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Degradation of the Parasporal Crystal Proteins of Bacillus
thuringiensis and Induction of Stress Protein Synthesis in
Bt 6-endotoxin Ingested Larvae of Fall Webworm, Hyphantria cunea
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ABSTRACT The protein components of each crystal toxin of Baocilus thuringiensis kurstaki and amawai were
separated by SDS-PAGE. The major crystal proteins from hoth strains were compesed of polupepti-
des having molecular weights of 130kd and 64 kd. Digestive mixture of both. toxins with trypsin
and gut juices shared 62 kd polypeptide which may be major active toxin. However, aizawar produced
much less amount of 62 kd polypeptide than kurstaki did. On ingestion with Bt 8-endotoxin, larvae
of Hyphantria cunea developed 45 kd stress protein in the several tissues including fat body, which

was induced by heat and cold shock.
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Bacillus thuringiensis produces a crystal protein
(8-endotoxm) in the sporulahing cell, which is specifi-
cally toxic to the larvae of certain insects. These
protemn crystals are composed of one or more poly-
peptides in the form of inactive protoxins which are
highly toxic only when ingested (Angus 1956). The
effective proteclytic conditions at an alkaline pH of
gut juice of the susceptible insects are thought to
be responsible for the activation and the selective
action of this toxin {Lecadet and Lereclus 1984).
Although lots of information on the investigations

concemned to the enzymatic degradation of the crys-
tal protein is found in the literature (Lecadet and
Dedonder 1966, Faust et al. 1974, Kim et al.
1992), a well-defined analysis of the digested produ-
cts is required to elucidate the molecular mechanism
of action-the activation of a specific insechicidal func-
tion. In this paper we have compared the digested
products of the crystal 8-endotoxins of B. thuringie-
nsis var. kurstaki and aizawai by gut juices and try-
psin, in addition to the induction of stress protein
by &-endotoxin-ingested larvae of fall webworm, H.
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MATERIALS AND METHODS

Bacterial Strains and Insects

B. thuringiensis var. kurstaki HD-1 and B thuri-
ngiensis var. aizawai were obtained from Dr. Faust
(USDA, Maryland). Further, Bombyx mori and H
cunea required for the experiments were obtained
from a colony maintained in the laboratory of Insect
Pathalogy, Seoul National University, and Insects
Resource Laboratory of Genetic Engineeting Resea-
rch Institute, KIST, respectively. Larvae were reared
on respective arificial diet at 26x 1°C and 75+ 5%
relative humidity with a photoperiod of 16h-light
and 8h-dark.

Growth and Toxin Preparation

The growth and crystal punfication were perfor-
med as described by Thomas and Ellar {1983). The
d-endotoxin inclusions from B. thuringiensis were
separated from spores and cell debris by ultracentri-
fugation on discontinuous sucrose density gradients.

Purified crystals were dissolved in pH 9.5, 50 mM
sodium bicarbonate/NaOH containing 10mM  di-
thiothrejtol for 90 min at 37°C. The soluble fraction
was activated by incubation with gut juices from B.
mori and H. cuneo, or 0.05% trypsin (Sigma Co.)
at 37°C for various times, Crude gut juices were
prepared as vomits by electic shock (Nishiitsutsuji-
Uwo et al. 1979).

Electrophoresis

SDS-PAGE was perfotmed according to the me-
thod of Laemmli {1970} using a 12.5% separating
slab gel uniess otherwise noted. All samples were
heated at 90°C for 9 min in the presence of 2%
SDS and b% 2-mercaptoethanol. Gels were Cooma-
ssie-stained following completion of the run.

