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A cry-related sequence, designated cryX (EMBL X75019), was localized upstream of ¢ryIG, the d-endotoxin gene cloned from spp. galleriae of

Bacillus thuringiensis and sequenced earlier [(1991) FEBS Lett. 293, 25-28]. Analysis of the cry X complete nucleotide sequence enabled us to explain

its virtual crypticity and to reveal the chimeric structure of the genes, cryX and cryIG. The amino acid sequence of 1,151 residues encoded by the
continuous reading frame of ¢ryX is similar to the other d-endotoxins but differs essentially from them.

cryX; 8-Endotoxin; Primary structure; Cryptic gene; Bacillus thuringiensis

1. INTRODUCTION

Various subspecies of Bacillus thuringiensis (BT) pro-
duce a great variety of 70-130 kDa crystal-forming pro-
teins, known as d-endotoxins (dET), displaying highly
specific entomocidal activity towards larvae of different
insect Orders.

The spp. galleriae of BT is characterized by its ability
to procedure a wide spectrum of dETs [2]. Earlier we
reported cloning [3] and sequencing [4] the cryIG gene
coding for the major crystal protein component of this
spp. with unique toxicity toward Galleria mellonella lar-
vae. Another cry-related sequence, designated cryX,
was localized upstream of ¢ryIG. Analysis of the cryX
complete nucleotide sequence presented here explains
its virtual crypticity and also reveals the chimeric struc-
ture of the genes, cryX and crylG.

2. EXPERIMENTAL

2.1. cryX cloning and sequence analysis

The nucleotide sequence of subclones overlapping 4.0 kb the EcoRI-
HindIII segment of interest (see Fig. 1) was determined by the double-
stranded DNA sequenase version [5] of Sanger’s dideoxynucleotide
method.

3. RESULTS AND DISCUSSION

The recombinant phasmid pOC10 (with a 10 kb inser-
tion fragment bearing the cryX-crylG locus) was iso-
lated from Bacillus thuringiensis spp. galleriae genomic
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**The index X indicates the cryptic character of the new sequence and
the unidentified nature of the biospecificity of its potential product.
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library as described [3,4]. An additional cry-related se-
quence was detected by Southern-blot hybridization up-
stream to the 4.5 kb crylG-containing segment (down-
stream of the unique Kpnl site, see Fig. 1) sequenced
earlier [4].

The nucleotide sequence of the 4 kb segment covering
the 5’-flank of the insert of pOCI10 (from the first EcoRI
down to the second HindIII site), contains the continu-
ous reading frame (CRF) of 3,453 bp encoding a poly-
peptide of 1,151 amino acids (see Fig. 2). The length of
this CRF corresponds to the normal size of the dETs,
but there were no translation initiation elements de-
tected in its 5-flank. The new gene might therefore be
considered the cryptic gene that cannot be normally
expressed in vivo.

According to contemporary structure-function no-
menclature dETs are classified into four major classes,
I-1V [1]. The hypothetical CRF product, like dETs of
classes Cryl or CrylV, is a 130 kDa-type protein. The
most striking feature of the C-terminal half (amino
acids 653-1,151) of CryX is that it appears to be nearly
identical (> 98%) to the corresponding region of CryIG.
At the same time, its N-terminal half has only marginal
similarity with the known dETs. The highest percentage
of the coincident residues is observed in a comparison
of the N-terminal half of CryX with CryIB [6] (23%),
and to a lesser extent with dETs of other groups (Cryl
and CryllI-12-20%). The majority of the matching res-
idues is located in five conserved regions (‘blocks’) com-
mon for all known dETs, but the percentage of identity
does not exeed 40% even there. The presence and the
mode of distribution of the blocks indicates that cryX
can be considered a cry-related sequence.

The observed type of similarity between cryX and
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Fig. 1. Structural organization of the cryX-crylG-containing segment of Bacillus thuringiensis spp. galleriae: the map and gene localization in the
11.7 kb insertion segment of the pOC10 recombinant phasmid. The regions of cryX vs. cryIG nucleotide sequence identity are shaded. The presence
of the normal SD-ATG initiator motif in crylG (absent in cryX) is indicated.

