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All the genetic elements responsible for the mosquito larval toxicityBa€illus thuringiensis
subspisraelensisare located on one of its largest plasmids, nicknamed pBtoxis. Two linkage groups
(with sizes of about 75 and 55 kb) have previously been mapped partially with respgat @nd
BarHI restriction sites (Ben-Dowt al., 1996), but linking them to a single circular plasmid
unambiguously was impossible with the available data. To finalize the plasmid map, another rare
cutting restriction endonucleas@)wNI, was used in addition. The two linkage groups and the
fragments generated wNI were aligned on the circular plasmid, and known insertion sequences
were localized on the refined map. Pulsed-field electrophoresis revealed that the total size of pBtoxis
(137 kb) was larger than thought beforee 1999 Academic Press

The mosquito larvicidal activity oBacillus that this element facilitates mobilization of
thuringiensissubspisraelensids included in at toxin genes between them (Rosso and Dele
least five polypeptides of a parasporal crystatluse, 1997).
line body @-endotoxin), encoded by the respec- The meaningful (coding and otherwise) in-
tive genes which are highly expressed duringbrmation known to date on pBtoxis accounts
sporulation (Federicét al., 1990; Porteret al., for less than 20% of its total length. The rest
1993). These, and all the other genetic elemenfigsay contain additional coding sequences anc
responsible for toxicity, are located on one ofegions of regulatory importance. A full physi-
the largest (125 kb) transmissible plasmid8of | map of this plasmid will be helpful in dis-
t. israelensisAndrup et al., 1998; Ben-Dovet ¢qyering new genes and regulatory element:
al., 1996; Gonzalez and Carlton, 1984), nickygjacent to the currently known genes and in
\ﬁeciphering the interactions between them. It
, will aid in the procedure to complete the nucle-
W, and ',9,40'A aqd B which seem to allow 40 sequence of this biotechnologically im-
trans_pos[tlon, duplication, rearrangement, anrgortant plasmid.
modlflca'qon of the genes for the_ crystal Two linkage groups (with sizes of about 75
polypeptides (Lereclust al.,1993; Mabhillonet and 55 kb) have previously been mapped par
al., 1994). 1240, for example, is present in all . o

LT ; L .~ tially with respect tdSad andBanHl| restriction
B. .thur|ng|en5|s str_ams exhlblt!ng toxmﬂyﬁs.teS but closure to a single circular plasmid
against larvae of Dipteran species, suggest relied on an assumption that two identiGad

L This article is dedicated to our colleague, Yoel Margafragments (of 8.5 kb) existed (Ben-Det al.,
lith, the discoverer oBacillus thuringiensisubspisraelen-  1996). Our efforts to demonstrate such twin
sis, on his 65th birthday. fragments have failed, implying that fragment
972_T7°_ 6";2;3501??;‘);{?1?;?2 (Z)ht:)g “J?n:iﬁba;ﬂfjgiifed' Faé(i?e determination was not sufficiently accurate.

2 Abbreviations used: IR, inverted repeats; IS, insertiolisSmatch between the ends was derived from
sequences; PFE, pulsed field electrophoresis. differences in the total sum of fragment sizes
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eral insertion sequences (1IS98231,F, V, and
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DNA modification and restriction enzymes
were used as recommended by the supplier
(mostly New England BioLabs) and carried out
as described by Sambroeik al. (1989).

The “125-kb plasmid” was isolated from
strain 4Q5 (original code 4Q2-72) @. t. is-
raelensisaccording to the method of Kreret
al. (1984) for the Ti plasmids of\grobacterium
tumefaciensas previously described (Ben-Dov
et al., 1996). This strain, a derivative of the
wild-type cured of all its plasmids except pB-

FIG. 1. Pulsed field electrophoresis on an agarose gebxis (Zeigler, 1999), was kindly supplied by
(see_te_xt) of fragments of pBtoxis digested by the folIowingDr_ D. R. Zeigler (Bacillus Genetic Stock Cen-
restriction enzymes: lane AlwNI; lane 5,BanHl; lane 6, .

Sad; lanes 1-3, molecular weight markers with sizes (in kb}er' Columbus, OH)' It was reSt“Cted by
indicated on leftAoys Cleaved by: lane 1Apa; lane 2, BamHl, Sad, and AlwNI and fractionated by
Xmni; lane 3,Hindlll. Fragment sizes are listed in Table 1.PFE according to Bio-Rad’s directions under
the following conditions: 1% agarose, &5

