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Conjugation by Mosquito Pathogenic Strains of
Bacillus sphaericus

Margarita Correa, Allan A Yousten*
Microbiology Section, Biology Department, Virginia Tech, Blacksburg, Virginia 24061, U.S.A.

A mosquito pathogenic strain Bfacillus sphaericusarried out the conjugal transfer of plasmid
pAMR1 to other strains of its own and two other serotypes. However, it was unable to conjugate with
mosquito pathogens from three other serotypes, Biittphaericusf other DNA homology groups or
with three other species Bhcillus Conjugation frequency was highest with a strain having an altered
surface layer (S layer). Conjugal transfer of pAMR1 was not detected in mosquito larval caBavers.
sphaericu2362 was unable to mobilize pUB110 for transfer to strains that had served as recipients of
pAMR1. These observations suggest that it is unlikely that genetically engiBespbaericusarrying
a recombinant plasmid could pass that plasmid to other bacteria.
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Mosquito pathogenic strains dacillus pAMR1 from Enterococcus faecalidH2.2 and
sphaericushave been assigned to DNA homologycould transfer pAMR1 to another strain Bf
group lIA (Krych et al. 1980). Pathogenicity issphaericus. WhetheB. sphaericusould transfer
caused by the production of one or more of fouthe plasmid to a wider rangeBfsphaericustrains
toxins (Charles et al. 1996, Liu et al. 1996pr to other bacteria was not reported. Also, it is
Thanabalu & Porter 1996). Despite the proven efinknown ifB. sphaericuss capable of conjuga-
fectiveness of mosquito larvicides basedBin tion based upon plasmids it normally carries. We
sphaericus2362, it may be useful to introduceaddressed these questions by using the broad host
genes for additional toxins from other bacteria suctange plasmid pAMR1 to investigate the range of
asB. thuringiensisor to add genes for extracellu-bacteria to which a known, conjugative plasmid
lar protease to enhance manufacturing efficiencyould be transferred. To determine if the large,
on protein substrates. These genes would initiallgryptic plasmid carried b3. sphaericuf362 is
be introduced on plasmid cloning vectors carryingonjugative, the mobilizable plasmid pUB110 was
antibiotic resistance genes as markers. The transsed as a marker to indicate if conjugation took
fer of the antibiotic resistance genes to other baplace.
teria by conjugqtion in the aguatic environment MATERIALS AND METHODS
would be undesirable. It is unknown to what ex- ) . ]
tentB. sphaericuss able to transfer genes by con-  Bacteria and mosquito larvae E. faecalis
jugation. Grigorova et al. (1988) demonstratedH2.2 [PAMB1] and. sphaericu2362 [pUB110]
transfer of plasmids froiitreptococcus agalactiae Were obtained from W BurkeB. subtilisPSL1
andS. pyogeneto B. sphaericusut did not in- UM4 [pLS20] andB. subtilisIG-20 UM1 were
vestigate further transfer amomy sphaericus obtained from C Thorne. All othd. sphaericus
strains. Orzech and Burke (1984) reported Ehat isolates were from the Virginia Tech Culture Col-
sphaericus.593 could accept conjugative p|asmideCti0n. Recipients in all matings were rifampicin
resistantB. sphaericu2362 [pAMR1] was con-
structed by filter mating. faecalisIH2.2 [pAMR1]
with B. sphaericu2362 and selecting erythromy-
cin-resistanB. sphaericusolonies on BATS agar
This research was supported by cooperative resear¢¥iousten et al. 1985) supplemented withut@ml
agreement CR819744-01 from the U.S. Environmentalrythromycin. The strain 2362 used as recipient
Protection Agency, Environmental Research Laboratory,3s not restriction-deficier. subtilisPSL1 UM4
(Duluth, MN). Mention of commercial products or com- LS20, pUB110] was constructed by protoplast

