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VIbTPACTPYKTYPHbIN AHANIN3 BREVIBACILLUS
LATEROSPORUS METOAAMMW I/IEKTPOHHOW
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MNpepcraBneHbl 3KCMepUMeHTasibHble faHHble 3/IeKTPOHHOWM M aTOMHO-CWJIOBOWM MWMKPOCKOMUMU
cnop Brevibacillus laterosporus. OnpeaeneHbl pa3mep U CTPOEHUE CMOP U BXOAALLMX B UX COCTaB
KaHO3BUAHbIX BKAKOYeHUN. LWTammbl Brevibacillus laterosporus, o6napatowme MHCEKTULMAHBIMU
CBOMCTBAMM, MOTyT NMPUMEHSTbCS AN 60pb6bl C NnepeHocYMKamu 3a6oneBaHUN, nepesaBaemMbix

Yyepes yKyCbl HACeKOMbIX.

The article presents experimental data of the electron and atomic force microscopy of
Brevibacillus laterosporus spores. The size and structure of the spores and canoe-shaped
inclusions are determined. B. laterosporus strains with insecticidal properties can be used for
the prevention of infectious diseases transmitted by insect bites.

revibacillus laterosporus (B. laterosporus) oTHO-

CUTCS K 6allMIaM C MHCeKTULIMAHBIMU CBOH-

cTBaMHU. OcCob6BIll MHTepeC NPeACTABISIOT
mTaMMBbl B. laterosporus, obpa3syromjre MOCKHUTO-
LMJHBIe KPUCTAIH [1, 2]. 3BeCTHO, 4TO /1151 3TOTO
BU/a 6aLM/IT XapaKTePHBl YHHUKAJIbHbIE KAHO3BHU/-
Hble BKJIIOUeHHU I, [IPUKpeIl/IeHHbIe K criope [3]. PaHee
aBTOpaMHU OBIIK HCC/IeLOBAaHBl Pa3JiM4YHble KPU-
CTaJIZIOHOCHBIE ITaMMBI B. laterosporus meTomamu
MIpoCBeYMBaAOIIeN U CKaHUPYIOLlel 3T1eKTPOHHOMN
MHUKpOCKoIuH (1, 4, 5, 6].

B oTnYMe OT HEKOTOPHIX APYrUX 6ALM/II, B TOM
YHC/Ie SHTOMOIIATOTeHHBIX, CIIOpHl B. laterosporus
JTUIIeHBl 3K30CHmopuyma. Mertogom COM 6bi10
IIOKa3aHO, YTO TaKHe CIIOPbl UMEIT CKIAAUATYIo
HEepPOBHYIO IIOBEePXHOCTh. IIpHU 3TOM, CTPYKTypa
crop B. laterosporus mrammocnenuduuHa. Tax,
y B. laterosporus 16-92 crmopa okpyskeHa Qu6pHII-
JIIPHOM KaIICYJIOM, KOTOPasi OTCYTCTBYeT y APYIHUX

mTaMMOB. KaHO3BHIHOE BKIOYEeHHE HMeeT y pa3-
HBIX IITAMMOB HeOJHMHAKOBBIH pa3Mep U CTPYKTYPY.
Kpuctannel, mpoayuupyemMseie B, Laterosporus, pas-
nu4YarTCcs 1no dopme, pasmMepaM U OHONIOTHUECKOH
aKTHBHOCTH [5].

HecMoTps Ha MHT@HCHBHOE 3JIeKTPOHHO-MUKPO-
CKOIIMYeCKoe M3y4yeHHe MOP(OJIOruM 3TOro BUAA
OaLua, JeTanu yJAbTPACTPYKTYPHI CIOP U KPHU-
CTaJIJIOB MCC/IeJOBaHbl HeJOCTATOYHO KM3-3a HEBO3-
MOKHOCTH PaboThl ¢ HATUBHBIM MaTepHaJIOM.
Kak HM3BeCTHO, TeXHHKa MPO6OMOATrOTOBKH MaTe-
pHana B 3J1eKTPOHHOM MHKPOCKOIIMH BKJIOYAeT
duKcamuio, okpamKBaHHe, 00e3BOKHUBAHUE,
3aJIMBKY B CMOJIY. DTH METOJAbl HAPyIIAIT CTPYK-
TYPHYIO 1[€JIOCTHOCTb OHOJIOTMUYeCKUX 06BeKTOB
M He II03BOJIAIOT TOYHO OIpPelNeanuTh UX pa3sMephl.
ANIbTepHAaTHUBHBLIM BBICOKOPa3pellaloluM MeTOLOM
M3y4eHHs HATUBHON YIBTPACTPYKTYpHl 06pas3IioB,
B TOM 4YHCJIe 6aKTepPHAIBHBIX CIIOP, SIBJISIETCS ATOMHO-
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CONTROL AND MEASUREMENT

