11 MAY 1992

CHARACTERIZATION OF CONJUGATION-LIKE
N
GENE TRANSFER PROCESS. IN BACILLUS THURINGIENSIS

SUBSPECIES ISRAELENSIS

CHANPEN WIWAT
Z

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF
THE REQUIREMENTS FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY

(MICROBIOLOGY)

IN
FACULTY OF GRADUATE STUDIES
MAHIDOL UNIVERSITY

1991

2N 141y
"n

e T A e 2 AN
®eeeesececcsavene o ro0r 000 - - cher 21s0eav.00a0tgqc0atetipberane

18818



#ia Inytinus ANINURTDIBVIUNTISOV1EMBREUTRBIE Conjugation-
like M Bacillus thuringiensis subspecies
israelensis

vo o - d G L d é

Wi JUNSINg  3Iwu

U3 g uivgavduane (38T213ne0)

auznssunwsnauqu?nuwﬁwué
puLSA  piTAU, Ph.D.
andnd Wusimul, Ph.D.
Jmuras  vhuluinie, D. Eng.
Ansal ¥9RAHY, Ph.D.
dna nuﬁuu Ph.D.
Fuhan$anisdnen
29 WA1AN W.A. 2534

UMAREA

INN1sANEINISOmanBud 1aBASEUIUNTS  Conjugation-
like 1aB35 broth mating wuiwn%a Bacillus thuringiensis
subsp. israelensis #1BWUS A084-16-194 H1N15089A1BWRTANA
pBC16 Udxr pC194 1UHY B. thuringiensis awuﬁuéﬁwq 9 MUY
WA 25 subspecies aﬂswnwsnnﬂnaanawauaan1un1q 1.1x10-9 03
9.8x10-5 uanawnuﬂqwuuwunwsnwﬂnaaias1u1nu1u B. thurin-
giensis I"MIU 10 subspecies Q1nnquua 25 subspecies %15ﬂﬁ
NISNARDY pB1315nAN 501 EmaATAT TuToaildns 1016 BB AR NN
(4.3x10-2 04 3.7x10-7) NISOIENBAMANENAMIBIU  subspecies
LABINYU 8 A nui15n$1n1561ﬂnaanalaﬁagqni1nwsdwnnaana1aﬁa
%179 subspecies awnuanwsnaaaQﬁq§i1n11ua1uwsn1un1sﬁwunan
naawawaﬁasvniwa subspecies tua1u1u1nuunan1saﬁsqaunaqna1a
untaw1~uuauuqnua1n uavﬂq1u1auunaSUuuunaqwa1auan41utvaan7
MUasAISURIEY

USINGNITENIS LMIENGNTENINNLTRE 2 nﬁanaqx%a B.
thuringiensis BHINIU W nﬁﬁnawuwsnaﬁuuntna B.t.i awuwuﬁ
A9 9 Amnasneaassantiu 2 naal Ap naun 1 (4Q2) uls nqun 2
(4Q272 uaz c4Q272)
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nwsdwnnaanawaﬁa pBC16 3IEWINAILWUS  A084-16-194
Uae c4Q272 awuwsnnnuunq1a1au 0.2 mM EDTA, O. 25 M MgCl:,
0.5 M MgSOs4 UR: 0.05 M CaClz2 uaz a15tautua1u1u911utuuuu
LABINUAINNISDAAUS NN (EDTA Uaz MgClz) wIoHUEY (MgSOs) NS
tnwznquuaqtnaa1aanaau

uantuuaawnnwstnw nauuaqxuaaaanaﬁzwn ud  Bewudn
11Lnaa1unus1unaun 1 (4Q2) aananwtwuuaauuwn uuﬁaawunus 4Q2
A1 MIC 12.5 un. 1auna1uwu51unaun 2 (4Q272 Uax c4Q272) N
A ulsan LniIadunnIanil MIC 0.06 Uaz 0.03 NAN. AIUATAY

s aRATUSAUINLED Bt . §1EWUSAIN 1 Al 6 M
urea wuiwﬁTusﬁuﬁﬁﬁﬁnﬁn1utanaaqawntﬁaawﬂiué 4Q2 3 lmulu
NWBNHS 4Q272 Ul: c4Q272 QQHWG“N1811lUu S~ 1ayer protein
NG AT HULDURLDRERD S- layer protein uu 1wa1nnaaauu1nﬁ
UWUNYBY S-layer protein uutua B.t.i. 1lapis indirect immu-
nofluorescent nkuaﬁln1~uaquaunuaanntnsnu1aunﬁn17nnaau
futulneis Immunodiffusion UR: Western blot

uauﬁuaﬁz‘lﬁa S-layer protein 783 4Q2 mmsnﬁuueqms
AHNDaNaT#NR 1ABNSLUIUNTS conjugation-like =M B.t.i.
AIBWUS 4Q2-16 UAT c4Q272 1ABARSINISOIENDANAENA  pBC16
aAavaIn 9.7x10-6 (Duliaeni1 1x10-8 lﬂaiﬁﬁgaxﬁuauﬁuaﬁééa S-
layer protein UBNNIHWME 4Q2 UREUDURALDRERBINTINBRS NSO Y
NDANRIHNA pBC16 TaBnS£VUIUNIS  conjugation-like FEWIN
B.t.i. dTHWUG A084-16-194 WAz c4Q272 ARAIHID Tapfidnians
S ENaANANENAREARANIIN 2.2x10-5 DU 1.2x10-6 (e Wifluaz fuan
AUBRIATUAIAY