Induction of Stress Proteins

For heat and cold shock, last instar larvae of H.
cunea were kept at 42°C for 2h or at 4°C for 6h,
respectively. To induce the stress proteins by B. thu-
ringiensis §-endotoxin, larvae were fed with toxin-
mixed diets(100 g/, w/w). Fat body, Malpighian
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Fig. 1. Activation of B. thuringiensis var kurstaki (Btk)
crystal 8-endotoxin by gut extracts of Hyphantria cunea
{A) and Bombyx mori (B} SDS-PAGE of crystal 5-en-
dotoxin, Coomassie-blue-stained  track 1, molecular
mass standard; track 2, native crystal protein; tracks 3-
9, qut extracts-actwated crystal prateins for 0.25, 0.5,
1,3, 6, 9, and 24h: a, 130kd (P): b, 64kd (P

tubule, and gut were isolated 12h after toxin inges-
tion, To compare the stress proteins by parasitism
with those by B. thuringiensis toxication, nematode-
infected brown planthoppers were obtained from la-
boratory of nematode (Gyeongsang National Unive-
sity) and body proteing were electrophoresed.

RESULTS AND DISCUSSION

The crystal toxins of B thuringiensis var. kurstaki
HD-1 were dissolved in alkalne solution and sepa-
rated by SDS-PAGE The SDS-PAGE pattern of the
products showed one predeminant band of appa-
rent molecular weight 130 kd, together with 64 kd,
62 kd, and several other bands (Fig 14, B). Yama-
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moto & Mclaughlin (1981) repotted that B. thuri-
ngiensis var, kurstaki HD-1 contains one or more
protoxins (P1) in 130-140 kd size range, but in addi-
fion native crystals contain an extra polypeptide(Py)
of 65kd. They showed P; and P; were almost
equally toxic to the cabbage looper, Trichoplusiani,
larvae. In our experiment, 130 kd polypeptide come-
sponds to the Py specturn and 62 kd polypeptide
comesponds to the P: spectrum, respectively. We
also observed the crystal proteins in the presence
of an alkaline buffer showing the 62 kd active toxin
without futher enzyme treatment. Bulla et al {1981}
showed the generation of toxic peptide from the
crystal protein of subsp. kurstaki by spontaneous
hydrolysis at alkaline pH. In our result. several other
minor polypeptides might be the residual spore con-
taminants and degraded intermediates. The number
and size of the polypeptides constituting the crystal
protein from B. thuringfensis were stikingly diver-
gent (Calabrese et al 1980, Huber et al. 1981, Hu-
ber & Lithy 1981, Kim et ol 1991). The major
protoxins are, however, involved in Py and P: cate-
gories. Bulla et al. (1981) demonsirated degradation
of the crystal pratein during solubilization and poin-
ted cut the presence of a protease associated with
the crystal.

When protoxin was incubated with protease from
H. cunea and B. mori gut juice, 130 kd polypeptide
disappeared and fragmented proteins appeared as
bands representing molecular weights of 62 kd, 61
kd, B5kd, 39kd, 33kd, and 28 kd on SDS-PAGE.
In our results, three polypeptides having molecular
weight of 62kd, 61 kd and 55 kd are active toxin
which might have been criginated from Py and P.
(Yamamoto & McLaughlin 1981). These results are
consistent and are similar to the results from several
laboratoties indicating that protoxin activation vields
an active toxin of molecular mass 55-72 kd (Haider
et al 1986, Schnepf & Whiteley 1981). Temporal
gut juice treatrnent indicated that 62 kd toxin increa-
sed with Incubation time (Fig 1).

Tryptic digestion of B. thuringiensis var kurstaki
crystel protein produced a protein patlem simiar
to H. cunea gut juice-activated samples after 24hin-
cubation (Fig. 2A). Further proteolysis (8 days} yiel-
ded polypeptides of 62kd and 61 kd {Fig. 2B). Try-
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Fig. 2. Coomassie blue stained SDS-PAGE of crystal
dendotoxin after triypsin treatments. A, molecular mass
standard (track 1) B. thuringlensis var. kurstaki native
arystal protem(track 2). Crystal proteins incubated at 37
°C for 0.25, 1, 6. 9, and 24h (tracks 3-7): B. molecular
mass standard (track 1), B. thuringiensis var. kurstaki
native crystal protein {track 2} Crystal proteins incuba-
ted at room temperature for 1, 2, 3, 4, 5, 6, 7 and
8 days (tracks 3-10).

ptic digestions of crystal proteins from four serotypes
(Lilly et al. 1980} obtained toxic polypeptides app-
roximately of molecular weight 7(t kd. This divergent
result might be due to the difference in the method
of crystal dissolution and the procedure of analysis
employed (Tanada 1993). In the present study, pro-
teolytic processing of var, krustaki protoxin with lepi-
doptera gut juices and with trypsin, yielded same
molecular mass of toxic peptides.

