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Abstract A new cryl-related sequence designated cryIM was
cloned using an immunoscreening technique from ssp. wuhanensis
of Bacillus thuringiensis (BT), previously reported to produce
multiple Cry proteins [Chestukhina et al. (1994) Can. J.
Microbiol. 240, 1026-1034]. Analysis of the cryIM nucleotide
sequence revealed an ORF, BTII-type promoter-like sequence,
peculiar for such genes, a translation initiation element and a
putative transcription terminator. Nevertheless, its product was
not previously found in the crystals of the host strain
|Chestukhina et al. (1994) Can. J. Microbiol. 240, 1026-1034]
which shows its weak or absent natural expression. The amino
acid sequence of 1151 residues encoded by the continuous reading
frame of cryIM is not identical but is essentially similar to the
other 8-endotoxins of the CryI class. An IS231-like sequence was
found 400 bp downstream of the cryIM stop codon and a
fragment of the crylAb gene was located 3 kb upstream of its
initiator codon in the same orientation. Artificial expression of
the cloned gene in E. coli under the control of the lacZ promoter
allowed us to obtain its hypothetical protein product.
© 1997 Federation of European Biochemical Societies.

Key words: CryIM; Delta-endotoxin; Primary structure;
Bacillus thuringiensis; 15231; CrylAb

1. Introduction

Many strains of Bacillus thuringiensis (BT) produce a sub-
stantial variety of 70-130 kDa crystal forming proteins — 6-
endotoxins — displaying highly specific entomocidal activity
toward larvae of different insect orders. The presence of multi-
ple 8-endotoxin genes (cry genes) in the same cell appears to
be a characteristic feature of BT. Certain strains of subspecies
wuhanensis and galleriae as well as some strains of other sub-
species were reported earlier to produce up to 7 different Cry
proteins [1,2].

A functional role of the multiple cryl genes in the genomes
of BT and their products in the crystals was discussed. It was
proposed to serve as an adaptation to amplify the host range,
to prevent resistance development and to increase the activity
level due to a cooperative interaction of toxins in the course of
targeted membrane pore formation. Mutual expression regu-
lation characteristic of multiple cry genes was not investigated
sufficiently with respect to either the optimal stoichiometry of
the crystalline proteins or to the molecular mechanism provid-
ing a different gene activity level.

*Corresponding author. Fax: (7) (095) 315 05 01.

The complete sequencing of all genes from a certain strain
is a prerequisite step to reconstructing the c¢ry gene and Cry
protein multicomponent complex. This might help to clarify
the molecular basis of ¢ry gene natural overexpression and the
mechanism of toxic action, as well as in designing an im-
proved formula of the available d-endotoxin combinations
for practical use.

2. Materials and methods

2.1. Genomic gene bank construction

Total genomic DNA of BT wuhanensis was prepared as described
[3], partially digested by EcoRI restrictase without purification in
agarose gel and ligated with EcoRI-linearized ApSL5 phagemid vector.
The ligated DNA was packed to A-phage capsid as described in [3]
and applied to an E. coli Y1090 (supF) lawn grown at 37°C. The
primary bank in the phage form contained 10000 colonies. This
was washed from the plates, giving up to 10° phage particles per ul.
It was applied for screening in the phage form at a density of 3000
colonies per plate.

2.2. cryIM cloning and sequence analysis

Screening of the bank was performed using antiserum raised against
total crystals of BT galleriae 11-67 [4] preliminarily exhausted toward
total proteins of E. coli Y1090. The clones were rescreened using the
same serum and a probe derived from the cloned cry/da gene. Se-
lected phagemid clones were used to transduce E. coli TGI1 cells.
Resultant clones (plasmid form) were cultivated at 30°C and used
to isolate phagemid DNA according to a modified alkaline method
of Birnboim and Doily [5].

2.3. Sequencing

Sequencing was performed using a manual Sanger dideoxynucleo-
tide method with double-stranded templates and DNA sequenase ver-
sion 2 [6] or automatically with a thermostable DNA polymerase.