CUJIOBAast MUKPOCKOIIMSI, KOTOPas I103BO/IsIeT BU3Yya-
JIM3UPOBATh APXUTEKTYPY CIIOP Ha MOJIEKYISIPHOM
ypoBHe per se, 6e3 XUMHUYECKOTO U pU3HUUECKOTO
BO3[IeUCTBHUH.

B cBSI3M C 3TUM IIpefCTaBiaseT HHTepec
CpaBHUTeNbHOE KCCIeOBAHUE CIIOP U KPHUCTAJIIOB
MeTOLaMM 371eKTPOHHOM M aTOMHO-CHUJIOBOM
MHUKPOCKOIIHH.

MATEPUAJIbI U METO/1bl

IItamMmel B. laterosporus 6sl1u monyueHs! u3 nabo-
paTtopHoM konnekuuu BHUU TeHeTuka (16-92)
U Ko/leRI MM MHcTUTYTa [lacTepa ([Iapusk) oT A-pa
JNTokagze (Lat 006). IIITaMMBI BhIpallliBa/JIk Ha ara-
pHu30BaHHOU cpefie NBY B TeueHue 72 4 nipu 30 °C.
Crophl ¥ KPUCTAJLIBL /1L HCCIeJOBAHUM CMBIBAIH
carapa, CyCIeHJUPOBa/IM U IIPOMBIBAJIU B JUCTHII-
JMPOBAHHOM BOJIE.

JJIeKTPOHHAas MUKPOCKOIIU A IIPOBOAMJIACH METO-
JaMU HeraTHBHOTO KOHTPAaCTHUPOBAHUS U yIAbTpa-
TOHKMX Cpe30B, Kak onucaHo B [7]. K HeraTuBHOMY
KOHTPAaCTHPOBAHHIO CYCIIEH3HIO CIIOP M KPHCTAJI~
JIOB TOTOBHUJIM [ByMs criocobaMu. B mepBoM ciydae
CyCIIeH3HI0 HAHOCHJ/IM Ha MeJHble CeTKH, IIOKPHI-
Thle $OPMBAPOBOMU IIJIEHKOH, YKPeIJeHHOH yIJe-
ponoM, U OKpallMBaJM 1% -HBIM BOLHBIM PacTBO-
poMm ypaHuI aueTaTa. Bo BTOpoM ciy4ae CyCIeH-

Puc.1. 2neKmpoHHO-MUKPOCKONUYECKUE U306pa>KeHus:
a - cnopaHzul wmamma B. laterosporus 16-92 co cnopol
u Kkpucmaaaom; b - 3penas cnopa wmamma B. laterosporus
16-92; ¢ - cnopanauli B. laterosporus Lat 006 co cnopol U Kpu-
cmannom; d - 3peaas cnopa B. laterosporus Lat 006

Fig.1. Electron microscopic images: a - sporange of strain of B. lat-
erosporus 16-92 with spore and crystal; b - mature spore of strain
of B. laterosporus 16-92; ¢ - sporange of B. laterosporus Lat 006
with spore and crystal; d - mature spore of B. laterosporus Lat 006

revibacillus laterosporus

(B. laterosporus) are bacte-

ria with insecticidal proper-
ties. The strains of B. laterosporus,
forming crystals with anti-mos-
quito features [1, 2], are of particu-
lar interest. It is known that this
type of bacillus is characterized by
a unique canoe-shaped inclusion
attached to the spore [3]. Previously
the authors have investigated the
different crystalline strains of
B. laterosporus by transmission
and scanning electron micros-
copy [1, 4, 5, 6].

In contrast to some other bacilli,
including entomopathogenic, spores
of B. laterosporus don’t have exospo-
rium. Using SEM it was shown that
such spores have folded uneven sur-
face. At the same time, the struc-
ture of spores of B. laterosporus

is strain-specific. For example,
spore of B. laterosporus 16-92 is
surrounded by a fibrillar capsule,
which is absent in other strains.
Canoe-shaped inclusion has differ-
ent size and structure at different
strains. The crystals produced by B.
Laterosporus differ in a shape, size
and biological activity [5].

