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Gut proteinases are involved in the solubilization and activation of insecticidal toxins produced
by Bacillus thuringiensis and may also be involved in resistance development. Approximately
threefold lower chymotrypsin-like enzyme activity was observed in a Bt(entomocidus)-resistant
strain of the Indianmeal moth, Plodia interpunctella, than that in the Bt-susceptible strain.
Because chymotrypsin-like proteinases are involved in Bt protoxin activation in P. inter-
punctella, we compared cDNA sequences, mRNA expression levels, and genomic DNA for
chymotrypsin-like enzymes in Bt-susceptible and Bt-resistant strains of P. interpunctella. To
isolate cDNA coding for chymotrypsinogen-like proteinases, a probe was developed using poly-
merase chain reaction (PCR) amplification of a cDNA library from the Bt-susceptible strain
using a vector primer and a degenerate primer corresponding to a conserved sequence in the
active site of serine proteinases. This probe was used to screen ¢cDNA libraries from resistant
and susceptible strains. Predicted amino acid sequences from ¢DNA clones of each strain
share similarity with sequences of chymotrypsin-like proteinases and are most similar to a
chymotrypsin-like proteinase from the tobacco hornworm, Manduca sexta. cDNAs for putative
chymotrypsinogen-like proteins from both Bt-susceptible and Bt-resistant strains of P. inter-
punctella share an identical open reading frame of 846 nucleotides. The encoded proteins
contain amino acid sequence motifs of serine proteinase active sites, disulfide-bridge cysteine
residues, and both zymogen activation and signal peptides. A difference between these cDNAs
was observed only in the untranslated region where a substitution of guanine for adenine
occurred in the Bt-resistant strain. Southern and Northern blotting analyses indicated that
there are no major differences in chymotrypsinogen-like genomic organization and mRNA
expression in the two strains. These data suggest that chymotrypsinogen-like proteinase genes
and their transcription are similar in the Bt-susceptible and Bt-resistant strains of P. inter-

punctella. Published by Elsevier Science Ltd

Chymotrypsinogen Plodia  interpunctella  Bacillus  thuringiensis c¢DNA Gene Indianmeal moth
Gut Proteinase
INTRODUCTION resistant strains can rapidly develop which are several

Bacillus thuringiensis 8-endotoxins (Bt) are an alterna-
tive to traditional chemical agents for managing many
economically important insects. Unfortunately, the con-
trol of insect pests with environmentally safe Bt toxins
is threatened due to the development of resistant strains
(McGaughey and Whalon, 1992; McGaughey and
Oppert, 1996). For example, the Indianmeal moth, Plodia
interpunctella (Hiibner), is capable of adapting to Bt and
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orders of magnitude more tolerant of Bt than the parent
strain (McGaughey, 1985a. b).

Many Bt toxins are lethal to lepidopteran insects that
typically possess midguts with an alkaline pH and serine
proteinases as major digestive enzymes. Proteinases are
involved in solubilizing and activating Bt protoxins,
which allows for the binding of toxins to target tissues.
Because gut proteinases play a certain role in Bt toxicity
in susceptible insects, researchers have proposed a pro-
teinase-mediated resistance mechanism. Recent evidence
indicates that altered gut proteinases may enable some
insects to adapt to Bt toxins. Oppert et al. (1994, 1996,
1997b) reported that an entomocidus-resistant strain of
P. interpunctella had low gut proteinase activity and was
unable to activate Bt protoxin as efficiently as Bt-suscep-
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tible and kursraki-resistant strains. In the tobacco bud-
worm, Heliothis virescens (Fab.), not only was a Bt-
resistant strain unable to activate the protoxin fully, but
degradation of the active toxin was accelerated by gut
proteinases (Forcada et al., 1996).

