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AHHoTauus. banusst Brevibacillus laterosporus (Bl) SBISIOTCS IIepCIIeKTUBHBIM UCTOYHHUKOM 6aKTepHaIbHBIX
HMHCeKTUIU0B. CII0COOGHOCTD K KpUCTaII006pa3oBaHuI0 y 6akTepuil Bl 1o HemaBHero BpeMeHH He 6bl1a ycTa-
HOBJIeHa. MeToflaMU CKaHHUPYIOIek U IIPOCBeYHBaIOIel 3/IeKTPOHHOM MHUKPOCKOIIMH 0XapaKTepH30BaHbI 6ak-
TepUaJbHbIe KIeTKH Brevibacillus laterosporus. M13ydeHo obpa3oBaHue B 6akTepUsiX 6eIKOBBIX KPUCTAJLJIOB OT IIep-
BBIX 9TAIIOB 3aPOKJEHHU S B KIeTKaX U 10 CTaJ U U [TOSIBJIeHH s1 CBOOOAHBIX KPHUCTA//IOB. [TonydeHbl 306 paskeHU s
KPHCTAJIJIOB C MOJIEKY/ISPHBIM pa3pellieHHeM U oIlpefie/ieHbl IapaMeTPbl KPUCTAIIMYeCcKoM peleTKH. B ciy-
yae 3SHTOMOLIMHBIX 6AIMIIT B KJIeTKax 00pa3yloTcsi KpUCTaIHuecKHe 6e/1koBble TOKCUHBI, KOTOPbIe ITPUBOAST
K rubesy HaceKOMBIX ITOC/Ie IIOTJIOMeHU St UMY 6aKkTepuil. TAaKOB MeXaHH3M 3aIUThl 3THX 6aKTepHaIbHbIX KJle-
TOK. B 3TOM cily4yae KPUCTAJI/IBL BBIIIOHSIOT 3aIIUTHY IO GYHKIIHUIO SKUBBIX OPraHH3MOB.

KirodeBsie cnoBa: Brevibacillus laterosporus, mpocBedrBaoIasi 31IeKTPOHHASI MUKPOCKOIHSI, 06pa3oBaHUe KpH-
CTaJIJIOB, CIIOPBI, TOKCHHBI, 3alIUTHaS QyHKIHS
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Abstract. Bacillus Brevibacillus laterosporus (Bl) is a promising source of bacterial insecticides. The crystal-forming
ability of Bl bacteria has not been established until recently. Bacterial cells of Brevibacillus laterosporus were charac-
terized with the aid of scanning and transmission electron microscopy. The formation of protein crystals in bac-
teria from the first stages of nucleation in the cells up to the stage of free crystals was studied. Molecular resolu-
tion images of the crystals have been obtained and the crystal lattice parameters have been determined. In the
case of entomocidal bacilli, crystalline protein toxins are formed in the cells, which lead to death of insects after
absorption by the bacteria. This is the defense mechanism of these bacterial cells. In such case, the crystals per-
form the protective function of living organisms.
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BBE/JLEHUE
O6pasoBaHHe KPUCTAJIOB MIHM KPUCTAIMYECKHUX
BK/IIOUEHHUH SIB/ISIETCSI peIKUM SIBJIEHHEM B SKHBOH
IpHpoze. B oCHOBHOM KPHCTa/L/Ibl 06Pa3yI0TCS B HESKHU-
BOM npHpoze. OHU IIPeJCTaBISIOT CO60k KPUCTAIH-
YecKHe MOPOJbl, AParoljeHHble KAMHU U JIp. YITIepos,
HMMeeT HeCKOIBKO KPUCTAJIMYECKUX POpM - anmas,
rpaduT, a TAaK>Ke MeJIKOKPHUCTATMYECKUE ITOPOIIOK
KapbuH. O6pa3oBaHHe KPHUCTA//IOB IPOUCXOAUT P
CYMMapHOM YMeHbIIeHHUH HEPIrUH CTPOUTEBbHBIX
eIMHHULI ~ AaTOMOB H/IH MOJIEKYJI - B KPHUCTAJLIe II0 CPaB-
HEeHHIO C UX SHepruel B pacTBope. MOXKeT IIPOHCXO-
OUTHh U OOPAaTHBIN MPOLIeCC, PACTBOPeHHEe KPUCTA-
JIOB, eCJTH B PacTBOpe HAa6/TI0aeTC sl SBHBIE HeIOCTATOK
PacTBOPEHHOr0 BellecTBa. KpUcTasibl NPHUCYTCTBYIOT
B JKHBOH IIPHUPOZie, HAIIPUMep, B MArHUTOTaKTHYe-
CKHUX 6aKTepUsX CHHTE3UPYIOTCSI MAaTHUTHBIE KPH-
CTaJIIBI OKCHU/IA MU CylIbdH/Ia Kesle3a. Pa3sMephl KpU-
CTaJIJIOB HaXOOATCS B AHama3oHe 25-130 HM [1, 2]. 3T
KPHCTAJLTBI 06eCIIeYHBaIOT 3aIUTHBIE QYHKIIUH y 6ak-
TepHI 3a CUeT IIPUCYTCTBUSI TOKCUYHOTO IByXBaJIeHT-
HOTro MoHa. Cpeia 06U TaHMS 3TUX 6AaKTEPUH COIEPSKUT
M36BITOK >Kejle3a. ITH 6aKTepHH IlepeMeIlaioTCs BAOIb
CHUJIOBBIX INHUHM MarHHUTHOTO MO/Isl. MarHUTHBIE KPU-
CTaJUIbI IEMCTBYIOT, KaK MarHHMTHAs CTPesIKa.
Hawubomee xopoImo u3ydeHsl KpUcTaaasl Bacillus
thuringiensis (Bt) B CBSI3K C ©X SHTOMOLIMJHON aKTHUB-
HOCTBIO IPOTUB 4YellyeKpslabIX (Lepidoptera), mBy-
KpsLAbIX (Diptera), skecTROKpbLIBIX (Coleoptera) Hace-
KOMBIX. H3yueHHe SHTOMOLIM/JHBIX KPUCTA/IOB Bt