Despite intensive electron micro-
scopic studies of the morphology
of this type of bacilli, details of the
ultrastructure of spores and crys-
tals are poorly studied due to the
impossibility of working with the
native material. As is known, the
technique of sample preparation in
electron microscopy includes fixa-
tion, coloration, dehydration, fill-
ing with resin. These methods vio-
late the structural integrity of bio-
logical objects and do not allow to

accurately determine their sizes.
Alternative high-resolution method
of studying the native ultrastruc-
ture of samples, including bacterial
spores, is atomic force microscopy
that enables to visualize the archi-
tecture of spores at the molecular
level per se, without chemical and
physical influences.

In this regard, the comparative
study of the spores and crystals by
electron and atomic force micros-
copy are of interest.

MATERIALS AND METHODS

The strains of B. laterosporus were
obtained from the laboratory col-
lection of the Institute of Genetics
(16-92) and collection of the Institut
Pasteur (Paris) from Dr. Lecadet
(Lat 006). Strains were grown on
agar NBY during 72 h at 30°C. Spores
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Puc.2. Cnopei B. laterosporus 16-92 (npocgevusarouiuli 3nex-
MpOHHbIL MuKkpockon LEO912AB)

Fig.2. Spores of B. laterosporus 16-92 (LEO912AB transmission
electron microscope)

3110 HAHOCHMJIM Ha CeTKH, IIOKPHIThIe yIIepOSHOHN
IJIEHKOM M OKpallMBalHX 2% -HBIM BOLHBIM PacTBO-
pom NANOW. IIpuMeHSTHCh 3/IEKTPOHHBIE MHUKPO-
ckorbl JEM-100 B u LEO912AB.

[ns aTOMHO-CHUJIOBOM MHUKPOCKOIHUH OBII
HMCIIONb30BaH MHOIOQYyHKUIHOHAIbHBN C3M
"®emToCKaH" [8] M mporpaMMHoe obecredyeHUe
"®eMmTOoCKaH OHNManH" [9].

Puc.3. OmadeabHas cnopa B. laterosporus 16-92 ¢ 6oko8biMu
sbipocmamu (npoceequsarowuli 3neKmpoHHbII MUKPOCKON
LEO912AB)

Fig.3. Separate spore of B. laterosporus 16-92 with lateral out-
growths (LEO912AB transmission electron microscope)

PE3Y/IbTATDI

ToHKas CTPYKTypa CIIOp ¥ KPHUCTAJUIOB OBITH M3y deHEbI
paHee MeTO/IOM Y/IBTPAaTOHKHUX cpe3oB [1, 2]. Ha puc.la
u 1b mpescTaBIeHBI CIIOPHI B CIIOPAHTHUU U CBOOOIHBIE
CIIOpPHI. B CIIOpaHTHH, IIOMKMO CIIOPBI, IIPUCYTCTBYET
POM6OBUIHBINA KPUCTA/I. CIIOPBL CBSI3AHBI CO CIIOH-
CTBIM KaHO03, OKPY>KeHHI CIIOPOBOH 060/I04KOH U KOp-
TeKCOM. KaHO03 ITPUMBIKaeT K CIIOpe C O HOM CTOPOHBI.

and crystals for studies were washed
from the agar, suspended and
washed in distilled water.

Electron microscopy was carried
out by the methods of negative con-
trasting and ultrathin sections as
described in [7]. The suspension of
spores and crystals was prepared
for negative contrast in two ways.
In the first case, the suspension
was applied on a copper formvar-
coated grids, reinforced with car-
bon and stained with 1% aqueous
uranyl acetate. In the second case,
the suspension was applied to a
grids covered with carbon film and
stained with 2% aqueous solution
of NANOW. Electron microscopes
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JEM-100 B and LEO912AB were
used.

FemtoScan multifunctional
scanning probe microscope [8] and
FemtoScan Online software [9] were
used for atomic force microscopy.

