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Abstract. Several isolates oBacillus thuringiensisnative to Argentina obtained in a nationwide
screening program showed atypical crystal morphology. One of these strains, INTA 51-3, was further
characterized in order to determine other features like protein composition of its parasporal crystal,
plasmid pattern, identification afry genes and toxicological propertieB. thuringiensisINTA 51-3
(serovartohokuensishad an amorphous inclusion containing a major protein componeat @80 kDa.

After trypsin digestion of solubilized crystals, SDS-PAGE resolved a unique protease-resistant peptide
of ca 90 kDa. The plasmid pattern from INTA 51-3 resembled that of the standard strain HD-1.
However, Southern analysis showed no hybridization to fragmentsrydfAa, cry2Aa, cry3A, and
cryl1A genes. Degenerate primers were used for identification afrifiegenes by PCR. Nevertheless,

the presence ofryl type gene(s) irB. thuringiensisINTA 51-3 was confirmed. Highly concentrated
crystal suspensions showed to be weakly toxic only to lepidopteran species.

Bacillus thuringiensiss a ubiquitous soil bacterium that strains prove the interest to find new insecticidal activi-
produces proteinaceous crystalline inclusions constitutetles and new crystal proteins [2, 16, 20]. New strains may
of highly specific insecticidal toxins. Most of the toxins render both higher insecticidal activity and broader host
are active against lepidopteran species [14], but some afinge, which explains the progress on the isolation of
them show toxicity against dipteran and coleopteran speseveral strains with new toxins active against other in-
cies [10, 17]. sects and non-insect groups [8, 9, 13].
B. thuringiensisisolates produce parasporal inclu- A screening program of indigenous strains to Argen-
sions of a wide range of morphological types, which cantina has led to the finding of unusuBl thuringiensis
be classified into five major types: bipyramidal, spheri-strains [1]. In this report we describe the main features of
cal-amorphous, flat squares, cubic, and bar-shaped [3h uniqueB. thuringiensisstrain, registered as INTA 51-3,
Most of the isolates with lepidopteran activity contain serotyped within the serovamohokuensisand whose
bipyramidal and cubical crystals [6]; irregular spherical amorphous crystal contains a trypsin-resistant peptide of
and bar-shaped inclusions can be mosquitocidal [7, 23]¢a. 90 kDa.
while flat, square crystals are often active against certain
coleopteran species [12]. Additionally, some atyplcallvIaterials and Methods
crystal morphologies have been found, but generally
with no identified toxicological activity [1, 21, 25]. Bacte_ria and culture cohnditions. Bacill_us thuringiensidNTA 51-3
In spite of the variability of insecticidal proteins Was_lsolated from a soil sgmple obtained f_rom a bean field _at Salta
. L. . province, Argentina, by using PEMBA medium [15]. The strain was
described up to date [4]’ numerous publlcatlons rer"Ortlnirimarily identified by the presence of parasporal inclusions by using
the isolation and characterization of n8athuringiensis  phase-contrast microscopy. Serotyping of INTA 51-3 was kindly car-
ried out by M. Lecadet at the Institut Pasteur, Frariethuringiensis
Correspondence toG.B. Benintende subspkurstakiHD-1, B. thuringiensissubspisraelensigIPS-82), and



G.B. Benintende et al.: INTA 51-3, a New Strain Bf thuringiensis 397

B. thuringiensisubsptenebrionisDSM 2803) were used as reference TYTCTAKRTCTTGACTA 3’ and I(+) 5 TRACRHTDDBDGTAT-
strains. They were obtained from CINVESTAV'’s stock collection in TAGAT 3'], and 3 mu MgCl, in a final volume of 50ul. Amplifica-
Irapuato, Mexico. Strains were grown in 100 ml of PMB medium [20] tions were performed on a Ericomp DeltaCycler | thermal cycler under
at 340 rpm and 30°C, during 72 h or until complete autolysis wasthe following conditions: 5 min of initial denaturation at 94°C, fol-
observed. lowed by 25 cycles of amplification at 94°C for 1 min (denaturation),
o ) 45°C for 45 s (annealing), and 72°C for 2 min (extension). An extra
Crystal purification. In order to obtain spore-crystal complexes, au- gyiansion step of 10 min at 72°C was added after completion of the 25

tolyzed cultures were centrifuged at 4°C and 12,§G0r 15 min. The  ¢ycles. PCR products were visualized and analyzed by 1% agarose gel
pellets were washed three times with distilled water by centrn‘ugatlone|ectr0phor(_zsiS in Tris-acetate-EDTA buffer [26].

under the same conditions and then resuspended in distilled water.