INTRODUCTION

The formation of crystals or crystalline inclusions is a
rare phenomenon in living nature. Mostly crystals are
formed in non-living nature. They are represented by
crystalline rocks, gemstones, etc. Carbon has several
crystalline forms - diamond, graphite and also the fine
crystalline powder carbine. Formation of crystals occurs
when the total energy of the building units - atoms or
molecules - in the crystal is reduced in comparison to
their energy in solution. The reverse process, dissolu-
tion of crystals, can also occur if there is a clear lack of
dissolved matter in the solution. Crystals are present
in living organisms, for example, magnetic crystals of
iron oxide or iron sulfide are synthesised in magneto-
tactic bacteria. The size of the crystals ranges within
25-130 nm [1, 2]. These crystals provide protective func-
tions in bacteria due to presence of a toxic divalent ion.
The habitat of these bacteria contains excess iron. These
bacteria move along magnetic field lines. Magnetic crys-
tals act like a magnetic arrow.

Bacillus thuringiensis (Bt) crystals are the best studied
due to their entomocidal activity against Lepidoptera,
Diptera and Coleoptera insects. A study of entomocidal
Bt crystals revealed several basic morphological
types: bipyramidal, spherical-amorphous, flat
square, cubic, stick-shaped. Most of the crystals
active against Lepidoptera were bipyramidal or cubic
in shape. Irregular, spherical and rod-shaped crystals
could be mosquito-cidal. Flat, square crystals were
active against Coleoptera [3]. Bt spores and crystals are
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06HapY>KHUJI0 HECKOJIBKO MX OCHOBHBIX MOP(OIOrU-
YeCKUX THUIIOB: OUIIHPAaMUAAIBHBIHN, chepHUUecKo-
aMOpOHBIH, IJIOCKUM KBAJPAaTHBIN, KyOUUeCKHUH,
[aJI04YKOBUIHBIN. BOMBIINHCTBO KPHUCTAIIOB, aKTHUB-
HBIX [IPOTHUB JIEIIUJOIITePA, UMeIH OUupaMUab-
HYI0 U1 Kybrudeckyio dopmy. HpperynspHele, cdhe-
pHUecKye U I1aJIOUKOBHUAHBIE KPHCTAJIIbl MOLIJIH OBITH
MOCKHUTOLMAHBIMU. [I0CKHe, KBafgpaTHbBIEe KPHU-
CTaJLIbl aKTUBHBI IPoTUB Coleoptera [3]. Criopel ¥ Kpu-
CTaJUTBL Bt IPHMeHSIOTCS 111 60pBHOBI C HACEKOMBIMH-
BpenuTensaMu. OJHAKO IIpemapaThl Ha KX OCHOBE He
IIOJTHOCTBIO OTBEYAIOT He0OXOAMMBIM TPe6OBaHHUSIM.
B HacTosiIlee BpeMs IIPOBOJMUTCS IIOMCK U M3yUeHHe
IOPYTUX 9KOJOrUYecKy 6e30mmacHbIX 6aKTepHaTbHBIX
IIpernaparTos.

