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The tryptic peptides derived from the N-terminal domain of é-endotoxin produced by Bacillus thuringiensis
ssp. alesti have been sequenced and aligned by homology with the primary stuctures of -endotoxins formed
by B.t. kurstaki subspecies (K-1 and K-73). The N-terminal regions of the domains (residues 1-346) show
only marginal variations: 9 amino acid substitutions were found among 158 aligned residues of B.r. ssp.
alesti 6-endotoxin. In contrast, the following stretch of the sequence starting from residue 347 reveals ~ 50%
of amino acid substitutions when compared with the structures of K-1 or K-73. As a rule, the fragments
of B.1. ssp. alesti 5~endotoxin that differ from K-1 in structure precisely reproduce the corresponding sequen-
ces of K-73 d-endotoxin and, vice versa, those different from the K-73 sequences coincide with the respective
structures of K-1 d-endotoxin. A few fragments present in B.t. ssp. alesti were also found but not in both
B.1. ssp. kurstaki d-endotoxins. It appears that the structure of this region of B.thuringiensis d-endotoxins
(347-625 residues) contains a pattern of relatively conservative and highly variable fragments. These varia-
tions might be responsible for the variations in specificity of the entomocidal action of d-endotoxins.
Insecticide é-Endotoxin Primary structure

(Bacillus thuringiensis) Entomocidal crystal

1. INTRODUCTION

Bacillus thuringiensis produces crystals of pro-
tein - d-endotoxin - that possesses insecticidal ac-
tivity. Among 25 subspecies of B.thuringiensis,
several are known to produce é-endotoxins differ-
ing in specificity of action on various Lepidoptera
or Diptera. At the same time, the results of limited
proteolysis indicate that all these proteins share the
same type of domain organization of their
molecules [1]. Hence, one might presume that
rather slight differences in their structures, prob-
ably those in the primary structures, are responsi-
ble for these variations in biological specificity of
d-endotoxins.

This paper describes the structural features of
the N-terminal domain of é-endotoxin produced
by subspecies alesti of B.thuringiensis. Extensive
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hydrolysis of the §-endotoxin with subtilisin BPN’
vielded fragments, rather stable to further
degradation, derived from the N-terminal half of
the molecule corresponding to the ‘true toxin’.
These fragments with M; close to 10000 were sub-
jected to tryptic hydrolysis without preliminary
separation. The tryptic peptides were isolated and
sequenced, and then their structures compared
with known sequences of two B.t. ssp. kurstaki &-
endotoxins, K-1 and K-73, established by sequenc-
ing the respective structural gemes [2,3]. This
allowed us to reveal the characteristic distribution
of conservative and highly variable stretches along
the sequences of these §-endotoxins. These obser-
vations appear to be of general importance and
might serve as a basis for explaining variations in
the biological specificity of 6-endotoxins produced
by various subspecies of B.thuringiensis.
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2. MATERIALS AND METHODS

Crystal-forming protein produced by B.t. ssp.
alesti and its N-terminal domain were isolated as
described in [1,4]. To obtain fragments stable to
further degradation, 600 mg B.r. ssp. alesti 6-
endotoxin were dissolved in 400 ml of 0.05 M
NaOH and the solution {pH 12.5) incubated at
37°C for 1 h. The pH was then lowered to 10.5
with concentrated HCI; sodium carbonate-
bicarbonate buffer (pH 10.5) was added to 0.01 M
followed by 2.7 mg subtilisin BPN’. The mixture
was incubated at 37°C for 30 min, the pH lowered
to 7.5 and the enzyme inactivated by 0.01% (v/v)
diisopropyl fluorophosphate. The mixture was
concentrated on an Amicon PM-30 membrane to
10 ml and applied to the top of a Sephadex G-75
column (5 x 180 cm) equilibrated with 4 M urea
containing 0.01 M sodium carbonate buffer
(pH 8.6), 0.01 M dithiothreitol, ] mM Na,EDTA
and 1% SDS. A fraction (840-960 ml) of the eluate
was collected, rechromatographed twice under the
same conditions, dialyzed against water and
lyophilized. As shown by SDS electrophoresis in
polyacrylamide gels, this fraction contained pep-
tide material corresponding to M, 10000. This
material was treated with 90% phenol for 12 h at
37°C to ensure complete unfolding, then hydro-
lysed with trypsin (1:20, v/v) for 36 h at pH 9.5
and 37°C. The course of hydrolysis was checked
by SDS electrophoresis and carboxypeptidase B
digestion [5,6]. The hydrolysate was fractionated
on a Chromobeads (Technicon, Ireland) cation ex-
changer column [4]. The fractions obtained were
further purified by HPLC on a reversed-phase col-
umn (ODS-Hypersil, Shandon) in an acetonitrile
concentration gradient at pH 5.5. Amino acid
analysis and sequencing of the peptides were per-
formed as in [4,7].

