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B pa6oTe npeactaBneHa MHpopmauusa o 6aktepumn Brevibacillus laterosporus, cnoco6HOM 06pa3oBbIBaTb
6enkoBble KpUCTa/l/Ibl, TOKCMYHbIe [AJI HEKOTOPbIX HACeKOMbIX, YTO MO3BOJSIET paccMaTpuBaTb
OaHHble KpUCTas/ibl 6@30MacHbIM U 3KOJIOFMYHbIM CPeaCcTBOM Asisl 60pb6bl € MOCKUTaMU. MccnepgoBaHa
TOHKas CTPYKTypa 6e/KOBbIX KPUCTA/IZIOB, NPUBEAEHbI 3KCNEpPUMEHTasIbHbie AAHHble O MOJYYeHHbIX
M306pa)keHUsIX MeTOA,0M 3/1eKTPOHHO MUKPOCKOMNUM.

The article provides information about bacterium Brevibacillus laterosporus capable to form
protein crystals, toxic to some insects, which allows us to consider these crystals as safe and
environmentally friendly product in the fight against mosquitoes. A fine structure of protein
crystals was studied and experimental data of the electron microscopy images were obtained.

BBEAEHWUE y HaCeKOMBIX IIPHU 3apaskeHUH Bt BHOCUT besko-
B HacTosIIee BpeMs B CBSI3HM C PACIIPOCTPAHEHHO- BB KPUCTAIMYECKUN §-3HAOTOKCHH, CUHTe3H-
cThio 3a607€BaHHUM, MepeJaONUXCS C IIOMOIIBI0  PYIOIIHHICS B IIpoliecce criopyasinuu [1]. BenkoBele
IBYKPBLIBIX HACEKOMBIX, 0c060e BHUMaHHUe yhensi-  KPHUCTAJ/IBl 3HA0TOKCHHA 00pa3yoTCs OLHOBpe-
eTcs 6HoNoru4ecKUM MeTomaM 60pbObI C UCIIONB-  MEHHO CO CIIOPAMHM I10 OJTHOMY, peke II0 1Ba B KasK-
30BaHHEM HTOMOIIATOTeHHBIX 6aKTepHUll, I1aB-  [J0H 6aKkTepuaabHOM KjeTKe. OHU TOKCHUUYHBI IS

HBIM ob6pasom, Bac. thuringiensis (Bt). OCHOBHOM  HaCeKOMBIX OTPSIJOB YellyeKPbIIbIX, ABYKPBIIBIX
BKJaJ B pa3BUTHe MHQPEKIMOHHOIO MpoOIllecca M >KeCTKOKPBIIBIX.
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Puc.1. a, b - cpe3bl Kpucmannos wmamma Bl 16-92. lNpocee4usarolas 3AeKmpoHHAs MUKpockonusl
Fig.1. a, b - sections of Bl 16-92 strain crystals. Transmission electron microscopy

Cr1oco6HOCTh K KPUCTAII000pa30BaHHUIO Y 6aKkTepHil
Brevibacillus laterosporus (Bl) o HeaBHero BpeMeHH He 6bl1a
yCTaHOBJIeHA. BaliyIIb Bl, B oTiMuue oT Bt, OTHOCATCS
K MaJIOM3y4YeHHBIM SHTOMOIIATOTeHHBIM OaKTepHSIM.
HX 0c06eHHOCTD B HUIMYMH KaHOIBU/JHOIO BRIIIOYEHUS,
MIPUKPEILIEHHOTO K CIIOpe.

PaHee HaMU OBUIU IIOYYeHBI U OXapaKTePHU30BaAHBI
mTaMMBI B, crioco6HBIe 06pa30BBIBaTh [TApaCIIOpaIbHEIE
KPHUCTa/LIBL [2]. Y Hcce[oBaHHBIX ITaMMOB Bl yranocs
0OHAPY>KUTh KPUCTAIIMYECKHe BKIIOUEHH S, Pa3Iuda-
IOIIKecs 10 GopMe U pa3mMepaM, IIof0OHBIe TeM, YTO OITH-
CaHBI IJIsI SHTOMOIIATOreHHbIX 6akTepuil Bt u B. sphaeri-
cus [3]. Kpuctannsl Bl 06;1a1al0T MOCKUTOLIUHBIMHU
CBOMCTBAMH (TOKCHUYHBI /151 IBYKPBLIBIX), YTO BaSKHO
B CBSI3H C BO3MOSKHOCTBIO UX ITPAKTHUECKOT0 UCIIOIb30-
BAaHHUS B CIy4Uae Pa3BUTHUS YCTOMYUBOCTH Y THYHUHOK
KOMAapoB K MMeIOUIMMCSI HMHCeKTUIIUAHBIM IIpelapa-
TaM Ha ocHOBe Bt [4]. KpucTtasisl Bl Maio UcCieI0BaHHL.
KX coxpaHeHHe B OKPYsKAIOLIeH Cpefie U IIPOsIBIeHHe

