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MNpepctaBneHbl 3KCMepUMeHTasibHble faHHble 3/IeKTPOHHOM M aTOMHO-CUJIOBOWM MWMKPOCKOMUMU
cnop Brevibacillus laterosporus. OnpepeneHbl pa3mep U CTPOEHUE CMOP U BXOAALLMX B UX COCTaB
KaHO3BUAHbIX BKIKOUYeHUN. LWTammbl Brevibacillus laterosporus, o6napatowme MHCEKTULUAHBIMU
CBOMCTBAMMU, MOTyT NMPUMEHATbCS AN 60pb6bl C NepeHocYMkamu 3a6oseBaHUN, NepepaBaemMblX

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 6allIaM C MHCeKTULIMAHBIMU CBOH-

cTBaMHU. OCob6BIMI MHTepeC NPeACTABISIOT
mTaMMBbl B. laterosporus, obpa3syromjre MOCKHTO-
LMHBIe KPUCTA/IHI [1, 2]. U3BeCTHO, 4YTO /1Sl 3TOTO
BU/a 6aLM/IT XapaKTePHBl YHHUKAIbHbIEe KAHO3BHU /-
Hble BKJIIOUeHHU 1, [IPUKpell/leHHble K criope [3]. PaHee
aBTOpaMHU OBIIK HCC/IeLOBAHBl Pa3JiM4YHble KPU-
CTaJIZIOHOCHBIE IITaMMBI B. laterosporus meTomamu
MIpOoCBeYMBAOIIeN U CKAaHUPYIOLeH 31eKTPOHHOU
MHUKpOCKoIuH (1, 4, 5, 6].

B oTnYMe OT HEKOTOPHIX APYrUX 6ALMIII, B TOM
YHC/Ie SHTOMOIIATOTeHHBIX, CIIOpHl B. laterosporus
JTUIIeHBl 3K30CHmopuyMma. Mertogom COM 6b110
IIOKa3aHO, YTO TaKHe CIIOPbl UMEIT CKIAAUaTYIo
HepPOBHYIO IIOBePXHOCTh. IIpU 3TOM, CTPYKTypa
cmop B. laterosporus mrammocnenuduuHa. Tax,
y B. laterosporus 16-92 crmopa okpyskeHa QuOpHII-
JIIPHOM KaIICYJIOM, KOTOPasi OTCYTCTBYeT y APYIUX

mTaMMOB. KaHO3BHHOE BKIIOYEHHE HMeeT y pa3-
HBIX IITAMMOB HeOJHMHAKOBBIK pa3Mep U CTPYKTYPY.
KpucTannel, mpoagyuupyemMseie B, Laterosporus, pas-
nu4YarTCcs 1no dopmMe, pasmMepam U OHONIOTHUECKON
aKTHBHOCTH [5].

HecMmoTps Ha MHT@HCHUBHOE 3JIeKTPOHHO-MHUKPO-
CKOITMYeCKOoe M3yyeHHe MOP(OJIOruM 3TOro BUAA
OaLu/a, geTanau yJIbTPACTPYKTYPhI CIOP U KPU-
CTaJIJIOB MCC/IeJOBaHbl HeJO0CTATOYHO KM3-3a HEBO3~
MOKHOCTH PaboThl ¢ HATUBHBIM MaTepHaIOM.
Kak M3BeCTHO, TeXHHUKa NMPO6OMOATrOTOBKHY MaTe-
pHana B 3J1eKTPOHHOM MHKPOCKOIIMHK BKJIOYAeT
duKcamuio, okpamMBaHHe, 00e3BOKHUBAHUE,
3aJIMBKY B CMOJIY. DTH METOAbl HAPyIIAIT CTPYK-
TYPHYIO 1[eJIOCTHOCTb OHOJIOTMYeCKUX 06BeKTOB
Y He II03BOJIAIOT TOYHO OIPeeaIruTh UX pa3sMephl.
ANIbTepHAaTHUBHBLIM BBICOKOPa3peIlaomuM MeTOLOM
M3y4eHHs HATUBHON YIbTPACTPYKTYpHl 06pas3IioB,
B TOM 4YHCJIe 6aKTepPHAIBHBIX CIIOP, SIBJISIETCS ATOMHO-
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CONTROL AND MEASUREMENT

CHJIOBAsI MHKPOCKOIIM I, KOTOPAas II03BOJISIeT BHU3ya-
JIM3KUPOBATh APXUTEKTYPY CIIOP Ha MOJIEKYISIPHOM
ypoBHe per se, 6e3 XUMHUYECKOTO U pU3HUUECKOTO
BO3IeUCTBUH.

B CBSI3WM C 3TUM IpefCTaBiseT HHTepec
CpaBHUTeNbHOE KCCIeJ0OBAHUE CIIOP U KPUCTAJIIOB
MeTOLaMHM 3JIeKTPOHHOH M ATOMHO-CHJIOBOH
MUKPOCKOIIHH.

