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ABSTRACT The use of a modified procedure for the isolation of extrachromosomal DNA of
low to high molecular weight, followed by agarose gel electrophoresis of the crude lysates, pro-
vided a simple screening procedure for detecting plasmids ranging in molecular weights from
approximately 1 to more than 135 megadaltons from serovars of Bacillus thuringiensis. The
procedure provides for a relatively large-volume stable lysate for isolation of plasmids for
restriction endonuclease mapping and cloning procedures. The method was used for screening
of plasmids in 6 differenentially effective serovars of B. thuringiensis toxic to dipteran and
lepidopteran insects. Relatively large plasmid DNAs of masses above 50 megadaltons (Mdal)
were isclated from all of the serovars examined using this technigne. The number of extrachr-
omosomal DNAs detected in serovars of B. thuringiensis was 8 for israelensis, 10 for kurstaki, 13
for aizawai, 2 for de ndrolimus, 1 for finitimus, and 6 for yunnanensis. Smaller plasmid DNAs

were isolated in four of the six serovars that ranged in mass down to approximately 2 Mdal.

The gram-positive becterium Bacillus thuringien-
sis is responsible for the production of several ins-
ecticidal toxins; one of these toxins, the §-endotoxin,
is of commercial importance because of its lethal
effects on many lepidopteran as well as to some
dipteran larvae (de Barjac, 1978; Faust and Bulla,
1982). The s-endotoxin is a glycoprotein that app-
ears during the sporulation phase as a crystalline
inclusion, which is a bipyramidal and phase refrac-
tile body (Bulla et al., 1977; Faust and Bulla, 1982).
It has recently been shown that some of the
genetic information related to toxin expression is
carried on plasmids harbored by the various sero-
vars of B. thuringiensis {(Schnepf and Whiteley,
1981; Wong et al., 1983; Kronstad et al., 1983; Kr-
onstad et al., 1983; Held et al,, 1982; Klier et al.,
1982; Klier et al., 1983; Kronstad and Whiteley,
1984).

Improved procedures have been devised for the
isolation and analysis of covalently closed circular
DNA molecules(CCC-DNA) and applied to the study
of serovars of B. thuringiensis and other Bacillus

species. In early studies with B. thuringiensis pla-
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smid DNA was generally isolated by the sodium
dodecyl sulfate(SDS)~-NaCl lysis procedure of Gue-
rry, LeBlanc and Falkow (1973), or modified met-
hods there of giving a decreasing plasmid yield with
increasing plasmid size indigenous to the strain under
study. Plasmids greater than 100 megadaltons(Mdal)
in size are recovered poorly or not at all (Currier
and Nester, 1976; Hansen and Olsen, 1978). Later
methods encompassed the use of controlled alkaline
denaturation and allowed for relatively higher yields
of large plasmids, generally freed of most chromo-
somal DNA (Currier and Nester, 1976; Hansen and
Olsen, 1978; Birnboim and Doly, 1979; Kronstad et
al., 1983).

A reasonably simple methed for screening cf pla-
smid content on agarose gels, described by Eckhardt
(1978) and modified by Gonzalez et al., (1981) for
B. thuringiensis eliminates the requirement for iso-
lation of the plasmid DNA initially. The method
employs electrophoresis of SDS through a layer of
protoplasts in the agarose gel well of a vertical
apparatus. Presumably, the cells will then gently
lyse leaving the chromosomal DNA largely intact at
the gel origin, while the plasmid DNA’s separate as
bands in the gel. Since the only manipulation of the
cells prior to gel electrophoresis is the protoplasting,
isolation of the various indigenous plasmids in the
gel, including plasmids greater than 100 Mdal, is

usually achieved. The potential confusion of large
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covalently closed circular (CCC) DNA plasmids with
open-circular (OC) forms of smaller plasmids can
be minimized by applying high voltages to the ag-
arose gel, at which OC molecules larger than 10
Mdal are excluded from the gel (Gonzalez and Car-
lton, 1980).