Banunel Brevibacillus laterosporus (Bl), B oTnu4ue ot Bt,
OTHOCATCA K MaJIOU3y4YeHHBIM SHTOMOIIATOTeHHBIM
bakTepusiM. X OTIMYUTeIbHAS 0CODEHHOCTD ~ HaJIH-
Yle KaHO3BUAHOI'O BK/IIOUEeHHS, IPUKPEeIJIeHHOI0
K criope. PaHee HaMU ObIIM HM3y4YeHBl U OXapaKTepH-
30BaHbI ITAMMBI Bl, ctocobHBIe 06pa30BBIBATH ITapa-
CIIOpaJibHble KPUCTAJLIHI [4]. Y HcClefOBaHHBIX MITAM-
MoOB Bl yanocs 06Hapys>KUTh KPUCTA/UTHYECKHe BKITIO-
YeHHUs, pa3audvampmuecd no ¢opme U pasMepam,
nofo6HbIe TeM, YTO OIIMCAHBI [JIS SHTOMOIIATOIeH-
HbIX 6akTeput Bt. Hamubonbmas akTHBHOCTS Yy Bl BBISIB-
JleHa IIPOTHB HaceKOMBIX OTPsifia ABYKPBUIbIX (Diptera).
K 3TOMy OTpSILy OTHOCSTCS KOMapsl ponoB Aedes,
Anopheles, Culex u uepHble MymKu (Simulium vittatum).
MHorue BHJbl KOMapOB SIBISIOTCS IePeHOCUHKaMHU
B030yHTeNIeN MaaSpPUH, KeJITON TNXOPaLKH, TUXO-
PalKH eHre, FeMOPpParuveCcKom IUXOPaJKH U THM-
datuyeckoro ¢unsipraosa. CHHTeTUYECKHE UHCEeK-
THUILIM/IBI OKA3bIBAIOT HEGIATONPUSATHOE BO3AEHCTBUE
Ha 4eJoBeKa M Ipupony. Kpome toro, obHapyskeHa
YCTOMUYHBOCTb K TAKMM MHCEKTHUILIHAAM y KOMapOB,
SIBJISIIOII M XCSI IePEHOCUHMKAMU I1aTOTeHOB,

ANBTePHATHUBOM AJIs1 PelleHHUs 3TUX Npobiem
U OTPAaHHUYEHUH SBIAETCS OHMOTOTUYECKUN KOH-
TPO/Ib C IIOMOLIbI0 SHTOMOIIATOTeHHBIX HaKTepHUH.
Bacillus thuringiensis subsp. israelensis (Bti) oka3acs mep-
BBIM IIOJBUJOM Bt, TOKCHYHBIM [JIs ABYKPBLIBIX [5].
HccnemoBaHue MPUPOABI MHCEeKTULIMAHBIX GaKTOPOB
IoKkasaso, YTo HaceKOMBble OTpsifia ABYKPbLIbIX (Diptera)
KOMAapbl 1 YepHble MyIIKH YyBCTBHUTE/IbHEL K IIApPacIIo-
PabHOMY BK/IIOYEHHIO Bti, KOTOpoe COCTOUT U3 UeThl-
pex 6enkos Cry4Aa, Cry4Ba, CryllAa, CytlAa [6]. Ben-Dov [7]
CoO0bII M, YTO IAPBULIUAHAS AKTUBHOCTH 3aKJ/II0Ya-
eTcsl B YeThIpeX OCHOBHBIX (134, 128, 72 u 27 x[1a) H,
I10 KpakHell Mepe, IByX BTOPOCTeNeHHBIX (78 1 29 k[la)
IIONUIENITHAAX, KOOUPYeMbBIX FTeHAMHU cry4Aa, cry4Ba, cr
yllAa, cytlAa, cryl0Aa v cytZBa, KapTUPOBAHHBIX Ha I1JIa3-
MHJe pa3mepoM 128 T.II.H., U3BeCTHOM Kak pBtoxis.
ITH §-3HI0TOKCHHBI 06Pa3yIOT CJIOKHOE [IaPacIIopaib
HOe KPUCTAJIJIMYeckoe TesIo C Ype3BbIYaHO BEICOKOM
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used to control insect pests. However, preparations
based on them do not fully meet the necessary
requirements. Other environmentally friendly
bacterial preparations are currently being sought and
studied.

Bacilla Brevibacillus laterosporus (Bl), in contrast to Bt,
are poorly studied entomopathogenic bacteria. Their
distinctive feature is the presence of a canoeid inclusion
attached to the spore. We have previously studied and
characterized strains of Bl capable of forming paraspore
crystals [4]. The studied Bl strains exhibited crystalline
inclusions of different shapes and sizes, similar to those
described for the entomopathogenic Bt bacteria. The
highest activity of Bl was detected against insects of
the Diptera order. This includes mosquitoes of the genera
Aedes, Anopheles, Culex and black flies (Simulium vittatum).
Many mosquito species are vectors of malaria, yellow
fever, dengue fever, haemorrhagic fever and lymphatic
filariasis. Synthetic insecticides have adverse effects
on humans and nature. In addition, resistance to such
insecticides has been found in pathogen-transmitting
mosquitoes.