Crystal proteins of B, thuringiensis var. kurstaki
and aizawai had approximately equal quantitites of
130 kd and 64 kd bands (Fig 34, B). Var. aizawai,
however, showed more minor bands having low
masses than var. kurstaki. When solubilized proteins
were treated with trypsin or with gut juice, the pro-
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Fig. 3. SDS-PAGE of protoxin activation profiles from
B. thuringtensis using gut extracts and fypsin. A B
thuringiensis var. kursiaki; B, B. thuringiensis var. aiza-
wai; 1, Hyphanitria cunea qut extract ; 2, Bombyx mori
gut extract ; 3, trypsin; track I, protoxin of Btk (A)
and Bta {(B), respectively.

tein pattern of digestive mixture was similar in both
toxins. Whereas active toxin having molecular weight
of 62 kd showed difference in quantities. After dige-
stion, var. kurstaki developed distinct band of 62 kd
product, while digestive mixture of var. aizowai pro-
duced a trace amount of 62kd peptide. This study
suggests that although B. thuringfensis var. dizawai
shows the dual host specificity for dipteran and for
lepidopteran cells (Tanada 1993), its toxicily to lepi-
dopteran may be weaker than that of var. kurstaki.
In our experiments, trypsin and proiemases in gut
juices had no effect on the protein patterns {data
not shown),

The &-endotoxin from B. thuringiensis var. kurs-
taki was fed to last instar larvae of H. cunea to
determine the effect on the protemn patiems of seve-
ral tssues including fat body. After toxin ingestion,
larval tissues were dissected and electrophoresed
under denaturing condition. We also compared the
protein pattems induced by heat and cold shock
with those by Bt toxin

On ingestion with B. thuringiensis toxin, larvae
developed 45kd stress protein in three tissues: fat
body, Malpighian tubules, and gut (Fig. 44). By heat
and cold shock, the larvae developed same stress
protein with molecular weight of 45 kd, together with
24 %d protein (Fig. 4B). Unexpectedly, nematode-in-
fected brown planthopper showed the 45kd stress
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protein, which increased in amount upon parasitism
{Fig. 4C).

The heat shock response is a general homeostatic
mechanism that protects cells and the entire crga-
nism from the deleterious effects of environmental
stress (Nover 1991), It has been shown that heat
shock proteins play major role in many cellular pro-
cesses and have a unique role in several area. Heat
shack response is & common phenomenaon with that
induced by bactena or the unicellular ciliate Tetrah-
ymena, or fungi, or insects, or parasites, or vertebra-
tes (Schlesinger ef al 1982, Nover 1991, Maresca
& Carratu 1992)

The present study suggests that B. thuringiensis
infection on insect larvae induces the stress protein
ke heat shock protein. Several authors reported
that upon heat shock F. cell and Bacillus subfilis
produced heat shock protein known to enzymes in-
volving LystRNA synthetase (Van Bogelen et al
1983), Lon protease {Goff et of 1984, Amosti et
al. 1986), and Serine protease (Lipinska et al. 19
S0 Yoo et al {1994) reporied that 46 kd polypep-
tide, which occurs in the hemalymph of Bt-injected
larvae of Heliothis assulta, is a kind of antibacterial
protein, The 45 kd stress protein found in our study
is likely to be antibacterial protein. The studies on
the B. thuringiensis-induced stress protein and the
purification of active toxins are already in progress
in ouwr laboratory.
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