TOKCHYHOCTH B OPraHH3Me X035IKHA 3aBUCST OT PH3HKO-
XUMHUYeCKUX CBOHCTB, 00yC/IOBIEHHBIX HX CTPYKTYPHOM
OpraHHu3aIen.

Pa3TUYHBIMU MUKPOCKOIIMYECKUMHU MeTOAAMHU
paHee U3y4aIKCh CIIOPbI U KPUCTAJIIBI HATUBHBIX KJIETOK
B. laterosporus. C IIOMOIIbI0 ATOMHO-CHJIOBOK MHKPOCKO-
MU [OJTy4eHO TPexMepHoe n3obpaskeHue criop [6]. Bun
HATUBHOTO KaHO3 [IaeT BO3MOSKHOCTH OLIEHUTB €0 II03U-
LIMIO [10 OTHOIIEHHO COGCTBEHHO K criope. OfHAKO KpU-
CTaJLIBL OBLIM HEIOCTATOYHO 0XaPaKTePHU30BAHHBIMHU.
B HacTosmer paboTe IoydeHs! JaHHBIE 00 yIBTPacTpyK-
TYPHOM OpraHU3aIUK KPUCTAJIIOB B. laterosporus.

MATEPWA/IbI U METOADI UCC/IE[LOBAHUSA

ITamMMBI Bl 6bITH [TO/TyYeHbI 13 1a60PaTOPHOF KOJJIeK-
uuu BHUU Tenetuka (Bl16-92) 1 ko/uteKuuu HHCTUTYTA
ITacTepa (ITapuk) oT A-pa Lecadet (Lat 006). IITaMMBI
BBIPAllMBA/IH Ha arapu3oBaHHOU cpezne NBY B Teue-
Hue 72 4 mpu 30 °C.

INTRODUCTION

Currently, due to prevalence of
the diseases transmitted by dip-
terans, special attention is paid
to biological methods of combat-
ing the use of entomopathogenic
bacteria, mainly Bac. thuringiensis
(Bt). The main contribution to the
development of the infection pro-
cess in insects during Bt infection
is made by crystalline protein
8-endotoxin, synthesized during
sporulation [1]. Protein crystals of

endotoxin are formed simultane-
ously with spores by one or two in
each bacterial cell. They are toxic
to insects of Lepidoptera, Diptera
and Coleoptera orders.

The ability to produce protein
crystals in bacteria Brevibacillus lat-
erosporus (Bl) has not been established
until recently. Bacilli Bl, in contrast to
Bt, are poorly studied entomopatho-
genic bacteria. Their distinctive fea-
ture is the presence of a canoe-like
inclusion attached to the spore.

Earlier, we obtained and char-
acterized Bl strains capable to
form the parasporal crystals
[2]. In the studied Bl strains it
was possible to detect the crys-
talline inclusions that differ in
shape and size, similar to those
described for the entomopatho-
genic bacteria Bt and B. sphaericus
[3]. Bl crystals possess mosquito-
cidal properties (toxic for dipter-
ans), which are important due
to a possibility of their practical
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JJIeKTPOHHAs MUKPOCKOIUsA. CIIOPhl U KPHUCTAJIJIbL
CMBIBaJIM C arapa, CyCrieHJHpPoBa/Iy, [IPOMBIBA/IM B JUC-
THUJUIMPOBAaHHOM BOJIe M KCC/IeI0BATH METOAAMH YJIETpa-
TOHKHX CPe30B U HeTaTHBHOIO KOHTPAaCTUPOBAaHUA [2].
CyCIeH3HIO CII0p M KPUCTAJLIOB [J1S1 U3YYeHU S MeTOLOM
HeTraTHUBHOI'O KOHTPACTHPOBAHM A HAHOCHUIIY Ha CETKH,
MIOKPBITHIE yI/IepPOJHOM I/IEHKOL K OKPAIIKBa/IK KOHTPA-
cTepoM dpocdopHO-BoibOPaMOBOM KUCIO0TEI NANOW™,
CTpyKTYypa 06pas3LioB H3yueHa C IOMOIIBIO 3IeKTPOHHBIX
MHKPOCKONoB JEM-100B 1 LEO912AB (Zeiss). [TapameTpel
PpeleTKH KpUCTa/UIa BL16-92 6BLIH OIlpefiene sl 10 0Ny~
YeHHOH AHU(PAKLHMOHHON KapTHHe C IOMOIIbIO IIPO-
CBEUHMBAIOIIEr0 3JIeKTPOHHOro MUKpockora LEO912AB