MATEPUAIJIbI U METOAbI

IItamMel B. laterosporus 6sl1u monyueHs! u3 nabo-
paTtopHoM Kkonnekuuu BHUU TeHeTuka (16-92)
U Ko/leKI MM MHcTUTYyTAa [TacTepa ([Iapusk) oT A-pa
JNrokazme (Lat 006). IIITaMMBbI BhIpalllMiBa/JIk Ha ara-
pu3oBaHHOU cpefie NBY B TeueHue 72 4 nipu 30 °C.
CrOphl ¥ KPUCTAJLIBL [IJISI HCCIeJOBAHUU CMBIBAIH
carapa, CyCIIeHJIUPOBA/IM U IIPOMBIBAJIU B JUCTHII-
JMPOBAHHOMU BoOJIe.

JNIeKTPOHHAsI MUKPOCKOIIU A IIPOBOAMJIACH METO~
JaMH HeraTHBHOTO KOHTPAaCTHUPOBAHUS U yIAbTpa-
TOHKMX CPe30B, KakK OMH1caHo B [7]. K HeraTUBHOMY
KOHTPACTHPOBAHHIO CYCIIEH3HIO CIIOP M KPHCTAJI~
JIOB TOTOBHUJIM [ByMs criocobaMu. B mepBoM ciydae
CYCIIeH3UI0 HAHOCHJ/IM Ha MeJHble CeTKH, IIOKPBI-
Thle $OPMBAPOBOU IIJIEHKOH, YKPeIlJeHHOH yIJe-
poooM, U OKpallMBaJK 1% -HBIM BOLHBIM PacTBO-
poM ypaHHUJ aleTaTa. Bo BTOpoM ciay4ae CyCIeH-

Puc.1l. DneKmpoHHO-MUKpOCKONUYeckue u3obpaxkeHus:
a - cnopaHzul wmamma B. laterosporus 16-92 co cnopol
u Kpucmaaaom; b - 3penas cnopa wmamma B. laterosporus
16-92; ¢ - cnopaHaul 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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2 MKM | pm

1 MKM | pm

Puc.2. Cnopel B. laterosporus 16-92 (npoceeyusarouiuil 3nex-
MPpOHHbIL MuKkpockon LEO912AB)

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

3110 HAHOCHMJIM Ha CeTKH, IIOKPEIThIe yIIepOogHON
IJIEHKOM M OKpalllMBaIX 2% -HBIM BOLHBIM PacTBO-
pom NANOW. IIpuMeHSTHUCH 3/IEKTPOHHBIE MHUKPO-
ckorel JEM-100 B u LEO912AB.

Jlnst aTOMHO-CHJIOBOM MMKPOCKOIHUH OBIN
HMCIIONb30BaH MHOIOQYyHKUHOHAIbHBN C3M
"®emtoCKaH" [8] u mporpaMMHOe obecreueHHUe
"®emroCkaH OHIanH" [9].

Puc.3. OmadeabHas cnopa B. laterosporus 16-92 ¢ 6okoebimu
gbipocmamu (npoceevugarouwuil 3AeKmMpoHHbIT MUKPOCKON
LEO912AB)

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

PE3Y/IbTATDI

ToHKasi CTPYKTYyPa CIIOP M KPHUCTA/LJIOB ObIIH H3y4eHbl
PpaHee MeTOAOM yABTPATOHKHUX Cpe30B (1, 2]. Ha puc.la
v 1b mpe/cTaBIeHBI CIIOPHI B CIIOPAHTHUU U CBOOOIHBIE
CIIOpHL. B criopaHTMM, IIOMKUMO CIIOPBI, [IPUCYTCTBYET
poMb6OBUHBIN KpUCTal. CIIOPHI CBSI3aHBI CO CIOU-
CTBIM KaHO3, OKPY>KeHBbI CIIOPOBOK 060JI0UKOL K KOP-
TeKkcoM. KaHO? IPUMBIKAeT K CIIOpe C O HOL 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 IIpoTHBOIIOIOKHOU CTOPOHE CIIOPBL BUIHA TOTBKO
CKJIajguaras cropoas obonouka. Ha mpencTaBieH-
HBIX MUKPOdOTOrpadpuax BULHO, UTO ¥ IITaMMa 16-92
KaHO3 y3K0e, C IIJIOTHO Y/I0XKeHHBIMH CIOSIMU.

YnpTpacTpyKkTypa mramma B. laterosporus Lat 006
MMeeT CBOM 0COOeHHOCTU. B CIIOpaHTUHU PSIIOM CO
CIIOpo¥ Habmnronaercst KybuuecKuM Kpructasan (puc.lo).
Y 3pebix criop mTaMMma Lat 006 06Hapy>keHO KpyIIHOe
peIxJioe KaHO3 (puc.1ld). Cion KaHO3, BUAKUMO H3-3a
OTCYTCTBHSI PUTHAHOCTH, PACIIOIATAIOTCsI BOTHO06-
pasHo. Y Lat 006 o6Hapy>keHBI IIAaCTHHYATBIE, KBA-
JpaTHbIe KPUCTAJLIBL CO CIVIaXKeHHBIMU yIIaMu. [Ipu
JIM3MCe CIIOPAHTHUS CIIOPHl BMeCTe C KaHO3BUIHBLIM
BKJIIOUEeHHEeM M KPHUCTaJ/IBl 0CBOOOXKAAIOTCA pas-
JIeJIbHO.