RESULTS

Fine structure of the spores and
crystals was previously studied by
the method of ultrathin sections
(1, 2]. Fig.1a and Fig.1b show spores
in the sporangia and free spores. In
addition to spores, there is a rhom-
bic crystal in sporangia. Spores are
bonded with layered canoe and sur-
rounded by a spore sheath and cor-
tex. Canoe is joined to a spore at one

side. On the opposite side of spore
only folded spore shell is visible. It is
evident in the presented images that
canoe of strain 16-92 is narrow with
tightly packed layers.

Ultrastructure of a strain of B. lat-
erosporus Lat 006 has its own fea-
tures. A cubic crystal is observed in
sporangia near the spore (Fig.1c). The
mature spores of the strain Lat 006
have a large friable canoe (Fig.1d).
Layers of canoe, probably due to
the lack of rigidity, are arranged in
waves. A lamellar, square crystals
with rounded corners are discovered
at Lat 006. During lysis the sporan-
gium with canoe-shaped inclusion
and crystals are released separately.
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Ha poTHBOIIOIOKHOU CTOPOHE CIIOPBl BUHA TOTIBKO
CKJIajguaras croposas obonouka. Ha nmpencraBieH-
HBIX MUKpOdOTOrpadpuax BULHO, YTO ¥ IITaMMa 16-92
KaHO?3 y3K0e, C IIJIOTHO Y/IOXKeHHBIMH CJIOSIMU.

YnsTpacTpyKTypa mraMmma B. laterosporus Lat 006
HMeeT CBOU 0COOeHHOCTU. B CIIOpaHTUHU PSIOM CO
criopoi HabmrofgaeTcs Kybuueckuil KpyucTani (puc.lo).
Y 3pebix criop mTaMMma Lat 006 o6Hapy>keHO KpyIIHOe
peIxJIoe KaHO3 (puc.1ld). Cion KaHO3, BUAUMO HM3-3a
OTCYTCTBHSI PUTHAHOCTH, PACIIOIATAIOTCSI BOTHO06-
pasHo. Y Lat 006 o6Hapy>keHBI IIAaCTUHYAThIe, KBA-
JpaTHbIe KPUCTAJLIBL CO CIVIaYKeHHBIMU yIaaMu. [Ipu
JIM3MCe CIIOPAHTHUS CIIOPhl BMeCTe C KaHO3BUIHBIM
BK/IIOYEeHHeM U KPHCTAJIJIBI 0CBOOOKAAITCS pas-
JleJIbHO.

Ha puc.2 mpeficTaB/IeHbI H306paskeHU S 3/IeKTPOHHO-
IIJIOTHBIX OBAJIBHBIX CIIOp B. laterosporus 16-92 c KaHO3-
BUHBIM BK/IIOYEHHEM.

ITpy HCIIOIb30BAHUU KOHTPACTUPOBAHUS C [IOMO-
b0 NANOW Ha IoBepXHOCTH CIIOp TaMma 16-92
yaaeTcs HabnoAaTh MHOTOYHCIeHHBIE IJIMHHbIE TOH-
KHe BBIPOCTHI (PHC.3), KOTOPbIe OTCYTCTBYIOT Y IITAMMa
Lat 006 (puc.4). Ha puc.4 xopollo BUJHO KPYIIHOe
KaHO3, B KOTOpOe IMOTpy>keHa COOCTBEHHO cIopa
Lat 006. Ha 3ToM n306paskeHHU TaK>Ke BUJHBI KBa-
JpaTHBIE 3/IeKTPOHHO-TIOTHbIE KPUCTAJIJIEL.

Criopel ¥ KpHCTaJUTHL B. laterosporus ucciemoBaHbl
MeHbIlle, YeM APyrHue >HTOMOIATOreHHBIe 6HaKTe-
pHH. B 0cO6€HHOCTH 3TO KacaeTcsi KaHO3, QYHKIIHS
KOTOPOTO He oIlpefe/ieHa, U KPHUCTAJI/IOB, Ybs aKTUB-
HOCTB I10 OTHOIIEHHIO K Pa3/THYHBIM OHOIOrHYeCKUM
obbekTaM cn1abo HU3yUeHa.