Lepidopteran insects have multiple serine proteinases
with a variety of specificities, such as trypsin-like, chym-
otrypsin-like, and elastase-like (Ahmad er al., 1980;
Houseman et al., 1989; Christeller ¢ al., 1992; House-
man and Chin, 1995; Johnston et «l., 1995; Rymerson
and Bodnaryk, 1995; Oppert er al., 1996). Several insect
proteinase ¢cDNAs have been cloned and sequenced,
including trypsin-like and chymotrypsin-like enzyme
c¢DNAs from the spruce budworm, Choristoneura fumi-
ferana (Clemens) (Wang er al., 1993, 1995), tobacco
hornworm, Manduca sexta (L.) (Petarson et al., 1994,
1995), and the yellow fever mosquito, Aedes aegypti (L.)
(Barillas-Mury et al., 1991; Noriega et al., 1996). Infor-
mation about the genes for these insect gut proteinases
is important to help understand how they relate to dietary
protein digestion, Bt protoxin activation, and resistance
development.

The major digestive enzymes of P. interpunctella
appear to be similar to chymotrypsin and trypsin in their
specificity (Johnson ez al., 1990; Christeller et al., 1992,
Oppert et al., 1994, 1996). Because proteolytic enzymes
may be involved in resistance to Bt in P. interpunctella
(Oppert et al., 1994, 1996, 1997b) and chymotrypsin-like
enzymes activate Bt protoxins (Dai and Gill, 1993), we
investigated chymotrypsin-like enzyme cDNAs, genomic
DNA, and mRNAs from Bt-susceptible and Bt-resistant
strains of P. interpunctella. The sequences of the cDNAs
and encoded chymotrypsinogen-like proteins from two
strains of P. interpunctella are reported here.

MATERIALS AND METHODS

Insect cultures

P. interpunctella strain RC688" (Bt-susceptible strain)
was collected from farm-stored grain in Riley County,
Kansas, USA, and maintained on a diet described by
McGaughey and Beeman (1988). A Bt-resistant strain,
HD 198", was selected from RC688* using Bt subsp. ento-
mocidus (McGaughey and Johnson, .992).

Microplate and proteinase activity biot assay

Late fourth instar larvae were briefly chilled, and the
posterior and anterior ends were removed. Guts were
excised, immediately submersed in ice-cold 200 mM Tris
(pH 8.0) 20 mM CaCl, (buffer A), aliquoted 1 per 25 ul
of buffer, and frozen at —20°C for up to 2 weeks until
assayed.

Microplate assays were performed using a modified
procedure of Oppert et al. (1997a). Frozen guts in buffer
were thawed, spun at 15,000 g for 5 min, the supernatant
was diluted 1:100 in buffer A, and 50 ul were added
to a microplate well. A 100 mg/ml stock solution of N-
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succinyl-ala-ala-pro-phe  p-nitroanilide (SAAPFpNA,
Sigma Chemical Co., St Louis, MO, U.S.A.) in dimethyl
formamide was diluted 1:100 in buffer A, and 50 ul were
added to each well to initiate the reaction (final
SAAPFpNA concentration was 0.8 mM). After a 30s
incubation at 37°C, absorbance was monitored at 405 nm
at 15 s intervals over a 5 min period. and the change in
absorbance per min per mg of protein in each gut extract
was calculated by the software KinetiCalc3 (Biotek,
Winooski, VT). Protein concentration was determined by
the method of Bradford (1976) using bovine serum albu-
min as the standard and the Coomassie® Plus Microtiter
Plate Assay (Pierce Chemical Co., Rockford, IL).

For sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE), frozen guts were thawed
and spun at 15,000 g for 5 min. Fifteen microliters of
supernatant (approximately 0.6 gut equivalents) were
combined 1:1 with SDS sample buffer and subjected to
SDS-PAGE using 10-20% tricine gels. Proteins were
transferred from the gels to nitrocellulose (BA-S: Schle-
icher and Schuell) and activity blots were processed as
previously described (Oppert et al., 1996) using a modi-
fied procedure of Ohlsson et «l. (1986). Briefly, blotted
proteins were incubated in 5 ml of buffer A containing
0.5 mg/ml SAAPFpNA for 30 min at 37°C with gentle
agitation, wusing Econoblot sheets (Lablogix Inc.
Belmont, CA, U.S.A.) with small volumes. Diazotized
nitroanilide was produced by 5 min successive incu-
bations in 0.1% sodium nitrite in | M HCI, 0.5%
ammonium sulfamate in 1 M HCI, and finally 0.05% N-
(I-naphthyl)-ethylenediamine in 47.5% ethanol until a
red color appeared. Membranes were placed in heat-
sealed bags and stored at —20°C. MultiMark molecular
mass standard proteins were from Novex.

