysa¥,%ae%féqrba§s as tie marker for

ARl 40 B 5 ] e g e

ofes vettsr. SAiglin, aasqcﬂ'fivﬁ;h&ubn-ﬁ@meﬂeﬂ cegfels areetlsedl and BOFP, expression is

upr The r i nve he Ccrihed b
%@t@f%‘rllﬂémﬂ?é 5% It ﬂ%ﬂ‘%ﬁé g?ﬁ%é@sﬁ@-m 2001).
PCT/ AU2004/ 000524 -68 EXAMPLE | Ef f ect of ingestion
of the N alata protein ase inhibitors on rowt h and

Ty e¢legatde tmmkeﬂsleddnunvmly plaseé p‘a cthe sarb réfjuire e‘%ismtiomfof tthe insects to
N. ala Pls.is.examnn stive enz

St R ekea i i feaaEn et b EAtp AEbes ety G Bk consuming
é}ﬂdreﬁ@ikésc&\éﬁﬁﬁﬁveasrafﬁpﬁﬁg fltRe UREcts. HER! freQint ddventidn provides a means
| nsect Physi ol 842, 1997). e Pl's suppressed

footthe sglmtlcm of dersefosmed \indiyidygls 7ghout the rneps for tipsget dissection or
ansﬁf’e% g }1gil¥1é%al g}q§e§:[32 t"[%iss ﬁgﬁéfai’lgﬁve e\w%g M&Pﬁ&eoﬁs?&nants and

@Bdld@?dﬁioﬁﬂmﬁdﬂou@fm@i@ fof Hcrelahlllﬂgtlm@e rmam{Heesabh pﬁhtl@d transformants at

1997,
one time. In addition, the present invention provides a means for the selection of

transformants that does not rely on the availability of white-eye mutants.

The present invention contemplates the use of HpF5 or a derivative, homolog or analog
thereof encoding a NaPlI-insensitive chymotrypsin, as a selectable marker in an insect
transformation vector. This vector, comprising HpF5, would have utility for the selection
of transformants for any insect that is susceptible to the C1 serine proteinase inhibitor of V.
alata. The contemplated insects may be naturally resistant to Cl, or may be NaPI-
susceptible mutants or genetically modified NaPI susceptible strains of naturally NaPI-
resistant insects. In a particularly preferred embodiment of the invention the insect host of

the said vector would be Lepidopteran.
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10 supra) (Figure 2A and 2B) and H arm gera. Simlar
results are obtai ned when |arvae from both species

wowe0e/094580 on transgeni c tobacco (N tabacun) eRrQT/aE3G0mg00524

the N. alata Pls at levels of 0.2%-0.5% sol uble
protein (Heath et al., 1997, supra). Ingestion of
NaPls (O, C and T1-T4) changes the relative activity
of the trypsins and 15 chynotrypsins in the gut and
faeces of H. punctigera larva®’-Trypsin activity in
the gut and the faeces is substantially | owered or
abol i shed after exposure to NaPls, whereas
chynotrypsin activity is often unaffected or enhanced

Fi gures 2C.and 2 he | ack of tr i Vit
HR 5o @0 A e TBSIOS otf | 4R 0ge Hethodiing 14t Nafl-insensitive
c&zﬁlﬁ?rggﬁlg cQﬁl@ddéCihb ofdted ﬁlfcy RSy ﬁtsedt ri%%nﬁﬁﬁﬁrﬁv&t@ @irfe common

em)n rate that these insects had
movleupaxoulubgd tet@iquey kopwnitn thesspioribe arto Hm@ tRnsforiggtion the insect

Vi/(%ﬂh@?g@]?s'%ﬁg? ;ﬁtpﬁgl X%%S?{%?bvatsﬁﬁﬂé{ g}f{;glg sensitive chymotrypsin.

Trﬁﬁb?%é@lnlrﬂfwc&i@ﬂ SowlaShéwtoel dehdchidt Btjiﬂn@cd?p’oraﬂi(hﬁ ONQIEE €1 proteinase
wher eas sone of the chynotrypsin produced, by cont

ol

inhibiser of ¥nevrainppiedietn! the msggts sthismaﬁeom@aﬁqh@ls that did ot carry
ﬁ H%gl’riﬁ:%ﬁl Zch}hyg{rol?rggggghgé)c}edrbzfeﬁ#) T3, the % oi‘3 %ﬁgl die, and dthose that did
dafr9theabaidr eAb3dih®HPBS iwdtuldbd in@msﬂtveab ICl Thi s Suggest ed

that Helicoverpa |arvae produce different classes of
chynotrypsins; sone that are inhibitable by the NaPls

| v d bviRe€ iRQLct |RRRIhEHbE vect ludi
é‘%o-n?ﬁ ngqet ?}esaﬁ Trﬁgﬁﬁoﬂ r}ﬁ ‘élppealrs I ngestion of VISIgSIrS including
baotliobirtis vbcherst croyrgmsmgaHpFﬁldrya derivativeghomolog or analog thereof, as a
but .| arva not be.s

s{éﬁﬁ@g \e/{?jlr;l Ve%ll%rd{%g lﬁalﬁ fﬂggﬁ% iDHIRPSE it e 1nseé/t Non-limiting

MElﬁﬂé‘Sgené @10%1[%0 §1‘1’@§ HRn APEIeMBREKkotE S@bific examples
nts were renove punct| gera | arvae that

dfaldseréle\nSﬁoan@m wetars n@tpu wbmhtiﬁﬁé @méd hmmmvramd@da selectable

, lgg%t e ngﬁg /%.ggtgezblhcg 11%1&3 The}}%)t%%; \é\? ﬁp Z}ggsl%ac mobilizable element

@a 1§ét teed/ abaoat .5'819%) bB-eldmﬁanN@Béedl ‘Vﬂudis t(0f1§P5( @ al ,C2,Cell Biol. 126:

Ja and 70% b y al onecﬁ %Lre 3 The Bowran
% R0%rd9¢): yigsp ﬁlqmmlit thapask ¥ectory drif-» Y98, synrq); mariner

t | so | '
égﬁrﬁ%gtl?aggds hf&é&? %H{h&)ﬁﬁ v@ éz?éég@i ?rc{)i %Ig?ltpagéls%c?drF s%&lf)as pTE/3'2]
Qpﬁmqbiﬂﬁdll b&oalbmma): ato Potl inhibitor and

chynostatin. Using this 5 information a series of

affinity colums were prepared for identification and

"Plgér yfgrrfgké}lﬂﬂvgﬂtl(ﬁi is fﬁljﬁfer Mtk AR foll¥ Qi b= BRI IHx4ples.

c trypsins fromthe gut of"H punctigera |arvae.

Bi oassays with Helicoverpa |larvae on artificial diets

Hari cot bean di et
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10 Helicoverpa punctigera |arvae were raised on
artificial diets based on Haricot beans (Teakle et

wa@bkoo4/09w80 nal of | nvertebrate Pathol ogy 46: 16BC1/ZAB2004/000524

1985). One litre of diet was conposed of 58.5 g
Hari cot beans, 14 g agar, 700 ml water, 35 g Tortula
yeast, 50 g wheatgerm 3.5 g ascorbic acid, 1.1 g
sorbic acid, 2.2 g p-hydroxybenzoic acid nethyl
ester, 0.2 g anpicillin, 0.2'§&§treptonycin, 16 ny
prochloraz. The beans were soaked 15 overnight in
wat er, drai ned and honogeni zed to a fine paste.

Wheat germ yeast and 300 BEAMIPIVvE &r were added. The
agar was dissolved in 400 nm_ of boiling water and
added to t Hgjechuidngession T dadixelataeprageinse drldditers o50C

bef h ddi t ] I D ' | .
o ended di et eI TIR Sl I EHERLT g

was used immedi ately or stored at -20C for no | onger
han_two weeks. The test djet was suppl.emented wt

t h

Theeetfgsbr! tity HeofopnPlsvis Frgmied qnh@e <gstivy erpystes g the growth and
i val _of ' :

EAURER e PERUAL 0 RBBE) D an T YRR ARt RO BB lean of o,

IngwoPépdole ¥ar §33-842,dA9TE). TWeiPdhsuppadseed todtel guepmteheel activity by 73%

the sixth day and;then every seco day thereafter. ipe s 1 1s
PG 1 21 VB REPEDE i garein f SIS, BB GG A artificial die
the!Pes 1deAA8d ks ¥k *aﬁ% Sglvmbllkm@}ﬁyofedcﬁmw W@r@éﬁ&xﬁ\eiﬁhgﬁ al., 1997,

transferred to i ndivi plastic containers wt [

B Figureaddmad RB) phdit punigera. Stmnilagesiisare oigaingd when larvae from

Larvae.were f smal | amounts o i gt 0 .

R EP P ir fP B P bSO dfterde] e Rbing g aotara PIs at
16R41§ bNOLQUS-0S3% Bbble r6telndHeath sked. £1995pkuprh). a

tenperature controlled roomat 25 1 C 16:8 (L:D).

Cotton leaf diet 30 Cotton leaf artificial diet was

BLERE T S8 €7 00T POl ATLERLE SBIPAD B psins and

Ivar
dhyartiypiine & o gui anrkfaédesiofl & pumeigemniaeraat Tygsin activity in the gut and
controll ed 2004/ 094630, PCT/ AL2004/ Q00524 -70
Baplagess & Sggéﬁr{t@fiy {fvierrda of | golishesgioier srPawre tp Nefls, whereas
Lﬁﬁh}o%lgﬁg G ﬁ@oﬂémgndffﬁ%asor ML fcel &t 2t Yanll 25 he lack of

nitrogen an reeze dried. After drying, the '
trgmiresctivity én thgr faeoed of thedNdRIrfed povatewas motsluentr deareagediproduction of

estle. The cottqn leaf artificial diet S prepare
S di oA s e A cb e fofra} Fio 1Re PEGREPE overproduced
Hppsitfindre§ kPR MBS, bedt B&@E@eﬁ%tﬁﬂ%iﬂa@ﬁfra‘c&i @igurk 2Ej.al
di'et (Gatehouse et al., J. Insect Physiol. 45 (6),
545-558, 1999). One hundred grans of cotton | eaf

B S R 80 A SR SRRt
@k NaPs, 4viieredd 83ine @EE cHnfAS peingsipduied lbiy Rontdoldngects (not exposed to
I%glg:lg)r Q\Ifa% inhibitable (Figure 2F). In control insects the degree of inhibition varied
between individuals, and ranged from about 75% to no inhibition at all. This suggested that
Helicoverpa larvae produce different classes of chymotrypsins; some that are inhibitable
by the NaPIs (PI-sensitive) and some that are not inhibitable (PI-insensitive). Thus, it
appears ingestion of NaPlIs inhibits the trypsin activity in the gut of Helicoverpa larvae, but
larvae may not be severely impacted if they produce NaPI-insensitive chymotrypsins. In a

subsequent experiment, the gut contents were removed from H. punctigera larvae that had

been raised on a haricot bean diet without added proteinase inhibitors. The gut
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acid, 0.028 g streptonycin, 0.08 g sorbic acid, 3.2 g
agar, 0.16 g paraben (nould inhibitor) plus NaPl or

w@2®eioes® required % ((wWv)). 10 Preparati on BET/AU2004/000524

i ndi vidual gut and frass extracts Al work was
performed at 4C. Each gut was dissected fromthe |arva
and placed in a 1.5 nL mcrofuge tube containing 500
L of ice-cold 10 nM Tri s-HC H 8. Gut and contents
wer e honogeni zed using a m crégestl e (Eppendorf).

I nsol uble material was 15 renoved by centrifugation at
13,000 g for 4 mn and the supernatant was stored at

ch@@orypsh agivitywwasdokibitedatwupBehdyete NaPl inbibtone(Gla fRe1-T4) and

5B Ao A 50 4 258D S o fyon nd

thShieRaS tryﬁﬂﬁ'mlﬁbﬂ@ﬂqﬁgﬂ fa_ﬂgd t@ é&ﬂ%ﬁ‘h.ll th9 CBymviryin activity, whereas
reagents from Bi o-Rad and BSA as a standard,

20
avtiyifs wes datelly Hiphibited fhsi theapatatoi Rafl dahibiggropnd ghgrostatin. Usmg this
bt 85 ARG A5 R Lok Bhisgpant prifision of
tb@NﬁBF—DnsM&itﬁ@ dndesakitiveohgnotysitsstomtie dit béﬁk pyhetiera larvae.
arginine-p-nitroanilide (BApNA) for trypsin and
N- succi nyl - L- al ani ne- al ani ne proline- phenylal ani ne

I 2 e 1&%; ;‘,}mygpst rypsin activity.
@ug s%"foo'?eié vver‘()e ? (Ls\ér?? gpared as 1 nM sol utions
Harid@Yedn dier/) ) N, N- di et hyI formam de (DI\/F) 50 nM

Psy%)fg;];z?ugzpngqrﬂp arv(?g{q \z(eggfa?%aﬂ %ralet} lnglteﬁe gasga ci_r}eg{aﬁwot beans

@taial er EUodBia? 9}"%1%3@%&@6{#1&597 26716681 Bk 985WOnB ditte of diet was

enzyne, were used to account for any spont aneous
dongmketboh 586 gl}tastcphbe@s Tm mr,ea%nﬂf\piatm, 3508 nfqrivdpe yeast, 50 g

s . recorded at 5 nni

SRR Ly DA 35008 B s ety
doRY| 02S¢ amPiRiRBO4. @%@%@toﬁ@ﬂrﬂ%ﬁ@ PdBRaz. -The beans were soaked
I nhi bi tion of trypsin_and chynotry S|n acijvity
NgPightriy petas, drpined ﬁg)@rbpmyg@wﬂ A e g}sl@é%%reés“ and 300 ml
Mﬁ&%f%@ aﬁﬁécg gfélteh:‘gals{vay gRsdhydd 1¥19ﬁ)'0r}nﬂ RE bo SR IRIE YRR ddded to the
assays descri ove except sanples were

iixeure Thedabadrewdsieodledao SAPC befmhe thictadditioBrf e feorair§0g ingredients.

BB skt S - R RSH Loty o sosd s

HRERYHI 1hhES 1B SRSwEIREPhd¥stide@tvhstupBlemented 9t the NaPI (0.26%

supr a.
(w/v)) and the control diet had an equivalent amount of casein. Twenty newly emerged

neonates were added to each diet and mortality was recorded every two days. Weight gain
was recorded at the sixth day and then every second day thereafter. The larvae were reared
in 1.5 ml eppendorf microfuge tubes (one larva/tube) until day eight when they were
transferred to individual plastic containers with lids (SOLO [trademark] plastic portion
cups, 28 mL). Larvae were fed small amounts of diet (40 mg) initially that was replaced as
required to provide a continuous supply. The larvae were kept in a temperature controlled
room at 25 + 1°C, 16:8 (L:D).

Cotton leaf diet

Cotton leaf artificial diet was prepared from fresh young leaves from cotton plants (cultivar

Coker 315) which were grown in an insect-free and insecticide-free temperature controlled
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Chynotrypsin assays in the presence and absence
of protei nase inhibitors Preparation of gut extracts

waQookomssh-i nstar | arvae were killed using PCT/AU2004/000524

et hyl -acetate prior the renoval of individual gut

whi ch were then honogenized in a nortar and pestle in

an equal anmount [(WvVv)] of 50 MM Tris-HCl, pH 8.0

cont ai ning 100 M benzam di ne. ’ nsol ubl e material was

renoved by centrifugation at ?o‘, 000 rpmfor 15 min at

4C and total protein concentration determ ned using

the Bradford nmethod (Bradford, Anal Biochem72:

@hdep 81 26°(H Ee)° Chiveith @ dighleregime 06 161800k B). Jidlgvangl pREmg, the leaves

as a _standard. Assays..Uafractionated r.act
oo ROt ek R PSS 5O R oo M Tt bty fooves were
%i@ﬁnd fadage pOwdd} ih 2 @AGIBrbib fpestiel The cton leaf artificial diet was prepared
3-[ cycl ohexyl am no] - 1- propane-sul fonic acjd, pH_10) 20

iartle feremesne asihaeFotksan sifinial dig using 4 sgcipsdnodified from potato leaf

: | .nj;croti | at,e ida@s
18] Py JRPUR B Lo A=y (B 24818828090, One hunted
g@vaths ioff ¢ovpmt lest a‘,rﬂigciiﬁdimi ¢ontaahedS Cof Baronieafqoprdet,r /@8 il linseed oil,
100 ng) was _us as a positive contro oth f.or., )

Agieon: §-01@m$ FRRREFER o E-ﬂ%w F&t&%@ebynggrww%lﬂ%|3-2 g ascorbic
&%%ﬁ.(fz%tgeségﬁﬁﬁﬂﬂﬁ 0% glg id%id,%c?g i%gé‘r', 06 o ppraben (mould inhibitor)

al anyl - L= prol'yl-L-phenyl al ani né 4- roani I"1°de)
ploeNaBHolems¢io tareqired Yc@wéont rati on of 25 1 nM and
hydrol ysis of the substrate was neasured at 405 nm
using the SpectraMax 250 mcrotiter plate reader

PIRL ARSI F ik BVidatBut dRiGF&s @8RG 8cek Nhi bitors Lima bean
trypsin inhibitor (LBTI), soybean trypsin inhibitor

ABBurk was pytfermedBoviiEn Eagd0gBiwds disshitbd from (hebBv) andglaced in a 1.5
chynmpstatin were al |, rchased from.Si - Al dri
craluze Bpbe conamnd BOB s Ahlge Bkic HASEY THSTHCL PH 8. Gut and
h . h o ¢ ¢ '
SHRETESIRAPADE IS (COREBI, Bl e s

rRnivad by renttifiugatioh aPd3,800 gifoh# mihand ithasubetratanh svaalstwed at -80°C.

obtained from potatoes, N alata proteinase
Fiap§ B¥irastss Werarergredidp dhe spine imaapngs ugiag J00pmg figss/mL buffer. Total

éh)gérlﬂ'a ?&‘[Fﬁlzttr%dﬁﬂl was %ﬁn@%ﬁ?r@ A0 B4 mEhod k]?ragg&&SAnal Biochem

ynmotrypsin in itor ClL was purifi
72 8kdt BV 763 withxpageats foom Bib{Radesd BAeagrustandardf t he
i nhibitors was assessed by SDS- 5 PACGE and sil ver
stai ni ng. EXAVPLE 2