An alternative to address these problems
and limitations is biological control using
entomopathogenic bacteria. Bacillus thuringiensis
subsp. israelensis (Bti) was the first subspecies of Bt to
be toxic to twoflies [5]. A study on the nature of the
insecticidal factors showed that insects of the Diptera
order, mosquitoes and black flies, are sensitive to
the paraspore inclusion of Bti, which consists of four
proteins Cry4Aa, Cry4Ba, CryllAa, CytlAa [6]. Ben-Dov [7]
reported that the larvicidal activity consists of four
major (134, 128, 72 and 27 kDa) and at least two minor
(78 and 29 kDa) polypeptides encoded by the cry4Aa,
cry4Ba, cryllAa, cytlAa, cryl0Aa and cyt2Ba genes mapped
to a 128000 bp plasmid known as pBtoxis. These
8-endotoxins form a complex paraspore crystalline
body with extremely high specificity. Electron
microscopy has shown that Bti cells form inclusions
that consist of different segments, an osmiophilic or
lightly stained, crystallized lattice segment with a
period of 4.3 nm and an osmophilic, stained lattice
segment with a period of 7.8 nm. The complex of
several crystals is enclosed in a common shell [8].

The crystalline inclusions of Bl can have a cubic shape.
We wrote about cubic shape of crystals earlier [9]. In the
present paper we show the results of study of rhombic
crystals in Bl cells. This work is devoted to a study of the
process of crystal formation in Bl during sporulation and
to the analysis of the structure of crystals.

METHODS AND MATERIALS
In this work we made and used the following:

Strain B. laterosporus (Bl) 16-92 was isolated from a
dead insect.



Puc.1. 3penbie cnopbl ¢ KAHOIBUOHbIM 8KAOYEHUEM U Kpucman-
Abl wumamma Bl 16-92, COM

Fig.1. Mature spores with canoeid inclusion and crystals of strain
Bl 16-92, SEM

CrIeMPUUHOCTBIO. DJIeKTPOHHAS MUKPOCKOIIH A IT0Ka-
3aJ1a, 4To KJIeTKH Bti 06pa3yroT BK/IIOUEHU I, KOTOpbIe
COCTOSIT M3 Pa3IU4YHBIX CETMEHTOB, 0CMHO$OOHOTO
MY CJlerKa OKPalIeHHOT0, KPUCTAIHM30BAHHOTO
B BH/JIE PelIeTKH C IIepPUOAOM 4,3 HM U OCMHOPHUJIBHOIO
OKpalleHHOI0 CerMeHTa C KPHUCTA/IMUeCKOk pelleT-
KOM C IepuofoM 7,8 HM. KoMIlleKC U3 HeCKOJIbKHUX
KPUCTAJIJIOB 3aKJII04eH B 001myo 060104KYy [8].

KpucTtannnyeckre BKIOYEHHUS Bl MOryT MMeTh
Kybudeckyio ¢opMmy. O Kybrueckor popme KpHUCTA-
JIOB MBI IIMCa/IM paHee [9]. B HaCTOsIeH CTaTbe MbI
IPUBOAKM pe3yJbTaThl U3yUeHUSI POMOHUYECKHX
KPHUCTAJIZIOB B KyleTKax Bl. JlanHas paboTa mocBs-
IeHa M3yYeHHIO IIpoliecca KPUCTaaIo06pa3oBaHUs
y Bl mpu criopynsinMu, a TaK>Ke aHAIH3y CTPYKTYPHI
KPHCTAJIJIOB.

MATEPUAJIbI U METO/LbI
IlITamm B. latemsporus (Bl) 16-92 6511 BBIZIe/IEH U3 IIOTU6-
IIIeT0 HAaCEKOMOTO.

IlITaMM BBIpAIIKMBaAKd Ha arapu30BaHHOM Cpefie
NBY B TeueHue 48-96 4 ripu 30°C.

JJIeKTPOHHASI MUKPOCKOIIKS.

CKRaHUpYIOLasi 37IeKTPOHHASI MUKPOCKoIIH s (COM).

