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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.
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Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Yucca gloriosa leaves contain a considerable number of
steroid glycosides. In the plant's intact leaves, the biosynthesis
of furostanol glycosides occurs, which are then converted
into spirostanol glycosides by the action of B-glucosidase.
Two forms of B-glucosidase are found in Yucca gloriosa
leaves. Form I (molecular weight 32,000) hydrolyzes both
oligofurostanosides, converting them into the corresponding
oligospirostanosides, as well as the synthetic substrate
4-nitrophenyl-B-D-glucopyranoside. Form II (molecular weight
68,000) hydrolyzes only 4-nitrophenyl-p-D-glucopyranoside
and does not cleave oligofurostanosides. Both enzymes have
an optimum temperature of 37°C and an optimum pH of 6.3-
6.5. Glucono-1,5-lactone inhibited the activity of both enzymes.
The B-glucosidase of Form I shows higher affinity for its
natural substrates than for the synthetic ones. The Km value
for the B-glucosidase of Form I is 7.7 mM in relation to the
total oligofurostanosides of the leaves of Yucca gloriosa, and
18.3 mM in relation to the synthetic substrate. The affinity for
the natural substrates is higher than for the synthetic ones. The
data received allow us to conclude that the affinity of Form I
B-glucosidase from Yucca gloriosa leaves does not depend on
either the structure of the oligosaccharide fragment linked to the
nucleus or the structure of the aglycone (of steroid origin).

Keywords. B-glucosidase, Yuccagloriosa,oligofurostanosides,
oligospirostanosides, substrate specificity.

Introduction.

The specificity of plant B-glucosidases is of great interest for
both fundamental science and practical applications, as the
problem of hydrolysis by endogenous glucosidases is closely
related to the technological processes involved in the processing
of important types of plant-based raw materials. Additionally,
studying the metabolism of physiologically active glycosides
can help us understand their role in plants [1-7].

Oligofurostanosides, which are water-soluble glycosides, are
mostly concentrated in Yucca gloriosa leaves. When glucose
is removed from the C26 atom of the steroid nucleus, a furan
ring is simultaneously formed, converting oligofurostanosides
into oligospirostanosides. B-Glucosidases from various sources,
including endogenous B-glucosidases, can catalyze this process
[8-11].

Oligofurostanosides are localized in the mesophyll cells
of Yucca gloriosa leaves, whereas the hydrolyzing enzyme,
B-glucosidase, is found in the epidermis. The drying process
disrupts cell integrity, allowing the enzyme to react with
furostanol, removing its side-chain carbohydrate. As a result,
the open core closes, transforming the glycoside into its spiro
form [12,13].

The steroidal sapogenin tigogenin was isolated from Yucca
gloriosa leaves. Tigogenin was recognized by the Ministry
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of Medical Industry of the former Soviet Union as a cost-
effective industrial raw material for the synthesis of 5a-steroidal
hormonal drugs [14-17].

In this context, the present paper focuses on the study of the
substrate specificity of B-glucosidase from Yucca gloriosa
leaves, using both a synthetic substrate (4-nitrophenyl-B-D-
glucopyranoside) and natural substrates (oligofurostanosides)
isolated from various plants. These natural substrates differ
from each other in the structure of the aglycone and the
oligosaccharide part linked to the aglycone at the C3 atom.

Materials and Methods.

The middle-tier leaves of Yucca gloriosa plants growing
in open ground in Tbilisi, Georgia, were used for this study.
Oligofurostanosides from steam-fixed leaves of this plant were
isolated from aqueous extracts using a previously proposed
method, based on the coprecipitation of furostanol glycosides
with proteins during salting-out with ammonium sulfate [18].
Oligospirostanosides from wild onion inflorescences were
obtained using the same method. Deltoside, protodioscin, and
protodeltofolin were isolated from the rhizomes and leaves of
D. deltoidea [19]. Tomatoside, capsicoside, and melangoside
preparations were also used as substrates.