Puc.4. Cnopa B. laterosporus Lat 006 u conymcmaytouwue
Kpucmanael (npoceequsarouull 3AeKmMpoHHbII MUKPOCKON
LEO912AB)

Fig.4. Spore of B. laterosporus Lat 006 and related crystals
(LEO912AB transmission electron microscope)

TpexmepHoe u3obpaskeHHUe cropsl B. laterosporus,
HaHeCeHHOM Ha II0BePXHOCTb CBEKeCKOIOTOM CITIOAIBI,
II0JIyYeHO C IMOMOIIbI0 CKAHUPYIOIIEro 30H/0BOTO
MuKpockomna "®emToCkaH" (LJeHTp MepCIeKTUBHBIX
TexHonoruu, PP). Crnopsrl B. laterosporus uccieno-
BaHBI C IIOMOIIBI0 MeTOJJa ATOMHO-CHUIOBOM MHKPO-
ckonuu (puc.5). HabnromaeMBlll pa3Mep CIOPEHI
cocTaBM 0Ko0J0o 1,5 MKM. ITocTpoeHue u3obpaxke-

Fig.2 presents images of electron-
dense oval spores of B. laterosporus
16-92 with canoe-shaped inclusion.

When using contrasting by
means of NANOW, on a surface of
spores of a strain 16-92 it is possible
to observe numerous long thin out-
growths (Fig.3) which are absent at
a strain Lat 006 (Fig.4). Fig.4 shows
a large canoe with submerged spore
Lat 006. The square electron-dense
crystals are also visible in this
image.

Spores and crystals of B. lat-
erosporus are studied less than other
entomopathogenic bacteria. In par-
ticular, it concerns a canoe which
function isn't defined, and crystals,

whose activity towards different bio-
logical objects is poorly studied.

Three-dimensional image
of spore of B. laterosporus on
the surface of cleaved mica was
obtained using a FemtoScan scan-
ning probe microscope (Advanced
Technologies Center, Russia).
Spores of B. laterosporus were
studied using the atomic force
microscopy (Fig.5). The observed
size of the spore was about 1.5 pm.
The construction of the image
is performed in the FemtoScan
Online software [9].

Atomic force microscopy allows
to obtain information about three-
dimensional topography and to

estimate the volume of spore at her
dryingin the air.

The strains of B. laterosporus are
specifically active against the lar-
vae of various dipteran insects, in
particular against mosquitoes An.
stephensi u Ae. Aegypti. High bio-
cidal effect (antibacterial, fungi-
cidal, cyanolytic) allows the use of
these strains as a producers of bio-
logical plant protection from dis-
ease and for fight against toxic
microscopic algae (blue-green bac-
teria). [ |

The study was performed with finan-

cial support of REBR in the framework of a
research project No. 15-04-07678.
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Puc.5. ACM-u3o6paxeHue cnopbl B. laterosporus Lat 006: caesa — monozpadus, cnpasa — mpexmepHbili 8ud (CKaHupyouwuil 30H-

doablili mukpockon "®emmoCKaH")

Fig.5. AFM-image of spore of B. laterosporus Lat 006: on left - topography, on right - three-dimensional view (FemtoScan scanning probe

microscope)

HUS BBIIIOJIHEHO B IIPOrpaMMHOM obecriedeHHUU
"®emToCKkaH OHMamH" [9].

ATOMHO-CHJIOBasi MUKPOCKOIIH S IT03BOJISIeT IIONMYyYHUTh
IOAHHBIE 0 TPEXMepPHOM pefibede, OLleHUTb 06beM CIIOPBI
IIPH ee BBICYLIIMBAHUK Ha BO3/yXe.

IlltamMel B. laterosporus crieiupuiecku akKTHBHBI
I10 OTHOIIEHHIO K TMYMHKAM Pa3/IHYHBIX [BYXKPbLIBIX
HaceKOMBIX, B YaCTHOCTH, ITIPOTHB KOMapoB An. stephensi
U Ae. Aegypti. BeICOKHE OHOLIUAHBIN 3P deKT (@HTHOaKTe-
PpUIBHBIN, QYHTUIIUIHBIN, IHAHOIUTUYECKUH) 103BO-
JI5IeT UCIIONb30BaTh 3TH IITAMMBI B KauecTBe IIPOAyLIeH-
TOB OUOIOrTYeCKUX CPELCTB 3aIHUTHl PACTEHUH 0T 6ose3-
Hel U st 60peOBl C TORCHYECKMMHU MHUKPOCKOIIHYe-
CKHMH BOJOPOC/ISIMH (CHHe-3e/IeHbIMU DaKTepUSIMHU).

Hccaedosatue sbinoareHo npu urarcosoli noddepskke PODI 8 pam-
Kax Hay4Hoz0 npoekma 15-04-07678.
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