HaTHBHYIO CIIOPO-KPUCTAIIMYECKYIO CYCIeH3HUIO
KCCJIeIOBAJIM C [IOMOIIBIO 3JIEKTPOHHO-MOHHOI0 CKa-
HUpYIOLero MUKpockora Quanta 2003D (FEI Compani,
USA). O6pa3ubl HATUBHOM CYCIIeH3UH IIOMeIalu
Ha KpeMHHEBYIO II0[IJIO’KKY, KOTOPYIO C IIOMOILBIO yIJIe-
poaHOro ckoT4a GUKCUPOBAIH K aJIIOMUHHUEBOMY CTO-
nuKy. Ilpemaparsl MCC/IeOBAIH B PeKHMMe BBICOKOIO
Y HH3KOro BaKyyMa. [IoBepXHOCTb 06pasija CKaHHUPO-
BaJIH IIPH YCKOPSAIOIIeM HampsiskeHUH 5-30 KB.

NANOTECHNOLOGIES

ol nokasaHa npocno-
pd, Ha HEKOMOPOM paccCmMOsIHUU 0m Komopoli Haxodumcsi pom-
608UOHbIL Kpucmana, MM

Fig.2. Sections of strain Bl 16-92. The arrow shows the prospora, at
some distance from which the lozenge-like crystal is located, TEM

The strain was grown on NBY agarized medium for
48-96 h at 30 °C.

Electron microscopy.

Scanning electron microscopy (SEM).

The native spore-crystalline suspension was
examined using a Quanta 2003D electron ion
scanning microscope (FEI Compani, USA). Samples
of the native suspension were placed on a silicon
substrate, which was fixed to an aluminum table
using carbon tape. The preparations were examined
in high and low vacuum. The surface of the sample
was scanned at an accelerating voltage of 5-30 kV.

Transmission electron microscopy (TEM)

Bacilli of strain 16-92 were washed off the agar
and fixed first by the Ito-Karnowsky method [10].
The material was then fixed in 1% OsO, solution
on 0.2 M cacodylate buffer and in 1% uranyl acetate
solution on 0.2 M maleate buffer. The material was
dehydrated in alcohol concentrations of 50°, 70°,
96°, 100°. The material was then placed in a mix-
ture of 100° alcohol and LR White resin and then in
pure LR White resin. The material was transferred
into gelatin capsules, which were placed in a ther-
mostat at 56 °C. Sections were obtained on an LKB
III ultra-tome (LKB, Sweden) and contrasted with
a 1% solution of uranyl acetate in 70° alcohol and
citric acid lead. Spore and crystal suspensions for
negative contrast studies were applied to carbon-
film-coated grids and stained with 2% aqueous
NANOWtm. The preparations were examined on
electron microscopes JEM -100 B and LEO912AB.
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L N T~ Ba
Puc.3. Bl 16-92. Jlu3uc uumonaasmbl cnopaHausl, KAemo4Hasi
060n04Ka no 6oAbwel Yacmu coXpaHeHd, HO npucymcmayrom
U paspyueHHble 3K3emnAasipbl, [MM
Fig.3. Bl 16-92. Lysis of sporangium cytoplasm and cell membrane
are mostly preserved, but destroyed specimens are also present, TEM

MpocseunBatowias 1eKTpOHHas Mukpockonus (MIM)
Banyuiel mTaMMa 16-92 cMbIBaIv € arapa U GUKCHPO-
BaJIM CHavaJia o Metony Mro-KapHoscku [10]. 3aTem
Martepual GuKcrpoBanu B 1% OsO, pacTsope Ha 0,2 M
KaxofuaaTHoM bydepe U B 1% pacTBope ypaHHU/IalleTaTa
Ha 0,2 M manieaTHoM bydepe. Matepuas 06e3BOKHUBATH
B CIIMPTax C KOHLIeHTpaLusamu 50°, 70°, 96°, 100°, naee
IoMeIjaau B cMech 100° criupTa co cMooi LR White,
a 3aTeM B YHCTYIO cMony LR White. MaTtepuasn nepeHo-
CHUJIY B ’KeJIaTHHOBbIE KaIICy/Ibl, KOTOPbIe IIOMeIIaan
B TepMOCTaT IIpU 56 °C. Cpessl [Io/1yYa/iu Ha YIbTpaToMe
LKBIII (LKB, Sweden) 11 KOHTpacTHPOBAJIH 1% pacTBOPOM
ypaHuianerara B 70° CIMpTe ¥ TIMMOHHOKHC/IBIM CBHH-
oM. CyCIIeH3HUIO CIIOp ¥ KPUCTAJLJIOB [IJ151 KCCIeIOBAHM S
METOJO0M HeraTMBHOI'0 KOHTPACTHPOBAHM S HAHOCUIHU
Ha CeTKH, ITOKPHIThIE YIJIePOAHOM IJIEHKOM, M OKpPallH-
Ba/Iu 2% BOAHBIM pacTBopoM NANOW'™, [TperiapaTsl
KCC/IeJ0Ba/IM Ha 3/IeKTPOHHBIX MUKPOCKomax JEM -100 B
1 LEO912AB.