The following reagents were used in the experiments:
4-nitrophenyl-B-D-glucopyranoside, 4-nitrophenyl-
B-D-galactopyranoside, glucono-1,5-lactone, para-
chloromercuribenzoate, p-dimethylaminobenzaldehyde, and
DEAE-cellulose.

Determining p-glucosidase Activity: The cleavage rates of
4-nitrophenyl-B-D-glucopyranoside and 4-nitrophenyl-p-D-
galactopyranoside were analyzed by measuring the amount of
4-nitrophenol released. The cleavage rate of oligofurostanosides
was assessed by their reduction in the reaction mixture,
using a colorimetric method based on a colour reaction with
p-dimethylaminobenzaldehyde [20].

Composition of the incubation mixture: 0.2 ml of 0.05 M
phosphate-citrate buffer, pH 6.3, containing 1 mM substrate, was
added to 0.2 ml of cell-free extract. The mixture was incubated
at 37°C for 10-15 minutes. The reaction was stopped by adding
2-3 ml of 96% ethanol. In the control samples, enzymes were
inactivated by boiling for 5 minutes. One unit of B-glucosidase
activity was defined as the amount of enzyme catalyzing the
cleavage of 1 nmol of substrate per minute. Specific enzyme
activity was expressed in nmol/mg of protein. Enzyme activity
was measured in triplicate. Protein concentration was determined
using a colorimetric method based on protein precipitation with
amido black dye [21].

Extraction and Partial Purification of p-Glucosidase
from Yucca gloriosa Leaves: Yucca leaves were ground in a
mortar with 0.05 M phosphate-citrate buffer at a leaf-to-buffer
ratio of 1:15. The homogenate was filtered through cloth and
centrifuged at 1,000 g for 15 minutes. The supernatant was
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treated with ammonium sulfate to achieve 30% salting-out.
The solution was then centrifuged, and the resulting sediment
was dissolved in the same buffer and dialyzed in distilled water
overnight. Ammonium sulfate [(NH4).SO4] was added to the
supernatant to achieve 80% salting-out, and the solution was
processed as described above.

Chromatography on a DEAE-cellulose column was performed
using NaCl in phosphate-citrate buffer (pH 6.3) with increasing
ionic strength for elution. Fractions of 3-5 ml were collected. All
enzyme isolation and purification steps were conducted at 4°C.

Determination of Km and Vmax Values: The dependence
of the enzymatic reaction rate on substrate concentration was
studied at optimal pH (6.3) and temperature (37°C) in 0.05 M
phosphate-citrate buffer. p-Nitrophenyl-B-D-glucopyranoside
was used at concentrations ranging from 0.15 to 6.5 mM, while
oligofurostanoside concentrations ranged from 0.32 to 2 or 10
mM. The Vmax and Km values were calculated graphically
using the double reciprocal (Lineweaver-Burk) method.

Results and Discussion.

Cell-free extracts from Yucca gloriosa leaves were capable
of cleaving both p-nitrophenyl-B-D-glucopyranoside and
oligofurostanosides. =~ Experiments with these extracts
revealed that the conversion of oligofurostanosides into
oligospirostanosides occurred at a significantly higher rate than
the cleavage of p-nitrophenylglucopyranoside. Notably, when
the leaves are ground, oligofurostanosides are instantly cleaved
by endogenous B-glucosidase to form oligospirostanosides.

Further analysis of B-glucosidase activity on both synthetic
and natural substrates showed that two distinct forms of
B-glucosidase are present in the leaves of this plant. Interestingly,
these forms could be separated at the initial stage of fractionation
using ammonium sulfate salting-out. Form I (30% fractionation

Table 1. Purification of Form I p-glucosidase from Yucca gloriosa Leaves.

Total protein Total activity
mg U
1230 285216.5

Purification stage

Original extract
30% fractionation by

ammonium sulphate 55 200210
precipitation; dialysis
DEAE-cellulose 13 180120

chromatography

with ammonium sulfate), with a molecular weight of 32,000,
cleaves both natural substrates—oligofurostanosides—and
the synthetic substrate p-nitrophenylglucopyranoside. Form II
(30%-80% salting out with ammonium sulfate) cleaves only
the synthetic substrate and does not act on oligofurostanosides.
This suggests that Form II B-glucosidase may be involved in the
metabolism of glycosides of non-steroid origin.