Trypsin and chymotrypsin activity

Gut proteinase activity was determined at pH 10 in 50 mM 3-(cyclohexylamino)-1-
propanesulfonic acid (CAPS buffer) using the chromogenic substrate N-benzoyl-DL-
arginine-p-nitroanilide (BApNA) for trypsin and N-succinyl-L-alanine-alanine-proline-
phenylalanine-p-nitroanilide (SA,PFpNA) for chymotrypsin activity. Substrates were
freshly prepared as 1 mM solutions in 10% ((w/v)) N,N-dimethylformamide (DMF), 50
mM CAPS buffer, pH 10. The assays were performed in duplicate or triplicate following
the method of Heath et al, Eur.J. Biochem.230 (1): 250-257. Blanks, without enzyme, were
used to account for any spontaneous breakdown of substrates. The release of p-nitroanilide
was recorded at 405 nm after 30 min at 30°C on a SpectraMax 250 microtitre plate reader

(Molecular Devices).
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I solation of NAPI sensitive and insensitive
chynotrypsins fromH punctigera gut 10 Most published

wowrk/opte3tHel | cover pa chynot rypsi ns has f ocusedPGIAUDNA000524

clones or the neasurenent of enzyne activity in
unfractionated gut extracts. There are few reports on
purification of chynotrypsins from Helicoverpa or

ot her | epi dopt eran speci es. Jgtlmston and coworkers
(1995, supra) described partial "purification of
chynotrypsins from H arm gera that enployed ion
exchange techni ques. Peterson and coworkers (Insect,
Inbildfiacobiypsioend dpootrpsin aqesioTinNaP$95) purified a

hynotrysin from t.ne.m dgut of th i t .
it e Bl PR st SRy 8RS Bendaed ropsin and
cﬂ?ﬁlbmﬁﬁta%ayaﬂéscrf%adi abdveseepRbamplénsest pliinattatadsivity T1 or Cl

.and. ecul ar Bi ol ogy 29: 405-415, 1999 used L
inpihiser (30ndd) fut 3 sniprast M Gapaon ishittsi eddition Epgtibstrate to initiate the

i sol at chynot r ypsi n, fr.om t
“EAnar NN BHBCIAL B Git Bty BBl Rl fffoed by Heath er ol
19epan@k@s 1 ndividual 20 chynotrypsin isozynes from one
anot her and there is no description of the isolation
of two chynotrypsins froma single species where one

ihi .
SRS ok R BEPSaRY ahdSB e B pRIGHEN iR itors
Beppanieniofpurcditmpese enzynmes and N-term nal sequenci ng

ot (RS PR GUR RS CaSipY A GS,BReY U, S aof lvidual gut
Whikh Stk ?ﬁﬁ h %ggﬁ&ldq}l%qn&ftartahﬂ &Sinhy egBReA Rt [(w/v)] of 50 mM

passage roug benzam di ne- Sepharose affinity

Tuis-HGh, pHHR0 wobainh HOG eVl rbenzsnidolel dosobrblanthteaiaplwasdremoved by
to _an affinity colu onposed. of . the inmmbilized . .
C@ﬁvkﬁdg%twsqt&()ioﬁﬂi%mtfg? 1§%qu (dltﬁg%ﬁ%é* iqfalnreiein fRRgepEALen determined
RO CHrMPdrA In GO EBRGERY, B4R BRehaR BY 8M54ThOF6) with reagents
col'urm was expected to 30 specifically bind

fikaRBisRadaid BBAehpstindgdi ns. Proteins that did not

bind to this colum were applied to a third affinity

col um conposed of either immbilized Potato Type | WD

2004/ 094630 PCT/ AU2004/ 000524 -73 (Potl) and Type ||

Tnhrbitors (Potll) or chynostatin. This col um was )
UeSagioedted gut @ptrant eontafréng hyproxinygiely nis ue et budfey splible protein was

Adpiin Ty LIGATS BREAD o, Fley el PR L i acid, pH 10)
%“hgﬁl llggges %c}/‘@ tfhaf lvB'ltuﬁl%t c}’]i‘r fodl?g'?L zl\;{llﬁ lﬁ%(%gldgo Oue 5L DYONEAE hii€hotiter plate.

ctrophoresrs yacryl am de gel
betdnge inlabsdre wek®added DvelVDrangerdfrcanecritrationd- drelr incwlmited for 15 min

sequencing (Figures 4 d 5. About 30 ami.no acidgs, o .
R 0eE e RREES GO BBk e e 358 PEBHTY PoiEp £hglh for activity

df¥€inhibition. The chromogenic artificial substrate SAAPFpNA (N-Succinyl-L-alanyl-L-

alanyl-L-prolyl-L-phenylalanine 4-nitroanilide) was then added to a final concentration of

1 mM and hydrolysis of the substrate was measured at 405 nm using the SpectraMax 250

microtiter plate reader (Molecular Devices).

Proteinase inhibitors
Lima bean trypsin inhibitor (LBTI), soybean trypsin inhibitor (SBTI), soybean Bowman-
Birk inhibitor (SBBI) and chymostatin were all purchased from Sigma-Aldrich Pty.Ltd.

Potato Inhibitor I was purchased from Calbiochem-Novabiochem or purified from potato
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proteins were indeed. chynotrypsins, and that the
sensitive and insensitive chynotrypsins were products

w@boodiodfear ent genes (Figures 4 and 5). 10 PrepBCHEHAUI04/000524

of NaPl-insensitive chynotrypsin depleted of trypsins

and NaPl sensitive chynotrypsins for biochen cal

anal ysis The m dgut was di ssected from 100 fourth

instar |arvae and buffer sol uky e extracts were

prepared. The gut extract was &e‘pl eted of

NaPl - sensitive proteases by passage through an 15

affinity columm conposed of immobilized NaPl protein

t(lliitl‘ﬁ (@mﬁl&ﬂmﬁ cripdld mixtyresofiotandnhibio: §end ik weealso obtained from

HQ&% (?/ g?@ i PF %gg%hﬁ@?@%s@%bfﬁge?g %B%ﬁ%has cﬁ?cgbed by Atkinson et

A1, 8p93, 3k pRNarl etk orid 1984 &6 b, I\h@%h}&ﬁeﬁl%rﬁs@n Sihitshor Tewas purified
H optl nmum substrate pr ef erence and effect of a

end@cwlab eopressiers eultwns. bThcopritynof the bibitery yapfassenged by SDS-
nsi protei nase. The effect of pH on
%‘%‘@. VI §1V rs% 1%gnsensi tive chynotrypsins 20 is
il ustrated in Figure 6. The enzynme is inactive bel ow
pH6 and is nbst active at SHlO 12 conS|stent withits
role in the alkaline nidgh 3e. The best

R T Fia?réét?fpfmﬂ&?dm?* Pinctigera gut

substrate was
N- succi nyl - Al a- Al a- Pro-Phe-p-nitroanilide (sAAPF- & NA)
Mokt m}o@dﬁ@ywm«:sm aehymAtPcachymcatrprsms lbes fgeuaed e gRAINA glones or the

rﬁ?z&sp'eght%t 0 gg%ym 0qusn racﬂor}{ctteda‘étﬁ é%ltr%ctp PrdBlard reports on

Ibgrrﬁlé@ﬁdn{‘)bf chiRotssidy ﬁroﬁ' Helidvamal dnd@thélsl‘bﬁf&o@wl‘én species. Johnston
enzoyl -t £95P Ac- Pro- Leu- Ser - p- NA _and
r

e A@WO@egﬁ- |(t HopaNAlesgsibed nmrtlals pysfieations of sehymagrypsins from
Bra%z&l ?c?stﬁe ack)l i ? rlﬁn}'\ﬁ{ﬁaﬁ S%@Hm s, BAlEorPBhd | dooliers (Insect

ensitive
Bioyheok.r MpbiBisl. 2]5h6’6547f7ﬂ,et9953 gurified aatHynastsairs framsthdQfidgut of the

RAMBe T Mandtcs 1576 b ARG G IEROEG0Mh Grd o aneiey! ester and
‘391%%0?:4??0 Fsedt %&%8%4&?05% MOIZAMZQPWZE%)’ P N4 (B 41@161999 used

anount o e gut ch ypsin required tG produce the
isamebilizdss potazm peotasased dnhilgitarf I Betlhdo dbalatet a ths’m@trypsm from the

o%%gg%gtbéﬁ&’%?&in VS‘gﬁpﬁiﬁigéﬁéFﬁVﬂg?Q{g&d&m g%a? SFParates individual

gﬂ&n%cﬁ?fneg BonP6Re ot} addPthere38 nBldasdptid of BRfi8s18tion of two
the addition”of substrate. The incubation was

dtquury;uel@s fioem ga fsinglé) spedesaWheton one ipewyImet W@ﬁh’iﬂe by a certain
g Ge ARTOIRMNGE BRIV RiAbe?0> Nm Potl was the

Preparation of pure enzymes and N-terminal sequencing

The midgut was dissected from 80 fourth instar larvae and buffer soluble extracts were
prepared. The gut extract was depleted of trypsins by repeated passage through a
benzamidine-Sepharose affinity column. The unbound protein was collected and applied to
an affinity column composed of the immobilized chymotrypsin inhibitor C1 (Figure 1) that
had been produced using a bacterial expression system. This column was expected to
specifically bind NaPI-sensitive chymotrysins. Proteins that did not bind to this column

were applied to a third affinity column composed of either immobilized Potato Type I
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of the proteinaceous inhibitors and NaPl did not
inhibit (Table 3). Experinental protocols 10

w@emaamicsh ne Col unm Benzam di ne- agarose (1 mnlL; PGEAU2004/000524
purchased from | CN Bi onedi cal s) and contai ned 35
unol es benzam di ne per m of gel. Production of the
Cl-affinity columm 15 DNA encoding the d domain of
NaPl (Figure 1, Atkinson et al,, 1993, supra) was
anplified fromthe pNa-PI-2- c@?\lA (At ki nson et al.
1993, supra) using oligonucleotide prinmers that
i ncorporated BanH (5 GACCAGCCGGATCCGATCGGATAT

(BEACRA B)pe[ IBEQIbIRNGE AtII) andhymhedidtid. The column was designed to capture

t@%}%&@ﬁ? gi-{cfAA g%e‘f) m@a@sﬁgﬁ gsr % gi‘liaPI—insensiti‘ve

cﬁ@a@ﬁ%‘sﬁns BRhidine t}B@Boﬂ[d)@Ltﬁ& aﬂﬂﬁ%ﬁ%hﬁﬂﬁm&@ dlit® wifhes M urea and

(regi stered trademarKk) O vect or
Wdrwuhw@gcbto) eleﬁmhew@wbww@h tah SBAvpplyastoilanliel Ball bedprg transfer to a

VIR tetiscot el iR 4 REPRET S e of

the expressed protein for netal affinity
ur|f| cation. The Cl/pQE-30 construct was transforrerd
uh 30heminehagidc of N@mﬁﬁéw@wn@ W@Pjobigiped ghatpepnfirmed that the

p(rﬁ ﬁ‘lg %@r Q@ 83%@9%%5@ E%b{lﬁbﬂ{éeseﬁﬁhbg In@linsersiti tymotrypsins

acteri al expression
Wetbbwdastswédfff@em\genar(ﬁlgmﬂuﬂcmﬂ 5)according to the
procedures outlined in the Q aExpress manual (Q agen).
Expression of the 6H Cl reconbi nant protein was

%@?&r@yﬁﬁl %Vn%}?g}é‘z%ﬁ%e%ﬁé%ohy?%%epw?&ﬁof B3PFhe anld INaPI sensitive

wer e fromth e at hourly intervals,
dyhiotypsids foy bimeniidalgaelysis and resuspended in 1X SDS

adl}ﬁéﬁh%ﬁ% fdte§rie<‘1 ?fﬁ&gp{ b(id) t%é t'flrfGF Evglréfﬁﬁrgst%u%f é%g uble extracts were

;S‘r bd. ITRR Spubl Skttt Tnk ARpivRIdaIf W@I«%@ﬁk‘iﬁ\ﬁ@ﬂl@ﬁ&ses by passage through an
/ AU2004/ 000524 -75 Affinity Resin

aéﬁmé)c rednvasotipesrdehimrackibizad N@Pltmowﬁb((%&# é"gtIﬁ)eA”strypsms and

A8l S L KPP 80 o
Wasktuad. Eﬂﬁi%flﬁspar@tﬁbm&f ﬁnhlﬁﬁdi ettt umxdelsed e sthdyrehe pH optimum,

condi ti ons and froma total of 2L of ture
q@bfstraw @EPf%Ff?F‘f?gal%qﬂ%fquéIer? Fapge ©f PAW@@S%ID&%Q@W% an}/@e activity of the

b g n ?en%'i[ﬁgg g@alﬁﬁ&t BBl bR RERNiECES $h8 TRieRSifive chymotrypsins

on resin
is illustrated in Figure 6. The enzyme is inactive below pH6 and is most active at pH10-12

consistent with its role in the alkaline midgut of larvae. The best substrate for enzyme
assays was determined using seven different commercial substrates. The best substrate was
N-succinyl-Ala-Ala-Pro-Phe-p-nitroanilide (sAAPF-pNA) followed by N-succinyl-Ala-
Ala-Pro-Leu-p-nitroanilide (SAAPL-pNA) and N-methoxysuccinyl-Ala-Ala-Pro-Met-p-
nitroanilide (MAAPM-pNA). N-succinyl-Ala-Ala-Ala-p-nitroanilide ~(SAAA-pNA),
benzoyl-tyr- p-NA, Ac-Pro-Leu-Ser-p-NA and Ac-Asn-Gly-Ile-Pro-p-NA were not

substrates.

Several proteinase inhibitors were tested for their ability to inhibit the activity of the
insensitive chymotrypsins. The buffer used for all assays was 500 mM CAPS, 75 mM
NaCl, 2.5 mM MgCl, at pH 10. The inhibitors were preincubated with 100 ng of bovine



10

15

20

25

30

whi ch was then used as the affinity colum to purify
chynotrypsins fromgut preparations. Potato |Inhibitor

WO 2@aa94s8d at o I nhibitor 11 affinity colum 10 BYEAUY®H000524

brom de-acti vated Sepharose 4B (1 g) was swol |l en and

washed according to the manufacturer's protocol. A

m xture of potato | and Il Inhibitors (10 ng) was

di ssolved in coupling buffer J0.1 M NaHCO3, 0.5 M

NaCl, pH 8.3], conbined w tht'Heé gel suspension and

i ncubat ed over night at 4C in an end-over-end m xer.

The gel was rinsed several tinmes in blocking buffer

c{honlptrwpsmu o thel amppntgoDthe gut @hmetrmggqulregam produce the same

e he_ caonj.uga Se S

arl?lg{)(rlé) 5 Qg W?%llc%kcli ﬁl %&/P%% I(nc%e g‘lag H%e J%Q?c gr%avélﬁzyme has been

db‘p&l‘tem @ﬂ’ﬁy@;‘insdéﬁd S'Ehﬁtlgfebhﬁh@tﬁpﬂﬂ&@‘ﬁuﬂsﬂlﬁ%ﬁnﬁﬁﬁﬁdhhogﬁ proteins) for
Aner sham Bi Qsci ences) washed al t ernat el

3(05@3)11 i J0RCroeipae theiadaiionst @%%raﬁﬁr Té@ isubaEpIVRs @ntinpgdfor a further
%/I %%%Hﬁ}ﬁmg%%ggﬁefe e E{HS nMgseﬁleltsereld M3 RE ’POQ[ was the best
nal rmtrl X was extensivel
ofabh pibteindchowsaunhibitog ahdﬁ\faé’r’[ dahmbtsm}nble (Tdbhe 20% ( v/ v)
et hanol at 4C. 20 Chynostatin affinity colum
Chynostatin (Sigma-Aldrich) was i mobilized on EAH
%ﬁﬁ&;ﬂ%%&g{ﬁ m; Sigma- Aldrich) according to the
S ITnstructions. Chynostatin (10 ng) was
di ssolved in 500 L of glacial acetic acid then 1 nL
}gf di s‘%j I &e?i water was added and the pH adjusted 25 to
ErEAfi e 5OrI%% NaoH. The gel suspension and
Bénramsdiad- Rgarﬁéé at bal wWeY uiehasell esh 109§ Biém&EXals) and contained 35
[N— et hyl - 3- di met hyl am nopropyl ) carbodiim de] was
96%@éhmtberdnqulg¢bl concentration of 0.1 M The
gel suspensi on was m xed overni ght at 4C before the
gel was washed with MIIli-Qfiltered water to renove

Poodlastion bfome € Iedfinity cehaied car bodi i m de and the gel
X was stored at 4C jin 20%.[(v/v)]  ethanol

B0 b ok s, SONEAA IR b a0 7o SIS PISPra) was
SR ARG NASANSLDNYE (SN oY B! PSoE oY iy oligonucleotide

nstar l'arvae that had been stfored’at -
pvaners hothay eriheeporateidng BamHior (8t AMICEASTTEGCATIICGATCGGATAT

Qe[S BddHleR ahatind FOAGEEARbGERM T frraascaca

&6 ALOA OTE) MEAGDAND: §18tes medl&ﬁhgmto WP ef(pﬂegs%@dector (Qiagen).
throughasyrlngefllter (0. 45 Mllipore)-t

Brd BERyprotiugt ewasosubraenddeifnty ﬁle pCR (registered trademark) 2.1-TOPO vector
(Invitrogen) then excised with BamH1 and HindlIl and ligated into the pQE-30 vector. The

expression vector incorporated a hexahistidine tag at the N-terminus of the expressed
protein for metal affinity purification. The C1/pQE-30 construct was transformed into the
chemically competent E. coli strain M15 (Qiagen) prepared according to the method of
Inoue et al., Gene 96: 23-28, 1990. Bacterial expression cultures were grown and induced
according to the procedures outlined in the QiaExpress manual (Qiagen). Expression of the
6H.C1 recombinant protein was achieved by induction with 1 mM of IPTG. Samples (1
ml) were removed from the culture at hourly intervals, collected by centrifugation and

resuspended in 1X SDS loading buffer (100 pL) for SDS-PAGE analysis.