Ha puc.2 mpesicTaBIeHbI H306paskeHU S 3/IeKTPOHHO-
IIJIOTHBIX OBAJIBHBIX CIIOp B. laterosporus 16-92 c KaHO3-
BUJHBIM BKJIIOUEHHEM.

ITpy KCIOMB30BAHUU KOHTPACTUPOBAHUS C [IOMO-
mbi0 NANOW Ha IoBepXHOCTH CIIOp mTaMma 16-92
yaaeTcs Hab/loAaTh MHOTOYHCIeHHBIE JJIMHHbIE TOH-
KHe BBIPOCTHI (PHC.3), KOTOPbIe OTCYTCTBYIOT Y IITAMMa
Lat 006 (puc.4). Ha puc.4 xopolllo BUIHO KPYIIHOe
KaHO3, B KOTOpOe MOTpykeHa CO6CTBEHHO CIlopa
Lat 006. Ha 3ToM n306paskeHHUU TaKskKe BUIHBL KBa-
I paTHbIe 3/IeKTPOHHO-TIOTHbIE KPUCTAJIJIBL.

Criopel U KpUCTaJUTHL B. laterosporus ucciemoBaHbl
MeHbIlle, YeM ApPyrHue >HTOMOIATOreHHBIe 6HaKTe-
puH. B 0cOO@HHOCTH 3TO KacaeTcsi KaHO3, QYHKIIHS
KOTOPOTO He oITpefie/ieHa, U KPHUCTAJI/IOB, Ybsl aKTUB-
HOCTB I10 OTHOIIEHHIO K Pa3/THYHBIM OHO/IOrHUeCKUM
obbekTaM cnabo U3yUeHa.

2 MKM | pm

Puc.4. Cnopa B. laterosporus Lat 006 u conymcmayouwue
Kpucmanael (npoceequsarouli 3AeKmMpoHHbIT MUKPOCKON
LEO912AB)

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

TpexmepHoe u3o6paskeHHe criopsl B. laterosporus,
HaHeCeHHOM Ha II0BePXHOCTb CBEKeCKOIOTOM CITIOAIBI,
II0JIyYeHO C MOMOIIbI0 CKAHHUPYIOIIEro 30H/J0BOTO
MuKpockomna "®emToCkaH" (LJeHTp MepCrIeKTUBHBIX
TexHonoruu, PP). Crnoprl B. laterosporus uccieno-
BaHBI C IIOMOIIBI0 MeTOJa aTOMHO-CHUIOBOM MHKPO-
ckonuu (puc.5). HabnromaeMBI il pa3Mep CIOPEHI
CoCTaBM 0Ko0JIO 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.

#2/72/2017 NANO INDUSTRY



KOHTPOJIb U UBMEPEHMUA

HM
nm

2800+

2100+

1400+

700+

0 700 1400 2100 2800 HM
nm

HM

200
HM0
2800
HM

2800
1400

1400

Puc.5. ACM-u306pasceHue cnopbl B. laterosporus Lat 006: caeea — monozpadus, cnpasa — mpexmepHbili 8ud (CKAHUpyoUiUl 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 obecmedeHUU
"®emToCKaH OHManH" [9].

ATOMHO-CH/I0OBasi MUKPOCKOIIK S TI03BONISIET IIOTy4YHTh
IAHHBIE 0 TPEXMepPHOM pefibede, OLleHUTb 06beM CIIOPBI
ITPH ee BBICYLIIMBAHUK Ha BO3/yXe.

IlltamMel B. laterosporus crienupruecKy aKTHBHBI
I10 OTHOIIEHHIO K TMUYMHKAM Pa3/IHYHbBIX BYXKPbLIBIX
HaCeKOMBIX, B YaCTHOCTH, IIPOTHB KOMApoB An. stephensi
U Ae. Aegypti. BeicOKHE OHOLIUAHBIN 3P deKT (@HTHOaKTe-
PpUANBHBIN, QYHTUIIUIHBIN, LIHAHOIUTHYECKUH) 103BO-
JIsIeT UCIIONb30BaTh 3TH IITAMMBI B KauecTBe IIPOAyLIeH-
TOB OHOJIOTTUECKUX CPeCTB 3aIUTHl PACTEHUH OT 6071e3-
Hel U 1151 60pb6bl C TOKCHYeCKUMH MHKPOCKOIIHYe-
CKMMH BOJIOPOC/ISIMU (CHIHe-3eJIeHbIMH 6aKTepUSIMHU).

Hccnedosatuie 8binonHeHo npu gurarcosoli noddepskie PODU 8 pam-
Kax Hay4Hoz0 npoekma 15-04-07678.
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