O6paboTka m3obpaskeHHUS
IIpoBeJleHa B NPOrpaMMHOM
obecmevenun "®emToCKaH
OnnanH" (LleHTp mepcreKTUB-
HBIX TeXHOJIoruH, PD) [7, 8, 9, 10].

PE3V/IbTATDI

Y mrraMMoB Bl 16-92, Lat 006 6b111
obHapyskKeHbl KpPUCTAJJIHYe-
CKHe BK/IIOYeHH, pa3jinuyalo-
myecs 1o popMe U pasMmepam,
Ha puc.la, b u puc.2a, b npen-
CTaBJIeHBl JaHHbIe, II0y4eH-
Hble [IPU HM3y4YeHHUH Y/IbTpa-
TOHKHX CPe30B 5THUX IITAMMOB.
KpucTanabl XOpoIlo BHIHBI
Ha Cpe3ax CIOPYIHPYIOIIHX
KJIeTOoK. Y mTaMma Bl16-92 kpu-
CTaJ/lJIbl, B OCHOBHOM, UMeIOT poM60OBUAHYI0 dopMy
(puc.la, b). Y mramma Lat 006 KpUCTAJIIBL KMEIOT Ky6OH-
4yecKkyIo GopMy (pHC.2a) MU BBITSHYTYIO0 GOpMY C 3aKpy-
IJIeHHBIMU KOHIIaMH (pHcC.2b). KpUCTaNIBl OKPYsKeHBI
CeTYaTOH 060/I0UKO PaBHOMEPHOM TOJIIMHEL, 0COBEHHO
XOPOIIO BUHOM y mTaMMma Bl16-92 (puc.1a).

[Ipy HeraTMBHOM KOHTPACTHPOBAHUHU y IITaMMa
Bl16-92 Tak>Ke BUAHBI pOMOHYeCKHe KPHUCTAJIIBL C YeTKO
OUYepuyeHHBIMHU yIJIaMH Pa3MepoM, B OCHOBHOM,
0,4x0,3 MxM. IlITamm Lat 006 MMeeT IIPIMOYTOIbHbIE KPH-
CTaJUIMYeCKUe BKIYeHU s pasmepom 0,2x0,7 MKM HJIH
KBaJIpaTHbIE CO CIVIa’KeHHBIMH YIJIAMH KPHUCTAJLIBL pas3-
mepom 0,4x0,4 MKM K MeHbIIIe, BCTpe4YaroTCst KPHCTaI/IbL

Puc.2. a, b - cpe3bl kpucmannos wmamma Lat 006. lNpocsequsarou,as 3AeKmMpoHHAs Mu-
Kpockonus
Fig.2. a, b - sections of Lat 006 strain crystals. Transmission electron microscopy

(Zeiss).

use in case of the development
of resistance in mosquito larvae
to existing BT-based insecticides
[4]. Bl crystals have been poorly
studied. Their conservation in
the environment and the mani-
festation of toxicity in the host
organism are dependent on the
physical and chemical proper-
ties according to their structural
organization.

Earlier various microscopic
methods have been used to study
spores and crystals of native B. lat-
erosporus cells. Using atomic force
microscopy, a three-dimensional
image of spores was obtained [6].
A view of the native canoe makes

MeHee I1PaBUIbHON GOPMEL.

it possible to evaluate its position
in relation to the spore. However,
the crystals were not sufficiently
characterized. In this work we
obtained data on the ultrastruc-
tural organization of the B. lat-
erosporus crystals.

MATERIALS AND RESEARCH
METHODS

Strains Bl were obtained from
the laboratory collection of the
All-Russian Research Institute
of Cenetics (Bl 16-92) and the col-
lection of the Pasteur Institute
(Paris) by Dr. Lecadet (Lat 006).
Strains were grown on NBY agar
medium for 72 hours at 30 °C.