RNA and poly(A) RNA purification

Two hundred and fifty fourth instar larvae
(approximately 2.5 g wet weight) from each strain were
ground in liquid nitrogen. Total RNA was extracted with
guanidine thiocyanate denaturing solution and precipi-
tated with isopropanol (Titus, 1991). The poly(A) RNA
was isolated from the total RNA by chromatography on
an oligo(dT)-cellulose column (Gibco BRL Life-Techno-
logies, Gaithersburg, MD, U.S.A.).

Construction of ¢cDNA libraries

Double-stranded ¢cDNA was synthesized using 5 pg of
poly(A) RNA as a template (ZAP-cDNA synthesis kit;
Stratagene, La Jolla, CA, U.S.A.), directionally cloned
into a UniZAP XR vector phage (Stratagene), and pack-
aged using the ZAP-cDNA Gigapack 1 Gold cloning
system (Stratagene). Approximately 2 and 1.7 million
recombinants were obtained for RC688* and HD198"
¢DNA libraries, respectively.

Development of probes

Lambda DNA of an amplified RC688* ¢cDNA library
was prepared using phage precipitation  apd
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phenol/chloroform extraction procedures after RNase A
and DNase I digestions (Titus, 199). Polymerase chain
reaction (PCR) was carried out with a reverse vector
primer T7 and a forward degenerate primer, 5'—
TG(CT)CA(AG)GG(ACGT)GA(CTYATYCG)YACGT)
GG(ACGT)GG(ACGT)CC(ACGTYCT)T-3’, designed
from a highly conserved region (CQGDSGGPL) in both
M. sexta trypsin and chymotrypsin ¢cDNAs located
approximately 250 bp from the 3’ end (Peterson et al.,
1994, 1995). PCR amplified DNA fragments (~250 bp)
were cloned into a TA vector (Promega, Madison, WI,
U.S.A.). Nine clones were isolated and verified for insert
size by PCR amplification and gel -electrophoresis.
Sequences of these clones were obta ned through thermal
cycle sequencing reactions, the products of which were
visualized on silver-stained polyacrylamide  gels
(Promega).

cDNA librarv screening

The ¢cDNA libraries were plated to a density of ~130
plaque forming units per ¢m? and plaques were trans-
ferred to nylon membranes (MSI, Westboro, MA,
U.S.A)). The membranes were hybridized at 55°C
(LabLogix DNA/RNA Hybridization Kit; LabLogix)
with a PCR amplified chymotrypsin probe labelled with
a-**P-dCTP (Amersham, Arlington Heights, IL, U.S.A.).
Nylon membranes were washed at 55°C for 1 h with
three changes of 0.2 x SSC (sodium chloride/sodium
citrate)/0.1% SDS and then exposed to X-ray films. Posi-
tive clones from the first library screen were subjected
to PCR amplification and analysed for the presence of
an insert fragment of the predicted size (~250 bp when
amplified by degenerate and T7 priming, ~1.1 kb when
amplified by T3 and T7 priming). Positive clones after
PCR were plated to a deasity from which a single plaque
could be readily obtained without cross contamination.
PCR amplification was repeated to locate a single plaque
with an insert of the predicted size from each clone ident-
ified with the **P-labelled probe. These positive clones
were subcloned in vivo into pBlue-Script SK(z) phage-
mid (Stratagene). The cDNA inserts were sequenced by
primer walking from both directions using thermal cycle
sequencing (Promega) and an automated sequencer
(Applied Biosystems model 393A, Foster City, CA)
located at the College of Veterinary Medicine, Kansas
State University, Manhattan, U.S.A.