E?]'?/?’ronnanq]eenia??Diztggttic')wpAléeergorsemem by the U. ansformation (Chang & Cohen 1979) of PSL1
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etal. (1985). DonoR. sphaericu2362 [pAMR31]) RESULTS

and recipient 8. sphaericu2362 rif lys) were The effect of incubation time on membranes
grown with shaking (160 rpm) for 5 hr at®in 4 conjugation frequency was tested by maBng
tubes of NY broth (Difco nutrient broth SUpp|e'sphaericu§362 [PAMR1] withB. sphaericu@362
mented with 0.05% yeast exftrgct). The same vofyS- and plating after 3, 6, 9 and 20 hr. There was
ume (2 ml) of donor and recipient were added tgn approximate 20-fold increase in frequency as
25 ml of NY broth and shaken (160 rpm) afG0  the incubation was extended from 3 to 20 hr. The
for 20 hr. The number of donors and recipients wetgame pair of strains was used in 20 hr filter mating
enumerated on NY agar containinglJml eryth-  to demonstrate an approximate doubling in conju-
romycin (donor) or 23ug/ml rifampicin (recipi- gation frequency as the temperature of membrane
ent). Transcipients were enumerated on NYSNhcubation was increased from®%5to 3®C and
agar (Myers & Yousten 1978) containing both ananother doubling with an increase from°G0to
tibiotics. 37°C (data not shown). Subsequent filter matings
Conjugation on membranes was done by were carried out for 20 hr at 2. Conjugation
modification of the method of Koehler and Thornérequency in broth and on membranes was com-
(1987). Donors and recipients were grown wittpared by matin@. sphaericug362 [pAMR1] with
shaking for 5 hr at 3W. One ml each of donor B. sphaericu2362 lys. Conjugation frequencies
and recipient were mixed and 0.1 ml of the mixin broth were much lower (7.2X10+1.7X107)
ture spread onto a 45 mm diameter, uabmem-  than on membranes (1.9X$@ 1.1X10%).
brane filter (Millipore, Bedford, MA) placed on B. sphaericu2362 and other mosquito patho-
NYSM agar. Bacteria were incubated for 20 hr ajens belong to DNA homology group IIA whereas
37°C. Growth was washed off the membrane intthe type strain of the species, ATCC 14577, is a
2 ml NY broth, diluted and plated. Donors, recipi-nonpathogen and belongs to homology group I. Ad-
ents, and transcipients were enumerated as déitional nonpathogens, all presently referred to as
scribed above using A%g/ml rifampicin and ei- B. sphaericusare found in four other homology
ther 10ug/ml erythromycin (pAMR1) or fig/ml  groups. The pathogens of group IIA have been
neomycin (pUB110). subdivided by serotyping. To determine the abil-
Conjugation in mosquito larval cadavers wadty of mosquito pathogenic strain 2362 to transfer
tested by feeding third instar larvae Gfilex PAMRBL to other bacteria, filter matings were per-
quinquefasciatusnixtures containing equal num- formed and the results are reported in Table. In
bers of donor and recipient spores as previousgddition to being able to transfer the plasmid to
described (Correa & Yousten 1995). The larvag362 at a mean frequency of 1.9X4,02362
were removed from the spore suspension, rinsePAMB1] successfully transferred pAMB1 to
and placed in clean water lacking spores. At 0 Htrains 1593 and 1691 of the same serotype (5a5b)
(immediately upon completion of feeding), at 482S the donor and to strains 2297 and 31-2 of sero-
hr and at 72 hr, 75 larvae were removed, rinsed f¥Pes 25 and 9a9c respectively. However, no trans-
sterile water, and homogenized in a sterile glad§" Was detected to mosquito pathogens IAB460
tissue grinder. At 48 hr and at 72 hr, all the larvatS€rotype 6), SSII-1 (serotype 2),or Kellen Q (se-
removed were dead. The homogenate was dividd@YPe 1)- Also, pAMI31 was not transferred to non-
and part heated (8G, 12 min) and part held un- pathogenid. sphaericustrain ATCC 14577 (ho-

heated prior to plating on NYSM agar cqntaining{?)ocl)?% gg’usppgécta?ic’\lljzr?oﬁwltﬁgg(;lgrg%lg% ?ng_“p
erythromycin and rifampicin. Conjugation fre- J\Fxted from hud in a local mosquito breeding site

guency in all experiments was the number o o . . .
transcipients divided by the number of potential © €St for the possibility of interspecies conjuga-
recipients a[|0n, B. subitilisIG-20, a restrictionless variant, as

