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ARMENIANS ON THE GENETIC MAP OF SOUTH-WEST ASIA
BASED ON GENOME-WIDE AUTOSOMAL DATA

A.A. HOVHANNISYAN

Laboratory of Ethnogenomics, Institute of Molecular Biology, NAS RA
hovhannisyananahit] 9@gmail.com

Armenians are an indigenous ethnic group historically inhabited the region in the southern
Caucasus. The genetic structure of the population has been mostly tested for haploid
(mitochondrial DNA and Y-chromosome) markers. Here the genetic relationships between
Armenians and neighboring populations were analyzed based on genome-wide autosomal SNP
typing data. Congruence between the results based on the Y-chromosomal and autosomal data was
revealed, which point to the genetic isolation of Armenians from external influences during last
several millennia.

Armenians — Y chromosome — SNP — population genetics

Rwybpp hwpwyynyywujwl nwpwséwpngwlnid wwndwlwunptl puwyynn inbnwpuhy Epuhy
funcdp BU: UhUg wydd wynwnigwghwih gubnhyuwywu Ywrenigdwédep hhduwywunid hGnwagnundby £
hwwinhn (Uhwnngnunphnudwiht W Y-ppndnundwjhl) dwnwlugwywl hwdwywpgbph hhdwUu Ypw:
Lbnyw wphuwwnwupnid nuncdbwuhpdby BU hwyGph W hwpwyhg wynwniywghwubph dhgle gButuinp-
Juwywl Ywwbpp* oginwgnpédtiny wnLinnundwihbu upphuplgh jwjbwgtundwihu tngjujutp: Unwgywd
wnrynitupubpp yywynwd 6U hwjbph gGuGnhywywu Jeyniuwgdwu Jwuphu ybpghu Jh pwUh hwqu-
nwdjwyutbph pupwgenid, husp Jhwugwdwju hwdwhnibg £ Y-ppndnundwjhtu W wntinnundwjhu
hGwnwgnunipintluGph wpnynctuplutphu:

3wybn — Y ppndnund — SNP — wnwniywghnl qGUutinhlyuw

ApMsiHe SBISIFOTCS aBTOXTOHHOU 3THMYeCKOH rpynmoil, Hacenstomeil FOxuno-KaBkazckuit
peruoH. JIo HAaCTOAIIET0 BPEMEHH TeHEeTHYeCKas CTPYKTypa HOMyJIsIiuK OblIa MpoaHaIu3HpOBaHa
B OCHOBHOM Ha OCHOBE TalUIOMAHBIX (MHTOXOHAPHATIBHON U Y-XpPOMOCOMAIbHOM) TeHETUIECKHX
cucreM. B paboTe MBI nccienoBany TeHETHIECKHE CBSI3M MEXK/IY apMSIHAMH U COCEAHHMH IOITYJIs-
LUSMH, UCTONB3YS JAaHHBIE MIMPOKOT€HOMHOTO ayTOCOMAIBHOTO CKPHHHHTA. BBIIBIEHO COOT-
BETCTBUE PE3YJIbTATOB, IOJIyYEHHBIX HA OCHOBE Y-XPOMOCOMAIBHBIX U ayTOCOMAabHBIX MapKe-
POB, KOTOpBIE YKa3bIBalOT HA T€HETUYECKYIO M3O0JIALMIO apMsH Ha MPOTSKCHUU IOCICIHUX Hec-
KOJIBKUX TBICSUGJICTHH.

Apmsane — Y xpomocoma — SNP — nonynayuonnas zenemuxa

The Armenians represent an isolated ethno-national group that speaks Armenian
language, a separate branch within the Indo-European language family. The population
historically occupies the area stretching from the Eastern Caucasus to Anatolia and from
the Black Sea to Mesopotamia, an important region in the context of the theories of
ancient human migration and language dispersal. Previous genetic studies of the
Armenians confirm a significant geographic stratification of the population and identify

6
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their mainly unadmixtured pattern at least over the past 4 kya [1, 2, 3]. However, the
question of the origin of Armenians still remains a subject of hot debates among scholars
of various disciplines.

The impressive advances of molecular genetic technique in recent years have
enabled an increasing number of applications in reconstructing of genetic history of
human populations [4, 5]. Though maternally inherited mitochondrial DNA (mtDNA)
and paternally transmitted non-recombining Y chromosome (NRY) variation have
provided a valuable insight into human origins and migration events, however
uniparental markers are limited by the content of genome information [6]. In this
context, the fast-growing whole genome sequencing has become a powerful tool in
population genetics.

Currently, few genome-wide association studies of Armenian population have
been performed. It was shown that general Armenian population follows clustering
patterns similar to the Caucasus and the Levantine ones, and did not exhibit explicit
genetic affinity to other Indo-European-speaking populations [7, 8]. However, the
growing number of genome-wide data from several neighboring populations requires
new genetic comparisons with these datasets.

In the present study, we aim to analyze genetic relationships between the
populations of South-West Asia and, in particular, to reveal the location of Armenians
on the genetic landscape of the region. Based on genome-wide autosomal DNA typing
data we examine genetic variation of the considered populations and compare the results
obtained with those based on uniparental genetic system.

Materials and methods. The genome-wide SNP data of a total of 331 samples from 18
populations were assembled from previously published studies. The Armenian samples (n=16) [8]
were compared with those of other ethnic groups — Lebanese (n=8) [9], Palestinians (n=51) [10],
Jordanians (n=20) [9], Syrians (n=16) [9], Turks (n=19) [9], Kurds (n=6) [8], Iranians (n=20) [9],
Azeris (n=16) [11], Georgians (n=20) [9], Abkhazians (n=20) [8], Balkars (n=19) [8], Adygeis
(n=17) [10], Northern Ossetians (n=15) [8], Chechens (n=20) [8], Lezgins (n=18) [9], Kumiks
(n=14) [8], Nogais (n=16) [8].

For data management and quality control we used PLINK software [12]. SNPs genotyping
success rate was set to > 97% and minor allele frequency >1%. Individuals with genotyping
success rate less than 97% were excluded from the analysis. After LD pruning and filtering out
sex-linked and mitochondrial SNPs, the data contained 208,459 autosomal SNPs.