2.4. Expression of the cloned gene and the protein assay

Expression of the genes cloned in pUC derivatives was performed in
E. coli IM101 and TGl strains [5]. Cultivation medium (1% peptone,
1% NaCl and 0.5% beef extract) was supplemented with 150 ug am-
picillin. The cultures were maintained at 30°C. An overnight culture
was diluted 100-fold with fresh medium and grown for 6-10 h. The
cells were harvested, treated with lysozyme at a concentration of 10
ug/ml and sonicated. The insoluble cell fraction was collected by cen-
trifugation, than washed twice with water and twice with 30 mM
NaOH containing 0.1% Triton X-100. The resulting pellet was sus-
pended in 10 mM EDTA solution and stored at 4°C under a xylene
layer.

Proteins of the preparation were assayed by SDS gel electrophoresis
and Western blotting according to standard protocols [5].

3. Results and discussion

3.1. cryIM cloning and sequencing
The genomic bank of BT wuhanensis 11-76 on the basis of
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Fig. 1. Structural organization of the cryIM containing segment of Bacillus thuringiensis ssp. wuhanensis. A map and gene location in the 11 kb
insertion segment of the ApV7/pVB701 recombinant constructs. The completely sequenced region is shown in a zoom. The locations of the
1S231-like sequence and crylAb fragment are predicted by application of a partial sequencing data to the restrictase map.

the ApSL5 phagemid vector contained about 10000 independ-
ent clones with an average insertion length of 12.5 kb (20
genome equivalents). 3000 clones were screened by serum
against BT galleriae multicomponent crystals and 11 inde-
pendent clones were selected. They were rescreened with the
same antiserum and cryl4a-derived probe (520 bp HindIIl
fragment from the part encoding a highly conserved and
non-toxic C-terminal part of the protoxin). Two clones turned
definitely positive in these tests. A recombinant phagemid
ApV7 (with 11 kb insertion) was submitted to extensive re-
strictase mapping (HindIIl and Xbal were initially used,
then Bg/ll, EcoRV, Ecod7.Ill, Munl, Miul, Scal, Xhol,
Kpnl and Bst1107.1 were added). Deletion of the A-phage
part by the BamHI site was performed, yielding a pVB701
construct harboring a full-length phagemid insertion frag-
ment. Four additional plasmid subclones in pUKtgl31 vector
were generated using Xbal fragments of the insertion. Partial
sequencing of the constructs pVX701, pVX74 and pVX76
containing Xbal fragments allowed us to allocate the coding
region of a new gene within the cloned fragment (Fig. 1).
Moreover, a 2 kb fragment of the cryldb gene (3’ part in
the same orientation with cryIM) was found in an extremity
of the construct. A product of a cryl4b-like gene was discov-
ered earlier in crystals of the host BT strain [1]. 28 constructs
on the basis of pUKtgl31 were made. The nucleotide sequen-
ces of these subclones overlapping the 4.7 kb segment of in-
terest (Fig. 1) were determined. The resulting sequence has
been submitted to the EMBL Data library (accession number
Y09326). A crylAb fragment was also partially sequenced
(data not shown). An IS231-like sequence was located [7] in
the 3’-flanking region of cryIM, its terminal repeat being
shown on Fig. 2. The complete sequence of this element will
be reported elsewhere.

3.2. Analysis of the new gene sequence

Analysis of the new nucleotide sequence revealed an open
reading frame with a clear homology with other cryl-class
genes. The highest percentage of identical residues (about
67%) was found on comparison with CrylAa protein from
BT kurstaki [8] although it was allocated predominantly to
conserved regions of the encoded N-terminal part (‘true tox-
in”) [10] and to the C-terminal part, non-essential for toxicity.
The percentage of coinciding residues between cryIM and
crylAa in the conserved blocks was as follows: block 1 —
67%, block 2 — 71%, block 3 — 67%, block 4 — 100%, block
5 — 100% [10]. Other cryl-class genes were slightly less similar
with the new gene (48-62% of coinciding residues).

Analysis of the cryIM 5'-flanking region allowed us to find
a BTII-promoter-like sequence [9] (Fig. 2). A BTI-type pro-
moter was not identified in ¢ryIM whereas this is considered
as being responsible for the natural super-production of
CrylAa and other Cryl. The lack of a functional BTI may
cause a putative natural crypticity of cryIM. At the same time,
BTII may provide a certain level of expression in some cases
[8,9], and thus special experiments were carried out to clarify
its functionality.