Verificaton of ranscipient identitand plas- 1e5 o e ranster of
mid transfer -To verify that the putative eQAMM was detected.

tr.aljscipients were deriyed fro_m the recipients, € The highest conjugation frequency detected in
cipients were either amino acid auxotrophs (Stra'{his series of experiments was found wih

2362 lys and 1691 hi3 or possessed different SeN-ghhaericusl593-5-1 as recipient. The mean fre-

sitivity to bacteriophages (Yousten et al. 1980) tha uency was about 15-fold higher than with 2362

the donors. Representative transcipients were Sgs- recipient and about 7-fold higher than with the

lected and tested for these traits. Plasmid extra; arental 1593 as recipient. Strain 1593-5-1 is the

tion and electrophoresis was done as described ¥me homology group and serotype as the donor
Seyler et al. (1993). 2362 [pAMR1], but differs by possessing a sur-



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 92(3), May/Jun. 1997 417

TABLE Thorne (1987) who used the saiBe subtilis
Conjugation frequencies betweBacillus sphaericus ~ Strains. This demonstrated that the pUB110 used
2362 [pAMR1] and other strains Bf sphaericu® in experiments witlB. sphaericusvas capable of

— P— being mobilized.
Recipient Serot C tion fi . .
train SOMPE meanssp) ™Y B sphaericu@362 [pUB110] was filter mated

with B. sphaericu2362, 1691, 2297 and 31-2, four

iggg gggg i-gg i igf %é? § ig: strains that had been shown to be effective recipi-
1593-5-1 5a5b 293 x 1D 256 x 10° ents for pAMR1. It was also mated with strains
1691 5250 180 x 19+ 7.07 x 1P Kellen Q and 1883 (serotype 2). In none of these
2297 25 220x 18+ 141 x 164  €Xxperiments were transcipients recovered.