Crystals were separated from spores in discontinuous sucrose gradient§Xxicity tests. Toxicity of B. thuringiensidNTA 51-3 pure crystal was

(62, 66, 70, 74, 78 and 82% wtivol), which were centrifuged at 35,000dualitatively analyzed by bioassays with neonate larvadlahduca

g for 1 h, at 15°C. Bands of crystals were collected and washed twiceS€xta, Anticarsia gemmatalifourth-instar larvae o€ulex quinquefas-

with distilled water and then stored at70°C. ciatus, Aedes aegyptand third-instar larvae dfeptinotarsa texana
Highly concentrated pure crystals suspensions (10x@5nl or cn?

Electron microscopy.(a) Scanning electron microscopy: Spore-crystal diet) were applied on the top of the artificial diet of the lepidopteran

suspensions of INTA 51-3 were air dried on aluminum mounts andpests, or incorporated into dechlorinated water for mosquitoes, or

coated with gold in an E.M. Fullan EMS-76M evaporator for 5 min. added to droplets, according the procedure described by De Leon and

Mounts were observed and photographed in a JEOL JSM 6400 electrofbarra [5] for the coleopteran larvae. Mortality was determined after 4

microscope operated at 20 Kv [21]. (b) Transmission electron micros-days in mosquito bioassays and 10 days in lepidopteran and coleop-

copy: INTA 51-3 was grown until sporulation, washed twice, and fixed teran species.

in 2% glutaraldehyde in phosphate buffer. The suspension was centri-

fuged, and the pellet was treated with osmium tetraoxide, included in

1% agarose, and dehydrated in an ethanol series. Ultrathin cuts welRasults

contrasted with uranyl acetate and examined and photographed in a

JEOL JEM-1200 EX Il electron microscope, operated at 80 Kv. Serotyping and crystal morphology. B. thuringiensis

Crystal protein composition. To analyze the crystal protein compo- INTA 51-3 |so.Iate W"’.‘S obtained _throth. a. Scre(_:"nmg

sition of INTA 51-3, we subjected pure crystals to sodium dodecyl Program of native strains to Argentina. Preliminary iden-

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), using a disiification was based on its morphology and the presence

continuous buffer system [18] with a 3% stacking gel and 10% runningof parasporal crystal. The serological characterization

gel in a Bio-Rad mini Protean Il cell slab vertical gel apparatus. with H antigens showed that INTA 51-3 cross-reacted

Electrophoresis was carried out at 50 V for 15 min and 100 V for 2 h. . . - e L .
phoresis was carried out at 59 v o n and with antiserum H-17 that identifieB. thuringiensisse-
Gels were stained with Coomasie Brilliant Blue. High molecular

weight standard mixture (Sigma SDS-6H) was used to estimate molovar tohokuensis

lecular masses of crystal proteins. Crystals ofB. thuringiensidNTA 51-3 were primar-
Solubilization and proteolytic digestion of crystal proteins. Pure lly obser\{ed ynder_phase contrast mlcroscopy.showmg
parasporal inclusions of INTA 51-3 were solubilized through incuba- blg sph_erlcal inclusions. However, under scanning elec-
tion in 50 mu N&,COs, pH 10.5, 25 w dithiothreitol (DTT) at 37°C  tron microscopy, INTA 51-3 crystals showed a very
for 2 h. Crystals of standarB. thuringiensisstrains HD-1 and DSM  atypical shape, similar to deflated balls, as seen in Fig
2803 were solubilized as described previously [21]. Insoluble materiall A \When ultra-thin sections of INTA 51-3 sporulating
was pelleted by centrifugation at 12,0@0for 10 min. Proteolytic cells were analyzed under transmission electron micros-

digestion of crystal proteins was accomplished by trypsin treatment . . .
copy, crystals appeared uniform, amorphous inclusions

(EC 3.4.21.4, Sigma, Type IX from bovine pancreas). Samples were
incubated at 37°C 2 h in a1:10 (volivol) trypsin solution (1 mg/mly ~ €nveloped by a dense membrane, totally separated from
protein ratio, at a pH of 8.3. Digested samples were immediatelythe spores, and ranging in size from 800 to 1000 nm (Fig.

analyzed by SDS-PAGE. 1B). No difference in electron density was observed

DNA purification, plasmid pattern, and Southern blot analysis. ~ &Cr0SS the crystal.