3.3. Expression of cryIM in E. coli

A pUC19-derived pVB701 construct harboring the full-
length 11 kb insertion was applied for expression of cryIM
in E. coli. It contained ¢ryIM in the opposite orientation to
the lacZ promoter and we tried to use the gene’s own pro-
moter. Considerable production of a protein with a molecular
mass 130 kDa was detected (Fig. 3). It gave a positive reaction
with the antiserum used for the bank screening (data not
shown). The protein was soluble at pH 9.5, which indicated
that the 8-endotoxin was properly folded [8]. This result
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TTATATAGCCCTGTTTGAGTAAAGGTGGGTACGGAAACGTCTTGTATTCAARACTAGAAGA
TGAATTTAAAATAAAGGCATTCCTTAGGGARATGTCTTTATTTTGGTAGGCCAGAGGGATT
AACCATCAAAATGTGAACCAGAAATAAGCCAGCCTTTAATTCARAGATTTATTCTCAGGA
AGTCTACATTATGGATGAAAGAGAAATAAACCCAGGATATTAATATAATCGGTCTATTTT
ARATATGGGGCATATATTGAAATCTTATGARATTTGTTTCATTTITTTATATTTTCTCATA
GGATGAATCATATGCTTTAAATTGTAGTAAAGAAARACAGTCCCAAATTATAAGAACTTT
GGTACTGCAATGARAAAATGGAGGTAGTTTATGGAGATAAGTGACCAGAATCAATACATC