To study the genetic relationships of Armenians to neighboring populations, we applied
Principal Component Analysis (PCA) using the smartpca program (EIGENSOFT package) [13].

Results and Discussion. The principal components (PCs) of autosomal variation
in the considered populations are shown on the PCA plot (fig. 1). We detected a distinct
cluster of Armenians, a pattern that is consistent with the previous studies reporting
Armenians as a genetic isolate of the region since the end of the Bronze Age [2, 14]. The
reason of the lack of significant mixture signals with surrounding populations may be
explained by cultural, linguistic, and religious peculiarities of Armenians [14]. However,
genetic admixtures with several Eurasian populations were detected in the Armenian
gene pool between ca. 4,000 — ca. 1,000 BC [14]. This time span almost comprises the
temporal extent of Bronze Age, a period characterized by mass population movements
after the invention of wheel, chariots, domestication of horse, and the appearance of
powerful states in the West Asia [15, 16]. These events explain the reason of
considerable genetic sharing of the modern Armenian population with ancient European
agriculturalists, thus pointing to the possible routes of Neolithic farmers from the Near
East via the Armenian Highland to Europe and the North Caucasus [3, 17].
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On the whole, the PCA analysis places the studied populations along the South-
North geographic axis. Notable that Armenians are located between the populations of
the Near East and the Caucasus that coincides with the published results based on
Y-chromosomal markers [3]. We observe that the populations of the North Caucasus
appear relatively far from other populations and form a tight cluster, reflecting an
isolation role of the geographic barrier: the Greater Caucasus mountain range. Moreover,
the populations of Kurds, Turks, Azeris, and Iranians are located in close proximity to
each other, flanked by Armenians.
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Figure 1. PCA plot based on autosomal SNPs frequencies in the populations studied.

In conclusion, the results of our study have shown that Armenians are genetically
isolated in the South-West Asian region. Moreover, we found an agreement between the
results based on biparentally and paternally inherited systems. In particular, the
comparison reveals an intermediate position of Armenians between the populations of
the Near East and the South Caucasus. Further studies with sufficiently larger samples
from different regions within the Armenian Highland will provide deeper insights to the
genetic peculiarities of the population.
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B skcniepumenTax Ha npenapare nepdy3upyeMoro Mosra JISITYIIKH HCCIIEAOBAINCH BHYT-
PHKJICTOYHBIE OTEHIIMAIBI HEHPOHOB MEIHAIBHONW peTHKYJsipHOi (popmanuu (MP®) B oTBer Ha
pa3zapakeHre HICUIATePaIbHON aypHKYIIPHOH 00JIacTH KOpbl MOKEUKa. BrIABIEHO, 4TO pas3n-
paxkeHue KieTok IlypkuHbe BBI3BIBANO MOHO- U MOJMCHHANTHYECKUE TOPMO3HBIE NMOTEHIHANEI B
HelipoHax MP®.

Meouanvhas pemuxyasipnas popmayusn — aypukyisapHas 001acms MO3dICetKd

Qnpunh wbpdniqugynn nintinh wwwnpwuwnnyh ypw juwnwndwsd thnpabpnd neuncduwuhp-
ytp U Jhpwyw gwlgwéle gnjugnipjwl  (USQ) ubpnuutiph Ubpppewihu wnuntughwiubpp' h ww-
nwupuwl nintnhyh hwdwynndwuh unnuywu 2pgwuh gngrdwl: Iwjnuwptndwé E, np MnLpyhuyth
pehoutph npnnudu wnwewgunid £ dnun- W wnihuhUwwwnhy wpgblwyhs wnntughwiubp USQ
utGjpnuuGpned:

Uhswlyw gwlgwdle gnjugntpnt — nin&npyh junnwlwl pngwl

In exsperiments on the perfused frog brainstem the intracellular potentials of neurons of
the medial reticular formation (MRF) in response to stimulation of ipsilateral auricular lobe of the
cerebellar cortex were studied. It was revealed that stimulation of Purkinje cells evoked mono- and
polysynaptic inhibitory potentials in the MRF neurons.

Medial reticular formation — auricular lobe of cerebellum

PeruxynocnmHaibHas cUCTEMa MIpaeT BaXKHYIO POJIb B MEIHAIMU BECTHOYIISIPHBIX
pecdurekcoB cimHHOTO MO3ra y MUHOT [10], 4TO Ba’KHO JUISl OpHEHTALH TEJa MPH Tepe/IBU-
JKeHHMH. Ps1 TaHHBIX yKa3bIBaeT, YTO MeAWaibHasl peTuKyssipHas gopmanms (MP®) Bapo-
JIMeBa MOCTA ¥ MELYJIIbI TTOTydaeT BXO/BI N3 BECTHOYISIPHON CHCTEMBL. AHaTOMO-MOp(o-
JIOTHYECKIMH MCCIIEOBAHUAMI OOHAPYXEHO HAIMYHE BOJIOKOH, HAUMHAIOIINXCS B BECTH-
OyJISIpHOM sIZIpe M OKAHIMBAIOIINXCS B IOHTHHHON M MEYJUIIPHOM PETHKYISpHOH (hopma-
i (P®) [6]. BrolsBieHo, 9TO €CTECTBEHHAs! CTUMYILIIHSA BECTHOYISIPHBIX PEIETITOPOB
crocoOHa W3MEHUTH Pa3psil MEIHAIBHBIX PETHKYJIPHBIX HelpoHoB [4, 13], a smekt-
pHYecKasi CTUMYJISILUS BECTUOYJISIPHOTO HepBa MPOAYLHUPYET BhI3BAHHBIC TOTCHIHANIBI B
noHToMexy ursipHoi PO [5, 11, 12].