Recombinant C1 inhibitor was purified under denaturing conditions using Talon Metal
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application to the benzam dine affinity colum. The
filtered gut extract was passed through the

whewaamicsh ne colum five tinmes to renove the PCHYABR008/000524

The unbound fraction (10 nL) was passed through the C
affinity colum 10 (x3) before the colum was washed

with 20nL of extraction buffer and bound proteins were
eluted with 8 Murea, pH 8.0 (72 m.). Proteins that did

not bind to the ClL colum weér'e applied to the Potato
Inhibitor I and Il affinity colum prior to washing

wth 10 colum volunes of buffer [20 nmM CAPS pH 10,

Affwity Regn] amel)e BPi Bipseiengrsuftpntenhdtasicauling e the ypanufacturer’s

ur.ea 8.0 (:5 .. l.ysis.of affinit. 4 5
A0 Grlofd. el e T ol P Bl Wl §Ps-PAcE o
@hfiner pu) N CRIbsédicfd rosidigoll GAppyssion piveat icondbed under the same
resuspended in 0.2 M ). SDS- PA

! NaCH (10 L). ; sanpl e _
gnditieps pad Ghvramiastofabof 2519t cyltgre wag Qw}@e}?@yg%d%lon resin. After

I I 9%1( (+R= A cank % :
iy @688 mogiiotnsciie T3 PARIOE HIRIAA bORLLR the Talon resin
witiah eds tleniB6dCas the afirity qoiurom tt purifs eppmatrymamsdiom Zubpteparations.
(w v) reducing pol yacryl am de gel s using the
M ni Protean Il El ectrophoresis apparatus (Bio-Rad) at
200 Volts. Broad range or peptide nolecul ar size
mar kers (Bi o-Rad) were used to estinmate relative
Pmutodnhdhitomd smdpotate [hlabiteryl] affinitt edpimor esi s t he

Ao b S5 451 T VA YO, R PEREE Scconting o
ARtUTAARer s 3ot M) mB&@t o€ patitdl) ahdII BBibiots (10Ith@veas dissolved in
by destaining in 40% (v/v) methanol, 10% (v/v) _ acetic

coaipting buffer [9. F MalNeHEPs. 5 M NalClHa 8.3)i eqrabingd wiithdthe gel suspension
.22 ize: ' . _ .

3 FRLPRLE 54y i SRR BLLATRADE the B o rve sever

tBhes iﬂaﬂ%?kiit‘{%)_oﬁﬂ&qmdlgﬁﬁﬁgs-qu }%IsllIJXQI}‘tdS @@ﬁ)@%xc?stl'/ligand. Following the

I m nun otting an -term nal . sequenci r .

Wit o RoREGIE GEPIAIREr e m? ¢ Geh ASekagguger and incubsted

%ﬁ%to#%ggb?ﬁ% 8élys§ih'ﬂﬁwas4 BadbMrrell oSy RASEn (ARG h¥mVBiosciences) and

mnprior to the transter of proteins
washad alfetmatete|(k3) ok fivendoleme vooin2s o gowpling ibuéfer then five column

A ey R S TR
Qi Rbely Waghadyitcoup B bel@eriNt Fdréd 0% &59) sthadvadd 4°C.
pH 7.5)" then stained with am do black (1:50

Chymostatin affinity column

Chymostatin (Sigma-Aldrich) was immobilized on EAH Sepharose-4B (1.5 ml; Sigma-
Aldrich) according to the manufacturer’s instructions. Chymostatin (10 mg) was dissolved
in 500 pL of glacial acetic acid then 1 mL of distilled water was added and the pH adjusted
to 4.5 with dilute NaOH. The gel suspension and chymostatin solution were combined
before EDC [N-ethyl-N'-(3-dimethylaminopropyl) carbodiimide] was slowly added to a
final concentration of 0.1 M. The gel suspension was mixed overnight at 4°C before the gel
was washed with Milli-Q filtered water to remove excess ligand and unreacted

carbodiimide and the gel matrix was stored at 4°C in 20% [(v/v)] ethanol.
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dilution of 0.1 % (w v) am do black, 40% (v/v)
nmet hanol, 10% (v/v) acetic acid) to confirm transfer

w@bootloetepr ot ei ns and to visualize the nol ecul aPCHEAE2004/000524

mar kers. Blots were then blocked by incubation with
3% (W v) skimmlk powder (Dutchjug) in TBST [0.1%
(wv) 10 Tween-20 in TBS] for 1 h at RT, followed by a
1 h incubation with the a-chynptrypsin antibody
(HpCH2B; 1:5000 dilution in 3% (wv) skimmlk powder
in TBST). The nitrocellulose blots were then rinsed
three times (5 mn) in TBST and incubated for 1 hour
Byrifiention of Nolfé- socisndang imvsiﬁwqhy@mﬁwsmbbi t 1gG

RRLSAGH, A NP 806 A RS2 300 u . SR 8o v

rhéMt@ent ipeRk inSl 081 6F Qﬂt Mﬁﬁloﬁﬁﬁffe@(@b mmllm&pm 1i0y850 mM NacCl).
ﬁWOtel ns were visuallized with Enha

egﬁtmggpﬁlﬁe\g@sep@grlfuggﬂ_)at ,1@,@9@ &t or éﬁdnﬂlﬁfeﬁq ppq g supernatant was
?&ereac?/ {)l%gﬂe '%nP ng?f‘%lé %d) 9% gll\inﬁ)ﬁﬁgﬁoaﬁctﬂ b?l@ﬁl&ost(%ljé]& on ice before

ti'on To O ter

ApPHLIRIE 80 tl&ﬂi@k@ﬁld\tﬁﬂﬁhﬂtyﬂﬂﬂﬁmhr ed to Sequi-Bl ot PVDF
menbrane 20 (BioRad) equilibrated in electroblotting
buffer (10 mM CAPS, 10% (v/v) nethanol, 0.01% (w v)

SR Bl B VLAl oA oo

theniypsing Multﬂduaﬂlfyactibm@@j mlr) Md pass€d vimbegh thet @1 raffthity column

R e NIRRT e T —
&«&@ RIHES WAiNe 81 GrQYEY 6 \’)) (5RLN3RSHkens tHANAH |n§6t 'bﬁﬁi to the C1 column

nbrane was rinsed wth 25 water and dri ed before
\eexcel@phcd od thehBotapp Irdpbltcatlear;ﬁr Bt afifindy feotunpn prier ¢ meashing with 10

uene) itk %Wg AP L ﬁg%ggﬁ’ 0&6%@%@? glution of bound

ﬁrbfémshlm}pglnphjeg; 12183 ?E}hﬁ; encodi ng the H punctigera
chynot rypsi ns mere obt ai ned usi ng two approaches. 5

Bot h approaches enpl oyed PCR anplification of cDNA

%ﬁdﬁ’fﬁf ey P Zgétg"?@ﬁ%f é‘%urt ;Lgme:“y fifth

Ssilad oft @gepteindyal0opgE Riere |ataiidagd @fing TCA precipitation and
chynotrypsi n cl ones usi ng ollgonucleotldes

reauspbidedrindr.y M N4OGHIY uLioSla PAGE semplegbefifes (5A M Tris-HCL, pH

h B and
§horth (e B PR damacaiPap il e R shEBa e 9 1% (vl
lﬁrofﬂo fidifdl W@D&J‘ay RALEE anf| GHDRs "weldONEtdd & ADB GhEBmin prior to

prot I'ns and e reglons
separation on 12.5% (w/v) reducing polyacrylamide gels using the MiniProtean II

Electrophoresis apparatus (Bio-Rad) at 200 Volts. Broad range or peptide molecular size
markers (Bio-Rad) were used to estimate relative molecular masses. Following
electrophoresis the proteins were visualized by staining with Coomassie Brilliant Blue R-
250 (0.1% (w/v) in 40% (v/v) methanol, 10% (v/v) acetic acid) for 60 min followed by
destaining in 40% (v/v) methanol, 10% (v/v) acetic acid or were transferred to either
nitrocellulose (0.22 pM pore size; Micron Separations Inc.) or Sequi-Blot Polyvinylidene
Fluoride membrane (PVDF; Bio-Rad).
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conpl enmentary to the oligonucl eotides (Figure 8)
chosen for PCR anplification of chynotrypsin cDNAs
wo eaode3punct i gera. The PCR products were cl oredAuzmd4/000524
sequenced, 15 and five distinct chynotrypsin sequences
were obtained (F | Apcr, F I Bpcr, F2Bpcr, F3pcr and
Fdpcr, Figure 9). These PCR products were used to
screen a cDNA library prepare? from m dgut nRNA
isolated fromlate fourth i nstar and early fifth
instar |arvae. Seven distinct cDNA cl ones were
i sol ated encodi ng chynotrypsins that were divided into
Ttnenunoblating it Netaseihabreguenciegce i dentity (Figure 10,

RS Fhiier s ERLLIEREDS, St S O 19, SPRAIAS e, 45
ToN-HAUMN @ &l/y) mdfhhol) FoPna add pMdrhidt g sAmbfer NdfMBRYteins to a

of chymotrypsi’n sequences reported for H virescens
natm:tellu]osez emn(baty @.3) LM pere kizepMignosi Tepawtions dac-bysing the Mini

T RO SEE B, B A, e ety e

T@s2 g@%‘lMWﬁ@H@' 1150 niMCNHGl H 7053t @kh \beained w1th amido black (1:50
awnno termnal sig Ee tldes of 16-17 resid

dpluadm of @d%o@w/vh@n@p H&pt(vire rr@ﬁlappledp‘%ﬁ vén ﬁﬁ?@‘g%cé‘ilﬁ to confirm
c%g;olf &tlér Ppﬁ%t {nﬁl_serélcﬁ] gfsuélgg {hgsllngfé }/CZ\Q ﬂlg&%fst 'lﬁ&% were then

nus severa

HEBkE® b iRaibagod ﬁr&h|3l°/$ (WIV) tskign ﬁﬁmbcﬁﬁdeo (Datchjg) lm/ﬁBSﬂTr[O 1% (w/v)
pepti des ran? g from 35-44 residues in | engt

Tyaenddnin TBRII0e tlel af Rmfalinsvedrine é%ﬁ@gzaﬁqnuwh éﬁwr@ymotrypsm
UG PERCHRE) SRRPET, FROPATARD, g B, Pier n TBST. T

S @EGL0sE Blods Were@hdrofindet tRSE finies (Hatinyiat TBET théincubated for 1 hour
ch rmtry sins. The sequence 30 identities for the id
Tumithg wcmd@w sy faicTehbib e conuered fe horseradish peroxidase

cﬁ’lru e%lepess Sag d%ngréharﬁméden%ﬁéﬁ’aﬁle%? ned WS g}%Eﬁed three times (5

entit er fam i es,
nmﬂ)l &vitho ’1238314/ a&n%&nﬁlﬁféd&meopt(ﬁﬂﬁﬁ 2Were- 7@sdadimed i wﬁhz Enhanced

Givaniniarserms (EEhveraEos ol BtPFhGh EGY NGB i (Amersham
%B%Eg?ﬂ%%ﬁb%c@orﬁ '{Qttﬁeylﬁﬁﬁﬁa&ﬁfeg’@ hgstdbtiomt ched the

sequence predicted fromthe cDNA cl ones
encodi ng chynotrypsins fromfamly 2. The N term nal

SRS b5 AT SR XA RSy mmon
(BIPR LD [hiEHraM e ctlobidy i OR e For (W)ﬁﬂﬁ:(ﬁ\}'@ QD% (v/v) methanol, 0.01%

sequence identity (9% betweeen nenbers

(Wi 8D§e pH lh)hymg thyepMini Geans-Blainpell (I?WB@G} ét 100V for 45 minutes.
li:oq%qut LY a‘?’lls er, d&l %m%%ﬂé) Wllg) briefly rinsed in Milli-Q water, stained with

Coomassie Brilliant Blue (0.1% Coomassie Blue R-250, 1% (v/v) acetic acid, 40% (v/v)

methanol) and then destained (50% (v/v) methanol). Finally the membrane was rinsed with

water and dried before excision of the appropriate proteins for N- terminal sequencing.
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H. punctigera chynotrypsin famlies VCUVVV UUU
a, H ChlAl 90 54 53 58 59 <20 57 H ChlBlI 51 51 56 56

WG 204563 H Ch2A 94 83 87 <20 73 HpCh2B 82 82 RCZDAU2204/000524

HpCh3A 92 <20 70 HpCh3B <20 72 <20 HpCh4Al WO

2004/ 094630 PCT/ AU2004/ 000524 -80 TABLE 6 H.

puncti gera chynotrypsins are closely related to

chynotrypsins front other % coverpa species 5

Hel i cover pa GenBank Species % i no aci d puncti gera

accessi on sequence ch not sins identity HpChlAl

Y12273 Helicoverpa. armgera 92 AF237417 Heliothis

virescens 86 HpChlBl Y12RXKAMPREhSBgera 91 AF237417

H. virescens 88 HpCh2A Y12287 H armigera 97 Y12280

H.  arm g&leniogcDyizzgeoding guiilyerairygsins Arpslly guneiigesea

94 HpCh2B Y12287 H arm gera 92

¢DNAs encoding the H. punctigera chymotrypsins were obtained using two approaches.
Both approaches employed PCR amplification of cDNA produced from midgut mRNA
extracted from H. punciigera larvae at the late fourth and early fifth instar stage of

development.

Isolation of chymotrypsin clones using oligonucleotides complimentary to highly
conserved regions in H.armigera chymotrypsins

Bown and colleagues (1997, supra) have described several cDNA clones encoding
H.armigera chymotrypsins. Figure 7 shows the predicted proteins and the regions
complementary to the oligonucleotides (Figure 8) chosen for PCR amplification of
chymotrypsin ¢cDNAs from H. punctigera. The PCR products were cloned and sequenced,
and five distinct chymotrypsin sequences were obtained (F1Apecr, F1Bpcr, F2Bper, F3pcr
and Fdpcr, Figure 9). These PCR products were used to screen a cDNA library prepared
from midgut mRNA isolated from late fourth instar and early fifth instar larvae. Seven
distinct cDNA clones were isolated encoding chymotrypsins that were divided into four
families based on sequence identity (Figure 10, Table 2). These chymotrypsins share high
sequence identity with the H. armigera chymotrysins described by Bown ef al., 1997,
supra and with the small number of chymotrypsin sequences reported for H. virescens and
H. zea (Table 6). The chymotrypsins encoded by the full length clones presented in Figure
10 characteristically encode zymogens of approximately 292-295 amino acids, including
putative amino-terminal signal peptides of 16-17 residues predicted by the signal peptide
prediction program PSORTIL The presence of the residues IVGG (positions 62-65) at the
N-terminus of several active chymotrypsins results in the prediction of activation peptides
ranging from 35-44 residues in length on the zymogens predicted from the cDNA clones.
Furthermore these activation peptides consistently have the dipeptide arginine-isoleucine at
their C-termini suggesting a role for trypsin in activating the chymotrypsins. The sequence
identities for the mature domains of each translated protein are presented in Table 2.

Family 4 was most divergent with less than 20% identity with the other families, while
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Y¥12280 H. armigera 91 Y12281 H armgera 90 HpCh3

Y12279 H. arrnigera 96 Y12287 H armgera 82 H Ch4l
wOi@2/p26Bd arnzigera 89 HpCh5 AA075039 SpodopPE&r/au2004/000524

frugi perda 80 Y12281 H. arrnigera 74 Protein sequences

nost simlar to H punctigera were obtained using the

BLAST search engi ne. Genbank accessi on nunbers are

listed. The mature activated oteins were 10

conpared and percentage of pr‘%éi n sequence identity

determ ned. The N-term nal region of the insensitive

chynot rypsins: had two uni que stretches of sequence,,
famdiegRandd shiaredrmostsimilfaity withscarsedf ahwut@s¥oghhe N-terminal sequence

L i.gonucl eot | f.or.. P i fication of .
BBA HGnR SRy Bbibl s ARG YRR SRRy B P bliebeq g, N-terminal
séduenfe PrEdidagy Emfthe gDBIA clehesldNboding cRPhairfthsWird fimgy 2. The N-
FI' ol igonucl eoti de that enconpassed nost of t

h
tprineli yeqeetsery the N, -ISRRSt FeCRUpR BRSNS Rias u@,tg_efpfeéemed in the 4
FELESR i Gt Sty IE 6DB Bnest B0 000"

pl aques screened hybridized strongly to the PCR

product. Ten pl aques were Sﬁkgmgeg and and a full
length clone was identifie equenced (Figure

12) . TgofdinlseiRefdednEnt BetPER fhEAHER D e HI P2l
828 bp a%d re‘??%ees 411-?%‘@%& tEe deduced {)pr oteln vvelr%em
an i dent | dginatnipsin geae finrily atarawhymotypsnatoverin only) -
obtained fromthe purified protein (Figure 12). The
clone |l acked the \WD-2004/09463p—PCH-ALUR2004/ 000524 -81

B papgifggra pept|i ge| sequancey |but | canpagi pon to the other
. e

hyPaBYPYRSi B |cloned |i t|ed adt]vation peptide
famalies | | | dagt R | TRe ;1 i%e Bnpyge| i§ predicted to be
R ) Frgs¥ bf<2W. 2 kDa. Protein

236aa in || eRgt R
J7 [jce O TELRTgTEG Py s50paring the
iz tiheg Ty PPTiGt] gera cDNAs.

35 “%,uzcj IJBI 3rrtegpg|g?ih\5/ely.
802202ty while Fanily

70_Conpr ehensi ve

7ef | both transl ated
| spcghi fi cant

e T nsensitive chynmoirypsin belongs to a new

famly of
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Hel i cover pa chynotrypsins designated Famly 5 (Figure

13).