HAHO MHOYCTPHA Tom 13 Ne 2 (95) 2020

Electron microscopy. Spores
and crystals were washed off
agar, suspended, washed in dis-
tilled water, and examined using
ultrathin sections and nega-
tive contrast [2]. A suspension
of spores and crystals for study-
ing by the method of negative
contrasting was applied to grids
coated with a carbon film and
stained with a NANOW®™™ phos-
phoric-tungsten acid contrast.
The structure of the samples was
studied using electron micro-
scopes JEM-100B and LEO912AB
(Zeiss). The lattice parame-
ters of the BL16-92 crystal were
determined from the obtained
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Puc.3. Vi306paxxeHue cnopebl B. laterospo-
rus Lat 006, ¢pazmeHmos paspyweH-
HbIX KAEMOK U KpUCmManAu4eckux éKAw-
yeHul. Mpoceevusaru,dst 3NeKMpPoOHHAS
mMukpockonus, mukpockon LEO912AB.
Obpabomka U306pa>keHust 8 Nnpozpamm-
Hom obecneveHuu "®emmoCkaH OHAAlUH"

Fig.3. Image of B. laterosporus Lat 006
spore, fragments of destroyed cells and crys-
talline inclusions. Transmission electron
microscopy, LEO912AB microscope. Image
processing in FemtoScan Online software

KpucTtasiel mramma Lat 006 OTIMYAIOTCS OT KPUCTAJI-
70B mTaMma Bl16-92 He TonbKO GOopMO¥, HO U GoJbIIelt
3/IeKTPOHHOM IJIOTHOCTBIO. OIHAKO OHU CXOHBI C KPH-
cranamu Bl16-92 HanuureM 060/104KH, H30THUPYIOMeH
HX OT BO3/I€HCTBUS paKTOPOB BHEIIHEL Cpe/ibl.

diffraction pattern using a
LEO912AB transmission electron
microscope (Zeiss).

Image processing was carried
out in FemtoScan Online soft-
ware (Advanced Technologies
Center, RF) [7, 8, 9, 10].

RESULTS

In strains Bl 16-92, Lat 006 crys-
talline inclusions were found
that differ in shape and size.
Fig.1a, b and Fig.2a, b show the
data obtained by studying ultra-
thin sections of these strains.
The crystals are clearly visible in
sections of sporulating cells. In
strain Bl 16-92 the crystals mainly

Puc.4. N3o06paxeHue Kpucmannos
U ¢pazmeHmos paspyweHHbX Knemok
wmamma Lat 006. lMpocsevusarou,as
3NeKMPOHHAS MUKPOCKONUS, MUKPO-
ckon LEO912AB. Obpabomka u3obpa-
JKEHUST 8 Npo2paAMMHOM obecneyeHuu
"®emmoCkaH OHAalH"

Fig.4. Image of crystals and fragments
of destroyed cells of Lat 006 strain.
Transmission electron microscopy, micro-
scope LEO912AB. Image processing in
FemtoScan Online software

have a rhomboid shape (Fig.1a, b).
In strain Lat 006 the crystals have
a cubic shape (Fig.2a) or an elon-
gated shape with rounded ends
(Fig.2b). The crystals are sur-
rounded by a mesh shell of uni-
form thickness, which is espe-
cially clearly visible in strain
Bl16-92 (Fig.1a).

With negative contrast,
the rhombic crystals with
clearly defined angles, mainly
0.4x0.3 pm, are also visible in
strain Bl 16-92. Strain Lat 006 has
rectangular crystalline inclu-
sions of size 0.2x 0.7 pm or square
crystals with smoothed corners of
size 0.4x 0.4 pm or less. Crystals

Puc.5. beakoebie Kpucmanabl Ha GoHe
paspyweHHblix KAemok B. laterospo-
rus Lat 006. lpocsevusarow,as 3nek-
MPOHHAS MUKPOCKONUS, MUKPOCKON
LEO912AB. Obpabomka uzobpaxe-
HUS 8 Npo2pdMMHOM obecnedyeHuu
"®emmoCkaH OHAaUH"

Fig.5. Protein crystals on the background
of B. laterosporus Lat 006 destroyed cells.
Transmission electron microscopy, micro-
scope LEO912AB. Image processing in
FemtoScan Online software

[Ipy HETaTUBHOM KOHTPAaCTUPOBAHUH 0COBEHHO
YETKO BBISBIISIOTCS 37IEKTPOHHO-TIIOTHBIE KPUCTALIIBL
Lat 006 (puc.3, 4, 5).