) o TBE, 14°C, 1- to 6-s switch time, 6 V/cm, 16 h.
obtained with different enzymes measured frorl&ragment sizes (Fig. 1; Table 1) were indeed
agarose gel electrophoresis (Table 1 in Ben-Dayighyly different than those previously derived
et al, 1996); this method is not sufficiently gen_povet al., 1996) and helped to construct
sensitive to c!eterm'lne'saes at the larger scalg.selt-consistent circular map (see below). The
The present mvestlgatlon was aimed at'resol\(érge fragments have previously been substan
ing both problems simultaneously, real size angl,,  nderestimated. For example, the largest

linking the two groups, using an additional ré,4 fragment, of 40 kb, has been estimated to
striction enzyme and a more sensitive resolving, 31 long by regular agarose gel electro-

method, pulsed field electrophoresis (PFE). phoresis. The plasmid, which was originally

estimated to be about 110 kb (Gonzalez anc
REEVALUATION OF PLASMID SIZE Carlton, 1984; Ward and Ellar, 1983) and later
Two rare cutting restriction endonucleasegefined to 125 kb (Douekt al.,1991; Ben-Dov
BarrHI and Sad, have previously been used toet al., 1996) is now more realistically estimated
map pBtoxis because the & C contents in at 137 kb, but the final resolution will stem from
their recognition sites is high, while it is rela-its full sequencing.
tively low in total DNA of B. thuringiensis  Two pairs of similatAlwNI fragments (two of
strains (Andrupet al.,1993).AlwNI was chosen 9.5 kb, one of 26 kb, and one of 26.5 kb) were
here as an additional enzyme to discover howot separated in PFE (Fig. 1). Their presence
the two linkage groups are connected and henees deduced because they were detected by fiv
to refine the plasmid map. different AlwNI-containing probes, as detailed

TABLE 1

Sizes of Plasmid Fragments Obtained with Pulsed-Field Electrophoresis

Endonuclease Sizes (kb) of fragments genefated Total size (kb}
AlWNI 27.0, 26.5, 26.0, 21.0, 15.0, 9.5, 9.5, 5.0, 0.4 139.9
BanH| 27.5, 22.0, 21.0, 20.0, 16.0, 125, 8.0, 7.5, 2.5 137.0
Sad 40.0, 27.0, 25.0, 15.0, 11.5, 9.5, 7.0, 0.4 135.4

* Fragments smaller than 6 kb were out of the PFE gel and inferred from regular gels.
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1 2 3 4 5 6 7 8 MAPPING BY HYBRIDIZATION
“ TO PROBES

pBtoxis was restricted byHindlll, EcadRl,
r - “ Kpnl, and Pst and subcloned as libraries on
plasmid pUC9 or pUCL19, in followindg=sche-
— -_— richia coli strains: XL-Blue MRF (Stratagene,
- - La Jolla, CA), JM83, and JM109. Selection and
- screening of transformants, plasmid isolation,
- and DNA analyses were all performed as pre-
viously detailed (Ben-Doet al., 1996).
The libraries were screened for inserts con-
taining recognition sites foBanHI|, Sad, and
AlwNI. Radiolabeled inserts with at least one of
FIG. 2. Autoradiogram of Southern blot of cleaved pB—these recognition ;ltes each \{verg exploited a
toxis, hybridized to™P-labeledPst 4.0-kb fragment as a Probes for conventional hybridization to South-
probe. The plasmid was digested by the following restricern blots of pBtoxis, cleaved by the three en-
tion enzymes: lane KIwNI-Sad-BarHl (triple cleavage); zymes. This allowed the alignment of at least
lane 2,Sad; lane 3,Sad—AlwNI (double cleavage); lane 4, two of the relevant fragments, each at a time.

BanHl; lane 5, AlwNI-BanHI (double cleavage); lane 6, = | 4-kipst f .
AlwNI; lane 7,AlwNI-Sal (double cleavage); lane &al. or examp e, a -Kist fragment (contalnlng
The blot was obtained from a long run (40 h at 40 V) on aPne Sad site) linked the 27- and 11.5-kBad

agarose (0.6%) gel of the restriction digests. fragments on theBamHI 27.5-kb and AlwNI
21-kb fragments (Fig. 2).
below. The thre®anHI fragments with similar ~ The locations of two 9.5-kb and two similar
sizes (of about 21 kb; Table 1), which have bee®6-kb AlwNI fragments were deciphered by five
resolved under the usual agarose gel conditiopsobes (Table 2): (a) Botipnl 5.8-kb and
(Fig. 1B in Ben-Dovet al., 1996), were not EcoRl 6.5-kb probes were hybridized with the
separated (Fig. 1) under our current PFE condéame 9.5-kb fragment, as well as with the 26-
tions; we are unable to explain this discrepancynd 26.5-kb fragments flanking it, respectively.