Unfortunately, many strains of B. thuringiensis
are highly resistant to lysozyme treatment and we
have often found inconsistent lysis on the gel result-
ing in an incomplete plasmid profile with some ser-
ovars. We report here the use of a modified large-
volume procedure based on the Eckhardt technique
for isolation of CCC-DNA of low and high molecular
weight from B. thuringiensis servars, followed by
agarose gel electrophoresis of SDS-treated lysates.
The technique provides a simple screening method
for detecting plasmids with molecular weights rang-
ing from about 1 to more than 100 Mdal and con-
sistently yields a relatively large-volume lysate for
isolation of B. thuringies plasmids for restriction
endonuclease mapping and cloning procedures.
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MATERIALS AND METHODS

Bacterial strains: B. thuringiensis serovars kurs-
taki (serotype 3a, 3b), dendrolimus (serotype 4a,
4b), and finitimus (serotype 2) are maintained as
subcultures in the Insect Pathology Laboratory, US-
DA, Beltsville, MD. B. thuringiensis serovar yun-
nanensis (no H antigen) was the gift of T. lizuka,
Hokkaido University, Japan. B. thuringiensis sero-
var aizawai(serotype 7) was the gift of K. Aizawa,
Kyushu University, Japan. B. thuringiensis serovar
israelensis(serotype 14, strain 4Q1) and Escherichia
coli DEC 110 were obtained from D. Dean, OChio St-
ate University, Columbus, Ohio.

Cell growth and preparation of lysates for

1. Mention of a trademark or proprietary product does not
constitute a guarantee or warranty of this product by
the Office of Rural Development. Seoul National Unive-
rsity, or the U.S. Department of Agriculture and does
not imply its approval to the exclusion of other prcd-
ucts that may also be suitable.

agarose gel electrophoresis: Only the final proc-
edure is described here. Cells were grown in 250ml
of Spizizen’s minimal phosphate medium (Spizizen,
1958)supplemented with 0.5% glucose (added as a
sterile 509 solution) and 0.1% Difco! vitamin-free
casamino acids or yeast extract at 30°C with shaking
for 9~10h (OD 6007=0. 360). The cells were harvested
by centrifugation at 700g; washed once with cold TES
buffer (30mM Tris base, 5mM disodium EDTA, 50
mM NaCl, pH 8.0) and resuspended in 8ml of TES
buffer containing 209 sucrose and 2mg/ml egg white
lysozyme-200ug/ml RNase A(Sigma) in a polyprop-
ylene centrifuge tube. The cell suspension is vortex-
ed vigorously and incubated at 37°C for 30 to 60
min(until spheroplasts are generated), then lysed by
the addition of 16ml of 6% sodium-dodecyl sulfate
(SDS) in electrophoresis buffer (89mM Tris base,
2.5mM disodium EDTA, 89mM boric acid, pH 8.3)
containing 5% sucrose with gentle mixing.

Agarose gel electrophoresis of DNA: Plasmid
DNA'’s in the cleared lysate were resolved on vert-
ical 0.59% agarose gels (low electroendosmosis, FMC
Corp.) in Tris-borate electrophoresis buffer. The
samples (200u1) were adjusted with 20zl of 0.25%
bromophenol blue in 50% glycerol (made in electr-
ophoresis buffer). The DNA preparations were ap-
plied to the sample slots in 10~T70ul volumes.

Gels were run at constant current in three stages:
1h, 45min at 3.0mA, then 30min at 7.0mA, and fin-
ally 3.5h at 28mA (~120V). The gels were stained
in electrophoresis buffer with 2xg of ethidium bro-
mide/ml for 30min, destained indistilled water for
4~5h, and photographed on a transilluminator (Model
TM-36, Ultraviolet Products, Inc., San Gabriel, CA)
with Polaroid type high-speed No. 55 film and a Kodak
No. 23A red filter. The plasmid Mr-values were
determined to an accuracy of -2 Mdal by reference
to the B. thuringiensis serovar israelensis plasmids
previously sized by Ward and Ellar (1983) and Go-
nzalez and Carlton (1984). At least three different

gels were run for each strain.

RESULTS

A modified large-volume procedure based on the
Eckhardt technique suitable for screening and isolat-

ion of plasmid DNA of low and high molecular we-
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ight from a variety of B. thuringiensis serovars is
described. Typical results from a number of exper-

iments are shown in Fig. 1 and estimates of the

Fig. 1. Representative comparison of extrachromosomal
DNA molecules from various serovars of Bacillus thurin-
grensis on 0.5% vertical agarose gels subjected to electro-
phoresis. Direction of migration is downward. Black poin-
ters indicate the positions of the DNA molecules as reveal-
ed on the original photographic negatives. The (Cyr) abb-
reviation indicates the position of chromosomal DNA. The
molecular weights (in megadaltons, Mdal) of the standard
(B. thurinsgiensis serovar israelensis 4Q1) are indicated
on the left margin. The abbreviation LDE represents a lin-
ear DNA element detected in the B. thuringiensis serovar
israelenis standard.