97% sequence

Fi gure 14. Bovi ne chynotrypsins.
NaPl - sensitive chynotrypsin (HoCh2A) were

A bl ast search perforned on 10 a Hel i coverpa
W@reoiQerd0 m dgut EST dat abase mat ched a cl one RET/AUZN0@000524
identity and 100% sequence simlarity

A and B and the

conpared to

the insensitive chynotrypsin (HpCh5) to identify
regions of variability that may be involved in | ow
affinity binding to d (Figure 15). Ten substitutions
identified in the alignment_did not appear to fall
into functionally significhABLEe§i ons, whereas the

PSR LR S e R LD P b lbfis

subst rat e- bi ndi ng pg@hmtotheﬂffelic@ﬁ@pawec@és th| s 20
substitution and conversion to an arginine is highly
unusual for the S| domain that is predomnantly
lined with non-pol ar residues that define chynotrypsin

BRR&EDpk CT {GenBinkPEIpb&AT al  pr ot 0 of smidd alfd ¢par at i on of
Pkt ty |laadegichoUrth and early fkdgbdned nstar | arvae
cvpmetrypsingd |anaest hgti zed before théegity was| renoved

Bptdlsinap o228 i n Adicuerge. pirtigeogeM  The 50 (gut were
ground t o [AARRBHET ndlalertis pirescepshe pBesence of |iquid N2

Higihbl) a nor¥ld?73and ppesribec and wer 8l stored at - 70C. The
| gut tissue ARIHAHT -V(Kﬁéensqddpd t088 M of TRI ZOL

HnGhadlemar K)Y P8 gertd -(C'L”Figeéa Technol Bg es) and total

30
RNA was puryf#89d grfd «tigsiti fi ed adtording fo the
manuf act ur|er' 81% otg)é’ B0 20044 J94630

i §ERI—PER-arpieatten of
ﬁﬁt ryps'ﬁ5 g%nes Zﬁﬁ’ ¥fypsin ;a([nes from Hel i cover pa

arm gera vveglgzg';}l i grﬁcgr,y, éngg C ust gy Wand regions of

HCOTTSETMd,JqOTT Vﬁlasm Femtitietggor desrgn of
HI?1ym)t ryps

ios8deci |f i Grpbdarers. P |8fnsrs wel e
I éﬁhl\” audal 'M29ﬁ5| Ned,. 10,4 e H. akdr gera Cljone
@72951)
the ot her
ed—in

5639 [L9pGuodleR ubivdtt | 90 Sdrver gence to
AT YIRBihmissbuences) 7Eorvvard priners were
agment s usi ng reverse transcri pt ase
i. N reactlon%ﬁRTP u er

combinatilon—w-t+hR/HA+t-6 -;.m~.| i -Fy f he gene
%ﬁ% qQUEPgSS Ls;}mll% uncz otap&lelp ro%%HHécﬁl {égttﬂﬁ?ﬁLAST search

=
r

i

klt)

pol ymer ase
ocol’'s supp

e Gehbahs aveERicpe humlbéﬂsf iuedh{t@l agRe @eturectivatéd Qloteins were
sub-cloned into TOPO PCR2.1 TA cloning vector

qqmﬂmd@@e}mcea%epf amlarsmnmdsntm deteamined | y

conpetent E. coli XL1-Blue cells (Stratagene) prepared
according to the

The N-terminal region of the insensitive chymotrypsins had two unique stretches of

sequence, designated F1 and F2 that were used to design oligonucleotides for PCR
amplification of DNA encoding one of the insensitive chymotrypsins (Figure 11) A 641 bp
fragment of DNA was obtained with the F1 oligonucleotide that encompassed most of the
protein-coding region. This PCR product was used to screen for a full length clone in the
H. punctigera midgut library. Approximately 0.2% of the 50,000 plaques screened
hybridized strongly to the PCR product. Ten plaques were selected and and a full length
clone was identified and sequenced (Figure 12). The 921 bp clone had an open reading
frame of 828 bp and residues 41-76 of the deduced protein were an identical match to the
N-terminal sequence obtained from the purified protein (Figure 12). The clone lacked the
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met hod of (I noue et al., 1990, supra). Plasm d DNA was
prepared using the Q Aprep (registered tradenark)
wpion/odesd prep Kit (Q agen). Production and scPEBAUZNY4/000524

of a H punctigera gut cDNA library: 15 Library

preparati on Pol yA+ nRNA was isolated fromthe RNA (1.0

ng) using conventional protocols. A biotinylated

ol i gonucl eotide (dT) primer t ft binds to the pol yA

tail tags the transcripts thdat are subsequently

captured on streptavidin paramagnetic particles

(Pol yATract (registered trademark), nRNA |solatjion
58ymiad peptider ssregsy. bubwompadsbmiRNhe Othey chywetramin sloges indicated the

construct .a c ibrary.with the Lanbda #¢ .
oEGiiedrbifs P et pt S R R reRiT e 236:a in lengeh,
vRACK AgsR@f o1 DI 1and. HrSeiriéa@iens) hdndlbopinag deteemined by comparing the

manufacturer's instructions. The_anplified |i

rar,
materecdogainpofeach ng the §t wrnerigerasPNAY Fgmilyek 2 fWYBPéRVﬂe most

X L i vl dual I : . .
PO e
MEEARRSMEcd (SaiotmaddyityDhvhile dhelilyng Imyistbent Dékeidentity with HpChs.
G e Pl pesrssgt 08 NG hox e Ok Pl et it forcin databases
o Fg E\l{) gﬁifﬁgﬁﬂggﬁéh&o THERS ch &l AR AP eNhgk %o b M8w family of

manu r rotocol. The doubl’e st randed labell ed
Hulishespaehpnaepatndesighated Eamilpg Fgure A3). A blabtegparchperformed on

on j.ce, and then ded hybrj di zation sol utio

o el 5Bty s 8 OMEG O Lot eABRIS T Bsus ik gybr 7% sequence
e e A ahes per pr obe

wi th about 50,000 phage per plate. Preparation of’the

| at es, for, subseguent ,p ' t :
BBl PR P ENR N BB Skl Focion) er
Rafarddl fo0tht @ndensitivel cliyrOotsy iRIrOHSED) Fo Mldrify hegidianbitieariability that
Zap cDNA sgnt hesis kit (Stratagene). The nmenbranes
max boimrolved innlosy afiaiy binding tefdedjewiel®) pr ehybri di zed
in 50 mM of 2 x PIPES (0.8 M NaCl, 16 nmM
Pi perazi ne- 1, 4- bi s(2- et hanesul phoni ¢ acid) pH 6.5) 50%
Ter/ w)bstiarivasmiidentified 5o the/ aljgnBidBt dachchot GPpedrnto, falieimtonfpnctionally

sperm DNA ( Boehri nger nni nghan) at 42C for, 3 hours.
St fieAnt megipnse AYhereds 2bg i'g@ﬂ?mgrﬁé‘g?tﬁk}%hwa% 4+ Sbiatid Bithse of the p-

SRR, 1 A B R A AR, B o
Jubstitution apé rconversion to an arginine is highly unusual for the S1 domain that is

predominantly lined with non-polar residues that define chymotrypsin specificity.

Experimental protocols

Preparation of RNA

Fifty late fourth and early fifth instar larvae were cold anaesthetized before the gut was
removed and snap frozen in liquid nitrogen. The 50 gut were ground to a fine powder in
the presence of liquid N using a mortar and pestle and were stored at -70°C. The gut tissue
(100 mg) was added to 1 mL of TRIZOL (trademark) reagent (Life Technologies) and total

RNA was purified and quantified according to the manufacturer’s protocol.
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DNA containing the | abel ed probe and | eft overnight at
42C. The hybridi zati on nenbranes were washed three

WO 20ve®94680 2 X SSPE/ 0. 1% (W v) SDS at room t enpRCHAURM®4/000524

and twce in 0.2 X SSPE/ 0. 1% (w'v) SDS at room
tenperature, before they were blotted on 3 nm What man
paper and exposed to X-ray film (Kodak XAR-5) for 48
hours at -70C 15 with |ntenS|f2y| ng screens. Due to
crowdi ng and hence overlapplng bet ween positive cl ones
and non-specific plaques a secondary screen was
conducted to isolate individual clones. Two 8.5 cm
BT-&d ersplificatign of Bpmglrspgiregendsr e used for each probe.

(';rhh (%Scﬁé)gn da rﬁ%sr @eﬁék 10 R% 2 n;%ggget g %89%"&%%[%? \‘ijlglﬁg des%iW and regions

creen.
dffhlgv}iiéwse@ahm eRrsd idestifiedefor destdreef ﬁ@nﬁdmmma@mﬁe qaﬁﬁrers Primers

probed . with an individual RT-PCR product ac
e tegruianly desiencd ta The B gromgors GO A (55 Th 0¥ I B eh lovel of

#r%‘%_r&% WZQHLEI&{? 56’173’%{1_ W%‘Me\f@ %S%W}%leép WMe used in

il bimasfonr mith2 BEMG4 dodamsplifiyetheapentClragmienisabi$iyg h®verse transcriptase
gques for. each, exci s and c nverted

rgmeéafr Flsip reagieh) @@hﬁ&gﬂ%&?ﬂ’gc%@ et S oo BRL)

ﬁﬁfl?ttl?e”bi(o%cro?st ?ﬂ)t%ﬁga - THENBCRY b @R RRAROEL Iﬂﬁlﬂéﬁr(gl)agen gel extraction

t ransforned o the chemcally conpetent E
lgt)r stibnclxhad Bitad QRS PERAAITAI cdening vEINAr Qlagltrogf:@pmdetnansformed into

LRSS0, S, RP AR PSTLAMARD Y R008P om0 e

HEpoped (Mbdef@ 41851990 Ofupg)s tPlasedidl DN fgspidpapel tgifigishe QIAprep
obt ai ned _usi conmbi nations of the endonucl eases
(%mredmdwark&ﬁmn Magprep Kagg(@dipgenand Sal | ( Pronega) .

RT- PCR products and cDNA inserts were sequenced in

both directions using 5 ML3 uni versal prinmers at

PiddnesionNurd Soreening QP e L ipagcligeeh gut ¥DNH [NMymgsh

Uni versity  (Melbourne) or SUPAVAC at the Royal Prince
-@@Fﬂ@ﬂ”ﬂﬁ%WQ%u in Sydney. The sequence dat a was

@ﬂ drlnftmo gwéshﬁo@teaﬁ%&l ﬂ&é HNR (U SalHvane %ﬂvfehﬁéha%mmcols A

Carolina State nlverS|ty reel
lavtny]atod e)l]gt)nmdiﬂ)tmle Hd&Y grimes that binds to the polyA tail tags the transcripts

nbi 0. ncsu duBl Edj t i oedit.htm
HehoFo b ais &, SFROTTHE BTl pificles (PolyATract
(fr@%iétlafeﬁ%reﬂtem%ﬁ( NﬁltRI‘@zQ EI!BOIM Sf‘stefrﬁ’i ﬁbﬁ%g&)hpﬁﬁﬁ&y mRNA (5 pg) was
ormati on d further nmul'tipl e sequence
used to construct a cDNA hbrary with the Lambda ZAP-cDNA synthesis kit and the Zap-
cDNA GigapackIIl Gold packaging extract (Stratagene) following the manufacturer’s

instructions. The amplified library titre was 2.8 x 10" pfu/mL.

Labeling probes

RT-PCR products (50 ng) were individually labelled with [c-**P] dCTP (Amersham Life
Sciences) using the MEGAPRIME (trademark) DNA labeling system labeling (Amersham
Life Sciences). Unincorporated radiolabeled nucleotides were removed using the Micro
Bio-spin P-30 chromatography columns (BioRad) according to the manufacturer’s
protocol. The double stranded labelled probes were denatured by boiling (5 min), cooled

on ice, and then added to the hybridization solution (as below).
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alignnents were performed using Custal Wversion 1.4.
at the Network Protein Sequence Analysis facility

W@ NREH94630 PCT/AU2004/000524
http://npsa-pbil.ibep.fr/cgi-bin/faligri,._clustal w pl
) (Combet et al., TIBS. 25: 147-150, 2000). 15 The

web based program ~PSORT | F avail able at the Human
Genonme Centre at the University of Tokyo
(http://psort. nibb. ac.jp/forh§3htn1), was used to
predi ct signal peptide cleavage points. UTRscan was
used to detect functional elenents in the 3
SerdentugshhatcBNA libgirpns of the cDNA cl ones [ Pesol e,
rends Cenet, 15: 378, 1999]. . .
R Y PR St aeanbed BRIPE ey SScurReELskes B probe, with about
50200 %h?é"pé}fpléte PRfeharation B¥Ne (idléiébefo@ @ﬁ‘@.ﬁ%\ﬁ]&t EYEN T |1rfts and treatment
i nsensitive c ym)tr)d;pm n A sanple of prévi ousl

of tie membrahos plt1¢m=3t0d¥y ud@il@hwes p‘trﬁ@n@@mccprdmgatpynmﬂons provided

viﬂgjaﬁd ﬁmgw %tés FlJ(fl %{%@l l%r 121% 1%1ran|:e?§:%dlybond_1\]

Aferdhdgl BRodcRaikb€y) Swe@é ptdﬁ@bﬁ&ﬁz&t m SIBinl @ttnzn;o PEIES}I(O 8 M NaCl, 16 mM
sequence and used in conmbination with the 3" pr

e {2 RTINS 5 AL AR TBTRmig] hapo (whv) SDS

o PP R iR Db TR SRk NERAMALE b 12°G for 3 hows.

Holewirgy hyﬁ@%ldﬂﬁ fHRginthieitios rskluﬁoﬁlwasrreplhearmwtthcleanl of 50% (v/v)
2500esfor mn at 94C, 1 mn at 48C and 1 mn

axmam@e,t harPIPES lnﬁfea,t 0.3%cw/v PBRS gl 1 e/mdy denatured herring sperm

ORI i Vi BP0 50 R o SRR ARSI “bridization

rﬁ&ﬂbx@n&aﬂgreoxflasﬁ@@ iRt Migdes it 268 SSRE/MAS Exfy) SBXS aﬂld)om temperature
purified usi ngPt he Concert gurl fication sys

Anditiias)in OTh& BAPE0-I%% TIVA RS St Taomb FIRRerasten beays they were blotted
noy{no %E‘Qalf {5;%{6 %’%@Qxﬁ%g?cpt%%é freglr ﬁg%ﬁ@é’&%k%@ﬁ% 5}? f;J;MS hours at -70°C

Vet NVi rans into
‘ﬁﬁﬁﬁﬁ@ﬁ%&m@b&meﬁéﬁratagene). | sol ation of the

i nsensitive chynotrypsin cDNA clone 5 The cDNA |ibrary
prepared fromfourth instar larval gut was screened

| Biktdndln leRRdnesHive icRfes Bnd H@n—s ecific plaques
I'?Izéc |1rg‘l}jesrg screln%ed ab glggEXAI\/PLE)% Honol og)f nodel ’?n P
Dfecbhdari. screem otvasgemducthy ho isolgis indkvidad clones. Two 8.5 cm plates each
with 50 plaques were used for each probe. The secondary screen was conducted as

described for the primary screen.

At least 50 positive plaques of varying intensities were selected from each screen probed
with an individual RT-PCR product. Each plaque was transferred to a 1.5 mL microfuge
tube containing 1 mL of SM buffer (0.1 M NaCl, 8 mM MgS04.7H,0, 50 mM Tris-HCI,
pH 7.5, 0.01% (w/v) gelatin) and chloroform (20 pL) and stored at 4°C. Initially 10
plaques for each probe were excised and converted into pBluescriptll SK(-) phagemids
using the ExAssist/SOLR system (Stratagene). The excised phageﬁids were transformed
into the chemically competent E. coli strain XL1-Blue cells and plasmid DNA was

prepared and sequenced.
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The deduced am no acid sequences fromthe cDNA cl ones
HpF2B (sensitive) and HpF5 (insensitive) were nodel ed
w@eootlomiedd r uct ures of the Bos taurus (bovi ne) BETADR2008/000524
ant chynotrypsins, obtained fromthe Research
Col | aboratory for Structural Bioinformatics (RCSB)
Protein Data Bank site (http://ww.resb.org/pdb/). The
Hel i coverpa 15 chynotrypsins gre predi cted to adopt
simlar structures to those T ﬁbrted for all the
chynotrypsin structures available in the PDB dat abank.
The nodel ed structure consists of the classic serine
DiVdsepeackglaidomadisist i ng of two, six-stranded

nti-parallel (3 barrels wt .the catalytiLc triad .
Pe il ersientio HEuoSudnpre! ST thdioe bl bypegy obtained
uiRg dohtbiaktfons CINHedeiddhliyledsds PRAmHIT XL, HKpily8eicl, 08cll, and Sall

chynotrypsins (Figures 15 and 16). Due to the 20

(Piomega). iIRIRECBS prodiess pachgDNA ingeits wareoteatensed dpboth dirgetions using
resent in. s £ [ . ' .