EcoRI 31 61 91
GAATTCCTCTATTTGATATAGATGATTTCTCTTATTGGAGCATTTTCTTTTTCATGTTTTCGAATTGAAAACATGTATTTGGCATGCTTTT
* F L L L EHFL F HY F EIL KTT CTIWHA ATF
121 151 181
TTCCTAACTAAGCTGAGTAGTTACAAAGATTATTTGAARATGTCCGAAGGAGACTATATAGACTCGTATATAAATCCTGGAAATGTTAGA
F L * KL 8 8 ¥ KD YL KM S EGD Y ID S Y I NP G N V R
211 241 271
ACTGGACTACAAACTGGAATTGATATTGTTGCAGTAGTAGTAGGTGCTTTAGGTGGACCAGTTGGTGGCATACTCACTGGTTTTCTTTCT
T 66 LQ T G I DI VAV YV VGALGSGU?PV GG TITULTGU FTUL S
301 33 361
ACTCTTTTTGGTTTTCTTTGGCCATCTAATGATCAAGCAGTATGGGAAGCTTTTATAGAACAAATGGAAGAACTGATTGAACAAAGGATA
T L F G F L WP S NUD O AVWEA ATFIEOQMETETLTIZEU QT RTI
391 421 451
TCAGATCAAGTAGTAAGGACTGCACTCGATGACTTAACTGGAATTCAAAATTATTATAATCAATATCTAATAGCATTAAAGGAATGGGAG
S D Q VV RTATLDUDTU LTGTIQNTYYNSGQTYTULTIATLIZKTEWE
481 511 541
GAAAGACCAAACGGCGTAAGAGCAAACTTAGTTTTGCAAAGATTTGAAATCTTGCACGCGCTATTTGTAAGTAGTATGCCAAGTTTTGGT
E R P NG V R ANULUVUILOQRYPFETITULUHALVPFV S S M P S F G
571 block 1 601 631
AGTGGCCCTGGAAGTCAAAGGTTTCAGGCACAATTGTTGGTTGTTTATGCGCAAGCAGCAAATCTTCATTTACTATTATTAGCTGATGCT
s G P G S QR F QA O L L V V Y A 0 A A N L HIL L L L A DA
block 1 661 691 721
GAAAAGTATGGGGCAAGATGGGGACTCCGTGAATCCCAGATAGGAAATTTATATTTTAATGAACTACAAACTCGTACTCGAGATTACACC
_E K Y G A R W G L RE S Q I G NTL Y F NETLGQTU RTIRD Y T
751 781 811
AACCATTGTGTAAACGCGTATAATAACGGGTTAGCCGGGTTACGAGGAACGAGCGCTGAAAGTTGGTTAAAGTACCATCAATTCCGCAGA
N H C VvV N A Y NNGULAGTULURGT S A E 8 WL K Y HQF R R
841 871 901
GAAGCAACCTTAATGGCAATGGATTTGATAGCTTTATTTCCATATTATAACACCCGGCGATATCCAATCGCAGTAAATCCTCAGCTTACA
E A TLMAMDILTIA ATLV FUP Y Y NT I RIRYPTIA AV NUPOQTILT
block 2 931 961 991
CGTGAGGTATATACAGATCCATTAGGCGTTCCTTCTGAAGAATCAAGTTTATTTCCAGAATTGAGATGCTTAAGATGGCAAGAGACTTCT
R E V Y T D P L G V P S E E S S L F P E L R C L R W Q ET S
1021 1051 block2 1081
GCCATGACTTTTTCAAATTTGGAARATGCAATAATTTCGTCACCACATCTATTTGACACAATARACAATTTAATGATTTATACCGGTTCC
A M T F S N L E N A I I s S P H L F D T I N N L M I Y T G S
1111 1141 1171
TTTTCCGTTCACCTAACCAATCAATTAATTGAAGGGTGGATTGGACATTCTGTAACTAGTAGTTTGTTGGCCAGTGGACCAACAACAGTA
F s vV A L T NOQ L I E G W I GH S VT s s L LA S G UPTTUV
1201 1231 1261
CTGAGAAGAAATTACGGTAGCACGACATCTATTGTAAACTATTTTAGTTTTAATGATCGTGATGTTTATCAGATTAATACGAGATCACAT
L R R NY G S T T S I V NY PF s F NDURDV Y Q I NTUR S H
1291 1321 1351
ACTGGGTTGGGATTCCAGAACGCACCTTTATTTGGAATCACTAGAGCTCAATTTTACCCAGGTGGGACTTATTCAGTAACTCAACGAAAT
T 66 L, G FP Q N A PLVPF GI TURAQPFYUPGGT Y S VT QRN
1381 1411 1441
GCATTAACATGTGAACAAAATTATAATTCAATTGATGAGTTACCGAGCCTAGACCCAAATGAACCTATCAGTAGAAGTTATAGTCATAGA
A L T C E Q N Y N S I D EL P S L D PNEUPTISR S Y S HR
1471 1501 block3 1531
TTATCTCATATTACCTCCTATTTGCATCGTGTATTGACTATTGATGGTATTAATATATATTCAGGAAATCTCCCTACTTATGTATGGACC
L s H I T sS ¥Y L HR VL TTIDGTINTI Y S G NULUPTUT Y V W T
block3 1561 1591 1621
CATCGCGATGTGGACCTTACAAACACGATTACCGCAGATAGAATTACACAACTACCATTGGTAAAGTCATTTGAAATACCTGCGGGTACT
H R D V D L T N T I T A D R I T Q L P L V K S F E I P A G T
1651 block3 1681 1711
ACTGTCGTAAGAGGACCAGGTTTTACAGGAGGGGATATACTCCGAAGAACAGGGGTTGGTACATTTGGAACAATAAGGGTAAGGACTACT
T VvV V R G P G F T G ¢ D I L R R TG V GTF G T I RV RTT
block4 1741 1771 1801
GCCCCCTTAACACAAAGATATCGCATAAGATTCCGTTTCGCTTCTACCACAAATTTGTTCATTGGTATAAGAGTTGGTGATAGACAAGTA
A P L T Q R Y R I R F R F A S TTWNILUPTIGTIRV G DURQ V
1831 1861 1891
AATTATTTTGACTTCGGAAGAACAATGAACAGAGGAGATGAATTAAGGTACGAATCTTTTGCTACAAGGGAGTTTACTACTGATTTTAAT
N Y P D F G R TMDNUWRGDETLUZRYES F AT REWPTTDF N