SD-seq M E I § D Q N Q Y I
CCCTATAACTGTTTGAATAATCCTGAAAGTGAGATATTTAATGCTAGAAATTCCAATTTC
P Y N C L NN P E S E I ¥F N A R N S N F
GGACTGGTTTCTCAAGTCAGCTCGGGACTTACGCGTTTTCTTCTAGAGGCAGCTGTCCCA
G L v s ¢ v $ 8 6 L T R F L L E A A V P
GAGGCTGGTTTTGCACTTGGCCTATTCGATATCATTTGGGGCGCTCTAGGCCTTGATCAA
= A G F A L. G L F D I I W G A L G V D Q
TGGAGCTTATTTCTTAGGCAGATTGAGCAATTAATACCGACAAGARATAACAGAGTTAGAA
W $ L F L R Q I E ¢ L I R Q E I T E L E
AGGAATAGAGCGACTGCAATATTAATTGGACTATCGTCAAGCTATAATCTATATGTTGAG
R N RATATI LI G L 8 S8 8 Y N L Y V E
GCGTTAAGAGAATGGGAARAATGATCCTAATAATCCAGCCTCACAAGARAGAGTACGTACA
A L R E W E N D P N N P A S Q E R V R T
CGTTTTCGTCTAACTGACGACGCTATAGTAACAGGTTTACCTACTTTGGCAATTCGGAAT
R F R L TDD®ATIVTGUL P T L A I R N
CTTGAGGTAGTGAATTTATCAGTCTATACTCAAGCAGCARATCTACACTTATCTTTGTTA
L E VvV vV N L 8§V Y T @ A A N L H L 8§ L L
AGAGATGCCGTTTACTTTGGAGRAAGATGGGGATTAACACAAGCAAATATTGAAGATCTG
R DAV Y F GE RW G L T Q A N I E D L
TACACRAGACTCACGAGTAATATCCAAGAATATTCAGACCATTGTGCAAGATGGTATAAT
Yy T R L T 8§ N I Q E Y S D H C A R W Y N
CAAGGTTTAAATGAGATTGGAGGGATAAGTAGGAGATATTTGGACTTCCAAAGAGATTTA
Q ¢ L N E I 66 G I 8 R R Y L D F @ R D L
ACARATTTCTGTCTTACATATTGTCGCCCCCTTTTCCCCAAATTACGATATCCGAACATAT
T I 8§ v L b I v A P F S P N Y D I R T Y
CCTATACCGACACARAGTCAATTAACAAGGGAGATTTATACCTCTCCCGTCGTTGCAGGT
P I P T 9 S Q L T R E I Y T S P V V A G
RATATAAATTTTGGTTTAAGTATAGCGAATGTATTGAGAGCCCCTCATCTGATGGACTTT
N I ¥NF 6L S I ANV L R A P H L M D F
ATTGATCGRATAGTCATTTATACAAATTCAGTTAGAAGTACTCCATATTGGGCAGGGCAT
i bR I VI Y TN S V R S T P Y W A G H
GRAGTCATATCGAGARAGAACAGGGCAAGCGCAAGGAAATGAGATAAGATTTCCTTTATAT
E VvV I $ R R T G Q A Q G N E I R F P L Y
GGAGTGGCTGCAAATGCAGAACCACCAGTTACTATAAGACCTACAGGATTTACTGATGAG
G V AA N A E P P V T I R P T G F T D E
CAACGACAATGGTATAGAGCGCGATCGCTGTTGTCTCGTTTTAGAAGTTCAGGTCAAGAC
Q R Q W ¥ R A R $ L L $§$ R F R 8§ s G Q D
TTTAGTTTGGTAGATGCCGTAGCATTCCTTACTATATTTAGCGCTGTTTCAATCTATAGA
F $s L v DAV A F L T I F 8§ AV $§ I Y R
AATGGCTTTGGATTTAACACTGATACTATTGATGARATTCCAATTGAGGGAACCGATCCA
N G F G F NT D TI DE I P I E G T D P
TTCACTGGATATAGCCACCGATTATGCCATGTGGGCTTTCTTGCGTCATCTCCATTCATC
F T G Y $ E R L ¢C H V G F L A S s P F I
AGTCAGTATGCAAGGGCTCCTATATTTTCTTGGACGCACCGTAGTGCAACCCTTACAAAT
S 0 Y AR A P I F 8§ W T HUR S A T L T N
ACAATTGCTCCAGATGTCATTACCCARATACCGTTAGTARAGGCTTTCAATCTTCATTCA
T I A P D V I T Q I P L V KA F N L H S8
GGTGCCACGATTGTTARAGGACCAGGTTTTACAGGTGGGGATATCCTTCGAAGAACGAAT
G A T I Vv K GG P G F T G G D I L R R T N
GTTCGTAGCTTTCGAGATATGCGTGTAAACATTACTGCACCACTATCACARAGATATCGC
vV R §$ F R b M R V N I T A P L S Q R Y R
GTAAGGATTCGTTATGCTTCTACGACAGATTTACAATTCTATACGAATATTAATGGAACT
v R I R Y A 8§ T T D L Q F Y T N I N G T
ACTATTAATATTGGTAATTTCTCGAGCACTATGGACAGTGGGGATGATTTACAGTACGGA
T I N I 6 N F s$ 8 T M D S G D D L Q Y G
AGATTCAGGGTTGCAGGTTTTACTACTCCATTTACCTTTTCCAGATGCARACAGACATTC
R F RV a G F T T P F T F S R C K Q T F
CACAATAGGTCCTTTTGGTTCTCTCCCAAACTAACTGAAGTTTATATAGATCGAATTGAA
H N R S F W F 8§ P K L T E V Y I D R I E
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Fig. 2. Nucleotidt; sequence pf crpIM gene with translation. Promoter region, translation initiation point and translation, conserved blocks
[9,10] and C-terminal processing site are shown by underlining according the alignment. A putative transcriptional terminator is delineated as
IR1 and IR2. Short direct and inverted repeats belonging to a putative IS231f-like element are double and single underlined.

proves the functionality of the gene’s own cryIM promoter in
an artificial system described earlier for crylda [8]. The new
gene is the first reported representative of cry genes probably
possessing only the BTII but not the BTI-type promoter. So
far, BTII functionality has not been extensively investigated in
either BT or E. coli. Additional experiments are required to
detect its activity in different strains of BT and other bacilli.
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Fig. 3. Expression of c¢ryIM in E. coli. The pVB701 (cryIM) con-
struct and control plasmids pKP7 and pUC18tox harboring crylG
and crylda genes were transformed to TGl and JM101 strains of
E. coli and resulted clones were cultivated on a medium without
yeast extract (see Section 2) to prevent catabolic repression activa-
tion and lacZ promoter leakage. The cells were harvested, sonicated
and multiply washed with a neutral 10 mM EDTA solution to re-
move soluble proteins. The insoluble fraction was applied to a dena-
turative PAAG electrophoresis which was further stained with CBB-
R250. (1) pVB701 (cryiM); (2) pKP7 (cryiG); (3) pUCI18tox
(crylAa); (4) non-recombinant TG1 strain of E. coli (negative con-
trol); (5) molecular mass standards (65, 45, 36, 29 and 24 kDa).
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