In this context, the properties of Form I B-glucosidase, which
actively converts oligofurostanosides into oligospirostanosides,
will be discussed further. The use of ammonium sulfate
fractionation and DEAE-cellulose chromatography allowed for
the purification of Form I B-glucosidase from Yucca gloriosa by
60-fold (see Table 1).

A partially purified preparation of B-glucosidase Form I was
used for the experiments. The pH optimum for this enzyme is
between 6.3 and 6.5, and the optimal temperature is 37°C.

A linear dependence of the accumulation of the reaction
product on incubation time was observed: 15 minutes
for oligofurostanosides as a substrate and 45 minutes for
p-nitrophenyl-p-D-glucopyranoside. Consequently, the enzyme
was incubated for 15 minutes during the analysis of the natural
substrate and for 45 minutes during the analysis of the synthetic
substrate. Notably, no inhibition of B-glucosidase Form I
was observed due to excessive substrate or reaction product
concentrations in the experiments.

Substrate specificity is one of the most important characteristics
for understanding the physiological functions of enzymes.
Despite numerous reports on plant glucosidases, the authentic
specificity of these enzymes has been verified for only a few
[22,23].

To study the specificity of B-glucosidase from Yucca gloriosa
leaves, which is involved in the cleavage of oligofurostanosides,
natural substrates (oligofurostanosides) biosynthesized in

Specific activity Degree of Enzyme yield
U/mg protein Purification %
231.8 1 100

3620 15 70

13855 60 63

Table 2. Substrate Specificity of Form I p-Glucosidase from Yucca gloriosa Leaves.

Substrat {ZI”M)
4-Nitrophenyl-B-D-glucopyranoside 18.3
Total oligofurostanosides 77
of the leaves of Yucca gloriosa )
Total oligofurostanosides 79
of the inflorescence of Allium erubescence ’
Deltoside 7.6
Protodioscin 7.8
Protodeltofolin 7.8
Tomatoside 7.7
Capsicoside 8.0
Melangoside 8.2
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Vmax
(nmol/min/mg protein)
3

390

384

396
384
384
390
378
372



various plants were used. These plants differ in both the structure
of the aglycone, and the oligosaccharide part linked at the C3
atom of the steroid nucleus.

As shown in Table 2, the Km values of B-glucosidase Form
I for various oligofurostanosides from some saponin-bearing
plants were found to be consistent. In contrast, the Km value for
the synthetic substrate, which is not biosynthesized in plants,
differed significantly from these values.

The affinity of Form I B-glucosidase from Yucca gloriosa
leaves for natural substrates is higher than for synthetic ones.

In contrast to the oligofurostanoside-specific B-glucosidase
from Dioscorea deltoidea, which shows absolute specificity for
oligofurostanosides and does not convert synthetic substrates
[19], the enzyme from Yucca gloriosa leaves exhibits broader
specificity. It can convert both oligofurostanoside glycosides
and synthetic substrates, although its affinity for natural
substrates is much higher.

Literature evidence supports the existence of two types of
B-glucosidases with different substrate specificities. One type
shows absolute specificity for natural substrates [24], while
the other, like the enzyme in our study, demonstrates more
flexible specificity [25]. For example, B-glucosidases from
Cicer arietinum exhibit high specificity for natural isoflavone-
7-glucosides [23]. These enzymes, found in roots, leaves,
and epicotyls of the plant, exist in three different molecular
forms. The Km values for natural isoflavone-7-glucosides and
synthetic aryl-glucosides differ by a factor of a hundred for these
enzymes. Despite these differences, the B-glucosidases from
Cicer arietinum show minimal variation in substrate specificity.