3. RESULTS AND DISCUSSION

The N-terminal domain that contains ~ 700
amino acid residues corresponds to the true toxin,
which appears after entomocidal protein (‘protox-
in’) hydrolysis with various proteinases including
those present in larva gut. Automated sequencing
of the true toxin formed by the action of trypsin on
the d-endotoxin produced by B.t. alesti subspecies
showed that simultaneously with limited pro-
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teolysis of the hinge region, joining this domain
with the C-terminal half of d-endotoxin, the N-
terminal stretch of 28 amino acid residues was split
off. Apparently, the loss of this N-terminal frag-
ment has a negligible effect on the entomocidal ac-
tivity of the N-terminal domain. The following
residues, 29-57, were found to be clearly
homologous to the respective sequences of both 4-
endotoxins formed by B.t. ssp. kurstaki (K-1,
K-73) (fig.1).

1
K-1 MDNNPNINECIPYNCLSHPEVEVLSGERIwTGY IPIDISLSLTQFLLSLF
Ale IETGYTPIXISLSLIQE

E-73 MDRNPNINECIPYNCLSNPEVEVIGGERIETGYTPIDISLSLTQFLLSER

51
k-1 VPGAGFVIGLVDIIWGIFGPSQWDAFPVQIEQLINQRIEEFARNQAISRL
Ale XPGAGFV IZEFARNQAISRL
K=-73 VPGAGF VlGLVDII”GIFGPSQWDAF@VWIE”LINQRILEFARNQAISRL

101
k-1 EGLSNLYQIYAESFREWEADPTNPALREEMRIQFNDMNSALTTAIPLIAV
Ale EGLSNLYQIYA R PTNPALREEMR
K=-73 EGLSNLYQIYAESFREWEADPTNPALREEMRIQFNDMNSALTTAY PIEAV

151
k-1 QNYQVPLLS VYVQAANIHLSVLRDVSVFGQRQGFDAAT INSRYNDLTRLI
Ale GQR YNDLTRLI
K~73  QNYQVPLLSVYVQAANLHLSVLRDVSVFGQRVGFDAATINSRYNDLTRLI

201

=1 GNYTDYAVRWYNTGLERVWGPDSRDWVRYNQERRELT LTVLDIVALFSNY
Ale GIYTDYAVRWYNTGLERVWG PDSRDWVRYNQFR

K=73  GNYTDYAVRWYNTGLERVWGPDSRDWVRYNQFRRELPLTVLDIVALFENY

251

E=1  DSRRYPIRTVSQLTREIYTNPVLENFDGSPRGMAQRIEQNIRQPHLMDIL
Ale [iYPIRTVSQLTREI YTNPVLENFDGSFRGSIAQRIEQIR

E-73  DSRRYPIRTVSQLTREIYTNPVLENFDGSFRGSAQET HRYTREPHIMDIL

301
K-1 NSIPIYTDVHRGFNYWSGHQITASPVGFSGPEFAFPLEGNAGNAAPPVLY

AAPRQRT
=73 NSITIYT]@HRG@!WSGHQI@\SPVGFSGPEF@I‘PI@@NM%QM

351
k-1  -SLTGLGIFRTLSSPLYRRIILGSGPNNQEIFVLDGTEFSFASLITNLPS
Mle  VAQ TLSS LDGT
E-73  VAQ LS FBLYRRPFN- T IvNQdLIV LDG TEFRYGTSS N LES
401
E-1  TIYRQRGTVDSLDVIPPQDNSVPPRAGFSHRLSHVIMISQAAGAVYT--1,
FSHRLSHVEMFRSGFSNSSVST
X~73  [EVERESETVDSLOE PPRMEVE PRYGFSHRLSHVSMERSG PSRSSVSTT