Plasmid DNA ofB. thuringiensisstrains was obtained essentially by Crvstal tei it lubilizati d
following the procedure described previously [20]. Plasmid profiles rystal protéin composition, solubilizatuon, and enzy-

were compared by electrophoresis in 0.6% agarose gels, carried out fcmati_c Qiges_tion. SDS-PAGE of purified_ crystals ds.
2hat60 V. In order to detect sequence homology to some of the knowihuringiensisINTA 51-3 resolved a major band afa.

cry genes in the plasmid profiles of INTA 51-8rylAa (2 kb, Sph- 130 kDa (Fig. 2), which co-migrated with the CrylA
Xhad fragment),cry2Aa (complete gene)kry3A (0.7-kb EcoRl frag- proteins of the reference strain HD-1.

ment), andcryL1A (complete gene) genes, were used as probes i g hilization of INTA 51-3 crystals was achieved
Southern hybridization experiments [20]. by incubation in 50 m Na2C03, pH 10.5, with 25 mu
Identification of cry genes by PCR.ldentification of knowncryl dithiothreitol (DTT) at 37°C after 2 h.

genes was conducted according tordaaPeez et al. [16], by using The trypsinization of solubilized proteins of INTA

degenerate primers designed according to highly conserved regio . . . .
among allcryl genes. PCR amplification was conducted on 100 ng o?§1'3 showed very interesting results, as shown in Fig. 2.

plasmid DNA, mixed with 2.5 U oTagDNA polymerase, 200meach  After enzymatic digestion of the solubilized crystal pro-
deoxynucleoside triphosphate, Qw1 each primer [IE) 5 MDA- teins of INTA 51-3, SDS-PAGE resolved a unigue pro-
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Fig. 1. Electron micrographs &acillus thuringiensisNTA 51-3. (A) Scanning electron micrograph of spores and crystals=Bapm. X 20,000.
(B) Transmission electron micrograph of sporulating cells, showing spores and crystals surrounded by a thick enveldg0®Bam.x12,000.
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Fig. 2. Electrophoretic analysis of complete crystal proteins (lanes 2, 4,
and 6) and trypsin digests of solubilized proteins (lanes 3, 5, and 7) of
B. thuringiensisstrains HD-1 (lanes 2 and 3), DSM 2803 (lanes 4 and

5), and INTA 51-3 (lanes 6 and 7). Lane 1: molecular weight markers
(kDa).

tease-resistant peptide oh. 90 kDa. Solubilized pro-

teins of standaré. thuringiensi$trains (HD-l and DSM Fig. 3. Plasmid patterns dB. thuringiensisstrains HD-1 (lane 1),

2803) produced fragments resistant to tryptic CleavagéPS-SZ (lane 2), DSM 2803 (lane 3), and INTA 51-3 (lane 4). Numbers
. on the left indicate molecular masses in mDa.

with the expected molecular masses (65 and 55 kDa,

respectively).

Plasmid pattern and Southern hybridization. Electro-  plasmid profiles. The number of plasmids as well as their
phoresis of plasmid preparations in agarose gels revealezstimated molecular weights resulted from observations
that B. thuringiensisINTA 51-3 contained a pattern of made of three agarose gels.

extrachromosomal DNA elements similar to that of the When Southern blot analysis was used to determine
HD-1 strain. Their plasmidic profiles are shown in Fig. 3. the homology with some knowary genes, no hybrid-
INTA 51-3 showed a plasmid array of four elements,ization was observed when complateylAa, cry2Aa,
(corresponding to sizes @h. 4.9, 9.6, 30, and 47 mDa). cry3A, andcryl1A genes or fragments of them were
Most of them showed similar electrophoretic mobility to used as probes (data not shown). These results evidence
those of HD-1 strain. The only noticeable difference wasthat INTA 51-3 plasmids contain no gene(s) similar to
the lack of a 1.3-mDa plasmid, always present in HD-1those mentioned above.



G.B. Benintende et al.: INTA 51-3, a New Strain Bf thuringiensis 399

1 2 3 unique combination of morphological, biochemical, mo-
lecular, and toxicological properties.

The INTA 51-3 strain was serotyped &s thurin-
giensisserovartohokuensisOhba et al. [22] described
bacteriological and serological attributes of the Japanese
type strain of serovatohokuensisThe parasporal inclu-
sions produced by this isolate were typically rhomboidal
and usually showed two or three inclusions in a single
sporangium. In spite of sharing the same H serotype, the
INTA 51-3 strain showed a big spherical crystal when
observed under phase contrast microscopy, resembling
more those ofB. thuringiensisserovarshandongiensis
[24]. Further observations revealed that crystals were
0.5 rather amorphous, like deflated balls, and surrounded by

a dense envelope, when observed under electron micros-

Fig. 4. PCR amplification products from strains HD-1 (lane 2) and copy. This morphology may also suggest some external
INTA 51-3 (lane 3) ofB. thuringiensis with cryl-specific primers.  similarity to the parasporal crystal d&. thuringiensis
Lane 1 molecular weight marker (kb). serovarisraelensis[7]; however, INTA 51-3 crystals

showed a very uniform composition, with no differential

electron-dense areas conforming the crystal, beside some
Identification of cry genes by PCRDegenerate primers other differences. Primarily, crystal morphology of
I(+) and I(—) [16] were used to search faryl genesin  INTA 51-3 appears to be the most distinctive feature of
B. thuringiensidNTA 51-3 strain. After amplification by this strain.
PCR, one band ota 1.3 kb was observed when the Apparently, specific crystal morphology &. thu-
amplification mixture was subjected to electrophoresigingiensisstrains is generally associated with other prop-
(Fig. 4), indicating the possible presence ofrgdl type  erties such as crystal protein composition, solubilization
gene. The size of this band was slightly smaller than thagconditions of parasporal inclusions, presence and size of
obtained from the HD-1 strain, probably representing aa trypsin-resistant peptide, plasmid profilery genes,
newcryl gene. Cloning and sequencing of this fragmenttoxicity, etc. [14]. In the case of INTA 51-3, the main
is in progress. crystal component is a protein o&. 130 kDa, similar to