Our research is clear evidence that the study of plant
glucosidases should not be limited to synthetic substrates.
Additionally, the B-glucosidase affinity for its substrate does
not depend on the structure of the oligosaccharide fragment
linked to the nucleus or on the structure of the aglycone (steroid
origin), which is crucial for finding new raw materials for the
synthesis of hormonal preparations
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II (Bmg3mea®o Hmbs 68000) 3o dwol dbmemo
4-Bo@Hmu9bow-B-D-g4m3:m306M5b6mbBol Qo o6
9g09gdl MmEogmam®™bEbmnbogdby. 139M396Egd0
05gJL0Bo® 54 BH0Z3MdL 53705369896 370C, Mm3EH 0o Mo
pH 6.3-65, 9ww3mbm-1.5-msd@mbo ofigg3l mMogg
3gMIgbEGHOL 0630d06MPdL. PB-gey3mbBoEsbsl I gm®Is
09 ULHOsx3sl  93¢0gbL  39b6gdc030  LYRdLEGBHIOOL
90056, 300069 LObMIHBME LLIBLEHMSEHMSE FgEsMgdoom.
Km boog 8690603 bvmdl@®ma@gdomsb 80dstmgdsdo
I 3630l B-20300H0EsBoLMZ0L 5ol 7,7mM, bmerm
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LObPIHBYO LYYBLE OB FodsMngdsdo - 18,3mM.

b53356dm  Lo@yzgdo: B-3w30mbosbo, 0935
©O0EJYOMO, M@0y xBMOHMLEBMD0©YdO,
™0oamL3oMOHMLEBMBoIdO, LBLEOSGHYWO
139(30803MMDS.

Kparkoe uznoxenne

JlucTest  IOKKM ~ CIABHOH  cozlepXaT  3HAYHTENbHOE
KOJNMYECTBO ~ CTEPOMAHBIX  TJIMKO3UIOB. B  HHTaKTHBIX

JIMCTBSIX PAcTEHHs] MPOUCXOIUT OMOCHHTE3 (PypOCTaHOIOBBIX
TJIMKO3UA0B, KOTOpBIE TOA JEHCTBHEM [-TIIIOKO3UIA3bI
MIPEBPAILAIOTCS B CIIUPOCTAHOJOBBIE TTTHKO3UIBL. B nHCTBIX
IOKKH CJIaBHOM OOHapy>KeHbI I1B€ (OPMBI [-TIIFOKO3MIA3HI.
@®opma I (monekymsipas macca 32,000) ruaponmsyer Kak
onuro(yypocTaHO3UIbBI, ITpeBpamias MUX B COOTBETCTBYIOIIHE

OJIMTOCHMPOCTAHO3UABI, TaK M CHHTETHYECKHH cyOcTpar
4-autpodenm-f-D-riarokonpano3u. ®dopma I
(Monexymsapaass Macca  68,000) THApPONM3YEeT  TOJNBKO

4-autpodenmn-B-D-rarokonupano3n; W HE  pacIleIuisieT
omuroypoctano3uapl. DepMEHTH HMMEIOT ONTHMAIBHYIO
temnepatypy 37°C u ontumym pH 6.3-6.5. I'mrokoHo-
1,5-1aKTOH MHTHOMpYEeT aKTUBHOCTH OOOMX (DEpMEHTOB.
@opma [ B-rimoko3unassl MposIBISIET OonblIee CPOJCTBO K
MIPUPOIHBIM cyOcTpaTaM, 4eM K CHHTETHYECKHM. 3HaueHHe
Km mno oTHomeHuo K mpUpOIHBIM cyOcTparaM st (OpMBI
I B-mroxo3mmaser coctaBmseT 7.7 MM, a MO OTHOUICHHIO K
CHHTETHYECKOMY cyOcTpary — 18.3 MM.

KnaioueBsie caoBa: [-rimoko3ujasa, [OKKa — CllaBHasd,
oNUro()ypoCTaHO3UIBI, OJUTOCTIMPOCTAaHO3MUIIBI, CyOCTpaTHas
CHenU(UIHOCTD.
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