Obpaborka m306paskeHU IIpOBefieHa B IIPOrPaMM-
HoM obecriedeHuH "PemToCKaH OHnay' [11]. [lyis orpe-
Je/eHHs IapaMeTPOB KPHUCTAIIN4YeCKOHN pelleTKHU
HabnromaeMbIX KPUCTA/IJIOB UCIIONIb30BAHO JIByMepHOe
®ypbe-mrpeobpasoBaHue.

PE3Y/IbTATbI

BbLII0 M3y4eHOo KpHUcTanaobpa3oBaHue y Bl: oT mepBbIxX
3TAIlOB U [0 CTaAUH IIOSIB/I€HUS CBOOOMHBIX KPUCTAI-
noB. [ly1s1 06HapyskeHHsI KPUCTAJIJIOB CIIOPO-KPUCTA-
JIMYeCKYIo CyCIIeH3MIO IITaMMa 16-92 uccienoBanu
c momounso COM. Ha pric.1 BUIHEI 3peJibie CIIOPhI C KAHO-
3BUIHBIM BKJIIOYeHHEeM U poMOuyecKkre KPUCTalIb.
KpucTasasl 6T CBSI3aHBI CO CIIOpaMU 160 HaXomu-
JTCB B CBODOTHOM COCTOSIHHH.
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Puc.4. Cnopa ¢ KaH038UBHbIM 8KAKYeHUeM (NoKA3aHa 20Ay60ll
cmpeakoli) U Kpucmana nocae 8bixoda u3 cnopavaus (Nokaza
opaHxegoli cmpeakoli), M

Fig.4. Spore with canoeid inclusion (shown by the blue arrow)
and crystal after leaving the sporangium (shown by the orange
arrow), TEM

The images were processed using FemtoScan Online
software [11]. A two-dimensional Fourier transform
was used to determine the lattice parameters of the
observed crystals.

RESULTS

Crystal formation in Bl was studied: from the first
stages up to the stage of free crystals. To detect crys-
tals, a spore-crystalline suspension of strain 16-92 was
examined using SEM. Figure 1 shows mature spores
with a canohedral inclusion and rhombic crystals. The
crystals were either bound to the spores or were in a free
state.

Electron microscopic examination of ultrathin
sections of strain Bl 16-92 by TEM showed that the
growing, dividing cells did not contain crystals.
Crystals appeared in vegetative cells before entering
the sporulation stage. Thereafter, the crystal-forming
cells went through all the stages of spore formation.
In Fig.2 a prospore can be seen, at some distance
from which a rhomboidal crystal is located. In Bl
crystals are formed without connection to the spore
structures. Near the crystal there is a rarefaction of
the cytoplasm.

Lysis of the sporangium cytoplasm around the spore
and the crystal increases as the spore matures. In
addition to the crystalline inclusion, an overgrowth of a
lamellar canoeid inclusion is observed. Fig.3 shows that
the cytoplasm of the sporangium is completely lysed
and the cell membrane is preserved in most spores, but
partially destroyed in some. Figure 4 shows the spore
with canoeid inclusion and a crystal after leaving the
sporangium. As in Bt, spores and crystals of Bl are
released separately during sporangium lysis.



Puc.5. Bl 16-92. Cmpeakoll nokasaHa bakmepus ¢ 0bpasosa-
Huem d8yx Kpucmaannos, [NIM

Fig.5. Bl 16-92. The arrow shows the bacterium with the forma-
tion of 2 crystals, TEM

JJIeKTPOHHO-MHKPOCKOIIHMYECKOe H3yUYeHHe yIbTpa-
TOHKHX Cpe30B ITaMMa Bl 16-92 meTomom II9M moKa-
3aJI10, YTO paCTyIlue, Aeisdliuecs KJIeTKHU He comep-
SKaJIM KPUCTAI0B. KpUCTA/IbL IIOAB/ISAIUCH B Bere-
TaTUBHBIX KJIETKaX [0 BXOXKIEHHS B CTALHUIO CIIO-
pynsiLMU. B manbHelIIeM KpHUCTalaoobpasyromiue
KJIeTKH IIPOXOJ UK BCe 3TAIlbl ClIOpoo6pa30BaHUS.
Ha puc.2 BumHa 11pociiopa, Ha HEKOTOPOM PacCTOSSHHUH
OT KOTOPOM HAaXOAUTCSI pOMOOBUAHBIN KpUCTasI. Y Bl
KPUCTA/UIBI GOPMHUPYIOTCs 6e3 CBSI3HU CO CIIOPOBBIMH
CTPyKTypaMHu. OKOJIO KPHUCTA/IIA HabIogaeTcs paspsi-
SKEHHOCTD LI TOIIIA3MBI.