NP BIGEL e B S, HEHORG, bSBiee SRR bl Uiy

(VRIBIund) bF STIP AMAChAtrthé Regslt Privvy mufrey fhispRal iflSydney. yThe sequence
reported crystal structure of an insect chynotr fi .

dpt whorriter aismertbe BiREdite ok Fltvars Mettien(bt 98 FAIL AYorth Carolina

St%zgtg r ﬂlﬁlvepsgtg g/gﬂeglgu h@ib&lﬁleo PO 2W8b adthiessd OdwwlBR) rhcgﬁ.gdu/BioEdit/

s Was u refine the orientation of t .
beasditdtal.| Sxopsncenhdnalogi2 wenel ebseadedt usengHeiei BbASHpasearch facility at

NHRATRE CHRS o, B oot RS BB NS soauence
aﬁgﬁﬂeh Wer® geﬁénr&ldbﬁsﬁ%?ﬁlsﬁﬁyhﬁﬁé’i a4, Bethe M9etwoE PRYtein Sequence

mencl at ur Fi gure an argi ni ne woul d

loliysis fav ity ENPSA it npseirbyl ibép. frfsei-bislaligoydngalw.pl ) (Combet et al,
r i-pS e 30 structure of the chynotrypsin

ﬁﬂﬁ%ﬂ%ﬁﬁé@z %OO&ES previ ously determ ned by 1H NWR

(Nielson et al., 1994, supra). No structures of C

conpl exes have been sol ved and WO 2004/ 094630
PeTvabdoead pousan ‘PSSIRT HEr avaleblet pletheeHymeg Genome Centre at the

r.ot el na i.nhibit f u ik .
AL P RbY By e RGPl s LAREE ORI ol pepie
diéavagnpbiatst UTRsehn wataB6d ts dptea) fymctivial eteraerttadi she 8'ountranslated

structural nodeling. Figure 17 illustrates the bhi_ndi

eEgNHN @urﬂ’@un@pwé*g(]qlpngfgz iPselfre 9%’1“{3 F@% %! IR, 19991

ERY BB, GOdRY ARG TR RE AT cted model of HpF2B and
“'sifows " that ‘5 | '

glutamne 192 is not in conflict with
any regions on the inhibitor nolecule. Conparison to
t he cognate

L due i . Do .
evlgrian o) gt CARA 1oug gusading § NaT- YSempipie hiotyusin
A QuAPRUTTONA  Reibisty Pihhed R qRE }élroﬁﬁétﬁﬂleof(tﬁé gDNRA liBpary was thawed

The deling view ng rogram dbv', predicted Argt )
dd2used abderplatgi foe the fpcbﬁwmg;RTmP@ regptieanTwe » dsgengrate primers (5)

vEf)grtel designed to unique regions of the N-terminal amino acid sequence and used in
combination with the 3° primer RVG4. First strand ¢cDNA synthesis was achieved using
the SuperScriptll Preamplification system from Stratagene and was followed by PCR
amplification of the target cDNA using the Perkin Elmer thermocycler [25 cycles for 1 min
at 94°C, 1 min at 48°C and 1 min at 72°C then 7 mins at 72°C]. PCR products were
separated on 1% (w/v) agarose gel (SEAKEM (registered trademark); BioWhittaker
Molecular Applications) and a band of approximately 650 bp was excised and purified
using the Concert purification system (Gibco). The partial cDNA was cloned into the



10

15

20

25

30

has been identified as a strong inhibitor of the
i nsensitive chynotrypsin fromH 10 punctigera and
woa®4/09480 ef ore, nodelled in conplex w th the PCT/AU2004/000524
insensitive chynotrypsin (Figure 19). Unlike O, Pod
easi |y acconmodat es argi ni ne 192 upon binding to the
i nsensitive chynotrypsin. In summary, the
NaPl -i nsensitive chynotrypsin %ron1kb|icoverpa speci es
has an arginine 15 in place'% “an asparagi ne or
glutam ne at position 192 that extends into the Sl
bi ndi ng pocket and appears to interfere with Cl1 i
TR HGR 2.5+ F A hectonr @nvifrpgény aidedransfoamed Hito & o plsain XL-BL1
%E%idue does not interfere with Potl binding,
(RIFHSDElnt with the observation that Potl is a nuch
nore efficient inhibitor of insect chynotrypsins than
the NaPl inhibitors. 20 EXAMPLE 5 Production and
Itetiaiceftifie insenorivotlymnaforsivali¥dciar a to t he NaPl
T}q@ NUrR A 2R & B’%ﬁaﬂéﬁpﬂrdm'fﬂﬁﬁﬂqhgtérvﬁr@y L4PSE&Red "R a partial
. punctigera*Chynmotrypsin clone Hp was expressed
fia@meent €16hdd dodeithg to the wtbnitpiestdesliribed @Botd) tag at 25
the C-termnus and was purified to honogeneity on
Tal on netal affinity resin (Figure 20) for injection
into a rabbit for productg | ycl onal anti bodi es.
N-term nal sequencing ofE"tQ%eM{oPulglﬁf‘}/ed pr oduct
confirmed t SrvileRig Of tHe' M. PYaictigbratinpidot®psins
chynot rypsijr?sm?IHb%j(}:hZB) . ‘?Afjfer t he foﬁrt h goog?bwi th
antigen, the serumwas col |l ected and tested on

rofein pblots of. bacteriall S r | ”»
BERASLELES, 2 PG St R EORT S AUEIS (g and
(inkénsitid) -W&e dhbddler @abihe asttuctfdsof typBop rakra @ovine) and fire ant
of I in 2500 as well as _several break-do rodu tg, . .
chymptrpsie absaneg fromy the Reseaish Gollabpptary oﬁvé/? wekys} Bioinformatics

t 2 0 0 / - t C dr.r;
QPR 1oty (ot o M) e, AR DAA DR g/oaBf, | e plicorerpa
cpinotrepiinsvaie pradiédiat te didopth sintitetr usterchaes we thasenmepbriechéor all the
cggééggp%}g g{rin;];l}nt%g agal_il q%ﬁﬁtﬁ% g%%%g;ﬁ%ﬁ}odélgg structure consists of

1 i . | el: | .
t%é; P@?ﬁﬁ_ggﬂgﬁrpﬁ%ﬁ?@b&kﬁu g 203 tJNM,g §1x%§r§ﬁc{é%dan§q|§|'rﬁfé% barrels with

det ecte ng of bacteria

R patelysie driad yovatedyrswesngihna tavoddembans. raeo gmifaedoopss 60 and 142 are
mature form of the_ _native chynotrypsin_isol ated fr
Lt M o KRS TR Bl 8 Dve o e
l%%i%éidng %Fﬁt%!dél'li‘ﬁg, LAPLhRR 0P atlBRERT JwadgBe8iTh @8w@al suFface loops,
. coll 1tna’simlar manner except the o
soine. b shictli are deayedvars nfansealianoclymeotiypsiss rlaeps143), bieremain intact
within insect chymotrypsins. The only reported crystal structure of an insect chymotrypsin
is from the fire ant, Soenopsis invicta (Botos et al., Journal of Molecular Biology 298:
895-901, 2000) and this was used to help refine the orientation of the surface loops on the

model of the Helicoverpa chymotrypsin.

C1 was modeled in complex with sensitive and insensitive chymotrypsins to investigate
whether substitution of glutamine (or asparagine) 192 (Greer nomenclature, Figure 15)
with an arginine would affect the binding capacity of the Helicoverpa chymotrypsins. The
structure of the chymotrypsin inhibitor (C1) was previously determined by 1H NMR

(Nielson et al., 1994, supra). No structures of Cl complexes have been solved and
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expressed protein. The polyclonal antiserumthat was
rai sed agai nst the bacterially expressed NaPl

WO pdvitlod46abl e chynotrypsin (HpCh2B) did not cr OBRGFAB2A®E/000524

with bacterially expressed NaPl-insensitive

chynmotrypsin (HpCh5) on protein blots (Figure 21).

Li kewi se the antiserumraised agai nst HpCh5 di d not

bind to HpCh2B. This indicat esgét hat these 15 antisera

can be used to specifically di°tingui sh between and

nonitor levels of the NaPl- insensitive and sensitive
chynotrypsins in unfracti onated gut extracts.

thsnstnre thenteldtedoprotedaase sntpbitarRHal fromobolafuramuliegesyt wrcomplex with

nizaton Ihe cDNA clone ~HpF2B' whi ch odes .an . .
AERHELE R RO e ZHRTR (ePaptiant S SE5 SRR Mouige o besi
foy stetyaPmagdinghBidurd ERluk@ited MEMindisd AgidnMurrounding Gln 192 in the
ol |Hgonucl eotides (Table 7) that incorporated Ncol and

GyHPE2Bechiymaityipsit enplex.athe pedtedamgdel o HpE2Bfandhel shows that

iR 57 b5t 3 Rt AR08 B inpibirsr molecule. Comparison to
e sbgimee atgininaoresidiue) i thiee gisonstivienchymeottypsinehomvenes safgests there is
the _insensitive c frypsin protejn. Pringr ) .
lyBued fnﬁﬁ%tw@@ﬁwﬂ% 1Stm€c_%alﬁ4gﬁbreédua (Figatfuktc Ehggpodeling viewing
BBLGR RPaby P phafGed A 165 B Belin FHOUSRRIR with threonine 5 of C1. Potl
NaPl -1 n y

ensitive c trypsin

Hay CESS BIBRRY GAGE VHBINAGEOMNCECSL [1BA iNSBHVD Migngjirypsin from H.
Prinmer Na a i gonycl eoti sequence 5'.-3'". FwW2ResCh .
PR T ROt RS EATAGTIARE At e P SRRy fergmotrypin

urd-Q) FORARCYIM Kokl AGEHE) addbitodatds i necl_éé\c%éh binding to the
AGCT) GG AGCT) GG [SEQ ID NO. 11] TABLE 8 P

iapgusitive chymotnypsit-ner s for bacterial expression of
chynotrypsin HoF2B Printer Nanme Restriction Sequence

In summary, the NaPI-insensitive chymotrypsin from Helicoverpa species has an arginine
in place of an asparagine or glutamine at position 192 that extends into the S1 binding
pocket and appears to interfere with C1 binding. Furthermore, it is clear that this arginine
residue does not interfere with Potl binding, consistent with the observation that Potl is a

much more efficient inhibitor of insect chymotrypsins than the NaPI inhibitors.

EXAMPLE §

Production and characterization of polyclonal antisera to the NaPI inhibitable

and NaPlI- insensitive chymotrypsins from H. punctigera

Chymotrypsin clone HpF2B was expressed in E. coli fused to a six histidine (6.H) tag at
the C-terminus and was purified to homogeneity on Talon metal affinity resin (Figure 20)
for injection into a rabbit for production of polyclonal antibodies. N-terminal sequencing
of the purified product confirmed the expression of the NaPI inhibitable chymotrypsin
(HpCh2B). After the fourth boost with antigen, the serum was collected and tested on
protein blots of bacterially expressed protein and unfractionated gut extracts. The antibody
detected the full-length recombinant chymotrypsin at a dilution of 1 in 2500 as well as

several break-down products. Unfractionated gut extract and a sample of protein bound to
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site 5 Hc35PQE-60Fw Ncol TTA ACC ATG GIG ATC GAC CTC

[SEQ ID NO 12] Hc35PQE-60Rv Bglll GAT GAG ATC TGA GAC
W@I4EE30TG [ SEQ I D NO 13] 10 The anplified rBgi/an2004/000524

consi sted of the pro-peptide and mature donmmin of the

chynot rypsi nogen, but | acked the putative secretion

signal. Digests using Ncol and Bglll enzynes

(Promega) were performed on the PCR anplified product

and the pQE-60 expression veé? or (Q agen). The pQE-60

vector provides a His-tag at the C-term nus of the 15

expressed protein. Each restriction digest was

the (1 afBoity sdloon\VWErARID( steined wathetie anti ddsCiedBk pntididy which detected

| ean up system (Pronega) and the vector and
tﬁ%?ﬁﬂ??gﬂg%ﬁ%ﬁﬁgéﬂpfﬂ%%Eg subsequent |y |igated using
standard nol ecul ar bi ol ogy techni ques (Sanbrook and

Russel |, Mdlecular Coning:. A Laboratory Manual, Cold
Fapified PHHEEIPEHZ B Lario psadotoy tepir Shssdettion limittafoantPHpEh2B ratibody by

| i gat.ion m x wa eated at 65 i N, b re..hej

SRS SRl SO PP S uBad eora 2

r%' e ribNA ¥R Sssed @ oty psdiogs e gHe Alkb tgcopntkeWhe mature form of the
004/ 094630 PCT/ AU2004/ 000524 -89 subsequent

natige sonotatosBriselated fromegwt of dhpungligera. i ne ML5 (Q agen)

using the Q APREP (registered trademark) Spin

Mniprep Kit (Q agen). Expression and purification of

THeec DA HBF Sipdticodiny nid NyPlsinsagiivewhgmpeypsin (EpChi)deas expressed in

5 denaturing conditions accordi, to the _.nmethods .

ok ackimilah Wanmt £1ESAa dassstxaintidine ey S 1988 Neterminus of the

ine P C n riall
B Sloblc TREPRIERC ARG PHICSASToA8 sfpesed iy
qupogsssdnNeRininhibieblebshydhatepsinn@dpGai) elid inng cross-react with bacterially

oS N sy g TG i Dbt PR bl g 20). Likewise
180 anfi¥rdthi BisEhgRRsBHRChDWI M6t bitldStoPHACESB. Thistindilkates that these

the protein aggregated. The aggregated 10 protein was
antis¢re cae depiged dn spacifiegdlyi distinghish rhstvespeanderonitoryleygls of the NaPI-

BemoinE o pes b S Rp B B AR BB T T

10 L sub-sanmple to a series of bovine trypsin

standards (Sigma) using SDS-PACGE and  Coonassi e
i qm@al protocols

Preparation of antigen for immunization

The ¢cDNA clone ‘HpF2B’which encodes an NaP!I sensitive chymotrypsin (Figure 11) was
amplified by polymerase chain reaction (PCR) using two oligonucleotides (Table 7) that
incorporated Ncol and Bglll restriction sites at the 5’ and 3’ ends of the cDNA

respectively.



15 The cDNA cl one ' HpF5' whi ch encodes the

NaPl -i nsensitive chynotrypsin (Figure 12) was PCR
waephiosdead essentially as described for cl one PEF2B2004/000524

above except the forward prinmer (FwMl RECH )

incorporated a Hi stidine tag at the N-term nus of the

expressed protein and the reverse priner (RvRECH)

cont ai ned a stop codon and thus prevented

i ncorporation of a Histidi ne‘t8§g at the C-term nus

fromthe pQE-60 expression vector. 20 WD 2004/ 094630

PCT/ AU2004/ 000524 -90 EXAWMPLE 6 Bi oassays WI I Pohl

irlbibib r and Helicoverpa TABI&:7Large quantities of

the Potl inhibitor were purified from otao ber.s to

eval GRELIETHE PrEnTO BT HEd TR PYB LTI TREIERS Ml PG e o the

t he;geRwkibe Qlyr ygl‘iﬂ Bieli2 PYBfer PosRBRS BYSshoWAVhi théBGinoe acid

that addition of significantly enhances the

activity of the NaPlsegudridgibysnaichingaxpefase| | ars fed

NaPl and Potl in conbination (0.26 and 0.34% (wW V),

respectively) were 34%the size of control |arvae at

the fifth ing. wi‘mﬁiaﬁ%u@ﬁcedﬁwmmﬁhtlw&i}@ﬁ&rypsm
caterpillars feedi s al one were about 84%

the si ¥¥G @ﬁLSﬁXQQIRS?@AQLP@Q&éé?Q@AW&@IF%ESF& @%9]

BEFSRPe] Torocor on R URR Ty G5

(%M&s@hﬂ F’qtd(B)G(Wé)r GT(AGCEH) GGUsGOT) MAG)SAT@Q@’G) CC [SEQ D

from potato |tnhgop and vvounded potato | eaves. These

CRVRGCRYES TRAEANS T) ey @VC(AGCT) GG(AGCT)
' @éiﬁb%ﬁb 1418

bacter I a pr ot e| ns

hao o1 A
IJCl\.aLCIICHI_y M1 uoactTu IULCIIID lUlClII_y IIIIII UILCU

the NaPI-i nsen3| tive chyrmt rypsin isolated fromH.
punctigera | arvae. Both PotiAganes were 15

incorporated into constructs for cotton

t r andi(@t amplifientiopprimérs dorncreriad gxpriessson of duymestyasiy HpF2B
tubers was used to generate specific antibodies that

vvere used to rmnltor Ievels of Potl produced by

SR g i e

AT %ri%mmmﬁ%m SR

The amplified region consisted of the pro-peptide and mature domain of the

10

chymotrypsinogen, but lacked the putative secretion signal. Digests using Ncol and Bg/II
enzymes (Promega) were performed on the PCR amplified product and the pQE-60
expression vector (Qiagen). The pQE-60 vector provides a His-tag at the C-terminus of the
15 expressed protein. Each restriction digest was purified using WIZARD (registered
trademark) DNA clean up system (Promega) and the vector and chymotrypsin insert were
subsequently ligated using standard molecular biology techniques (Sambrook and Russell,
Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press, 3rd
edition 2001) The ligation mix was heated at 65°C for 10 min before being transformed

20 into the E. coli strain XL1-Blue, Plasmid DNA was prepared for sequencing and



25 by centrifugation (13,000 rpm 15 mn, 4C). The

supernatant was adjusted to pH 7.8 with 10 M NaCH,
wheatoghedor 30 min in boiling water and cool edP@BEATR®4/000524

precipitated material was separated by centrifugation

(13,000 rpm 12 mn, 4C). Soluble proteins were

precipitated with amoni um sul phate (80% saturation),

col l ected by centrifugation algg redi ssol ved in gel

filtration buffer (150 mM KCI',°”I0nmM Tris-HCL, pH 8)

before they were 30 applied to a Sephadex G75 col um

(85 x 2.54cm. Elution fractions (50n) containing

sPbsequewsr teansBemation éefo the Hy c@b@qﬂoth fiagen)gusing the QIAPREP

eI ectr res i nhi bt ays WO 2004/ 094630
? ﬁﬁ%ﬁ%l %fgggﬂm%@iple &t@g 2 chynotrypsin. Pot|
containing fractions were pool ed, dialysed and freeze

dried, The protein in these pool ed fractions was
Esspropsioacendypurticatiers of fistecompingntehyanotexpsinggsreyieg pepiprmed under

| n r ehiec
GRBHTRSortH " A0 OB el HEURE s manua
(Briapen). é&leﬁammp of the Rﬁﬁﬁ@se@&hymbtmpsmdgeﬁ was&si@@armtpy SDS-PAGE and
rEnEI The protein wa tbe W|th | i ne
egeg%b)gl Q;/Rmtemogﬁ Jé‘ne% (y 1:‘1}1}19? sequencmg Preparation
E% 9H§/ﬁ15ﬂr§q?s1ﬂ ﬁ)rq nj%@t%ﬁ Eotstledt 6 Ifehib‘%ﬁpépﬁh%'lﬁeaaﬁ @)alﬁ'is against 50
ow rate of mn-1 over 40m n (Figure 22)
mN‘eTﬂns-ﬂﬂqﬂ{ Bife Daung tinis prasesssmostof domprotein dgmgmd The aggregated

s rua: POBRY BB e B bR o § T S50 s,

Si@) ToIORfRtbAI VIREPORiR Ebndeh@htain Whehprroxihmitdd usbgtﬂxao%@ﬁdon of a 10
Pot| Pod protein isolated from potato tubers and NaPl

idesubdasplestl atsedes pHippwine drypsin stendpnds (Sigwe) asing SDS-PAGE and
gncorg rated into a cotton |l eaf based artificial diet