B panee mpoBeneHHBIX HUCCIEAOBAHUSX [2] HAMM OBUIO M3YY€HO BIIHSHHE aypUKY-
JISIPHOM 00J1aCTH MO3KEUKa Ha HEHPOHBI OyIIb0apHOro BECTUOYIISIPHOTO SJEPHOTO KOMIT-
nekca (BSK). Mmmynbesl, mocTynaromye U3 BeCTUOYIISPHBIX AP Ha CIMHAIBHBIE MO-
TOHEHPOHBI, ONOCPETYIOTCS TAKIKE U Uepe3 PETUKYIOCIHHAIIbHBIE HEUPOHSI [8, 9], a peTu-
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KYJIOCIITHAGHBIN TPAKT TIPEACTaBIsieT co0ol Hamboiee APEBHIOK IepeOpOoCITHHATIBHYTO
cucremy [3]. Micxons n3 BBIIEH3IIOKEHHOTO, BYKHO M3YUYHUThH (PYHKIMOHAIBHBIE B3aUMO-
OTHOIIECHUS B CHCTEME aypUKYJIpHO# obnactu Moxkeuka — MP®. Ecim y muexonmraro-
muXx ObUTH OOHAPYXKEHBI TOPMO3HBIE MO3KEUKOBBIC BIMSHUSA Ha HEHpoHBI PD, TO y HU3-
INX ITO3BOHOYHBIX (aM(UOUH) TaKKe MCCIIEIOBAHHS OTCYTCTBYIOT.

B nacrosmieil pabote mpoBeneHO 3M1eKTPO(U3UONIOINUSCKOe N3YUCHUE TOTEHINA-
J0B HelipoHOB MP®, BbI3BaHHBIX B OTBET Ha pa3/ipakeHHE aypHKYJISIPHOM 00IacTH KOPBI
MO3KEUKa JISITYIIKH.

Mamepuan u memoouka. DKCUCPHUMEHTHl OBUIM MPOBENCHBI Ha 93 03epHBIX JIATYIIKAX
(Rana ridibunda) no omnmcanHOW HaMH paHEe METOAUKE U30JIUPOBAHHOTO MEepPy3UPYEMOro Mo3ra
[1], xOTOpPBIX TITyOOKO HAPKOTH3UPOBAIH pacTBopoM MS — 222 (2 mr/kr). BekpriBanachk rpynHas
KJIeTKa U OOHaXkaJloch cepuue. Yepes ero sxelyqoueKk B IyTry aOpThl BBOJHIACH KAHIONS C LIENBIO
nepdy3ur pacTBOpoM PuHrepa 1uisi XOJIOJHOKPOBHBIX, HACBILIEHHBIM KapOoreHoM (98 % O, u
2 % CO,). C nopcanbHOI CTOPOHBI BCKPBIBAJICS Yepen U obHaxanack obmacte MP®. Dnektpu-
YecKoe pa3pakeHue MepeHel BETBU BeCTHOYIAPHOTO HEPBa OCYIIECTBISIOCH TIOCPEICTBOM BCa-
CBIBAIOIIETO DJICKTPOJa OAWHOYHBIMH yaapamu nocTosHHOTo Toka (0.1-0.2 mc, 0.05-0.4 mA).
Kpannoromueii oOHaxanach Takke IopcajibHas MOBEPXHOCTD JIATEPATbHON YaCTH aypHUKYIISIPHOI
00J1acTH MO3XKe4Ka, K KOTOPOH OCTOPOKHO HMPHKIIAIBIBAIIICH OUIONISIPHBIE CepeOpsIHbIe MIapuKo-
BBI€ AJIEKTPOJBI. JIJIS JIEKTPUUECKOTo pa3paskeHusl yKa3aHHOH 001acTH NPHMEHSIINCH TE JKe Ta-
paMeTpbl TOKa, YTO U B OTHOLIEHHU BeCTHOYJIsIpHOTO HepBa. C 1eNbI0 BHYTPUKICTOYHOTO OTBE/e-
HHS MOTCHIHAIOB HelipoHOB MP® WcHoNb30BanuCch CTOUYEHHBIE CTEKISTHHBIE MHUKPOAJIEKTPOJIH,
3aIl0JIHEHHBIE pacTBOPOM 2 M JIMMOHHOKHCIIOro Kajus ¢ compotuBieHueMm 10-20 MQ. Bein BbI-
HOJIHEH KOMIIBIOTEPHBIN aHaJIM3 AaHHBIX, KOTOPBIE 110 Mpodery Jyya ocuuiiorpada Obuid coxpa-
HEHBI B COOTBETCTBYIOIIEH 0aze MaHHBIX KOMIIBIOTEpa IS Mocienylommeld ux oO0paboTku moc-
peacTBoM aHaNOro-nuQgpoBoil KoHBepTanuu. [IpuBeneHsl cpeaHeapuMeTHIECKIE CTaHAAPTHEIE
OTKJIOHEHHMSI TTOKa3aTeseH.

Pezynomamot u oocyscoenue. 3apeructTpupoBaHHbie Heiiponsl MP® Obutu mieH-
TUQUIMPOBAaHEI Ha OCHOBAaHUM BO30YKIAIOIIMX IOCTCHHANTHYECKUX IOTEHINAJIOB
(BIICID) (puc. 1 A, al, 61; b, al, 61) B oTBeT Ha pa3apakeHUE UIICHIATEPAIBLHOTO (TI0 OT-
HoweHuo kK MP®) BecTHOYIIsipHOTO HEpBa U Ha CTUMYJBILMIO JIATEPATBEHON YacTH aypHUKY-
JIIPHOM 30HBI KOPBI MO3XKeUKa. PazapakeHue Kopel MO3KeuKa B 175 peTUKyYJISIpHBIX HEWpPO-
Hax BBI3BIBAJIO TOPMO3HBIE TocTcuHanTHYeckue morernuaisl (TTICI) (puc. 1 A, a2, 62; b,
a2, 62). Ha ocHOBaHMM CKpBITBIX HEPUOIOB 3aperucTprpoBaHHbIX HeiponoB MP® TIICII
OBLTH pa3ZeTIeHBI Ha IBE TPYIIIBL: MOHO- ¥ TIOJIMCHHANTHYEeCKHE (puc. 1, 2).