31-2 9a9c 8.85 x 1B+ 3.04 x 10° If B. sphaericusvas able to transfer recombi-

nant plasmids by conjugation following its dis-
ersal as a larvicide in the aquatic environment,
he most likely site for this to take place would be
in the larval cadaver. In this site the spore8 of
sphaericusre known to germinate and grow veg-
etatively in the presence of large numbers of bac-
teria indigenous to the larvae (Correa & Yousten
face protein layer, S layer, of lower molecularl995). To test the suitability of the larval cadaver
weight than the parent strain 1593 (Lewis &as a site for conjugation, spores of strain 2362
Yousten 1988). The mutant was isolated based ¢pAMMR1] were fed with spores of either 2362°lys
its resistance to phage 4, a lytic phage for both 2362 1593-5-1 to third instar mosquito larvae. Lar-
and the parental strain 1593. The phage resistareae accumulated between®1and 16 spores of
was used as positive identification of theeach strain per larva. In two trials with each recipi-
transcipients. ent strain, no transcipients were recovered at ei-
Evidence against transformation or transdugher 48 hr or 72 hr after feeding, although these
tion being involved in pAMR1 transfer was pro-same combinations of bacteria had been shown to
vided by carrying out the mating on a membraneonjugate when filter mated. To test whether
incubated on medium containing J0@ml DNase soluble substances in the larval cadaver might in-
and by substituting filter sterilized culture superterfere with conjugation, larval homogenate was
natant from the donor for the donor bacteria thenmixed with cells of 2362 [pAMR1] and 1593-5-1
selves. DNase did not affect the frequency of rewhen they were placed on filter membranes for
covering erythromycin resistant colonies and nmating. There was no decrease in conjugation fre-
erythromycin resistant bacteria were found wheguency in the presence of homogenate.
culture supernatant was incubated in place of the DISCUSSION
donor bacteria. ) ) .
Several large, self-transmissible, usually cryp- The broad host range, conjugative plasmid
tic plasmids detected iB. thuringiensisandB. PAMRB1 was used to determine favorable condi-
subtiliscan mobilize the transfer of smaller plas{ions for plasmid donation Hy. sphaericug362.
mids (Battisti et al. 1985, Koehler & Thorne 1987 With the same strain as recipient, conjugation fre-
Reddy et al. 1987). It was unknown if the largeduency increased both with increase in tempera-
cryptic plasmid residing iB. sphaericug362 was ture and time of incubation. The frequency was
conjugative and if it might be capable of mobiliz-much higher when mating was done on a mem-
ing plasmids. This was tested using strain 2362rane surface than when done in broth, a common
carrying the large, cryptic plasmid as well as th@bservation among gram positive bacteria.
4.5 kb pUB110. Transfer of pAMR1 was successful when strains
The pUB110 present in the strain 2362 that wa@f the same serotype (5a5b) as the 2362 donor were
to be used as donor was proven to be mobilizabksed as recipients. pAMB1 was also transferred to
by transferring the plasmid B subtilisPSL1 UM4  two other pathogens, strains 2297 and 31-2, of dif-
[pLS20] by protoplast transformation. pLS20 haderent serotypes. However, not all strains of DNA
been shown to promote the transfer of puB11pomology group IIA (mosquito pathogens) func-
(Battisti et al. 1985)B. subtilisPSL1 UM4 [pLS20, tioned as recipients. Strains IAB460, SSlI-1, and
pUB110] was filter mated witB. subtilisiG-20 Q Yielded no transcipients. Also, strains outside
UM1 and transcipients selected on a medium coffomology group lIA as well as three other species
taining 10pg/ml rifampicin and Sig/ml neomy- of Ba_cnlusdld not yield transcipients. Successful
cin. Conjugation frequency obtained in this matfecipients of serotype 5a5b are known to have re-
ing was equal to that reported by Koehler angtriction endonucleases, but these are likely to have

a: donor strain was neomycin resistant and all recipie
strains were rifampicin resistant. Transcipients were s
lected on medium containing both antibiotics.
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DNA modified in the same way as the donor (2362)y Jarrett and Stephenson (1990) was higher (about
of that serotype. Strains 2297 and 31-2 of differl0° to 10’ per larva) than the number present in
ent serotypes than the donor lack restriction endsmaller mosquito larvae. Different conditions in
nuclease activity and this may explain their sucthe lepidopteran cadaver and a higher number of
cess as recipients. Kellen K and SSlI-1 have révacteria may have been responsible for conjuga-
striction endonuclease of different specificity thartion in that site. If conjugation occurred in mos-
2362 and this may explain their failure as recipiquito larval cadavers, it was a rare event below the
ents (Zahner & Priest, pers. comm.). Al&, level of our detection sensitivity in these experi-
sphaericuspossesses a surface protein layer (8ents.

layer) that is presumably the point of contact be- The failure ofB. sphaericuf362 to mobilize
tween cells at the initiation of conjugation. Thetransfer of pUB110 and the apparent low (unde-
protein of this layer is known to differ immuno- tectable) conjugation frequency of a known con-
logically and in peptide maps between serotypegigative plasmid in larval cadavers, indicates that
It also differs in arrangement of subunits betweeit is unlikely that genetically engineeresl
homology groups (Lewis et al. 1987). It is possphaericuswould pass recombinant plasmids to
sible that differences in S-layer protein createther bacteria in the larval cadaver.

physical barriers that prevent plasmid transfer. The ACKNOWLEDGEMENT
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