PG5S StY™MPL- armi gera neonates (Figure 23). Pod had

an additive affect on |arval growth Larvae fed NaPI

only were inhibited in growth 16% conpared to .
Hmwl'r)HA planv aHpRR] wblchaﬂmg@esﬂbq P%ﬁﬁlﬂnmprwaﬁbymsmm@u (Figure 12)

nhi h % {
VB b PR AT R AR BNl e forvard
p?r[r@éﬁQPW}MalRm}Dl) tiorpdrited ) Hisndiat aagoaothei Maainus of the expressed
i nhi bitor cDNA was synt hesized using reverse

RrPigHs 8Rd mag%ve@swramer Rt HRantseh $stopt ¢0denrsdsthys prevented
UEURRSRY R SR oy B Kok B R BRI At ctn

(Life Technol ogi es). Pod cDNA sequences were
subsequently anplified using gene specific primers 5
CGG GAT- CCA- TGG AGT- CAA- AGT-TTG G- 3' [SEQ | D NO 14]
(sense) and 5' - GCG TCG ACG- CTT- AAG CCA- CCC- TAG G 3
[SEQ I D NO 15] (antisense) that were designed to
anneal to
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the 5 and 3' ends of the open reading frame of the
publ i shed Pod genom ¢ sequence 25 ML7108 (C evel and et

w@bkaeog/oMeamt Mol . Biol. 8: 199-207, 1987) and iPCT/auzm4/000524

restriction sites BamH and Sal | respectively. Two
Pot| honol ogs were isolated. StPotlA was derived from
wounded | eaf RNA and StPotlB was derived from tuber
RNA. St Potl A and St Potl B cDNA §(£are 92.6% nucleic 30
acid sequence identity and sha 86% am no aci d
sequence identity (Figure 25). WO 2004/094630
PCT/ AU2004/ 000524 -92 The predicted am no acid
sequence and conparison t EXARMPIME®ers of the Potato
Inhibitor | famly are presented in Figure 24. StPotlB
is very sim Hpex@rsuih feddwiibber andBylieness: kram
potato tuber and shares a nethionine at the Pl
reactive site. In contrast, StPotlA contains an
birgniquentitési ol theaPotPlinldbidoraivere ﬁlﬁﬁieﬂnfr@ﬁlﬂ?émﬁnﬁibe&%r evaluate the
mno i sapﬁ ositions 41 to 44. Additional am no

‘éoé’i“%@e A R%L@nn@ﬁ goavh refp 6f eraeigerer larvae. Bioassays
edrfemed I@l@ét%ﬁ&u%ﬁtdf Pﬁpélgﬁlﬁéa - o?ng%oﬁg?e Yot ofbtglg @]agr]i inhibitors.

found in a wound uce Pot

betexpiliags Ifid bTﬁBId&C}:’BOﬂI Bn icomBinatani (0.DNAng® 048 (hg/vﬁ’oﬂehpectlvely) were
0 en asmi ¢, reticul umsignal sequence

R TR e o,

ﬁécﬁﬁg bBN&@%gg@X\‘gé %i)_ll_lb%@ﬁ sifs bf'@l%%oﬂﬁ‘@lg ﬂ%‘e% fhese results we
tml@@ns@es egeadbmgsthedatl qmbm@s;fMﬂfaﬂsm BT e@®3plants. Two

GSt
l{’ocfﬁ&élﬁg (%@(%&% égega?’te(% and,n%iNl\gGA %l]'dtefl dram ppigtgstubers and

wotndsé rp@&a)o 143C8S. These IDNS\ ¥RHES wetet bty ehanrd VE&BR for bacterial
t he Tkleﬁg g vector (Pro a before they were
SR OW Bhpgfeinn dhehasterigly Prpémeécl’qthpn@temsetotally inhibited the

: Ibﬁqt1ﬁ§én§1lt1v€)&ﬁflﬁ%ﬁy€§;n Y&?&%ﬁeﬁz{éoeguigcg g e%atvs?\‘; S pott genes were

provides a 6x H's
léficp‘p@@’gédnpr mneirmts TdSIecolﬂbﬁ -tltaﬁgfgﬁﬂati?ﬁlt lPluﬁﬁ@d PotlSnk®{t6r from potato
n Plus strain

{0 TRGERLJo Bencreemobiia: ARODRES D6t ers e lg dnynitcarivals of Pot

p%meagg,;traﬁ‘@éehﬁ; t¢ induced with 1 20 nM I PTG
harvest ed by centrlfugatl on and lysed in 8 Murea, 0.1

M NaH2PO4, 0.01 M Tris-HC1, pH 8.0. Cell debris was

gmﬂ rlentrlfugatlon at 10,000 g for 5 mn and
wrs—ég&éP tl was purified fromthe supernatant
by nmetal -affinity chromat ography on Talon resin

E/Qnt ech) . Bound protein was eluted fromthe resin
W“@OWP&P@H inlybitonfromenaiwiosubays 01 M Tris-C, pH 4.0

P%Eb@o %B’etré 8 RESSITBMA WibFodly THORGA GFBuIQank?were | fited and soaked
overnight at 4°C in two litres of 50 mM H,SO,. The tissue was homogenized in a blender
and insoluble material was removed by filtration through two layers of Miracloth followed
by centrifugation (13,000 rpm, 15 min, 4°C). The supernatant was adjusted to pH 7.8 with
10 M NaOH, heated for 30 min in boiling water and cooled before precipitated material
was separated by centrifugation (13,000 rpm, 12 min, 4°C). Soluble proteins were
precipitated with ammonium sulphate (80% saturation), collected by centrifugation and
redissolved in gel filtration buffer (150 mM KCI, 10mM Tris-HCI, pH 8) before they were
applied to a Sephadex G75 column (85 x 2.54cm). Elution fractions (50mL) containing

Potl were identified using SDS-polyacrylamide gel electrophoresis and inhibition assays
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25 and StPotlB proteins were purified further by
RP-HPLC (Figure 25) their identity was confirned by

wORGoeoeB@l sequenci ng and mass spectronetry. REI/AU2004/000524

2004/ 094630 PCT/ AU2004/ 000524 -93 Inhibition of the

NaPl -i nsensitive chynotrypsins fromH punctigera by

StPotl A and StFotlB The inhibitory activity of

St Pot | A and St Pot | B agai nst t?’j NaPl -i nsensitive

chynotrypsins from Hpuncti gera was determ ned by

prei ncubating the NaPl-insensitive protease (10 L) 5

W th varying anounts of StPotlA and StPotlB (0-600 nM

vith te3ineleoArg ypsinf Eetl ¢mtaning factivog ryas ingolsd, wialysed and freeze
r l.at f r ' h

cme%l %%; Ht){&m% tﬁés SF a{%t e? %z;ct g’ gvaa gx%ﬁ{n%ﬁ %&u}ég Ijgt? ?g%stg 'BIPL.C on a

i ncuba fon o

@%&PGpWPEGZBE&h@arQ rFuBé&&MlNQ) cauplal foi ndb6 detector (Beckman). The
concentratlon of 1 rra/lln a final volunme of 100 L

ARBHRS Vs confericd pn £0BrayRlee, AdErpose RIS ralumn (4.6 x
f Aot f .
, ngrgt PLASERLEDUHR B NGB w R kPR of 0-100% (viv)

om potato t
‘tNEfRIr-B oesisivi asondirilenit MDBQ%r[VNj tmﬂmrBHie'tic avid) ptaa flow rate of 1 mL

%4@@%@%@5 h;;'g\ %é og);hq ﬁgtl pro taelr}s \Z/g:/conﬁrmed by N-

t%ﬁﬁ} nal R§EARIH A8 rﬁe@é@?éc’fﬁbﬁ& an@pleh&thive 'P"oﬁqscmérrﬁmere identified.
addition of 300 nMof” StPotlA, StPotlB or a m x of

Potl isofornms 15 isolated fromtuber. Inhibition of

dro s was r, {409 Pro 0
Graaty Brtd Ririo SR i b o BT PR B e
EB&aNpidtein isdldiedda soisto nﬁ@@nd/\ﬂapl peptidad Bolatedr from N alam stigmas,
transformati on of cotton ay%( umhlrsutun%n]ép
wessneargogtedangssepfigiiset baS@ﬁlu Tﬁ@ak ¢igt pppfedy tgwa neonates

t

Rigfr 737 R O ey RGN OGP B BECKREPT only were
ihAfdded ip @B@&hd@nM%tcfo)anareii R5&norod farver wilile Jamae fdieboth NaPI and
StPotl A gene. with 35 term nator inserted j.nto _the
Prtharye ipaitied mp@PNtalw 7 ﬁ%&ﬁ%@?ﬁ%&o eoRtES) ﬁa%%(%wa @é)ed
usi ng the method of Unmbek et al., Biotechnol ogy, 5:
263- 25 266, 1987) with nodifications. Hypocotyl
Belttionwg cDNAswntmthPomk proté’iizﬁsan’ahdnmol (Batlﬁi vat ed

obact Li.um.t aci ens .strain .LBA 4
BriPalemSs MMMt JicLIen "By oeRt Dpine cay o rpsgriptase-PCR and

ol Rl i PEREIAUBERE D ShduRde®@botd BatdsSFirfXtidhd @M was prepared
3% glucose, 0.9 g/L d 2 (hexahydr at%A 1.9

g/
Yo BenmosenintrBE-® CR2 with| Oltge (dPen, prdmersrigife Technologles) Potl cDNA
sequences were subsequently amplified using gene specific primers 5' CGG-GAT-CCA-

TGG-AGT-CAA-AGT-TTG-C-3' [SEQ ID NO:14] (sense) and 5'-GCG-TCG-ACG-CTT-
AAG-CCA-CCC-TAG-G-3' [SEQ ID NO:15] (antisense) that were designed to anneal to
the 5' and 3' ends of the open reading frame of the published Potl genomic sequence
M17108 (Cleveland et al., Plant Mol. Biol. 8: 199-207, 1987) and included restriction sites
Bam HI and Sal I respectively.

Two Potl homologs were isolated. StPotIA was derived from wounded leaf RNA and
StPotIB was derived from tuber RNA. StPotlA and StPotIB ¢cDNA share 92.6% nucleic

acid sequence identity and share 86% amino acid sequence identity (Figure 25).
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Kinetin, 0.1 ng/L 2,4-D, 500 ng/L carbenicillin, 35

ng/ L Kananyci n. Enbryogenic 30 callus was induced by
w@e@wiomg3t he cal |l us on the sane nmedi a but w t hBCI/AU2004/000524

hormones. Enbryos were excised and i ncubated on nedi a

in petri dishes (Stewart and Hsu, Planta WO

2004/ 094630 PCT/ AU2004/ 000524 -94 137: 113-117,

1977). Germ nated enbryos that9 had produced roots and

true | eaves were transferred?¢o containers for

further devel opnent and then transferred to soil and

grown in a growh cabinet at 27C. 5 Production of

The aprsdietridc amatot a¢id exeguenssiang dabarisnd t8t Gthen mempers of the Potato

(B EREE ey e L T Rig R A SR, B T Srplt Togetshed Por
s@quieneyefrom QI3 tibedihd QKIS 35t &llionirRo4t! the M drehdtvesiedIn contrast,

col |l ected, One nprogeny plant (plant 3) was identified )
SaRotlX sea@isran Peripe g@ﬁg@ P 1i andualeb hes amadditienal fourgamino acids at
plﬁglﬁgﬁss 4{ £ o@.%c?di'ﬁ' Xﬁ{l@ #?cﬁqn 'ils gogﬁgﬁﬁg\@m\fﬂbﬁé}l f 015 d for other
arn1gera(% i‘gure ﬂ?l. i1e” ‘expression of elther RaPY

pofatSP O tidofatednliHoagh ey davobdey foaslintaeetonm iadwwed Hotl from tomato.
inhibition of Ilarval growth conpared to the control,
expression of both proteins had a synergistic effect

. Bacul ovi .

By e ST W ECedl Phept  de sequence to.

DIASrenciting & ot heithipf She erutoplasmio théidultule signali seguence (amino acids 37-
hy not Sin n.se f H it he . 20 )

igan SHratBh s AT R SERHEN Ses alfelited bhBCK! Brizieryuse e 5-CGG-

LU R GOLARILCEELANILORELIYSER THENORIA GHPoti R sehe), 5'-CGG-

endopl asmi ¢ retlculun1%E§%§%For bacul ovi rus

@APrECAAGG-AATERT 6 Ayh (RIRRQID Nes1 HdSEptith senge) and 5'-CGA-

[ t | appi o} uch eaqt.q .
S FTEED A% 3 /G5 LB O SOV SR biPRm, s e
ReRictHIRefe @ity GNad (ifdoatie GEM . T-Edfievdibrs(Pasiadga) before they were
sequence was added tq the preactivation and mature

exeived et Bambtinand Sad angisligaied datepthpdrrcierigheapigysionypyctor pQE30
(%%é?%@%@&rgﬁé&%g%-ggggﬁgII\tI-ie?ﬁln %f’ﬁlege)éf)?e%sed rotein.

on prinmers fo Ion of an ER sign
sequence to HpChS

The His-tagged Potl proteins were expressed in E. Coli (BR21 DE3 Codon Plus strain
(Stratagene) for StPotIA and M15 strain (Qiagen) for StPotIB). Cells were induced with 1
mM IPTG, harvested by centrifugation and lysed in 8 M urea, 0.1 M NaH,PO,4, 0.01 M
Tris-HCI, pH 8.0. Cell debris was removed by centrifugation at 10,000 g for 5 min and the
His-tagged Potl was purified from the supernatant by metal-affinity chromatography on
Talon resin (Clontech). Bound protein was eluted from the resin with 8 M urea, 0.1 M
NaH,PO,, 0.01 M Tris-Cl, pH 4.0 and elution was monitored by SDS-PAGE. The StPotIA
and StPotIB proteins were purified further by RP-HPLC (Figure 25) their identity was

confirmed by N-terminal sequencing and mass spectrometry.
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Primer Sequence FWBacRECHL (5'-3') TTG GCT TTC GCC
GCG GIC GIC TCC GCG AGG AAC GGG TCC C [SEQ I D NG 19

WO YBaoREEAH?2 (5 -3") GGA TCC ATG AAA CTC TTG GCAICTARWE00524

CTA TTG GCT TTC G [SEQ ID NG 20] RvRECH (3'-5') G ATC

AAC GGC CAG CTC TAA AAG CTT [SEQ ID NG 21] 5 The

first PCR used priners FwBacRECHL and RVRECH with the

HpFS cDNA tenplate to add the first half of the ER

si gnal sequence. The second PR -used FwBacRECH2

together wth RVRECH and the product of the first PCR
reaction as tenplate. At each step, the anplification
fohdlditien of ke NqRtirinbarsdivaf dwmoslypsins dinve T spenaigeid. F9/StPotlA and

@%@% agarose gels before they were used for
BS€quent PCRs. 10 C oning of HpF5/ER i nto pFast Bac

TIRCInBIbitbReadiRAy oF VLI bid SiPRtIBR iENBle ISAULIBRSSItive chymotrypsins
(HpF5/ ER)” was Subcl oned into the pCR (registered

fromdé pendtiges waT@RraMined by pl(einwbatmggthﬁ Wa@hdnsgagtive protease (10 pL)

RERAEN o o Sk e R POl LN ARDRA L ApS buttr,

m (9 Bt Bp@c ¥P9& %éneﬁcré@?é@afe@ A’ﬁéﬁﬂfé' ALRS ﬁréi\ﬁéuhatﬁﬁp Iﬁlle incubation
purified before they were digested wth

waﬂjstailltemldm the additibn gﬁslélstratﬂt(&Ain@I\bﬂE&B&pNﬁemt S)AzPMpNA) to a final

(I'nvitroge tran ne o E .coli XL1 Blu
wp?@ratlvwﬁéﬁaaﬁfm i %fVOE%% Hlllg PR GRS RESured at 405 nm
4805, 66 Uih, DHLOBac cells 20 E. coli XL1 Blue cells

wer e screened for the presence of the HpF5/ ER cDNA in
t he pFast Bac vector (p Fast Bac/ HpF5/ ER) by PCR and

BB, U e TR it R BB iR (R g fober imhibited the

N@E&s&ﬁﬂi@'dﬁ?ﬁﬂt@ﬁﬁmﬂ thPNEYi@ver ri@ﬁ}gw &Ie@&aatotmgure 26). At
requi red f ransposition of HpF5/ ER to the bacm

l@w\ 75%e pfe SAMAM SAZBLpNﬁdn}@lxq)lygs @[yythq N@@I—@ﬁsensmve chymotrypsin
Pis 1@%61 yi EaL {tg)%lo Zﬁ!M &l %%'ghg %otﬁ? ﬁ?gqﬁ‘;& 5&%0‘[1 isoforms

rgen nt X1 n

sBlated fohe ﬁﬁi’ef gghiblioa df IS@:ZPM’IHNA BdrGlys VP&LSM&&E% (40%).
(registered trademark)/E. COLI (trademark) pul ser
cuvette. The WO 2004/ 094630 PCT/ AU2004/ 000524 -96

Production of transgenic cotton expressing NaPI and StPotIA

Two gene constructs (pHEX2 and pHEX6) were prepared for transformation of cotton
(Gossypium hirsutum). pHEX2 consists of a 35S promoter driving the NaPI gene with a
35S terminator, inserted into the binary vector pBIN 19 (Bevan, Nucl. Acids Research, 12:
8711-8721, 1984). pHEXG6 consists of a 35S promoter driving the StPotIA gene with a 35S

terminator inserted into the binary vector pBIN 19.

Transgenic cotton was produced using the method of Umbek et al., Biofechnology, 5: 263-
266, 1987) with modifications. Hypocotyl sections of cotton Cv Coker 315 were co-
cultivated with Agrobacterium tumefaciens strain LBA 4404 containing the required
binary vector. Callus was induced on media consisting of MS salts, BS vitamins, 3%
glucose, 0.9 g/l MgCl, (hexahydrate), 1.9 g/L potassium nitrate, 2 g/L. Gelrite, 0.1 mg/L
Kinetin, 0.1 mg/L 2,4-D, 500 mg/L carbenicillin, 35 mg/L Kanamycin. Embryogenic
callus was induced by growing the callus on the same media but without hormones.