JIM3KC LUTOIIA3MbI CIIOPAHTIHS BOKPYT CIIOPBI
M KPHUCTajljia HapacTaeT I10 Mepe CO3peBaHUs CIIOPHL.
Hapsigy ¢ KpUCTa/JIMUeCKHUM BKIIOUeHHeM Habiro-
JlaeTcs pa3pacTaHHe IJIACTHUHYATOrO0 KaHO3BULHOIO
BKJIIOYEeHM . Ha puc.3 BUOHO, YTO LM TOIIIa3Ma CII0-
PaHTHS [IOJTHOCTHIO TM3UPOBAHA, a KJIeTo4YHas 060-
7ouKa y 60blIer YacTH CIIOp COXpaHeHa, HO Y HeKO-
TOPBIX YaCTUYHO paspyiueHa. Ha pruc.4 BUSHEI CIIopa
C KAaHO3BHUJHBIM BKJIIOUEHHEM H KPHCTAJJI II0C/Ie
BBIXO/A M3 CIIOpaHTHsA. Kak U y Bt, IIpU ITH3HCe CII0-
PaHTHS CIIOPBl M KPHUCTA/Ibl Bl ocBoboRmaroTCs
paszenbHo.

B HekoTOpHIX KIeTKax Bl obpa3syeTcs mo aBa u bonee
KPHUCTAJJIOB. DTO BUJHO Ha PUC.5: Pa3JIMYUM KpHU-
CTaJLJI CJIO’KHOI'O CTPOEHU .

KpHcTasibsl 3aK/II09eHBI B 0611yI0 060/104Ky (pHC.5,
6,7, 8).

KpucTanibl UMEIT OJMHAKOBYIO 3JIEKTPOHHYIO
IIJIOTHOCTh, YTO OT/IMYAeT KX OT KOMIIJIEKCA KPH-~
CTas/0B Bti. YV Bti MMeeTcs HeCKOJbKO KPHUCTA/IIOB
B 06111e11 0007104Ke, Pa3THYAIOIIMXCS 10 37IeKTPOHHOM
IIJIOTHOCTH.

CliokHOe CTpoeHHe KPUCTasIoB Bl moATBep>KIeHO
JaJIbHeUIITHU MU UCCIIeJJOBAHUSIMU.

NANOTECHNOLOGIES

Puc.6. Bl 16-92. CmpenkoU nokazaH kpucmana, N3m
Fig.6. Bl 16-92. The arrow shows the crystal, TEM

Puc.7. Bl 16-92. CmpeAakamu nokazaHbl Kpucmaaasl, M
Fig.7. Bl 16-92. The arrows show the crystals, TEM

Two or more crystals form in some Bl cells. This
can be seen in Fig.5: a crystal of complex structure is
distinguishable.

The crystals are enclosed in a common shell (Fig.5, 6,
7, 8).

The crystals have the same electron density, which
distinguishes them from the Bti crystal complex. Bti
has several crystals in a common shell with different
electron densities.
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HAHOTEXHO/OrUU

O671aCcTh KPUCTA/UTMYECKUX BKIIOYEHUH, BULHUMAS
IIpU HeraTHBHOM KOHTPACTHPOBAHUU, KMeeT pombo-
BUJHYI0 $OPMY, KaK IIpefCcTaB/IeHO Ha PHUC.9.

CnenyeT 3aMeTHUTh, UTO Habnrwogaemas o61acTp
poMboBHIHOI popMEl pazMepoM 320 x540 HM (puc.9)
SABJIS€TCSI He eJUHHYHBIM KPHUCTAJJIOM, a CKOpee
Ipe/CTaBaseT cO60M CKOMIEHHe OTAeNbHBIX KPH-
CTaJIIOB MEeHbIIero pasMepa. IIpd 3ToM pasmepsl
OTHe/bHBIX KPUCTAJIJIOB HAXOAATCS B JHalla30He 0T 25
0 120 aM. Ecinu paccMaTpUBATh IIOBEPXHOCTD OL M-
HOYHOI0 KpPHUCTaaa, To no Pypre-obpasy saMeTHa
CKOopee rekcaroHajabHas yrnakKoBKa 6el1KoB B KpH-
ctanne (puc.10). CooTBeTcTBeHHO, Ha Pypre-obpase
HabnromaeTcs mecTb pedaekcoB. PedeKkcsl pacmosno-
SK@HBI He Ha OKPY>KHOCTH, a Ha 3/IIMIICe. [IpuurnHaMu
MOTYT SIBJISITBCSI IBA 0OCTOSITENIBCTBA:

1. 6en1KOBBIE MOJIEKYJIBI, COCTABISIOMIHE KPUCTAILI,

KMEIOT BRITAHYTYI0 QOPMY;

2. 3TO0 anmapaTHsX 3ddexT (apTedaxT).