Ha moBepxHOCTH 6eNKOBOro KpUCTasia Habo-
IAeTCs MepUOSUYEeCKOe YIOPSLOUeHUe MOJIEKYII.

of less regular shape are occur
from time to time.

Crystals of strain Lat 006 differ
from crystals of strain Bl 16-92 not
only in shape but also in higher
electron density. However, they
are similar to Bl 16-92 crystals by
presence of a shell that isolates
them from the influence of envi-
ronmental factors.

With negative contrasting, the
electron-dense Lat 006 crystals
are especially clearly detected
(Figs.3, 4, 5).

Periodic ordering of molecules
is observed on the protein crystal
surface. Fig.6 shows a character-
istic image of a fragment of the

VoL.13 No. 2 (95) 2020 NANO INDUSTRY
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Puc.G. Mpoceeyusarouias 31ekmpoHHAsS MUKPOCKONUSI N0BepXHOCMU 6eAK08020 KpUCmManaa: cAesd — U3obpaxkeHue GppazmeHma nogepx-
Hocmu, nepenadbl NO 8bICOMeE COOMaemcmaym 8apuayusm 3AeKmpoHHOU NA0MHocmu; 8 LieHmpe — ®ypbe-06pas y4acmka N08epxHo-
cmu (3HaueHus 8 1/Hm); cnpaga — nonepe4vHoe ceyeHue 890Ab 00HOL U3 Kpucmaaozpaguueckux oceli Kpucmaaaa (no eepmuxaau - om-
HocumeAbHble edUHULbI). O6pabomka 0aHHbIX 8 Npo2paMmHom obecneveHuu "®emmoCKaH OHAAlH"

Fig.6. Transmission electron microscopy of a protein crystal surface the surface of a protein crystal: at left is the image of a fragment
of the surface, differences in height correspond to variations in electron density; middle image is Fourier transform of the surface
area (values in 1 / nm); at right is a cross section along one of the crystallographic axes of the crystal (vertical: relative units). Data

processing in FemtoScan Online software

Ha puc.6 mpuBeneHo xapakTepHoe H3obpaskeHue dpar-
MeHTa [TOBePXHOCTH 6e/IKOBOr0 KPUCTAIIIA, IIOJTydeHHOe
MeTOZIOM ITPOCBeYHBaOIIel 3JIeKTPOHHOM MHUKPOCKO-
UM, [l KpUCTalIa XapakTepHa Kybrudeckast yIlaKoBKa
C IIepHUOJOM OKOJIO 4,5 HM.

I cpaBHeHHs paHee HaMM MCCIeLOBAIKCh
MHCeKTHUI[MIHBle KPUCTAJIBI Bt var. gallerine meto-
JIOM HeraTHBHOI'O KOHTPACTUPOBAHMS, TOKCUYHBIX
17151 4elllyeKPBIIBIX HACeKOMBIX, U OblsIa 0OHapyskKeHa
Iapajjie/ibHas UCYepUYeHHOCTD IIOBePXHOCTH KPHU-
CTaJLJIOB C IIEPUOLOM 0K0JI0 20 HM [5]. 9TUM MeTomOM

OB M3y4YeHBl U KPUCTAIBI Bt var. israelensis, obma-
JaIlHe MOCKUTOLMIHON aKTUBHOCTEIO. IIpH 3/1eK-
TPOHHOM MHKPOCKOIIMM 3THX KPHCTAJJIOB, Hera-
THUBHO OKPAIlleHHBIX 2% HbIM MOIH6IATOM aMMOHHUS,
Ha II0BepPXHOCTHU Hab/lIoganu pelIeTKy M3 YaCThIX
MIOIIePeYHBIX JIMHUU C IePHOJIOM 7 HM. Y KPHUCTa-
JIOB, TOKCHUYHBIX /IS IBYKPBIIBIX, HE YIaBa/IOCh BbIS-
BUTh HCUYEPUYEHHOCTbh, XaPAKTEPHYIO /I KPHUCTAJIJIOB,
TOKCHUYHBIX JIJISI YeIIYeKPhIIbIX.

[IpoeKkLIMOHHOE H300paskeHHe OJHUHOYHOIO0 KPHU-
CTajanaa KJaeToK B. laterosporus Lat 006, TonydeHHOe

protein crystal surface obtained
by transmission electron micros-
copy. A cubic packing with a
period of about 4.5 nm is charac-
teristic of this crystal.