Table 1. Some Bacillus thuringiensis serovars and their
extrachromosomal DNA resolved on agarose gels

Serovar Mean masses (megadaltons)* ES;’& or
israelensis® 135,105, 72, 66, 10. 5(LDE"194.9, 4. 1, 8(9)
kurstaki >3.2 135, 110, 52, 29, 10,9. 3, 7.5, 4.9, 4.7, 10

4.0
atzawai >135, 84, 75, 63,57, 11.1,8.5,7. 0, 6. 1,
5.2,4.9,3.8,2.6 13
dendrolimus >>135,48. 4 2
finitimus 110 1
Yunnanensis 75,17.8,7.8,5.1,2.8,2.3 6

= Relative masses(megadaltons, Mda) of extrachromosomal
DNAs on agarose gels were determined from a standard
curve constructed from plasmid DNA standards isolated
from B. thuringiensis serovar israelensis 4Q1.

b Relative masses for this serovar were previously deter-
mined by Ward and Ellar (1983) and Gonzalez and Car-
Iton (1984).
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numbers and masses of the plasmid DNAs are sum-
marized in Table 1.

Based on agarose gel electrophoresis profiles, the
number of extrachromosomal DNAs detected in ser-
ovars of B. thuringiensis was eight for israelensis,
ten for kurstaki, thirteen for aizawai, two for den-
drolimus, one for finitimus, and six for yunnane-
nsis. Serovar israelensis also contains a plasmid-like
linear DNA element(LDE) that has been verified by
electron microscopy or on cesium-chloride gradients
and is removed during deproteinization with chloro-
form(Gonzalez and Carlton, 1984; Faust, unpublish-
ed data). Approximate masses of the extrachromo-
somal DNA molecules in the serovars were estimat-
ed by reference to the israelensis plasmids as men-
tioned previously. Relatively large plasmid DNAs
of masses above 50 Mdal were isolated from all of
the serovars examined using this techuique. Relati-
vely smaller plasmid DNAs were isolated in four of
the six serovars (israelensis, kurstaki, aizawai, yu-
nnanensis) ranging in mass down to approximately
2 Mdal by our method. All of the plasmids describ-
ed by various other reports(Ward and Ellar, 1983;
Faust et al., 1983; Gonzalez and Carlton, 1984) for
the B. thuringiensis serovar israelensis strain were

also isolated.
DISCUSSION

Recent studies have demonstrated the presence of
a complex array of plasmids in most of the serovars
of B. thuringiensis (Gonzalez and Carlton, 1980;
Gonzalez et al., 1981; Lerecus et al., 1982; Faust et
al., 1983; Jarrett, 1983; Miteva, 1978; Kronstad et
al., 1983; Stahly et al., 1978; Fausl et al, 1979;
lizuka et al., 1981 a,b; Ward and Ellar, 1983). In-
deed, the literature gives a good indication not only
of the ubiquity of plasmids in the many different
natural isolates, but also of their variability in both
number and size distribution among serovars and
among strains belonging to the same serovar. Com-
parison of the plasmid profiles of strains of different
serovars in these reports reveal that the similarity
of plasmids is greater within serovars than between
them, although extensive divergent patterns is evi-
dent at both the serovar and strain levels. It also

appears that the plasmid content of B. thuringiensis
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serovars are in a state of constant and continual
change. These frequent changes in plasmid patterns
may arise by “a combination of events including
deletion and insertion of plasmid DNA segments,
curing of entire plasmids, recombination events be-
tween plasmids and the B. thuringiensis chrom-
osome, and by transfer of plas mids between
strains”(Carlton and Gonzalez, 1984). Additionally,
some of the various isolation techniques used by
investigators may result in an incomplete pictures
of the plasmid content of B. thuringiensis strains.
For example, we recently analyzed several crystal
positive (Cry*) strains of B. thuringiensis serovar
israelensis(Faust et al., 1983) and found them to
contain similar plasmid arrays of three to four
small plasmids (4.0 to 13.0 Mdal). Cry~ mutants
were isolated after growth of a parent B.
thuringiensis serovar israelensis strain (ONR 60A
/WHO 1887-1) at 42°C. The Cry mutants had lost
a 4.0~4.3 Mdal plasmid which suggested that this
plasmid may be involved with toxic parasporal
cystal production. Results from other laboratories,
including the results reported in this communication,
suggest that larger plasmids are present in Cry* B.
thuringiensis serovar israelensis strains. Thus, lar-
ger plasmids in serovar israelensis may mnot have
been detected by the previous technique used; if a
loss of larger plasmids occurred, in addition to the
4.0~4.3 Mdal plasmid, their loss by curing may
have not been noticed. In any event the technique
presented here yields results similar to other reports
using the Eckhardt technique for serovar israelensis
(Ward and Ellar, 1983; Gonzalez and Carlton, 1984)
and is applicable for resolving both large and small
plasmids in a number of other serovars that have
in our laboratory resulted in inconsistent plasmid
arrays when the standard Eckhardt procedure has
been applied.