Fig. 2 (For caption, see next page).
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1921 1951 block5 1981
TTTAGACAACCTCAAGAATTAATCTCAGTGTTTGCAAATGCATTTAGCGCTGGTCAAGAAGTTTATTTTGATAGAATTGAGATTATCCCC
F R Q P Q EL I 8 V F A NAUPF s A G Q E V Y F D R I E I I P

2011 2041 2071
GTTAATCCCGCACGAGAGGCGAAAGAGGATCTAGAAGCAGCAAAGAAAGCGGTGGCGAGCTTGTTTACACGCACAAGGGACGGATTACAA
Vv "M P AR EAKEUDULEBEAAI KK AV A SLUV FTIRTIRUDGTUL Q

2101 2131 2161
GTAAATGTGAAAGATTATCAAGTCGATCAAGCGGCAAATTTAGTGTCATGCTTATCAGATGAACAATATGGGTATGACAAAAAGATGTTA

V NV KD Y Q VD QA ADNTILV S CL S D EQ Y G Y DKI KMIL

2191 2221 2251

TTGGAAGCGGTACGCGCGGCAAAACGCCTCAGCCGAGAACGTAACTTACTTCAGGATCCAGATTTTAATACAATCAATAGTACAGAAGAA
L E A V RAAKRULSREZRNTIELILUGQDUPUDU P NTTINSTE E

2281 2311 2341

AATGGATGGAAAGCAAGTAACGGCGTTACTATTAGTGAGGGCGGTCCATTCTATAAAGGCCGTGCACTTCAGCTAGCAAGTGCACGAGAA
N G W KA Ss NGV T I 8 E GG P F Y K GRATLOQTULA ASA AU R E

2371 2401 2431

AATTATCCAACATACATTTATCAAARAGTAGATGCATCGGAGTTAAAACCTTATACACGT TATAGATCAGATGGGTTCGTGAAGAGTAGT
N Y P T Y I ¥ Q KV DA S ELIKUPYTURYURSDGU F V K S 8

2461 2491 2521

CAAGATTTAGAAATTGATCTCATTCACCATCATAAAGTCCATCTTGTGAAAAATGTACCAGATAATTTAGTATCTGATACTTACCCAGAT
Q DL E I DL I HHHIKUVHLVI KNVYVYUPDNILUV S DT Y POD

2551 2581 2611

GATTCTTGTAGTGGAATCAATCGATGTCAGGAACAACAGATGGTAAATGCGCAACTGGAAACAGAGCATCATCATCCGATGGATTGCTGT
D 8 ¢C 8 G I N R COQEQQMV N AOQILETEUHUHBUHUPMDTCC

2641 2671 2701

GAAGCAGCTCAAACACATGAGTTTTCTTCCTATATTGATACAGGGGATTTAAATTCGAGTGTAGACCAGGGAATCTGGGCGATCTTTAAA
E A A Q T HUEUPF S S YI DTG DILDNS S VD QG I WATI P K