B 56 nefipoHax smeKTpHUEecKOe pa3IpakeHHe IeperHell BETBH BECTHOYISIPHOTO
HepBa BBI3BIBANIO xuMudeckn mnepenaBaemble TIICII, Bo3HuKaromme c mateHrmei 1.65-
3.0 mc (B cp. 2.56 + 0.33 mc; n=56), (puc. 1 A, al, 61). Bpems BoCXOKIEHUS THIIEPIIOISPH-
3alliM 10 MaKCUMyMa paBHsIIOCH B cpeareM 3.72 £ 0.93 mc (2.1 — 6.15 mc; n=52). Amrm-
Tyna 3aperucrpupoBanubix TTICII 6buta B mpegenax 0.57 — 3.3 mB (B cp. 1.58 £ 0.58 MB;
n=52). OOImias JUIMTEIBHOCTh KoJicbanack B mpezenax 7.46 — 22.5 mc (B cp. 11.6 + 3.16;
n=55), (puc. 1 A, a2, 62; puc. 2). [Ipu n3MeHEeHNN HMHTEHCHBHOCTH CTUMYJISILIMK HE HaOJIto-
JIaI0Ch 3HAYNUTEIBHBIX N3MEHEHHH B BBIIIEOTMEUCHHBIX BPEMEHHBIX M aMIUTHTYIHBIX ITOKa-
3aTeJIsIX, 9TO [0 OCHOBaHWE MPHUYMCINTD 3apeructpupoBannasie TIICII k MoHOCHHANTH-
4ecKrM. Mop(OoITOrHIecKUMH U SIIEKTPOPU3NOIOTHUECKUMH HCCIIEI0BaHNSIMU, TIPOBEJICH-
HBIMH Ha MJICKOTIMTAIOIINX, BBIIBIICHA TIPsIMasi CBsI3b MOKedKa ¢ HelipoHamu MP® [9], B
TO BpeMsI KaK B JIOCTYITHOH HaM JINTEPaType OTCYTCTBYIOT IaHHBIE 00 MCCIEAO0BAHMSX, TIPO-
BE/ICHHBIX Ha am(uOmsx. Pe3ynbTaTsl HammMX HMCCIEIOBaHMM JAIOT BO3MOXKHOCTH IIpell-
MOJI0XHTh, 4T0 3apeructpupoBanbie TIICII netiporHoB MP® renepupoBavch MOHOCH-
HaITUYECKH, PEIIOI0KUTEIBHO MPSIMOM akTHBanuel akcoHOB KieTok IlypkuHbe 1o aHa-
JIOTHH C MJIEKOIIUTAOIIMH.
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Puc. 1. IlocTcunanTuyeckye MOTEHIMANBI YETIPEX HEHPOHOB MEAUAIBHON PETUKYIIIPHON
(opManuu B OTBET Ha pa3apa)keHHEe MIICHIATePAIBLHOM ay pUKYIIIPHON 001aCTH KOPBI MO3KEUKa.
A, a2, 02- MOHOCHHAINITUYECKHE,

b, a2, 62- nonucunantuueckue TIICII npu pa3nuuHOl HHTEHCUBHOCTH CTUMYJISILIMK UIICHTIA-
TepaJbHON aypUKYJIIPHOH 00JIaCTH KOPBI MOIKEUKA.

A, al, 61; b, al, 61- BIICII Tex ke HEHPOHOB MEIUAIFHOM PETUKYIISIPHON pOopMaIuy Ha pa3apa-
JKEHHE TepeiHel BETBU BECTHOYIISIPHOTO HEPBA C IETIBI0 MX WACHTH()UKAINL.
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Puc. 2. 'ucrorpamma pacnpeneneHus MoHo- 1 nonucuHantuyeckux TIICII weliponoB
MeIHaNbHOI PeTHKYJSIPHOM (opMaliy B OTBET Ha pa3ipakeHNe UIICUIIATEepaIbHON
aypuUKyJIApHON 00/1aCTH KOPBI MO3KEUKa.

[pepsiBuCTas TUHUS pa3AeaseT MOHO- M MOJIUCHHANITHIECKHE OTBETHI.

Mo ocu abcuucce — BpeMst (McC); IO OCH OpJMHAT — KOJIMIECTBO HCCIICAOBAHHBIX HEHPOHOB ().

B otBeT Ha pa3zmpakeHue aypUKyIIpHOH 001acTH KOphI Mo3kedka B 119 Heiipo-
Hax MP® Opumn 3apeructpupoBansl TIICII ¢ Oomee IIUTETHHBIM W HECTAOWMIBHBIM
CKpbITBIM nieproyioM (puc. 1 b, a2, 62; puc.2). [lpu yBenuueHNH HHTEHCUBHOCTH CTHMY-
JSAIUA UMEJI0 MECTO YKOPOUCHME CKPBITHIX MepuojoB M BpeMeHH Hapactanus TIICII.
Wx ckpeiThiii niepuon kosiebancst B npeaenax 3.04-6.0 mc (B cp. 4.2 = 0.8 mc; n=119).
Bpewmst HapacTaHMsl aMIUIMTYbl 0 MakcuMyMa cocrtasisuio 2.22-8.0 mc (B cp. 5.16 +
1.24 mc; n=87).
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AMIUIUTYJa MCCleqyeMBbIX HeHpOHOB Haxoauuack B npenenax 0.63- 3.5 mB (B cp.
1.8 = 0.62 MB; n=92). Obmas gmutensHOCTh oTMedeHHBIX TIICII Oputa B mpemenmax
8.18-27.8 mc (B cp. 15.5 + 4.6 mc; n=112) (puc. 1 b, al, 61; puc. 2). OnucanHsie
BPEMCHHBIC XapaKTepUCTUKU 3aperucTpupoBanHbix TIICII yka3pBarOT Ha UX JU- U T0-
JUCHHANITHYECKYIO IPUPOIY IPOUCKOKICHHS.