Qur aim was to develop a method for rapid det-
ection and identification of plasmids in a variety of
B. thuringiensis serovars based ona modification of
the Eckhardt procedure. We required a methed su-
itable for screening for plasmids, regardless of the
serovar used, yielding consistent lysis, and which
could detect consistantly plasmids of a wide range

of molecular weights. We also wanted a technique
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that resulted in a relatively large volume lysate
useful for continuous plasmid isolations. The techn-
ique as described here fulfill these requirements.
Other advantages are speed (the extraction proce-
dure can be performed within 8 hr by one person),
the feasibilily of processing many strain samples
simultaneously, and plasmids that can be extracted
from the agarose gels (see Maniatis et ~.,azlr,,19§2)
pure enough for restriction enzyme analysis and
cloning procedures (restriction enzyme analysis of
the 4.9, 4.1, and 3.2 Mdal plasmids in B. thurin-
giensis serovar israelensis has been completed using
this isolation technique and will be reported elsew-
here).

The initial experiments were done with E. coli
DEC 110 (Macrina et al, 1978, data not shown;
plasmid masses of 35.8, 4.8, 3.7, 3.4, 2.6, 2.0,
1.8, and 1.4 Mdal) and B. thuringiensis subsp, is-
raelensis 4Q1 (Ward and Ellar, 1983; Gonzalez and
Carlton 1984; plasmid masses of 135, 105, 72, 66,
10.5, 4.9, 4.1, 3.2 Mdal) carrying plasmids of kn-
own number and size. The method used for detect-
ion of these kpown plasmids proved to be rapid and
relatively reproducible, although it was found nec-
essary to grow the cells no more than 9~10hr and
to use higher concentrations of lysozyme and up to
6% SDS to obtain clear lysates in. all the strains
examined over that described in the standard Eck-
hardt procedure. Also, in Eckhardt’s original lysis
protocol both a SDS mixture and an overlay mix-
ture is used, and the agarose gel slots are sealed
with molten agarose. As modified by Gonzalez et al.,
(1981) the protocol uses a 2% SDS mixture pipetted
into each slot of a vertical agarose ge! which is
allowed to stand for 20min. Then, the spheroplast
suspension is pipetted under the SDS mixture, wit-
hout mixing the two layers, and electrophoresis is
begun immediately without sealing the agarose. In
our protocol a 6% SDS mixture is added to the sp-
heroplast sample, mixed gently, then after a cleared
lysate has formed(within 5 min), a small quantity
of the preparation is mixed with the tracking dye
solution and immediately added to the slots and ele-
ctrophoresis begun. No sealing of the gel slots is ne-
cessary and samples can be added to the gel slots

with assurance that lysis has indeed occurred. We
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have found that the remaining lysate sample will
keep up to 4~5 days without noticeable loss of its
plasmid content and the sample can be used repeat-
edly. Lastly, we found that the growth media des-
cribed here to be vital for optimum lysis and con-
sistant isolation of all plasmids inherent in a strain.
The use of ;media or components such as nutrient
broth, tryptose phosphate or tryptone resulted either
in poor lysis or low yields of plasmids when good
lysis did occur. Since some serovars grew poorly
with the vitamin-free casamino acid supplement,
yeast extract was generally favored as a medium
supplement in the procedures. We also found it us-
eful to clean the gel slots with the dye-glycerol So-
lution prior to adding the DNA sample and to de-
stain the gel for several hours in distilled water
before photographing. These procedures resulted in
a much improved resolution of the plasmids.
Understanding the biological significance of the
variety of plasmids in B. thuringiensis will require
further genetic studies using plasmid curing and tr-
ansfer and plasmid mutation and restriciion enzyme
analysis. It is hoped that the plasmid detection pr-
ocedure described in this study will provide simple
physical chemical complements to these genetic ex-
periments. In ecological and genetic studies this effi-
cient screening procedure will permit examination of
a large number of strains and new isolates for ge-

netic studies as they become available.
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