Sequence analysis

The Blastx non-redundant database of the National
Center for Biotechnology Information Internet server was
used to perform similarity searching and the retrieval of
homologous sequences (Altschul ef al., 1990; Gish and
States. 1993). The Wisconsin Sequence Analysis Pack-
age GCG Unix version 8.1 (Genetics Computer Group,
Madison, WI, U.S.A.) and sequence analysis tools of the
SWISS-PROT Internet server were used to process data
of deduced protein sequences. The sequences have been
deposited in the GenBank database under the accession
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numbers AF015611 for the Bt-susceptible strain and
AF015610 for the Bt-resistant strain.

Chymotrypsin-like gene expression in gut tissue and non-
gut tissue

To test for tissue-specific expression of the chymotryp-
sin-like protein gene, 200 fourth instar larvae from the
RC688" strain were used for the dissection of tissues.
After removal of the anterior and posterior ends of the
larvae, gut tissue was separated from the rest of the body.
Total RNA was extracted and 10 ug of RNA from the
gut tissue and the remaining body tissue minus the gut
were used for Northern analysis (Ausubel er al., 1994).
RNA from gut tissue and non-gut tissue was subjected
to 1% agarose/formaldehyde gel electrophoresis and
transferred to a nylon membrane (MSI). A ~250 bp
probe, PCR amplified from the clone closely related to
chymotrypsinogen ¢cDNA using vector primers T7 and
SP6, was labelled with «-*?P-dCTP (Amersham) and
used to hybridize target RNA on a nylon membrane at
55°C for approximately 16h, using a DNA/RNA
hybridization kit (LabLogix). The nylon membrane was
washed at 55°C for | h with three changes of wash sol-
ution (0.2 x SSC and 0.1% SDS) and exposed to X-ray
film for 24 h. After full sequences of the two chymotryp-
sinogen-like ¢cDNAs from the cDNA libraries were
obtained, the RNA expression levels probed using a par-
tial fragment of the chymotrypsinogen-like cDNA were
verified by rehybridizing the nylon membrane with a full-
length chymotrypsinogen-like cDNA probe labelled with
«-**P-dCTP.

Southern blot analysis of genomic DNA from Bt-suscep-
tible and Bt-resistant strains

Genomic DNA was extracted from fourth instar larvae
using an isolation buffer containing 100 mM Tris-HCI
(pH9). 1% SDS. and 100 mM ethylene diamine tetraa-
cetic acid (EDTA). Southern analysis was used to search
for chymotrypsin gene differences between the P. inter-
punctella  strains and the procedures followed are
described by Southern (1975), Ausubel er al. (1994), and
Wang et al. (1995). Three double restriction enzyme
digestions, Pstl plus EcoRl, EcoRI plus Hindlll, HindIl
plus Pstl, and a control were conducted for each insect
strain. In each digestion, 5 pg of genomic DNA was dou-
ble-digested with 25 units of each enzyme for 5h at
37°C. Digested DNA was separated using an 0.8% aga-
rose gel, transferred onto a nylon membrane (MSI), and
hybridized with a full-length chymotrypsinogen-like
cDNA probe labelled with a-**P-dCTP at 55°C for 20 h
using a DNA/RNA hybridization kit (Lablogix). The
nylon membrane was washed three times and exposed to
X-ray film.

Chymotrypsin-like gene expression in Bt-susceptible and
Bt-resistant strains

Chymotrypsin-tike gene expression in fourth instar lar-
vae of the two strains of P. interpunctella was analysed
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by Northern blotting (Ausubel et al., 1994). Five
micrograms of mMRNA from each strain was subjected to
1% agarose/tormaldehyde gel electrophoresis and trans-
ferred to a nylon membrane (MSI). A ~250 bp probe,
PCR amplified from the clone closely related to chymo-
trypsinogen cDNA using vector primers T7 and SP6 was
labelled with biotin (Sigma). The target RNA was
hybridized with the labelled probe at 50°C for approxi-
mately 16 h (LabLogix). The membrane was developed
with a luminescent DNA/RNA detection kit (LabLogix)
and exposed to X-ray film. To verify mRNA expression
levels probed with a partial fragment of chymotrypsin-
ogen-like ¢cDNA, Northern blot analysis was repeated
using a full-length chymotrypsinogen-like ¢cDNA as a
probe. Messenger RNA was purified from another group
of larvae and the Northern blot was conducted with 3 ug
of mRNA per lane. The mRNA was transferred to a
nylon membrane after gel electrophoresis and hybridized
with a full-length chymotrypsinogen-like ¢cDNA probe
labelled with «-**P-dCTP at 55°C for 20 h. The nylon
membrane was washed three times and exposed to X-
ray film.,