Embryos were excised and incubated on media in petri dishes (Stewart and Hsu, Planta
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cuvette was placed in the el ectroporation apparatus
(BioRad) and a pulse of 1.7 Anmps was applied. LB (1

workgo4mes3d hen added and the sanpl e was transf ePCEAULM4/000524

10 nL capped tube and allowed to recover on a shaking

i ncubator (190 rpm at 37C for 4 hours. A sanple was

W thdrawn and serially diluted (10"1, 10"2, and 10-3)

usi ng LB nedi um before 100 L g of each dilution was

spread evenly onto LB agar prl tas cont ai ni ng 50

p.tg/ mL kananmycin, 7 g/nL gentiamcin, 10 ptg/nL
tetracycline, 100 ptg/nmL

137bi t3rb1 A- K7 pr@erBrinated eybryfo3-tmat hydl predussy raets sinddrue leaves were

X-Gal) and 40 g/.nl.| PTG, prjor to incubati f 4 .
thgaeaed S Speinad MirbesRlothshsid HeRFeh g €l i and grovm in
d greatiedibideeasarre. way and used as a control. 10
I'sol ati on of reconbi nant bacm d DNA Reconbi nati on
bet ween t he pFast Bac/ HpF5/ ER vector and the bacm d DNA

; etected Dby th ' ni es as
lﬁ%%%%’é’é’ %{tgm&s ee’y’% 81"2%’?%‘? ?&{&é, izg'];ilt)‘zl%rygé %Pg@s‘!?upt ion in
Tdrgrodhec gang esxpresding dorf peresf pudlenefeania madsgemic Wlme expressing NaPl
stable, the col gnies were festreak,edstto}g el ective

ot}z&aa

wiascised inepllinate B Aloswr fiom 2 RIaR0HMLESSIAR; fhessegd pallected. One
. | . | oF .
38y G e el Ly OB B oyt

tetracycline for isolation of the reconbi nant bacm d

DNA. The sanme procedure.was, . perforned wth.a blue .

T3 JFOh GIATE Gh VRER (AP i do PisBread WUB o Grpiegre (g 27). While

é@fe%sieﬁ QMRith@VRAPY ShEtPRIIASIHGhMI16dVes balki RGulddd th9% sinBMinhibition of
l'tures were centrifuged at 14,000 x g for 5 mn. .

Iatvel guopeh pernpared ¥mthediontral; @xpressinn ofhkotheroteins had a synergistic effect

resuspend in 0.3 m of Solution | 20 (15 mM Tris-HCl,

Oﬁﬁa’é’.age‘%r‘%h'nm EDTA, 100 g/m, RNase A]. Solution II

(0.2 N NaCH, 1% (wv) SDS) was then added and gently

m x and i ncubated at roomtenperature for 5 mn.

Pot assi um acetate (0.3 nLE)GAn&PbE %.5) was slowy

added and the sanples were placed on_jce for 10 nmin

before, they were c@?ﬂ%’?‘?’ﬂﬁé&?ﬂéﬂoﬁ@?ﬁép@& 14,000 x ¢

to renove the thick white precipitate. The

supernatant was then transferred to a 1.5 nL 25

MAildirioh ufithetsigmal pemtidaisaqwepce (8HpChabsol ut e i sopropanol

pxed by inyversion. After, 10 min gon ice .
Bl 5 Efoo bopreight e o ndid sSaniE gf pChs wih the
SR ELARNLLiA TN nof Bfcods YR §ipadI gﬁf)ti&ﬁ%qﬁﬁé@ﬁﬁctoﬁﬁ& targeting of the
pel et was washed twice with 0.5 nL of 70% (v/v) .

poteim b the Bhéoplesmit aetindumh@R)e dior rhepuigeius KPSsiem an ER signal

14, 000 bef. h %L/ V) .
EH0R0 o BpasioTE SRR B ' er B hgomciotices
JdiesPMiNEe® thban a3lindiasidelof &k ER sGthal pdiitideuidre HCHR AvWigure 10).
Tris-HCl, 1 mM EDTA, pH 8.0) and stored at -20C until] )

HeeHR ¢igrahseqpenchivips\added iohe REgcHYAtion sad mywe degainsgf HpChS in a

RS PEW (thoRY5! 0se gel
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WD 2004/ 094630 PCT/ AU2004/ 000524 -97 prepared in TAE
(40 nM Tris-acetate, 1 mM EDTA, pH 8) buffer at 23 V

w0 o0040246B0Urs with % DNA/ H ndl I | Fragnment marRET/8UL00BD00524

Fragnents). The bacm d was al so screened using PCR
with ML3 Forward and reverse priners. 5 Transfection
of HHGH FIVE (trademark) cells with reconbi nant
bacinid DNA Approxinmately 9 )é 105 H GH FI VE
(trademark) insect cells weré BI aced into a 35-mm
well in a 6-well plate (NCINCLON (trademark) A
Surface) in 2 m of EX-CELL (trademark) 405 nedi a
with 50 units/ L penicillinTABEESD g/, streptonycin

(JRH sci.ences).. Cel |.s re |eft

Vo e POVt Rt o il gl sgb s Wegtea P dincns
were prepared for each transfection each adding a
different anmount of bacmd miniprep (510 0+ 20 L);

Sol ut iFebmer i ni- prep of -bacmid- DNASWGDﬂO LEX- CELL

D Jgﬁ;@ﬁ%@& G wg%gcﬁ‘tz% STAT A

C /frnnlnvmrl\ AQOE

ant (G hr\n BR) ]
?ﬁm@%m 2] R CCA TG O GRE TGS THONG ACT CTA TTG
conbi ned and i ncuGAleHTESH [SlE(B(SQrNQaQO]U% r oom

t eMORECHKE-TDI | oWeATOAACIEC GAGLET@TAAAAG 6d THSHQAD

added. After the|dé):RE had attached to the plate,

they were washed once with 2 nL nedia w thout

antibiotics. The nedia was renopved fromcells and S
T@pﬁrat%@R\»ﬁQc}mrn@rs B asBHCAT ngdgR o G vigh t %eéinFSS Dﬁ?é@mplate to
%drdcc I‘s?gal? QF th% Epgwgﬁal' Aqentd TH\QUOR BER %@%@F gta&QEﬁHZ together

was = aspirated and repl ace
withRvRECH dha th‘e:) picgiiuo Oigt}&nlﬁnsbPﬁle reactiddehd envplate. At each step, the

oSt R hone e e Blchpbrosh ah 000 Sharose gels
ﬁ&a@%ﬁg %éaﬁr;}@oseauemcw ;e capped tube and

centri mn at 500 x g. The virus-containing
super nat ant was transferred to a fresh tube and

ored t egt fromlight until required. 25
#pé%!ﬁg&cﬁwzgvng% reconbi nant bacul ovi rus

mer prb' RDNAGYiliDtHELER Widral 8&queRée ;ﬂlﬁts/ER) fnE saaabned into the pCR
transfection. Each culture was infected with 100 of

(negistersel arpdempnsy-2(L. POROIGRtos {(avirogen) #ideesisquenced aw&eéwlcromon
ngr V?e%tggrgcilr% féaaﬁ%%ﬁbnz?s@dlj&%ersg? u{’ﬁ:IOI‘;IE-lh ?@uﬁﬂrﬁe‘gﬁlgt@ﬁﬁﬁm with the

protein expreession MiNo
@Rkl SdqBencdGvent Higestbd watht EcoRi Ghd gelnturified pefore they were digested with

BamHI and HindIIl and ligated into the pFastBac vector (Invitrogen) and transformed into
E. coli XL1 Blue cells.

Transposition of pFastBac/HpF5/ER construct into E. coli DH10Bac cells

E. coli XL.1 Blue cells were screened for the presence of the HpFS/ER cDNA in the
pFastBac vector (pFastBac/HpFS/ER) by PCR and restriction digest. Minipreps were
performed on positive transformants. E. coli DH10Bac competent cells cohtaining bacmid
DNA and the helper plasmid required for transposition of HpF5/ER to the bacmid DNA
were thawed on ice. Approximately 1 ng of pFastBac/HpF5/ER recombinant plasmid was
added to the cells (150 pL) and after gently mixing the mixture was transferred to a pre-
chilled GENE PULSER (registered trademark)/E. COLI (trademark) pulser cuvette. The
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WO 2004/ 094630 PCT/ AU2004/ 000524 -98 EXAMPLE 8

Bacul ovi eus expression of HPCH5 Priner design for ER
wW@ae@nads63equence 5 The origi nal HpF5 cDNA cl oneCTHAU2000000524

encode an ER signal sequence. Wiile the ER signal

sequence was not required for bacterial expression it

was essential for bacul ovirus expression. An ER

si gnal sequence was thus conséructed usi ng the DNA

sequence from chynotrypsin ﬁi'ly 2A which is nost

closely related to the chynmotrypsin famly 5. 10 The

sequence was added using PCR reactions with two

cpvétteewss placaidinrthe plastronstationapematusi (BicRadg endie pelse of hg Amps was

FwBa 1 priner h il ent tati L [

B T AT e B S b P P b pored e
ahitl GMdtved @6 YEINEr or A&hiMBR eiabhidr PTI0EIm) fArB7edefdr #®urs. A sample
remai nder of the ER signal sequence and introduced

ithdrewn nd serisllysdibised (16719 & 228)10°1 Ssing b piedsim before 100 L
EehetytBRtionare wrel el e 10 Bal o Er AR e i Blkenamycin, 7
@Z%%E nﬁ%ﬁ? il f u,g/nﬁi %%&?clﬁfe?%’@htg%L '5991%nf?)p4-ﬁlﬁoro-3-indolyl-B-D-

using' this PCR product "tTogether wt

datdBapiREidRida i - G Rintd-# (pp.g/elr P @ pripetofincubation foryiSdiodrsaat 37°C. A
product of -930 bp that 20 encoded the HpChS5 protei

phiastBag Ne®tRr withmalinsseqyas frcated thesamppy prbussd 38 a contrls

subcl oned into pCR (registered trademark)-2.1 TOPO

vector (Invitrogen) before transfection into TOP 10

Kolaxieh of reconibirant Gatmid BNAwer e screened for the

resence, of inser Si rway d .
B oRhpare hort R Rl BB By et
ky t'hP 8re§819é3| of AR SURFRANEPHd¥d ¥4 blke %ﬁﬂes,ﬁﬁgicﬂirggjd isruption in the
i el ded a product of the expected size of 25 -930 bp.
[ab&o. 2060 B configmtn rerambinatier grasritabje,| thg xokuigsnweret fgsireaked on

%E:gﬁ%cﬁgéd%lfe fn:dﬁéc%%gélr 8%@%2&{&-6?‘&? F(%L\E%Rrg tu-é_ggcgto inoculate 10 mL
N SEyg Y SR, KARKSLRL PSR e 10
RVREClh rfomisodatiohiabl ehedjecombirmnt decroishDAAi e tshme procedure was
f)e? o?rrnted \Avls?l{hea %?unet cotlgnywzn%{ 9&%&bfir9arnt) s%ll\cla%tesc’lea%uae Qgrlltpﬁ Cells were grown
overnight at 37°C with shaking at 190 rpm. Cultures were centrifuged at 14,000 x g for 5
min. The supernatant was discarded and the pellet was resuspend in 0.3 ml of Solution I
(15 mM Tris-HCI, pH 8.0, 10 mM EDTA, 100 pg/mL RNase A]. Solution II (0.2 N
NaOH, 1% (w/v) SDS) was then added and gently mix and incubated at room temperature
for 5 min. Potassium acetate (0.3 mL, 3 M, pH 5.5) was slowly added and the samples
were placed on ice for 10 min before, they were centrifuged for 10 min at 14,000 x g to
remove the thick white precipitate. The supernatant was then transferred to a 1.5 mL
microfuge tube containing 0.8 ml absolute isopropanol and was mixed by inversion. After
10 min on ice samples were centrifuged for 15 min at 14,000 x g at room temperature. The
supernatant was removed and pellet was washed twice with 0.5 mL of 70% (v/v) ethanol.
The sample was then centrifuged for 5 min at 14,000 x g at room temperature before the
70% (v/v) ethanol was removed and the DNA pellet was air dried. The DNA was then
dissolved in 60 uL TE buffer (10 mM Tris-HCI, 1 mM EDTA, pH 8.0) and stored at -20°C

until needed. The bacmid was examined by electrophoresis on a 0.5% (w/v) agarose gel
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WO 2004/ 094630 PCT/ AU2004/ 000524 -99- Anal ysis of
]aem d DI VA The transfection of the reconbi nant

W@ EasnB@a0 vect or i nt o DH1O0Bac cel ls resul ted i PCT/AB2004/000524
transposition of the HpF5 insert into the bacm d DNA.
Reconbi nant bacm d DNA was 5 isolated fromthe
transfected cells and was separated on a 0.5% (w v)
agarose gel. The bacm d was checked for the HpF5 cDNA
insert by PCR analysis with MP3-forward and reverse
primers. The expected 3300 bp fragnent was further
anal ysed using the priners to HpF5/ ER cDNA and ML3 to
peersuwdeint TAEI @O enM Weis-acatatehk nddrERTA, pHi ®nbudfer an 23 M dor 12 hours

g SR P Entcag gk CUBYT T Pup YLl Bierapas Hso sorcened
RIS ik 1 3 B laRd therse peidledy/i rus expressi on

system Three different concentrations of bacm d DNA

were used to transfect the insect cells for

Bl AR e 5o s vy B8 padlf prva

A{}ﬁoﬁihiatdlj? @ WEOP HIGEHD FIVE NiraderhdiR) Histetscel@svezolplred égto a 35-mm
The nmedi um was tested hy innunoblé$ anal¥sis,mﬁth
i T

h
welhis Gael elaico ONEDICON (Peemet) oh SrtaseLis 2 ml of EX-CELL
_ oo SNHRICILGR § A S _
FefbidD sg8hedia L B bt tRakfiin kS0 RIAEftppomycin (R

Bibadiaicest Cens wetheke: itrPOded] pbastoBaw tehoto @tachey the plate. Two
transfection of DNA from a blue col on [ bati on of

soBII08S Wierh PERRICAECT APl Hrapgiention sach @é@iﬁ’a @Lgi%ére&ﬁ @mgygt of bacmid
RRTED &é,rl%”&fz%cﬁl‘?ﬂas%ﬂtioﬁ ;Fﬁlﬁl‘f-ﬁa?eﬁ%acmT{i‘ SN G Moo 4L EX-CELL
coO I'ng Vvirus S use In a's sequen experi nme

(‘tt@dérﬁirﬁFMOHDﬁl@dian%ﬁbutC ghiitiot@R, and aS@letios Bl 6 [@NhfaCELLFECTIN
i me course was perfornmed over a 72 hour period to

(nepistered ttademasy)uRengenh (GibepifdRb) antpr H¥s LbnEXFEBLE e(trademark) 405
29B) . .Th Kill inth tow || I eci t hat
HGA PHPRRT PP s pPibBane S P Mere cSBBIRY bL FacBthg for 1 howr

P68 RilpeRRurd TIFRE by 0 NSt Rdelbn fR8MEdI988ded. After the cells had
specifically described. It is to be understood that

attachddntoethe ipdate,i they waowe weashedsoese Wwidh i2amLomedigrivithout antibiotics. The

nmodi fi cations, . The i;nvention alsq._ ..ngl L] . .

B S PSR EORCSHD 45 baB R ieh vl G PSR Plaifihe j6fition. cetts
WéeOinchiddC &red hdurs tilias 2Piee ¢hdubst itefore i theli tindfeatiby mixture was
or collectively, and any and all conbi natjons of an

aspivated andgprlagstd with @ §11e9§m§gﬁaf rfaipipg antipjotioy Ll 4%%@ incubated
REALAYBINEINT Y2 iohf0- Bl BLI OGRAPHY

After 24, 48 and 72 hours, 2 mL of the supernatant was transferred to a 10 mL sterile
capped tube and centrifuged for 5 min at 500 x g. The virus-containing supernatant was

transferred to a fresh tube and stored at 4°C, protected from light until required.

Infection of insect cells with recombinant baculovirus particles

Two 10 mL cultures were set up for each transfection. Each culture was infected with 100
ul of harvested virus (~2 x 107 pfu/mL). Infected cells were harvested at 24, 48, and 72
hours. These samples were later analyzed for protein expression by immunoblot analysis
with the anti-HpChS5 antibody.
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Al tschul et al., Nucl. Acids Res. 25: 3389-3402, 1997

Antcheva et al., Protein Sci. 10: 2280-2290, 2001
waednsweo et al ., The Plant Cell 5: 203-213, 1BOBAU2004/000524

Ausubel et al., "Current Protocols in Ml ecular

Bi ol ogy" John Wley & Sons Inc, 1994- 1998, Chapter

15, 1998 Balandin et al., Plant Mbl. Biol. 27:
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12: 8711-8721, 1984 Bonner and Laskey, Eur. J.

Bi ochem 46: 83, 1974 Botos et al., J. MIl. Biol.

298: 895-901, 2000 Bot os BXANMPLEGRIr nal of Ml ecul ar

Bi ol ogy 298: 895-901, 2000 Bown, et al.. |Insect
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I nsect Physiol. 32: 673-680, 1986a Broadway and

lgiﬁzéﬁd@sighfo#mgnd?hy@i@ke 32: 827-833, 1986b

oSt 1o VDbl s A e 51 R i ence. Wit e BR

SGRSE buenci el oy iaied, F Bt BAIAAHRMon e whilS@Ghal for baculovirus

eRbyession.. Ad FROpign@5Hq8ite viBohus Bomsymsied atsingl the DNA sequence from
nt onol .. ..01: - [ . .

BRI Bl SORC oG 589y 199 1R cpfiogRypsin family 5.

Christeller et al., Insect Biochem Mblecul. Biol.

22:735-746, 1992 dCeveland et al., Plant Ml . Biol.