Hanu4re HeCKONBKHX BO3MOKHBIX YIIAaKOBOK 6es-
KOBBIX KPHCTAJIJIOB Hab/oaeTcs, HAllpUMep, B CIIy-
Yyae 1301 KMMa. [IpU pasHBIX YCIOBUAX KPUCTAJIM3a-
LM U [10J1y4aeTcsi TeTparoHaabHas UIH OPTOpOoM6U-
yeckas yrnakoBka [12].

B cny4ae KpucTanioB Bl Haliu4Ks ABYX yIIaKOBOK
IIOKa3bIBaeT, UTO JOJIKeH bojlee UK MeHee Cyle-
CTBEHHO Pa3/INy4aThCs OMOXMMHUYECKHH COCTAB BHY-
TPeHHero KOMIIAPTMeHTA KJIeTKH, IZe IIPOUCXOLUT
KPUCTA/UTH3AIKsl. OTO HabIoeHUe II0Ka3bIBaeT, YTO
BKJIIOUeHHe Bl CXOHO C ITOXO3KUM BKJIIOYeHHeM Bti.

BJIATOAAPHOCTH

HccnemoBaHUe BBIIIOJIHEHO IPU GUHAHCOBOM IIOA-
gepxke POOH u JIoHZOHCKOTO KoponaeBCKOTO
O6mectBa Ne 21-58-10005, PO®U, mpoerT N2 20-32-
90036, PH®, mpoeKT N2 20-12-00389. PaboTa BhIIIOJI-
HeHa Ipu GUHAHCOBOU mongepkke PoHIa comem-
CTBUS MHHOBAIIMSIM, IIPoeKT Ne 71108.

WHOOPMALINA O PELLEH3UPOBAHUU

Pemakuus 61aromapuT aHOHKMMHOIO pelleH3eHTa
(pelLieH3eHTOB) 3a UX BK/IaJ, B peLleH3MPOBaHUe 3TOK
paboThl, a TakKe 3a pa3MelleHHe CTaTell Ha CanlTe
SKypHaJIa U Ilepefady Ux B 3JIeKTPOHHOM BH e B HOB
eLIBRARY.RU.

Jekaapauus o KoHpAUKMe uHMmMepecos. Amopsl 3a38Aat0M 06
0McymcmauL KOHPAUKITIOB8 UHMepPecos UAU AUYHBLX OMHOLWeHU,
KoMmopble Mo2Au bbl nosAUAMb HA pabomy, npedcmasAerHyto 8 daH-
Holl cmambe.
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Puc.8. Bl 16-92. CmpeaKkamu nokasaHbl Kpucmanasl, MM
Fig.8. Bl 16-92. The arrows show the crystals, TEM
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Fig.9. Area of diamond-shaped crystalline inclusions, TEM

The complex structure of Bl crystals was confirmed by
further studies.

The area of crystalline inclusions visible in negative
contrast has a diamond shape, as shown in Fig.9.

It should be noted that the observed diamond-
shaped region of 320 x540 nm (Fig.9) is not a single
crystal but rather a cluster of individual smaller
crystals. The size of single crystals ranges from 25 to
120 nm. If we consider the surface of a single crystal,
the Fourier image rather shows hexagonal packing of
proteins in the crystal (Fig.10). Accordingly, 6 reflexes
are observed in the Fourier image. The reflexes are not
located on a circle, but on an ellipse. There could be
two reasons for this:
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Puc.10. ®ypbe-06pa3 yyacmka u3obpaxkeHus Kpucmaa-
Ad. Mapamempbl Kpucmanauyeckol ynakosku L= 3,23, 3,05
u 4,5 Hm. Lecmpb pednekcos pacnonoxkeHbl Ha CNAKCHYMom
Jnaunce. Ynakoeka npednoaoKumenbHO 2eKca20HaAbHAs
Fig.10. Fourier image of the crystal image section. Crystal packing
parameters L= 3.23, 3.05 and 4.5 nm. Six reflexes are located on a
flattened ellipse. The packing is presumably hexagonal

1. the protein molecules that make up the crystal have
an elongated shape;
2. itis a hardware effect (artefact).

The presence of several possible arrangements of
protein crystals is observed, for instance, in the case of
lysozyme. Under different crystallization conditions, a
tetragonal or orthorhombic arrangement is obtained
(12].

In the case of crystals Bl, the presence of two packings
shows that the biochemical composition of the inner
compartment of the cell, where crystallization takes
place, should differ more or less considerably. This
observation shows that the inclusion of Bl is similar to
that of Bti.
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