RESULTS

Chymotrypsin-like enzyme activity

The ability to hydrolyse SAAPFpNA, a chymotrypsin-
diagnostic substrate, was previously reported to be sub-
stantially reduced in pooled gut extracts from an entomo-
cidus-resistant strain of P. interpunctella (Oppert et al.,
1996). Using a microplate assay, decreased hydrolysis
of SAAPFpNA was also observed in gut extracts from
individual larvae of the Bt-resistant strain. The average
specific activity (AA,,s per min per mg of protein in the
gut extract, 1 = 16 for each strain) of SAAPFpNA-
hydrolysis obtained using gut extracts from the Bt-resist-
ant strain was 9.6 = 1.5, which was approximately three-
fold lower than that using extracts from the Bt-suscep-
tible strain (25.1 + 3.0).

Proteinase activity blots were used to identify
SAAPFpNA-hydrolysing enzymes in individual larval
gut extracts from the Bt-susceptible and Bt-resistant
strains (Fig. 1). Five major bands of activity were
observed in each larvae. However, when the intensity of
diazotized nitroaniline was compared among individuals,
the amount of activity in the faster migrating enzymes
of the Bt-resistant individuals was greatly reduced.
SAAPFpNA-hydrolysing proteinases were observed with
apparent masses of approximately >>250, 100, 34, 30,
and 28 kDa. This difference in the chymotrypsin-like
enzyme activity in the P. interpunctella strains indicated
that resistance to Bt may be correlated with a decreased
level of specific activity of chymotrypsin-like enzymes.
The chymotrypsinogen-like enzyme mRNA levels and
also the cDNA sequences in the Bt-susceptible and Bt-
resistant stains of P. interpunctella were then investi-
gated.

YU-CHENG ZHU et al.

RC688° HD198"

M

FIGURE 1. Protcinase activity blot of gut extracts from individual lar-

vae of P. interpuncrella strains RC688* (Bt-susceptible) and HD 198

(Bt-resistant) incubated with N-succinyl-ala-ala-pro-phe p-nitroanilide
(SAAPFpNA). M, molecular mass markers.

Probes generated with PCR amplification

Nine clones containing a fragment amplified from the
RC688" cDNA library were selected and subjected to
plasmid DNA extraction and insert sequence analysis.
Results of the GenBank Blastx homology search indi-
cated that the sequences (~250 bp) of eight clones were
similar to those of serine proteinases. All of these frag-
ments contained a poly-A tail, indicating that the cloned
fragments contained the 3'-end of the insect cDNAs. The
clone with the highest homology to a chymotrypsinogen-
like protein of M. sexta was PCR amplified with two
vector primers, T7 and SP6. The PCR product was used
as a probe for Northern analysis and c¢DNA library
screening.

¢DNA sequences

The cDNA libraries of RC688" and HD198" were
screened with the chymotrypsin-like cDNA probe. Pre-
liminary sequencing identified two clones from each
cDNA library that had 3'-ends (~250 bp) identical to
chymotrypsin-like ¢cDNA sequences. One clone was
selected from each library for sequencing and charac-
terization.