451
k-1 RAPTFSWQH- FNN IIPSSQITQIPLTKSTNLGSGTSVVKGPGFTGG
Ale RA! GPGFTGG

E
i

K-T3 IS NNII@S@ITQIP sv@GPGFTGG
01

k-1 5

Ale

E=-73

551
K=1 GRPINQGNFSATNMSSGSNIQSGSFRTVGFITPFNFSNGSSVFTLSAHVFN
E-73 NSHIFSNIVAATETSEDNT.QSEOFf YFESANARTSSI I TN ——CVERFE

601
K-1 SGNEVYIDRIEFVPAEVTFEAEYDLERAQKAVNELFTSSNQIGLKTDVID

k=73 [eTaqvIEpREEETEAeAR ELER AQKAVNEILPTSNQLG LK THVTD

Fig.1. Amino acid sequence of the N-terminal halves of

B.thuringiensis S-endotoxins from subspecies kurstaki

K-1 and K-73 and aligned peptides of B.?. ssp. alesti 6-
endotoxin (Ale).
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Whereas the d-endotoxins produced by B. 1. ssp.
kurstaki (K-1) and sotto [8] have been found to be
almost identical - only 4 amino acid substitutions
observed among 900 residues compared - the dif-
ference between the primary structures of B.¢. ssp.
kurstaki X-1 and K-73 é-endotoxins was substan-
tially greater. These proteins, which also differ ac-
cording to immunochemical criteria, differ by 171
substitutions out of 1176 amino acid residues in
each of their polypeptide chains (15%).
Remarkably, all these substitutions are localized in
the N-terminal halves of the molecules, i.e. within
the true toxin domains, whereas their C-terminal
halves containing ~600 amino acid residues are
strictly identical.

The distribution of the amino acid substitutions
within the N-terminal domains is also strikingly
uneven. The most variable is the C-terminal part of
this domain embracing residues 347-625 and con-
taining ~ 90% of all substitutions. It appears to be
particularly important that the amino acid
substitutions are not randomly dispersed along this
region but clustered within several highly variable
stretches of 7-28 residues in length. Other stretches
of both sequences are nearly identical.

Comparison of the tryptic peptides isolated
from B.t. ssp. alesti 6-endotoxin with the se-
quences of both B. 1. ssp. kurstaki 5-endotoxins led
us to the following conclusions. Almost all pep-
tides might be localized within the N-terminal do-
main according to homology with either sequence
of B.t. ssp. kurstaki 6-endotoxins. The sequences
of the peptides belonging to the N-terminal
346-residue stretch of this domain are very similar
to those of both B.t. ssp. kurstaki é-endotoxins
(K-1, K-73) - only 9 substitutions found for 158
residues that might be aligned. Hence, this part of
the molecule appears to be rather conservative.
The most variable is the sequence starting from
residue 347 but, as a rule, these variations in the
structure of B.t. ssp. alesti 5-endotoxin reproduce
the sequence of either B.tr. ssp. kurstaki o-
endotoxin. Thus, the sequence of B.t. ssp. alesti 6-
endotoxin coincides precisely with that of B.t, ssp.
kurstaki K-73 on at least two long stretches where
the K-1 and K-73 sequences differ markedly
(residues 347-359 and 436-450). Even the insertion
of one residue (351) in the first sequence and two
(448, 449) in the second is copied in B.t. ssp. alesti
protein. In contrast, sequences 502-529 of K-1 and
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B.t. ssp. alesti toxin are identical, both differing
strongly from that of K-73 é-endotoxin.

These findings allow us to discuss the following
mechanism of variations in §-endotoxin structures
and, possibly, in their biological activity. We
presume that the patterns of molecular organiza-
tion of the d-endotoxins are very similar. This is
especially true for the C-terminal half of the
molecule as well as for its N-terminal fragment em-
bracing the first 350 amino acid residues. The re-
maining variable part of the structure, residues
350-625, showed 50% homology when the se-
quences of 3 d-endotoxins were compared. This
degree of homology is large enough to presume
that the folding pattern is preserved in this part of
the molecule, although large differences in the se-
quences of certain hypervariable stretches suggest
some specific modification of the secondary or ter-
tiary structure acquired by this segment. It is
significant that the several stretches localized
within this highly variable region of d-endotoxin
structures are very different in their sequences
showing no homology, or only a marginal degree
thereof.

One might suggest that these hypervariable se-
quences, e.g. 347-359, 438-450 or 502-529, could
be of crucial importance for the variations in
biological specificity, especially in the host range
characteristic for the different §-endotoxins. Com-
parison of the K-1 and K-73 sequences shows that
these toxins have 8 such sequences. Three hyper-
variable sequences, one identical with K-1
(502-529) and two identical with K-73 (347-359
and 438-450), were found among the tryptic pep-
tides of B.t. ssp. alesti 5-endotoxin. In addition, it
should to be noted that certain peptides of B.r.
ssp. alesti  é-endotoxin  tryptic  hydrolysate
(GLDPATTR, LWLGL, LWGTYTDYAFGR)
could not be aligned with B.r. ssp. kurstaki se-
quences. Apparently, B.t. ssp. alesti §-endotoxin,
in addition to the hypervariable sequences that
copy the respective stretches of K-1 and K-73 tox-
ins, also possesses fragments that might corre-
spond to the hypervariable sequences of other 4-
endotoxins, which have not yet been studied struc-
turally.

The above data indicate that these hypervariable
sequences might recombine independently within
different é-endotoxin molecules. If this assump-
tion were valid, it would explain the adaptive
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variations in biological specificity of B.thuringien-
sis d-endotoxins.
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