Fhe seqoee Was10iged aeing RCRereagtions withgwo psimers pnoosing part of the ER

2000 Corder g..et : , I [ .

AL SRR TS IRaR R FERET Bad Mokl thiflion¥s semove the Baml

Baskededices sfoundlaidoded hilitirdER sigihl eyséimre. TIOFwWBac¢RPSH?2 primer

et al., J Cell Biol._126: 689-699, 1994 eo et al., . .
acadnd the jamander pfghe EBig &?qufg%andaniregg@h aeﬁa'aﬁ? restriction site
@@ﬁg 249: 527-533, 1990 WO 2004/ 094630

004/ 000524

Amplification and ligation of HpChS5 into the pFastBac vector

PCR using primers the FwBacRECH1 and RvVRECH and HpF5c¢cDNA as the template
yielded a product of ~900 bp. A second PCR using this PCR product together with
FwBacRECH?2 and RVRECH primers was performed to yield a product of ~930 bp that
encoded the HpCh5 protein with an ER signal sequence. The amplified product was
subcloned into pCR (registered trademark)-2.1 TOPO vector (Invitrogen) before
transfection into TOP10 competent cells. Colonies were screened for the presence of insert
using M13 forward and reverse primers. Restriction digests of the isolated plasmids with
EcoRI then subsequently with BamHI and HindIll yielded a product of the expected size of
~930 bp.

The ~930 bp fragment was subsequently ligated into the pFastBac vector to create
pFastBac/HpF5/ER. The presence of the HpF5 ¢DNA insert in the pFastBac vector was
confirmed by restriction digests with BamHI and HindIIl and PCR using FwBacRECH2
and RVRECH primers (Table 9). Plasmids containing the insert were sent to Micromon for

DNA sequencing.
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(6), 545-558, 1999 Catehouse, et al., Insect Biochem
Mol ecul . Biol. 27: 929-944, 1%37 Grahamet al., .1
Biol. Chem, 260: 6555-6560, 85 Geenblatt et al.

J. Mol. Biol. 205: 201, 1989 G eer, Proteins 7:
317-34, 1990 Hajdukiewicz et al., Plant Mol . Biol. 25:
989-994, 1994 Harsulkar, et al., Plant Physiol. 121:

/éQ? 506 199%%§§?th et aI Eur opean Jour nal of

B E 250-257, 1995 Heath et al., J
Thestegdsfdetiys ioBlthe Mom&ﬁﬁnﬁﬁ?astﬂ&%echﬁdh@ﬁD}HOBaé cells resulted in the
Insect Mol. Biol. 10: 113-119, 2001 _Hsu et al Pl ant

t@pposttips: obthe AdpE S et JeRribe daciid BNA. Repombinagt Sargi DNA was

il 0 B ol LR gh TR0 RS s

Proc. Natl. Acad. Sci. USA 92(17): 8041 8045, 1995a

']i}%slsacgﬁéd@eag %hgctkeﬁé’ggthfﬁé}( 5 ?L@%@ Lnéér% g&g’o%é{? §SISK %\Ifljth 1€/It13 forward
%rse ?‘rfﬂ’ft‘?@ ”The“@ip%@tedBLﬁOO @ﬁ%&meﬂ@u@@ fur%l@e?%al%s@& using the

Anst I nsect. 'Bi ochem Mol ec.” Biol. 25:
ptﬁﬂﬁa to HypF 58ER aDNA had M B 8t ensorasthel inRirb vag yn @(eeyorrect orientation.

26-530, ,1999 avre.et al : h.lnternati
Bisniin bgpm DA SbiauPney viedifp herhBphRa dTa8s: cens
Li dholmet al., Genetics 134: 859-868, 1993 Li ndhor st
et al., Plant Mol. Biol. 21: 985-992, 1993 Lozovskaya
Krusformaden e produstion Mél;vfhf in theobaculgVians expressian system

—é%c 0 E%‘e‘rgﬂt E@éﬁgﬁ#{g&)@n )1/)1%‘8 5137;9 ’ug%? Q)Stra g\fﬂecﬁlsect cells for

production of baculovirus. After transfectlon the cells were incubated at 27°C for 72 hours
before the culture medium containing the virus was collected. The medium was tested by
immunoblot analysis with the o-HpCh5 antibodies for the production of HpChS protein,
which indicated virus was being produced (Figure 29A). Many controls were used to
monitor the transfection. These included pFastBac vector alone, transfection of DNA from
a blue colony, incubation of cells with CELLFECTIN (registered tradmark) alone and non-
transfected cells (Figure 29A). The medium containing virus was used in a subsequent
experiment to infect more insect cells on a larger scale and a time course was performed

over a 72 hour period to monitor the regulation of HpCh5 expression (Figure 29B).

Those skilled in the art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. It is to be understood
that the invention includes all such variations and modifications. The invention also
includes all of the steps, features, compositions and compounds referred to or indicated in
this specification, individually or collectively, and any and all combinations of any two or

more of said steps or features.
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NO 5 or its conplenentary formunder |ow stringency

conditions. 8. The isolated nucleic acid nol ecul e of
w@@isnvgb3iencodi ng a variant of the chynotrypsP@I/AU2004/000524

wherein the variant conprises an am no acid other than

arginine at position 192. 9. The isolated nucleic

acid nolecule of Caim8 wherein the variant conprises

a glutam ne at position 192. %O A vector conpri sing

a nucleic acid nol ecule of any“one of Clains 1 to 9.

11. The vector of Claim@8 wherein the vector is an

expression vector. 12. The vector of C aim 10 where
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3.,,Th t 11 wherein the
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al i gnnment or a nucl eoti de sequence capabl e of
hybridizing to SEQID NO. 4 or SEQID NOG6 or its
wae eovplogsent ary form under | ow stringency condi PEDAB2004/000524
23. The isolated chynotrypsin of C aim 22 encoded by a
nucl eoti de sequence set forth in SEQID NG 2. 24. The
i sol ated chynotrypsin of Claim19 wherein the vari ant
is an N-termi nal signal sequlzﬁce. 25. The isol ated
chynmotrypsin of C aim 24 whéerern the signal sequence
conprises an amno acid sequence as set forth in SEQ
ID NO 3 or an am no acid sequence having at |east 75%
GlLAIMSI ty thereto after optimal alignnment. 26. The
i sol ated chynmotrypsin of Caim19 encoded by a vari ant
conprises an amno acid other than arginine at
position 192, .27. i, sal at h . i i .
119 encog" ed lsr%l/ateagvnélral%gcnﬁ g@o%ﬁ’?@%‘sl%sxgﬁb{é%gg ae[r]risg uegtk@ df' mucleotides
epawling anchdrotryEin20dy/ BRAGRRrRCIHPALEOH AfabiahS 2ibrivativeQ homolog or
28. The .isolated c¢ch trypsin encoded by .a nucleic .
apalpg ofaid €hymBoBYPsHh i/wqgff‘éf\{ g%ld chympiggpsin ?f\él@.‘fs Eggistapge to a proteinase
: : ' fars ypsin as defined in any one of
1@@%@%@??§£¥gﬁg%g&%%@@%%e ant agoni st of Claim 29
wherei n the antagoni st binds or interacts with the
chynot rypsi.n_ at  or near, am . no acld, residye pasitiqgn ..
fo a1 e\t Ssdfl aridgrolbruf it 8y Sheiafidbe phlitidy seauence
AP RY Q! a?rﬁinbsacgpﬁéqueno%zset /E‘%%I‘PHWSE'Q IO NOPTHF hi$ lafin@Bcid sequence

ant agoni st of aim 29 or 33. An anti-insect

hevimg as leastabouto i sisikwitate SR AgdVP Statist opiimplalizgment.

30. 34. A genetically nodified plant conprising cells

capabl e of producing an antagoni st of a chynotrypsin

3as defi meg jsdlatddyucleie abld hblaeut® of Qldim 2@heriretkhp hadsotide sequence
of a nucleic acid nolecule as_defined in any one of

egredesgn pmingacid seqsncesetioribyin SEQ IP MS¥2f i ed pl ant

conprising cells capable of producing an antagoni st

of chynotrypsi n-HpCh5 or HpF5 gene expression. 36. The

4genet i caHeysoimdd hideic peainholeéulCofiCiniddl whedth thh endeotide sequence

ig Qse ser‘zlfgrrg}tl irll %E?) IDm)NQ)(ﬁ %tr %%%dﬁy %8:6polr%nlglicleotide sequence having at least
about 75% identity to SEQ ID NO:4 or SEQ ID NO:6 after optimal alignment or a
nucleotide sequence capable of hybridizing to SEQ ID NO:4 or SEQ ID NO:6 or its

complementary form under low stringency conditions.

5. The isolated nucleic acid molecule of Claim 4 comprising a nucleotide

sequence as set forth in SEQ ID NO:4.

6. The isolated nucleic acid molecule of Claim 1 encoding a variant of the
chymotrypsin wherein the variant is an N-terminal signal sequence comprising an amino
acid sequence set forth in SEQ ID NO:3 or an amino acid sequence having at least about

75% similarity to SEQ ID NO:3 after optimal alignment.

7. The isolated nucleic acid molecule of Claim 6 wherein the nucleotide sequence
is set forth in SEQ ID NO:5 or a nucleotide sequence having at least 75% identity to SEQ
ID NO:5 after optimal alignment or a nucleotide seuence capable of hybridizing to SEQ ID



37. The genetically nodified plant of Claim34 or 35

wherein the plant is a dicotyledonous plant. 38. The
w@eendsad |y nodi fied plant of Caim 34 or 35 REEABR004/000524

the plant is a crop plant, vegetable plant or

ornanmental plant or tree. 39. The genetically nodified

plant of Claim34 or 35 wherein the plant products WO

2004/ 094630 PCT/AU2004/0005241 - 107 Potl. 40. The

genetically nodified plant of ¥ ai m 37 wherein the

plant is cotton, sweet corn, tomato, tobacco,

pi ni ento, potato, sunflower, citrus, pluns, sorghum

N@dkas its soyipleamentars[form frader bwa sisingpricygenditioess, chi ck

peas, artichokes, curcurbits, |ettuce, Dianthus (an
~ornanental plant), geraniuns, cape gooseberry, naize,

gl ax andhkei ReRed nadléidl 4cad nhdlgduls of Claad keedding a variant of the

arden peas, peanuts, canol a, snapdragans, cherry, . ..

cgmmptrmém Wheesin ther Yagianbeomprisss pe aryRQ asid othes thandigingpe at position
@bant), wheat, barley, oats, triticale, carrots,

oni ons, orchids, roses and petunias. 41. The

genetically nodified plant of C aim40 wherein the

| i lant, 42. The genetigall. i f | ,

|gm Iof hgﬁgpq%%ggagle%ngg;q]@oégulp&? glgtg : %gql éhrzzg\ge{rfaln{s gomprlses a
%ﬁ{g}gﬁlecat%gigoﬁrqbgcul e encodi ng Potl A and/or Potl B. 43.

eeds

or "ot her reproduction material fromthe plant of
any one of Clainms 34 to 42. 44. A nmethod for

dul at i ctivity.of the .HoCh5 or honol o [
for i ant A frdtesanifhe et B Suftie de AORY 8 ehGiaimsg o9
contacting the HpCh5 protein or its honolog or
variant with an effective anount of an agent for a
. mre  andlherietor @6 kéaim Hyvhersinrthe ¥ecioris ap GXRIERTERYEEIWY
i ncrease HpCh5 activity. 45. A nethod for nodul ating
expression of HpF5 or honol og or variant in an
insect, Hri dedti ROICRONPIO Sihiegein otht aexpresgiohpFectar is bperable in a
honol og or, variant with an effective anount of an
I&Q]é%‘ft/mfco?eﬂa time and under conditions sufficient to
decrease or increase HpF5 expression. 46. A nethod is
provided for the isolation of and separation of
I3ndi vi duBlle vsaborafsClaith thywheteiy pthe nexpsessidnneedio is operable in a

consi st of :
eu%aryoﬁc ce 9

14. The vector of Claim 13 wherein the eukaryotic cell is an insect cell.
15. The vector of Claim 14 wherein the vector is a baculovirus vector.
16. A genetically modified cell comprising a nucleic acid molecule of any one of

Claims 1 to 9.

17. The genetically modified cell of Claim 16 wherein the cell is a prokaryotic cell.

18. The genetically modified cell of Claim 16 wherein the cell is a eukaryotic cell.

19. An isolated chymotrypsin from Helicoverpa spp. wherein said chymotrypsin



WD 2004/ 094630 PCT/ AU2004/ 000524 -108 @G affinity
chromat ography of insect gut extracts initially wth
whesaamicsh ne sepharose to bind trypsins; (ii) PCI/ALZN04/000524
affinity chromatography of the unbound proteins using
i mmobilized N. alata serine proteinase inhibitor d to
bind all NaPl inhibitable chynotypsins; and (iii)
affinity chromat ography of thﬁ)Sel uate from (ii) with
i mobi lized Potl and Potll or-chynostatin to bind the
remai nder. The putative NaPl- insensitive
chynotrypsins are then eluted with 8 Murea. 47. A
exkiblte tsistance tor @ Bhirag ¥.otlatgrorantazigein detivagive ghomolog or analog of said
Pl-insensitive chrynotrypsin from Helicoverpa s
ngPau ﬁhod conpri sing contacting sane chrynntfyps?ﬁ
Wth a potential antagoni st and screening for

chrynotrypsin activity. 48. An isol at i nhi bi
204 e%t i f i’fég th@%@y@ﬁ%iwf (Apim MS) ggrpgrqsilng a}l almtil% acid sequence set

forth in SEQ ID NO:2 or an amino acid sequence having at least about 75% similarity to
SEQ ID NO:2 after optimal alignment.

21. The isolated chymotrypsin of Claim 20 comprising an amino acid sequence as
set forth in SEQ ID NO:2.
22, The isolated chymotrypsin of Claim 19 encoded by a nucleotide sequence

having at least about 75% identity to SEQ ID NO:4 or SEQ ID NO:6 after optimal
- alignment or a nucleotide sequence capable of hybridizing to SEQ ID NO:4 or SEQ ID

NO:6 or its complementary form under low stringency conditions.

23. The isolated chymotrypsin of Claim 22 encoded by a nucleotide sequence set
forth in SEQ ID NO:2.
24. The isolated chymotrypsin of Claim 19 wherein the variant is an N-terminal

signal sequence.

25. The isolated chymotrypsin of Claim 24 wherein the signal sequence comprises
an amino acid sequence as set forth in SEQ ID NO:3 or an amino acid sequence having at

least 75% similarity thereto after optimal alignment.

26. The isolated chymotrypsin of Claim 19 encoded by a variant comprises an

amino acid other than arginine at position 192.

27. The isolated chymotrypsin of Claim 19 encoded by a variant comprises a

glutamine at position 192.
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28. The isolated chymotrypsin encoded by a nucleic acid molecule of any one of
Claims 1 to 9.
29. An antagonist of a chymotrypsin as defined in any one of Claims 19 to 28.
30. The antagonist of Claim 29 wherein the antagonist binds or interacts with the

chymotrypsin at or near amino acid residue position 192.

31. The antagonist of Claim 29 or 30 wherein said antagonist is Potl.

32. A composition comprising an antagonist of Claim 29 or 30.

33. An anti-insect composition comprising an antagonist of Claim 29 or 30.

34. A genetically modified plant comprising cells capable of producing an

antagonist of a chymotrypsin as defined in any one of Claims 19 to 26 or expression of a

nucleic acid molecule as defined in any one of Claims 19 to 26.

35. A genetically modified plant comprising cells capable of producing an

antagonist of chymotrypsin-HpCh5 or HpF5 gene expression.

36. The genetically modified plant of Claim 34 or 35 wherein the plant is a

monocotyledonous plant.

37. The genetically modified plant of Claim 34 or 35 wherein the plant is a

dicotyledonous plant.

38. The genetically modified plant of Claim 34 or 35 wherein the plant is a crop

plant, vegetable plant or ornamental plant or tree.

39. The genetically modified plant of Claim 34 or 35 wherein the plant products
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Potl.

40. The genetically modified plant of Claim 37 wherein the plant is cotton, sweet
corn, tomato, tobacco, piniento, potato, sunflower, citrus, plums, sorghum, leeks, soybean,
alfalfa, beans, pidgeon peas, chick peas, artichokes, curcurbits, lettuce, Dianthus (an
ornamental plant), geraniums, cape gooseberry, maize, flax and linseed, alfalfa, lupins,
broad beans, garden peas, peanuts, canola, snapdragons, cherry, sunflower, pot marigolds,
Helichrysum (an ornamental plant), wheat, barley, oats, triticale, carrots, onions, orchids,

roses and petunias.

41. The genetically modified plant of Claim 40 wherein the plant is a cotton plant.

42, The genetically modified plant of any one of Claims 34 to 41 comprising a

nucleic acid molecule encoding Potl1 A and/or Pot1B.

43, Seeds or other reproduction material from the plant of any one of Claims 34 to
42,
44, A method for modulating activity of the HpChS5 or a homolog or variant

thereof in an insect, said method comprising contacting the HpCh5 protein or its homolog
or variant with an effective amount of an agent for a time and under conditions sufficient

to decrease or increase HpChS activity.

45. A method for modulating expression of HpF5 or homolog or variant in an
insect, said method comprising contacting HpF5 or its homolog or variant with an effective
amount of an agent for a time and under conditions sufficient to decrease or increase HpF5

expression.

46. A method is provided for the isolation of and separation of individual isoforms

of chymotrypsin, said method consisting of:



WO 2004/094630 PCT/AU2004/000524

- 108 -

() affinity chromatography of insect gut extracts initially with

benzamidine sepharose to bind trypsins;

(i)  further affinity chromatography of the unbound proteins using
immobilized N. alata serine proteinase inhibitor C1 to bind all NaPI
inhibitable chymotypsins; and

(i)  affinity chromatography of the eluate from (ii) with immobilized Potl
and Potll or chymostatin to bind the remainder. The putative NaPI-

insensitive chymotrypsins are then eluted with 8 M urea.
47. A method for screening for an antagonist of a NaPI-insensitive chrymotrypsin
from Helicoverpa spp said method corﬁprising contacting same chrymotrypsin with a

potential antagonist and screening for chrymotrypsin activity.

48. An isolated inhibitor identified by the method of Claim 47.