A ¢cDNA of a putative chymotrypsinogen-like protein-
ase was obtained from the RC688" library, which con-
tained 977 nucleotides with the start codon ATG at pos-
itions 50-52 and the termination codon TAG at positions
896-898 (Fig. 2). A clone obtained from the HDI9g"
library had 951 nucleotides and an open reading frame
sequence identical to the cDNA from the RC688 library.
The open reading frame includes 846 nucleotides which
encode 282 amino acid residues in a predicted immature
form of a chymotrypsin-like proteinase. A polyadenyl-
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S GTCAATCACAGGATAGGTTAAGTCATCAATTCTTGAGCTAARAATAAAG 49

R d Kk odkodkodk ok ko dkdode ok ko ke ok ok ok ok ok ok ok ko 25

ATGGCGTCAAAGATTCTGTTGTGCATACTGTTTGTGGGGGTCCAAAGTGAAGTTTTGACT 109

khkhkhkhkhkhkhkhkhhkhkhhhkhkhkdhhhhhbhbhkhkhhbhhbhhhkhhkhhhkhhrhkhkdhhkhkhkhdhhkhkhkhkhkdhkhkhkkhkkh 85

MetAlaSerLysIleLeuLeuCysIleLeuPheValGlyValGlnSeﬁﬁluValLeuThr 20
GTGCATAACTATCACATGAACATAGGAGTACCTCGTGCTATTAACCTGATGAACTCGGAA 169

(2RSSR SRR RS AR SRR RRERERRss Rt Rt sRRAXXRRRXER RS R R 145

ValHisAsnTyrHisMetAsnIleGlyValProArgAlalleAsnLeuMetAsnSerGlu 40
TTGATGACTAGGATTGTCGGGGGAAGTCAAGTGACTACACCGACCTCATTTCCGTTTCAA 229

kkkkhkdkdkhkhkhkhkhhhkhkhkhkddhkhbhhkbhkhhhkhbkhkrhkhkhkhhhkhkkhrhrhbhhhkhkhhkhdhhhkhdhhkkhkdhihi 205

LeuMetThrArgIleValGlyGlySerGlnValThrThrProThrSerPheProPheGln 60
GCAGGTATAATAGCAACACTTACAACTGGGTTTACCTCGATTTGTGGAGGTACACTCCTC 289

khkkhkhhhkhkhkhkhkhkhkhkhkhkhkAdhkhkhbhkhhkkhbhhbhhhkhhkhd kbbb hdhkhrhhbhhdbhkhbhkhrhhkhkkkk 265

AlaGlyIleIleAlaThrLeuThrThrGlyPheThrSerIleCysGlyGlyThrLeuleu 80
TCCAACACCAAGGTCCTAACTGCGGCCCACTGCTGGTGGGACGGCCAGAGCCAAGCCAGA 349

kkhkhkhkhkhkhkhkhkhhkhkhhkhhkAhhbhhhbdhbhdkhkhkhrhkdhkhkhbhhrbdhbhkhrhkhrhkhbhhkhkhbhbhhkhhbhkdhkdhhhs 325

SerAsnThrlLysValLeuThrAlaAlaHisCysTrpTrpAspGlyGlnSerGlnAlaArg 100
CTCTTCACGGTGGTTCTGGGCTCCCTCACCATCTTCTCAGGAGGGACAAGGATAGAAACA 409

kkhkkhkhkhkkhkhkhkhhkhkhkhkhkA bk hkdrhkhhkhhhkhkhkhrhkhrhk kb hkhrhbdbhkhhkhkhhhbhkhbhbkhrhhkht 385

LeuPheThrValvallLeuGlySerLeuThrIlePheSerGlyGlyThrArgIleGluThr 120
TCGAGAATAGTCGTTCACCCCAACTGGAACACGAATGAGATCACCCATGATATTGCTATG 469

LR RS A SRR SRS ESRERR RSN SRRl ERER RS R RS RR R SRS RS RS ERRRRRR R RS R 445

SerArgIleValValHisProAsnTrpAsnThrAsnGlulleThrHisAspIleAlaMet 140
GTGACTATTGCGAGAGTCAGTTTTACTAACAATATCCAGAGCATCCCTATACCTGACTTA 529

khkhkhkhkhkhkhkhkhkhkhkhkhrhkhkhbdhhkhrhkkhkhkAhrkhkhbbkhkhkrhkkhkrhrkhhkhhrbhkhbhhdhhbhhkhbhhbhkhkhhihd 505

ValThrIleAlaArgValSerPheThrAsnAsnIleGlnSerIleProlleProAspLeu 160
GCAGATATCAATCACAACTTTGCCGGAGCATCGGCTGTGGTGTCCGGATACGGGAAAACT 589