15nﬁn1$uu1u§udﬁﬁ1unun1sa%wa S-layer protein 31N
B.t.i. awuwuﬁ 4Q2 1Y pBluescriptKS uaz puCl2 (HuRiduLa
wmzuN1 transform (118 Escherichia coli DH5a niuIaFusu
AuBAiRB S- layer protein t Dudsnaday lasunawauaanuaunuuud
ﬂ?UﬂNﬂWiﬂ$1Q S-layer protein 3 Taau 1Run PACl, pACZ Uuaz
pAC3 awnuuiﬂnﬁnws subcloned wawauaanuau pPAC1 w8 lUuls
pACl1l1, pAC111 uazr pACl1l2 ATUAIAY uKe 1anaaaUIUsuunn1uau
nsav1elapBudvuianie 9 #1835 Western blot
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nINITNATI UM a‘muu’ma'(a‘l'nanaquu'nmugmmSai"N S-

layer protein YWIR 1.5 ﬁTatuﬂﬁaé\una1aﬁagnuau pAC111  lanm

ad R -3 4 -~ o o [
15 dideoxy chain-termination IINNITILASITURNRVUIAR 12 InA

A1 50BN AWM ANz 1T initiation codon, -10, -35 ua:
Shine-Dalgarno sequence

TUnN1$1" Southern blot hybridization 1ap TR DULD
1A 5.2 Nlatud’ann pacil  #eaainsaplulasul JuditBut amnsaaday
1ﬁﬁ4§iwﬁuﬁnvuqunwsa§1q S-laver protein aguulAsTulnava9
B.t.i. §1UWUS 4Q2, 4Q272 WA c4Q272
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ABSTRACT

The plasmids pBC16 and pCl194 from Bacillus
thuringiensis subsp. israelensis strains A084-16-194 were
transferred to 25 subspecies of B. thuringiensis by a
conjugation-like process using broth mating technique.
The frequencies of transfer varied considerably between
different mating pairs, ranging from 1.1x10—9 to 9.8x10_5.
Additionally, chromosomal transfer could also be
demonstrated in ten B. thuringiensis subspecies with very
low frequencies (4.3x10_9 to 3.7x10—7). The matings
within a group of eight subspecies gave higher frequencies
of transfer than the matings between the subspecies

indicating that the frequencies of transfer was higher in



the intrasubspecific than the intersubspecific transfers.
The results indicated that the capability to transfer
plasmids among these various subspecies did not depend on
the presené; of specific plasmids nor specific plasmid
patterns in either donor or recipient cells.

The cell clumping phenomena appeared to be
specific between certain pairs of B. thuringiensis. Among
few strains being tested, wild type strain 4Q2 and its
cured strains 4Q272 and c4Q272, clumping could be divided
into two groups i.e. clumping group I (4Q2) and clumping
group II (4Q272 and c4Q272).

The transfers of pBCl16 plasmid from strain A084-
16-194 into strain c4Q272 were found to be inhibited by
0.2 mM EDTA, 0.25 M MgClz, 0.5 M MgSO4 and 0.05 M CaClz.
These chemicals, at the same concentrations, could be
demonstrated to reduce (EDTA and MgClz) or inhibit (MgSO4)
the extent of clumping between strain A084-16-194 and
c4Q272.

Beside the clumping phenomena, it was also found
that strain in clumping group I (4Q2) possessed high level
of penicillin G resistance. Strain 4Q2 was resistant to
penicillin G at MIC of 12.5 mg, but strains in clumping
group II (4Q272 and c4Q272) were quite susceptible to
penicillin G with MIC of 0.06 and 0.03 ug, respectively.

Extraction of S-layer protein by treatment with a
6 M urea indicated that there appeared to be extra-high

molecular weight protein in the extracts obtained from
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B.t.i. strain 4Q2. This protein band was found to be
absent in strains 4Q272 and c4Q272. The antibody toward
this S-layer protein was prepared and used for locating of
S-layer protein on B.t.i. cell by using indirect
immunofluorescent technique. Immunodiffusion reaction and
Western blot analysis confirmed the specificity of the
anti-S-layer protein antibody.

It was found that the antibody against 4Q2 s-
layer protein inhibited the plasmid transfer via the
conjugation-like process between B.t.i. strain 4Q2-16 and
c4Q272. The frequencies of transfer of pPBC16 plasmid was
found to reduce from 9.7:!:10.6 to less than 1x10_8 in the
absence and presence of anti 4Q2-S-layer protein antibody,
respectively. This antibody could also found to reduce
the frequencies of transfer of PBC16 plasmid via
conjugation-like process between B.t.i. strain A084-16-194
and c4Q272. The frequencies of transfer between the two
latter strains were found to reduce from 2.2x10"2 to
1.2x10.6 in the absence and presence of the antibody,
respectively.

Using antibody detection technique, S-layer
protein gene from B.t.i. strain 4Q2 was cloned in
pBluescriptKS and pUC12 of Escherichia coli DHS a. Three
positive clones namely pACl, pAC2 and PAC3, containing the
genes encoding for the S-layer protein were obtained. The
PAC1l clone was subsequently subcloned to pPACl1l1l, pAC111 and
PAC112. The presence of gene product was confirmed by

using Western blot analysis.
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The 1.5 kb fragment of the pACl111 plasmid was
sequenced by using dideoxy chain-termination method. The
ngcleotide sequence showed the putative initiation \codon
(ATG), -10, -35 and Shine-Dalgarno sequence.

Southern blot hybridization using 5.2 kb fragment
of the pACl1l as biotinylated probe indicated that the S-
layer protein gene was located on chromosome of B.t.i.

strains 4Q2, 4Q272 and c4Q272.
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