For comparison, we previously
studied the insecticidal crystals
of Btvar. galleriae with the method
of negative contrast, toxic to lep-
idopteran insects, and a paral-
lel striation of the crystal sur-
face with a period of about 20 nm
was found [5]. The same method
was applied for studying Bt var.
israelensis crystals that possess
mosquitocidal activity. Electron
microscopy of these crystals,
negatively stained with 2%

ammonium molybdate, showed
a lattice of frequent transverse
lines with a period of 7 nm on
the surface. In the crystals toxic
to dipterans, it was not possi-
ble to reveal the striation char-
acteristic of crystals toxic to
lepidopterans.

The projection image of a single
crystal of B. laterosporus Lat 006 cells
obtained with a LEO 912AB trans-
mission electron microscope is
shown in Fig.7.

CONCLUSIONS

In this work we obtained data
on the ultrastructural organi-
zation of B. laterosporus crystals.

HAHO MHOYCTPHA Tom 13 Ne 2 (95) 2020

Their structure turned out to
be similar in size to the crys-
tal lattice with Bt var. israelensis
crystals toxic to mosquito lar-
vae. Regardless of the type of
bacillus, the structural features
of crystals are probably more
determined by the properties of
the object of their insecticidal
action.

The characteristic packing
size of proteins in B. Laterosporus
crystalsis about 4.5nm. Crystal
sizes vary between 50-700 nm.
In this case, a cubic crystal
with a facet of 250 nm contains
about 170 thousand protein sub-
units. [ ]
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Puc.7. M306paxkeHue (cAesa) 0dUHOHYHO20 Kpucmaana kKnemok B. laterosporus Lat 006. [Mpocee4usarowds 3AeKmpoHHAs MUKpocko-
nus, mukpockon LEO912AB. Monepe4Hoe ceyeHue 800Ab 8bI6PAHHOL HA U306paXkeHUU AUHUU (B8epXYy cnpasad) u cnekmpanbHble co-
cmasasitowue ceqeHus (BHU3Y cnpasa). PaccmosiHUK Mexkdy NYHKMUPHBIMU AUHUSIMU HA Ce4eHue Coomaemcmayom mpu 3nemeH-
mapHbix sueliku (~11 HM). MakcumManbHoe 3Ha4eHue 8 cnekmpe ykaswieaem Ha nepuod 8 ~4,5 Hm

Fig.7. Image (left) of a single crystal of B. laterosporus Lat 006 cells. Transmission electron microscopy, LEO912AB microscope. The cross
section along the lines (right upper) selected in the image and the spectral components of the cross section (right bottom). Three unit cells
(~ 11 nm) correspond to the distance between the dashed lines in the cross section. The maximum value in the spectrum indicates a period

of ~4.5nm

Ha IIPOCBeYHMBAIOLleM 3J1eKTPOHHOM MHUKPOCKOIIE
LEO 912AB, nipe[icTaBJ/IeHO Ha PUC.7.

3AK/TIOYEHUE
B HacTosimer paboTe Iony4YeHHl JaHHBIe 00 yabTpa-
CTPYKTYPHOF OpraHH3aLIMK KPUCTA/LIOB B. laterosporus. Hx
CTPYKTYpa OKa3aJ1ach CXOLHOK 10 pa3MepaM KPUCTalIH-
YeCKOH PellIeTKH C KPUCTA/UIaMU Btvar. israelensis, Tokcry-
HBIMH [IJIS1 THYHMHOK KOMapoB. He3aBUCHMMO OT IIPHUHA/[-
JIEXKHOCTH K BUAY 6a1in/1 0CO6eHHOCTH CTPOHHU ST KpH-
CTaJIIOB BEPOSITHO B GOJIBIIIEH CTEIIeHH OIIpefesoTCs
CBOMCTBaMHM 00bKTA UX MHCeKTULIUIHOIO AeHCTBHS.
XapaKTepHBII pa3Mep yI1aKOBKHU 6e/IKOB B KPUCTaJI-
nax B. laterosporus - okono 4,5 HM. Pa3Mepsl KPUCTAJIIOB
BapbHPYIOTCA B I1pefenax 50-700 um. IIpu sToM Kpu-
cTasU1 Kybrdeckor GOpPMBI € TPAHBIO B 250 HM COIEPSKUT
B cebe 0K0710 170 ThIC. 6e/IKOBBIX CYOBeJUHHUII.
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