MOoXHO cenaTh MPEANOIOKCHHUE, YTO BBINICOMMCAHHBIC ITOJMCUHANITUICCKUE
TIICIT umenu MecTo HE MPSIMOIL, a KOCBEHHOH akTHBanueil kinerok Ilypkunabe depes ma-
paJUIeThHBIC BOJIOKHA, CX0KAMH C TAaKOBBIMH, 3aperucTpupoBanHbiMu B BSK mpu pasn-
paKEHNH aypUKYISIPHON O0JIACTH KOPBI MO3Kedka. CKpBIThIE MEPHOABI 3apEruCTpUpO-
BaHHBIX TIICII 3aBUCAT HE TOJBKO OT MHTCHCHBHOCTH CTHMYJIAIUN, HO U OT OTHOCH-
TENBHON JIOKAIH3aluU CTUMYJIHPYIOLIETO AJIEKTPOAa. B monb3y mocieHero roBOpuT 1
TO, YTO MPU HE3HAYUTEIHLHOM MEPEMEIICHIH Pa3apakaroliero AJIEKTPoJa HEKOTOPhIS
BECTHOYJISIpHBIE HEUPOHBI, IPUYUCICHHbIE K MOHOCHHANITHYECKUM, OTBEYAJIH ITOJIUCH-
Hantuuecku. Yacrora 3apeructpupoBaHHbix TIICII cHmkanach npu mnepeMelieHun
pa3apakaromiero JIeKTpoaa OmKe K cpenHeil THHUN Mo3kedka [7]. MoXHO monaraTs,
YTO BBINICOMMCAHHBIN MEXaHU3M MO3KCUYKOBO-BECTHOYJSIPHBIX BIIHMSIHUAN JIEHCTBYET U B
OTHOIICHUH MO3KE€YKOBO- PETHUKYIISPHBIX.
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NiuntdUwuphnyby £ Yynbjwyh ghubuinieh hwdwp Jdebpynn puwnnnh Ywugniu, NYwshpbih,
Utnpwpnyp  unpntbph  nnynyquenph  Jupwydwédniejwl  wuwnhdwlp, unwgywd  pwngniubph,
wwwnpwundws Ynujwyh ghubUinuebph npuywywl b pwlwywywu Ywagup' Ywhudwsd Yhpwnws
wnwppbp  hwlpwihU  wwpwpunwunietph  hwdwygniejnilltphg W swhwewlwyubphg:  I60w-
gnunipjwl  wpryntuputpp thwuwnnd Bu, np ohnhnud W Jhinynt ublywhu  hhywunnejncuutpny
huwnnnh wwnnubph  Juwpwyjwénipjwl ypw wwppbp  wwpwpunwgnudubn  nwppbp Yepw Gu
wunpwnuwnunid. hwwnywwbu npuwywu wgnbgnientu nllbl PK Gpyynndwuh W NPK Gnwynnd
wwnwnwnwgnedutnp, npnup puntpwagnyt] G wwnninubph Juwpwyjwéniejwl guép pwitpny: 3wny £
Lok, np PK Gpyynndwuh wwpwpunwgdwu nbwend qupwyywé huwnnnh wyunninubnu wdtuwpwnu
GU wwhwwund hpbug wnGhuuninghwywl wndbep, huy pwngnith Glwlgh wnbuwuyntuhg wytih
nnpwywl wagnbgnipntu ntubu NPK wwpwnuwgnwdubpp:

tuwnnn — ohnhned W Uppnynt ubyuwiyhb hhywlnntpnituubn — wwpwpunwgned —ynlywyh ghublinie

HccnenoBanach cTeneHb 3apakeHHOCTH TPO3/eil pa3nuuHbIX copToB BuHOrpazaa (Kanrys,
Pxauurennu, MerpaOyiip) ¢ IPUMEHEHHEM Pa3HbIX KOJINYECTB KOMOMHUPOBAHHBIX MHHEPAJILHBIX
yIoOpeHHid, a Takke UX BO3JCHCTBHE HA KAYECTBEHHBI U KOJIMYECTBEHHBIH COCTAB MOJY4YEHHOTO
cycna M KOHBbSYHBIX BHHOMAaTepuasoB. Pe3ynbTaTsl MOKa3aldd, YTO Ha 3apakeHHbIE I'pHOaMu
OMINYMOM U MHWJIJIBIO SITOJBI BUHOIPAZa pasiiMyHbIe YA0OpeHNUs BIUSIOT 1o-pazHoMy. OcoOeHHO
6naroTBopHO ¥cnons3oBanue jaByctoponHero (PK) m tpexcropornero (NPK) ynoGpenuii, xo-
TOpPBIE XapaKTePU3YIOTCsl HU3KUM 0ajioM 3apaskeHHOCTH sirofl. ClieyeT OTMETHTb, YTO B Cllydae
HNpUMEHeHHs IByCTopoHHero ynoopenus (PK) 3apaxeHHbIE rosl BUHOTPaa JIydllle COXPAHSIOT
CBOIO TEXHOJIOTHYECKYIO IIEHHOCTb, @ Ha BBIXOJ Cycja IOJIOKHTEIBHO BIMSET HCIOJIB30BAaHHE
tpexcroponHero (NPK) ynobpenus.

Bunoepao — epubrosvle 6one3Hu 0uoUyM U MULObIO — YOOOPEHUSI — KOHbAYHBII 6UHOMAMEPUATL

The infection degree of clusters of Rkatsiteli, Kangun and Meghrabuyr sorts of grapes
made as wine materials for brandy as well as the qualitative and quantitative value of wine
material depending of the combination and quantity of used fertilization were investigated. The
results of the research have shown that grapes, infected with oidium and mildew diseases, have
different effects from different fertilization, especially PK bilateral, NPK trilateral fertilizations
have positive influence which was described with the low degree of clusters infection. Though
grape clusters infected by PK bilateral fertilizations carry their technological value longer, the
NPK have a positive impact from the perspective of wort.

Grapevine — oidium and mildew fungal diseases — fertilization — wine material for brandy
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Swjwuwnwuh Yhdwjwywl wywjdwultpnd fuwnnnh Jugp wnwdnud £ Jh 2wpe
ulywjhu hhdwunnipentlltphg, npnughg wnwyt) UGé Juwu Gu hwugunid Jhpnynt W oh-
nhnwd hhjwunnejntlutpp, wytblh phy wuwnpweungp, dnfupwagnuu thindp W Jh wine
wjl hhjwunntpnilutn: Ipdwunnipiwu hwpnighsubpp ddtenud GU Jupwydwsd 2hdtnh
Jpw, npnup (wy nhdwuwiny ddnwu gnntphu  qunpuwup Unphg Jwpwyh wnpnip Gu
hwunhuwunru:

Uhinntu, nph dnnnypnwywl wujwunwdubpu Bu «¢nn» — Upwpwuwjwl hwppw-
Juwjnnud, «ywndpny» — hjncupu-wpllGywu 2pgwlilGpned, «hlunpniy» — UBnpne W Qnphuh
2npwlitbpnid, nwpwéywsd W wdtlwywnwugwynp uuywihu hhjwunnipynill E: lvwnnnh
nnynygp Jdpnyneny qupwyyned £ wywnh dlwynpdwt ywn 2pgwthg dhugle hwuntuwgdwu
uyhgpp: Munnh dlwynpdwu Jwn 2nppwuncd nnynugp unwunwd £ JulwswnGnuwyncu
Gpwug, wyth n Jwpwydbipe nGwenid hhdwun wwnenubpp gnp? juwwnwyniu G,
hhuehg supyunid W prW 2wndnwdhg pwihynid Bu: Iwbwhu dhinynind Jupwyyned £ uwl
nnynygh Ynencup. Jupwydwu hwndwénd wnwewund BU gnn2 gnuyuh pétp, npnup
hGwinghbwnt snpwlwnd G, pErW 2wpdnwdhg nnynyqp Yninpgnd W wynydned £ Jughg [1,
2,4,8]

Uuywjhu hhywunntpinituutphg Gpynpnpn winbnp hp yunwugwynpniejwdp gnuynid £
ohnhntdp, nphu Upwpwuwnjwu gnquhnywinh wjgbgnpéwywu 2npwllbpnid wuyjwuncd Gu
«uley, huy hjncupuwhu 2pswlibpnd  «Eng»: Ohnhnudp hwnwwbu Yyunwugwynp £ Gpp
qupgwuncd £ dwnyuwpnytph W wwnninueph Jpw: WU nnynyqutph ypw uwwnynud k£
wwnh qunpqwgdwu uygphg uJhuse hwuntbwgnudp: dwpwyp uygpend Lywwnynd £
wnwUudhU wwninutph Jpw, huy hhjwunnipjwl qupgugdwl Uwwuwnwynn  wwjdwu-
uGpnud tnwpwédyned £ wdpnng nnynygnd: Grb wyuninp ohnhnudnd Jwpwydnud £ alw-
ynpdwl Jwn 2npgwlnud, www wép Ywug E wnlnwd, wwninp wjliu sh Jedwuned,
gnpwuntd k£, Yupdpwuncd W gnpwiuncd: UyGh n ywpwyyGine nGwenwd Ywug £ wnunwd
Jdhwju wwnnwdwyh wép, nph pehoUutpp Ynpgunud GU hptug  wnwagwlwuniginiup:
RGnwgwynud - wwnnwdwyp  wwwnnynwd £, dtnehg wwpg  Gpunwd  BU - dBplugwé
Unphqutnp: unuwy wwJwultpnd aGnpqwé wnninutpl wnwg thnned GU [2, 11]:

Swunwwnywsd E, np ohnhnudny Jwpwynwdp, npw qupgugdwl wpwanieiniup W
ubywdwndhuubph wwpwénudp Juwpwyjwé opqwultph Yypw Ywpudwé E onh punuw-
dnipintlhg W gGpdwunhdwuhg, wwninuGph W wbplbGph $hahninghwywu yhdwyhg,
huswBu bwl unpinh Yuyniuncpiniuhg [31:

MNuwpwpuwgnudp Fwwbu wagnnd £ pnyuGph  hhdwunnieynillGpng - Jwpwy-
Jwoénipjwu Ypw: Ophuwy, hnnnud wgnunh pwnéan wwpniuwynieniup, hwnwwbu, et
wju wnyw E hBwn jnipwgynn dny, pwpépwguncd £ pnyup ywengbUutph Uywwndwdp
puywinnnilwynepyniup:  Pwquwehy Jwlwpnyd-uuytn wytbih (wy U qupgwunwd hgnp
Jbgbunwwhy qwugwsh Jpw: Wn wwwndwnny Jb6 swihwpwlwyubpny gndwnpu nu
hwupwjhUu wgnunwywu wwpwpunwUunietpp bwwuwnnwd 6U ubywihu hhjwunnipynlultph
qupgwgdwup: Ywihnudwywlu b $nudbnpulwl wwpwpuwlniebnp pwpdpwgunid Bu
pnyubph  Juyniunipiniup  hhdwunniejwl  hwpnighsubph Uguwndwdp: Uhynpninwnpptpp,
wynhywglbiny pnyubph Uncpwihnpuwbwyneeniup, Unguwtu npuywl Gu wgnnud
wwrpengtUutph LYwwndwdp Ywjnuniejwl ypw: Wuwhuny, ywpwpunwUnietpp pnyutnph
wwunwwuniejwl Jhengutn s6U hwunhuwunwd, uwywju wpnn GU pwnapwgltp Unpwug
uwjniuncpyntup hhjwunniejntlubph Uywundwdp [10]:

Jdbpghu 20-30 wnwphutph pupwgenid fuwnnnh wjghuGpnid hhduwywuncd Yhpwn-
ynuwd 6U Jhwju wgnunwywu hwlpwiht wywpwpunwljnietn, nwunh JGup Uywwnwy Gup
hGunwuwunt] hGwnwgnnb] hwupwhu ywpwpunwUnietph nwnpptp hwdwygnienculbph
Jwuwp ubywjhu hhywunntpintluGph hGw:

Uinip W dBpnn: Utp Ynnuhg nunwduwuhpyt) £ Ynbjwyh ghutUnweh hwdwnp Jetndnn fuwnn-
nh Ywlgnl, NYwshebih, Utnpwpnyp unpntph nnynyqutnph Juwpwyjwéniejwl wuinhwlp, unwg-
Jwd pwngniubph, wwwpwunwéd Ynuywyh ghubUnetph npujuwywu W pwlwlwywu  Yuqup
Jwhiwsé  Yhpwndwsd  wnwppbp  hwlpwiht - wwpwpunwunuetph - hwdwygnuejniulephg W sw-
thwpwlwyutphg: 3Gnwgnunwywl wphuwnwlplbnt uwnwndt U 2013-2015 pRr-h purwgentd
Upwpwuwh dwnpgh Wabqupn hwdwjuph fuwnnnh wjghubpnud: “Ywunwhtu thnpdtph hhdudwu W
wwpwnpuwgdwl wnwnppGpwyutph W ypyunnnipnilutph wnwnpdwl dwdwuwy nGywywpyt) Gup
punnitujwé dtpnnutnny [5, 7, 9J:
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Muwpwpuwgnedp Yuwnwnpyb) £ hbnlyw) upuGdw)ny.