Ak hkhkkhkkhkhkhkdkhkrhrhkhkhkdhhbhhkhbhkhkhkhhrhkhkhkhrhkhkhkhkhkdbhbkhbhhkkhbhkhhbhhkhhkhkhkhhkhkhkkhi 565

AlaAsplleAsnHisAsriPheAlaGlyAlaSerAlaValValSerGlyTyrGlyLysThr 180
AGTGACGGACAAGGCAGCTTCCCAACCACGACATCGCTTCACCAGACAACAGTCCAAGTG 649

khkhkhkkhkhhkhkhkhbhhkhhkhkhkdbhdhkhrbhkhkhhhkhrrhhhbhrhkhbhhkhhbhbhbhkhbhbhhkhhbhhkhhkhkdkhkhhkd 625

SerAspGlyGlnGlySerPheProThrThrThrSerLeuHisGlnThrThrValGlnval 200
ATCACCAACGCCGTTTGTCAGAAGAGTTTCGACATCACCCTTCACGGGAGTCACCTGTGC 709

khkhkhkhkkhkhkhkhkkhkhkhkhkhkhk ARk hbhhhkhk kA hkdrhkhbhkdhkkhkdrhkdhbhkhrdkrhbhkrhhrkhkhkdhkkdk 685

IleThrAsnAlaValCysGlnLysSerPheAsplleThrLeuHisGlySerHisLeuCys 220
-3
ACCAACGGACAAGGTGGAGTGGGATCCTGTGACGGCGACTCGGGTGGACCCTTGACTACA 769

Ahkkhkhkhkhhkhkhkhkhkhkhhkdkhkdhhkhhkhkhhkdkhrbhkhkhkhkhkhkhkhkhkhkrhkhkhrhhbhkhhrhhbhhhhhhkhkhkhhk 745

ThrAsnGlyGlnGlyGlyValGlySerCysAspGlyAspSerGlyGlyProLeuThrThr 240
ATTCGAAACAATCGCAGAACTGTGATTGGAGTGGTGTCGTTTGGATTGGGTGACCGCTGT 829

IEEEEEEEEEEL RS LR RESSR SRR SES R SRRSs RSt RS RS SRR a RS R RS R R E R N RS R 805

IleArgAsnAsnArgArgThrValIleGlyValvValSerPheGlyLeuGlyAspArgCys 260
CAGTCAGGCTACCCATCTGTCTACACCCGCGTTACTGCTTTCCTCACCTGGATCCAGGCA 889

AhkhkhkhkhkhkhkhkhkhkhhhhhkrkdhkhhrbhhkhhhrrdrhkhrhkdhkhkhbdhkhkkhkhkArrkhhhbhbkhkhhhhhhkrhhhk 865

GlnSerGlyTyrProSerValTyrThrArgValThrAlaPheLeuThrTrpIleGlnAla 280
AACTTGTAGAAAATTCACCAAGAGCTGGGATTGCGAAATAGTCTGCATAAAAATAAAAAT 949

khkkhkhkhkhkhkhkhkhkhkhkhhhkdhhkhdhhhhbhbdhhhhhhhkhkdhdhhkhdkkhkdhhkhGhhhkdhkkdhdk 925

AsnLeu 282
-

TAGCAAATATAAAAAAALAAAAARMAAAA 977

AhkdhkhkhkhhkhkhkhkhhkhkhkhkAdhhkhhhhkhki 951

FIGURE 2. Nucleotide and deduced amino acid sequences of chymotrypsinogen-like ¢cDNA isolated from P. interpunciella.

S. clone from susceptible strain RCAH88"; R, clone from resistant strain HD198". *Nucleotide identity between resistant and

susceptible strains; ATG. start codor: TAG, termination codon: AATAA. polyadenylation signal: A, predicied signal peptide

cleavage site: @, predicted activation peptide cleavage site. Conserved N-terminal residues Ile-Val-Gly-Gly are underlined. A

241 bp tragment used for Northern hybridization is focated between two arrows — «— at the 3’-end of chymolrypsinogen-
like cDNA.