94 —

TABLE 2

Sizes of Plasmid Fragments Detected by Hybridization to Nine Different Probes

Size(s) of fragments

AN/
AlwNI/ AlWNI/ BarrHI/ BarrHI/

Probé AlwNI BanHl| Sad BanHl| Sad Sad Sad
EcoRI 5.8 kb (A, B) 27,95 20,125 27 9.5 89,85 8985 115, 8.5
EcoRI 6.5 kb (A, B) 26.5, 9.5 16, 7.5 40 11 5,4.7 527,22 1575
EcoRI 8.0 kb (A, B) 26,5 22,21 15 5,2 5, 4.7 5,27,2 115, 3
Kpnl 5.8 kb (A, B) 26, 9.5 16, 7.5 40 55,25 9 55,25 ND
Kpnl 8.4 kb (B) 15 21,125 27 10.8, 2 ND 20, 6.8 7
Pst 4.0 kb (S) 21 275 25,115 145 15.5 125 125
Pst 8.0 kb (S) 27 20 25,9.5 20 8.5 9.5 9.5
crylVA (A) 15, 5 21 15 10.8,51 15,5 8,5 11
PCR fragment (X A)  26,21,04 275 115 13, 15 8,35 8,35 115

®Fragment used as a probe, with at least one recognition sit&ladl (A), BanHI (B), or Sad (S) (indicated in

parentheses).
® ND, not determined.
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cyt2Ba crydBa cryl0Aa orf2 IS23IW  p20 cryllAapl9 cytlAa
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FIG. 3. Restriction map of the 137-kB. thuringiensisubspisraelensigpBtoxis plasmid. Numbers represent
sizes of the relevant fragmentsB&nH| (B), Sad (S), andAlwNI (A). The region containing most of the known
genes, of about 26 kisad—Sad—BamHI-HindlIl), is enlarged about 1.5-fold (see 4 kb bar). Genes are indicated
by colored boxes and direction of transcription—by arrows. Insertion sequences are marked as circles (the
1S240s) or oval bodies (I331s).

(b) The other end of the 26-kb fragment wa$sTG-3 (reverse). (c) The other end of the
linked to the 21-kbAlwNI fragment with an 26.5-kb fragment was linked to the 5-KiwNI
878-bp PCR probe, through the AMWNI frag-  fragment with theEcdRl 8.0-kb probe. (d) The
ment included in the probe. The PCR productecondAlwNI 9.5-kb fragment was detected by
was obtained with the following primers, de-the EcoRl 5.8-kb probe, linking it to another
rived from a known region o€ry4Baand up- large, 27-kbAlwNI fragment.

stream (Senet al., 1988): 5-CGATTT- Table 2 summarizes the data obtained with all
GAATTTTCTGAATATCGAAC-3' (direct) nine probes used here, together allowing con:
and 5-TTATTAGGCTCTCTTTTCCAA- struction of a consistent circular map containing



190 BEN-DOV ET AL.

TABLE 3 locations were easily identified by hybridizing
Sizes of Plasmid Fragments Hybridized to Two Different!0 the fragments harboring them since they have
IS Probes no recognition sites for the enzymes defining
_ the map BanHI, Sad, andAlwNI). The sizes of
Size(s) of fragments the BarrHI fragments to which they were as-

signed differ from those previously found (Rez-

Probé AlwNI BanHI Sad o
sthazyet al., 1993): 21 kb (rather than 17 kb)
1S240 27.0 27.5 40  for 1S231V and 27.5 kb (rather than 19 kb) for
26.5 22 27 1S240W. The sequence of anotherd®L, F, of
ig’ ;(1) 135 1655 bp (encoding a 477-amino-acid trans-
16 "~ posase), is carried on the 7.6-BlanH]| restric-
15231 1 975 7 tion fra_gr_nent of thOXIS_ (R_ezstmzy et al.,
15 21 o5 1992); it is thus included in Fig. 3.
The two 12240, A and B (865 bp long, en-
2 Amplified by PCR (see text). coding a putative transposase of 235 aminc

acids), lie in opposite orientations and form a

composite transposon-like structure (Bourgouin
all sites of the three enzymes (Fig. 3). The twet al., 1988; Delecluset al., 1989). At least six
0.4-kb fragments, ofAlwNI and Sad, were copies of I240were found on pBtoxis (Bour-
found fortuitously: the former by having thegouinet al.,1988; Rosso and Delecluse, 1997).
sequence ofry4Baand flanking region (Seet cry4Aa,carried on the 15-kisad fragment, is
al., 1988) and the latter by finding a probépgnl  flanked by two copies (IZ40A and 12408
2.4) with twoSad sites (Ben-Dowet al.,1996). (Bourgouinet al., 1988), while I231W is ad-
Our data do not preclude existence of additiong@cent tocryl1Aa(Mahillon et al., 1994). It is
nearby sites for each of these enzymes similarlgasonable to suppose that the other ISs flan
generating small fragments upon cleavage. additional genes which are yet to be discovered
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