2731 2761 2791

GTTCGAACAACCGATGGTTATGCGACGTTAGGAAATCTTGAATTGGTAGAGGTCGGACCGTTATCGGGTGAATCTTTAGAACGTGAACAA
VRTTD G Y A TULGNULETLVEVGPUL S G E S L EREQ

2821 2851 2881

AGGGATAATACAAAATGGAGTGCAGACTAGGAAGAAAGCGTGCAGAAACAGATCGCGTGTATCAAGATGCCAAACAATCCATCAAT CAT
R D N T K W S8 A E L GR KR AETUD RV Y Q DA KO Q S I N H

2911 2941 2971

TTATTTGTGGATTATCAAGATCAACAATTAAATCCAGAAATAGGGATGGCAGATATTATGGACGCTCAAAATCTTGTCGCATCAATTTCA
L F VD Y QD Q QL NP E I GMADTIMMDU BAUG GQNILVASTI S

3001 3031 3061

GATGTATATAGCGATGCCGTACTGCAARATCCCTGGAATTAACTATGAGATTTACACAGAGCTGTCCAATCGCTTACAACAAGCATCGTAT
D v Y s p AV L QIPOGGTIMNTYETIT YTETLSWNUZ RILIGQIGQA AS Y

3091 3121 3151

CTGTATACGTCTCGARATGCGGTGCAAAATGGGGACTTTAACAACGGGCTAGATAGCTGGAATGCAACAGCGGGTGCATCGGTACAACAG
L Y T S R NAV Q NG D FNNGTLD S WDNU ATA AG AS UV Q Q

3181 3211 3241

GATGGCAATACGCATTTCTTAGTTCTTTCTCATTGGGATGCACAAGTTTCTCAACAATTTAGAGTGCAGCCGAATTGTAAATATGTATTA
D G NTHF L VL S HWUDAGQUV S QQVFRVQQUPDNIUGCI K YUVL

3271 3301 3331

CGTGTAACAGCAGAGARAGTAGGCGGCGGAGACGGATACGTGACTATCCGGGATGGTGCTCATCATACAGAAACGCTTACATTTAATGCA
R VvV T A E XK V 66 66 G D G Y VTTIURDGA AHUHETEETTULTTFNA

3361 3391 3421
TGTGATTATGATATAAATGGCACGTACGTGACTGATAATACGTATCTAACAAAAGAAGTGATATTCTATTCACATACAGAACACATGTGG

¢ b Y DI NG T YV TDNTTYTULTI KETU VIV F VY S HTUETUHM UW

3451 3481 3511
GTAGAGGTAAATGAAACAGAAGGTGCATTTCATATAGATAGTATTGAATTCGTTGAAACAGAAAAGTAACGGGATGATGTTCCGAACATA

V EV N ETZ EGAUPFPHTIDSTIEUZPVETEK *

TAAGGTATAAGGACGATACGCCGTAT:;;;GATTCTCAAACAGAATGTGAAATAAA:gléGACCCCTCCGGGTAGTCGTACATGGA:;:;
ACACAGACTACCCGGAGGTATTTTTTi::;AAAAAATGTGGTTTTTCACTACGGTAT;:géAAAGAATTACAGTTATGAGCGAATC;:;;
TGAATAGAAAGCAGGATTCTGTACCT:;é;caTATAAAATAAGAAGAGGGCGCATT;;i;TAAGGATAGGAATAAATGTATTCTCA;;;é
AAAGTTTAGTCTGCAAGGGAAATATC§§%§TTGCCTATTGGAGGGAATGGGATACA;%;éAAGTGTGCTACCTATAGACAAGAATT;gZé

3931 3961

TAGGATAAATCTATGGATTTGAGGTAATAATAAAATGGTGGGACAAAAATGGTTATTTCATCCCACCGTTATATACAGGAATAAGGAATT
3991 HindIIX
ATATTCGCAAATGATTTGTTAATATCTGTTCCTAAGCTT

Fig. 2 (continued). The nucleotide sequence of the 4,000 bp EcoRI-HindIIl segment of the insert in the pOC10 recombinant phasmid from the
genomic library of Bacillus thuringiensis spp. galleriae. The position of relevant restriction enzyme sites, the same as in Fig. 1, are indicated. In
the deduced amino acid sequence of cryX the 5 highly conserved regions (blocks) are delineated.
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¢rylG indicates clearly the participation of recombina-
tion events in the origination of these genes.
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