Toxicit litative tests of | { toxicit ied several insecticidal pro-toxins [14]. Also, comparable to
oxicity. Qua| ative tests of Insect loxiCity were carmed ¢ of theB. thuringiensiscrystals, INTA 51-3 paras-
out by using lepidopteran, dipteran, and coleopteran tar-

s | ite of the hiah trati tested é)oral inclusions readily dissolved under alkaline condi-
gets. in spite ot the high concentrations tested, pur ions; however, after enzymatic digestion of solubilized
crystals ofB. thuringiensisINTA 51-3 showed only a

. g ) | roteins, SDS-PAGE resolved a unique protease-resis-
weak larvicidal activity against lepidopteran pests. P que p

. tant peptide ofca. 90 kDa. This is another unique and
sextashowed 60% mortality after 8 days.of.assay, and very important peculiarity oB. thuringiensidNTA 51-3
gemmatalisonly 50% after 10 days. It is important to

tice that | f both ies died aft ¢ strain, as all known Cry proteins produg@ndotoxins of
notice that farvae ot both species died after one of tWog 4 1er molecular masses, ranging from 55 to 70 kDa
molts, unlike the effect of otheB. thuringiensisstrains

of the same pathotype [6]. In spite of the high concen—[lg]

. ; . This peculiar trypsin-resistant fragment (putative
trations tested, no mortality was observed in any of theﬁ_ e P yp g (b

ther | ¢ ined foct | | h ndotoxin) may be related to the results observed dur-
other Insect examined, hor any €efiect on farval grow ing the toxicity tests; in spite of the high concentrations

was noticed. tested, pure crystals of INTA 51-3 showed only a weak
larvicidal activity when assayed against lepidopteran
: : ests. Because the bioassays were limited to the insec
Discussion pests. B the b y limited to th t

species tested, further bioassays are under way, with both
Several isolates oB. thuringiensisshowing atypical usual (other lepidopteran species) and unusual targets.
crystal morphology were obtained in a screening pro-  Further characterization of INTA 51-3 was based on
gram of native strains to Argentina. One of these strainsits plasmid components, as variations in the number and
INTA 51-3, was further characterized. Results presentednolecular masses of plasmid elements have been con-
in this report provide evidences that a new strairBof sidered representative features of e&chthuringiensis
thuringiensishas been discovered, mostly based on sastrain [11]. The plasmid pattern of the INTA 51-3 strain
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resembled to some extent that of the HD-1 standard4
strain. However, this resemblance may be artificial, as
precise co-migration of some bands is ambiguous. Only

in-depth genetic studies of each plasmid would clarify 5

these doubts. On the other hand, Southern analysis
showed a lack of nucleotide sequence homology to four
well-known cry genes, includingrylAa. These results
evidence thaB. thuringiensidNTA 51-3 plasmids con-
tain no gene(s) similar to those mentioned above, espe-,
cially to crylAa. However, when degenerate primers
designed to recognize all currently knovenyl genes
[16] were used in PCR analysis, the amplification of a
band, slightly smaller than that expected (1.5-1.6 kb),
was detected iB. thuringiensiNTA 51-3. This result
may indicate the presence ofcayl-like gene, with at
least some homology to the primers. Cloning and se-

quencing of the 1.3-kb amplified fragment is in progress 9

and will clarify this uncertainty. Also, the use of primers
designed to amplify othecry genes may be useful,
especially those sharing homology withyl genes, like
cry7 [4].

The B. thuringiensisINTA 51-3 strain presents a 11.

distinctive combination of features, which makes it no-
toriously different not only to the type strain of the
serovartohokuensigsbut to the rest of th8. thuringiensis

strains. Crystal morphology and the molecular mass of

the putatived-endotoxin are the most unique features. It13.

is clear that serotyping, by itself, has many shortcomings
as a means of sub-specific classification, suggesting that
many other attributes should be used for this purpose,,
Also, molecular tools have been only partially used for
the characterization oB. thuringiensisstrains, even
when their potential as sub-specific classification tools
has been proven in other bacteria. It is evident that a
review on the sub-specific classificationEfthuringien-
sisis necessary [21].

17.
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