1. Unwlg wwpwnwuwgdwl (unncghg)

2. Nioo Ya/hw wagnnn Uneeh hwadny

3. P80K100

4. Nigo PgoKioo :

Awpnwihtu wwydwuutpnd Jhpyniny Jwipwygwénigjwu nuundUwuhpniejwl UGennhywjncd
Jwpwyjwénigjwl quwhwwnndu wpwnwgnpynud £ Gpbp gnpénuutph thnfuwgnbgnujwdp  pnuyu, nph
Jpw qupguwuncd £ Jwwpnydp, Jwywpnyd W opgwlw dhgwidwyp, npuinbn wénwd £ fuwnnnh Juap [12]:
Pwuh np gtUbpwwhy opgqwlltph Jwpwyjwénizwl wuwnmhdwup ng Unpwn £ hwdwwwwnwuhuwuncd
nbpllubph Jwpwyjwénipjwl wunhdwuht  Juplnp £ quwhwnwywl tnw) nnynyqubph quipuwyyw-
onpjwlpn: Nnynuyqutph Jwpwyywéniginiup guwhwwnynd £ pwlwlwwbu (wwnen, swtg) W wpunw-
hwjndnud £ pwibpny. 1 pw| — Gquyh wwninubph qupwyjwéntenit, 2 pw) — wwntnutph dhugle 5%
Jwpwyywénipni, 3 pwp — wwninutph Jhugle 10% Jupwywédnipniu (hwunpunud £ wunnwyneh
Juwpwyywoénipinil), 4 pwy — wwininubph Jpusle 25% Jwpwydwénieintt (welw £ wwnwyneh
Jwpwyywénip)nil), 5 pwi — wywnnlbph W gwugh nudtn Jupwygwéniegnil, nnyngh snpuigned [6]:

Cuwn Unyu dGennhywih® quwhwwnyt) £ bwle Swnyuwpenytph W nnynyquiph ohnhnudnd Juw-
nulyywénipjwl wunhdwup snpu pwiwjht hwdwywngny. 1 pwi — hwgywntw pdtn (uLywjhu thwnp sh
Lywunyned, Ywd wlqbl wgpny pnyyp Uywwnbih ), 2 pwp — Gquyh pétp (eny) thwn), 3 pw| — puguwyh
pétn (fuhwn thwn, YnuhnhwyhplGnh (wy qunqugywéntrjwdp), 4 pw| - fuhn punwlpwihl thwn:

fuwnnnh W YnWwyh ghubunetph [wpnpwwnnp  hGwnwagnuinwenlulGpu  hpwywlwgyt) Gu
Gplwuh  «Upwpwwny  Unljwyh-Ghun-Onne - Yndphuwwnn  RRC-h  ghinwhBunwgnunwywl  Yeuwnpnuh
(wpnpwwnnphwned’ hwdwédwiu IUS 179-99, 3US 271-2007, 3US 341-2011, 3US 338-2011, AOUS
12280-75, QOUS 13193-73, QOUS 13194-74, QOUS 14138-76, QOUS 14139-76 (Uinwlunwnwnubnph
wqgwjhu huuinhwncun):

Upnyyniupubp U pUlwpyncd: NuncdUwuhpdnn fuwnnnh unpintbph nuywnpyut-
nnd wwpgybp Gu Jhpryne W ohnhnd hhjwunnipnilutpny nnynyqutph Juwpwyywént-
pJjwl wuwnhtwlp’ Ywhdwd hwlpwih  wwpwnuwunetph Gpte  hwpwpbpwygne-
rntuutph Yhpwnywé nwppbpwyubphg:

un. 1-h myjwiutiphg Gplnwd E, np Gpyne ubywihu hhdwunnienluuGph nGwenud k£
fuwnnnh NYwéhpth, Ywugnit W Ubnpwpnyp unpunbphg  unwgywé  pwngniutph
Glwuplubpu  Ewwbu ghgnd  BU hwdwwwwwuppwl  wrenne  nL - swywpuwpunwgywd
wnwppbpwyutpphu: Uwywju mwpptp ywpwpuwunwetpnyg hhwun yuwgbph Jawynwdubpp
pnyuh  hpdwunniejwl  Jwpwyjwoénigjwl Ypw wnwpptp wgnbgniuentt GU nlukgbi:
Wuwtu ophluwy, ohnhnd hhdwunnipjwl nbwend GpGe unpunbph wnwlg wwpwp-
wnwgdwl uwnnighs tnwppGpwyubnpu £ puncewagnytp U Jupwyjwdnipiwl  Jelwywlu
pwiny: Lnyu ophbwgwihnipinip wwhwwuynd £ Uwle Jhprynend Juwpwyywédnipjwl
nGwenwd: Mwwnytpp qgwih thnfugnd £ dhwynnuwlh wgnunwywl wwpwpunwunietnh
Uppwndwl dwdwuwy' ohnhnwlh ntwpnud NYwéheth W Ywugnu unpnbph Jupwy-
Jwoénipjwl wunhéwllbpu wdtbwpwpépu U 3-wlwl puwiy:

UtSs Jwuwdp wgnunuwywl wwpwnuwunetph Jhwynndwuh ogunwgnnpédwl hi-
wnlwtpny Jwpwyjwénipjwl pwnaép gnigwupubnp wwdwuwynpywé BU Ywlwg quiug-
Jwséh huntuuhy waény, npntn, Ywhujwé undGpwghu pwiu dwytpbuh hGwn, uwnwpend
untnéynd £ wyth pwpép funtwynipeinit: vbpghu npwywl £ wgnnd W ohnhnud W
Jhinynt hhqwunniejncuutpny Jupwyywénigwu ypw: Utnpwpnyn unpinh Jhwynndwup®
wgnunwywl wwpwnunwgdwl nbwentd upwyjwénipjwl wunhdwup hwdtdwwnwé djnwu
Gnynt unpinbph® gwédn £ 2 pwy, npb puin gpwywniejwl ngwiutph Ywpnn £ juwwyws
lhuby nnUnuygh W wwniubph Ywnrnigdwédeh npnp - jnupwhwnynegniliibnhg® nnynugh
hunnpjwl, wunnwdw2yh hwuwnnegjwl, wyunnwduh Juquh, Uspjuunietph wniwniejwl W
huwnnnh 2wpwnwjunywl: Uwulwynpwwtu StinGpGyuhynjw-Fwpwjwup Wwnd E, np
eny ywpwyynwd 6U ultwwwnnen unpnbpp - wnyw UGpywunietnh W nwpwnwhu UnLet-
nh hwJutdwwnwpwp pwpén  wwpnibwynwzjwu Qunphpy, husgwbu Uwl hwuwn, Ynwhun
wwnnwdwyy ntukgnn unpinGpp [11]:

fuwnnnh NYwéhebh, Ywugnu W Utnpwpnyn unpuntbph bnpp Lpwd wwnwnpuwg-
Jwu wnwpptGpwyutGpnud Jhinynend Jupwydwu  wunpdwlubpp Wu wnwpptGpgnud BU Uh-
Jjwughg: bUswtu ohnhnudh, Uhiynith nbwend Lu wdGUwpwpén wunhéwuh Junwy-
Jwonegnl: Lywnybp £ Jhwynndwuh wgnunwywl  wwpwnuwUnetph  ogunwagnpédwu
dwdwuwy GpGp unpnbph Unun £ wpunwhwjndtiny 2 pwiny:
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Unynuuwy 1. Lwlpwjhl wwpwpumwlympbph mwppbp $nGhpmd jpwnnnp pungnih GpuGpG
m phipwlwl gmgwlhyGhpp dhygjmny b opghnuiny Juwpwliwl ghwypnid

L1

<tunwgnuynn fuwnnnh unpubpp
Nywohplijh Yuwlgnil Utinpwpnijp
- - <pjwln - <hywlin - <hywln
=1 3 3 El
= ER ES E
o =
= 8mgwlhyh whywnuip g g < = g g ) g g =
§ g E | | 2 E ] 2 E E
3 3 5 S B 3 5 3 3 5 S
S Nl g3 g2 |y e g3 o w e g3 v ¥
7 el 25 z 3 5 2 EX= 25| % ) & EX 35 Z ~ &
a8 = = = Z £ SR=2 zZ g =] Z
o 5 S 3 S 3 25 S 3 2 5 S 3
=1 \3 =R = = é’ = =] \3 =
El 3 3 2 El E el
=5 E) El 5 E) 5 3
Lungnih tuubpp, % 55,2 44,5 40,2 46,4 48,5 56,3 47,6 453 48.9 50,1 64,2 46,1 44,0 53,3 552
Cwpwph quiqyuowjhl funnip)nilp,
9/100us’ 21,8 16,9 15,6 19,2 18,1 21,2 19,0 16,4 20,7 20,4 23,1 20,0 16,9 22,4 22,1
=]
E S Gt G G
Shunpn i wlquow,
£ punpdon ppmOth quic 0 7,6 9,0 10,7 8,8 8,6 7,1 9,9 12,1 9,0 8.8 6,9 83 12,7 79 9,2
© | ruwnpynitp, g/ns’
pH 35 3.1 32 33 33 3,5 33 32 33 34 3,6 34 33 3,5 33
JQwpwyywonipnilp, puy - 1 3 1 2 - 1 3 1 2 - 1 2 1 1
Lungnih Guulpp, % 55,2 48,3 453 52,5 53,1 56,3 50,1 46,2 532 54.0 64,2 56,2 50,2 57,0 58,9
Cwpwph qulqyuow)hl funnipynilp,
¢/100us® 21,8 19,1 17,2 20,3 19,8 21,2 18,7 17,6 20,1 19,8 23,1 19,2 18,8 20,3 19,6
! Shup Gtph quiquuowht
= Shunpn N wiqyuowgh
E nynn ppniliipp qubg! ] 7.6 10,2 12,4 98 9.8 7.1 10,3 11,4 9.4 8,9 6,9 10,5 10,8 84 8,6
> | fuwnnipjmbp, ¢/ny’
pH 35 33 33 34 34 3.5 33 33 3.4 33 3,6 35 3.4 35 35
Qwpuluontpjnilp, pug 1 1 2 1 1 - 1 2 1 1 - 1 2 1 1
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Ulwgwé pninp twppBpwyutpnd - Jdhimynind. nnynyquinh - Jupwyywéniejwu
wuwnhdwup Jhuuntuu £ 1 puwp: bUswtu Gplened £ win. 1-h nyuijuphg, pwngniutnph Giulipp
W 2wpwpwjunientp Jupwyywénipjwl wunhdwlh pwpdpwgdwl htn Jeyntn hwdw-
wwunwupuwlwpwp bjwagned GU, hugp Uywwnyned £ W ohnhnud W Jhnyne hhywiunnieinctultph
nbwpenwd: Iwdbdwwnwpwn pwngniubph pwpép Giwuep U wwywhnytp NPK Gnwynnu ww-
pwnunwgdwl wnwppGpwyutpp. ohnhnwd hhjwunnipjwl nGwenud® NYwodhpblh — 48,5%,
Lwlgnl — 50,1% W Utnpwpnyn — 55,2%, huy Jhiynth nbwenid® NYwshebih — 53,1%,
Lwlgnt — 54% W Utnpwpnynp — 58,9%: Gnwynnd wwpwnpunwgdwl wnwnppGpwyutphu
pwngnth Guupny ghend Bu PK Gpyynndwuh wwpwpunwgdwl tnwpptpwyutnp, uwywjl
Jbpohuutpu punipwgnynid BU Qwpwpwjunijwlu wytih pwpép W wnhwnpynn prnlubph
wyblh gwén wndteubpny: Swpwpwjuniejwl gnigwuhpubpt nuunwUwuhpbihu wwpg E
nwnuntd, np wuqwu gwdp Junpwyjwénigwl ntwenid fjuwhuindnd £ wywnh hwunituwg-
Jwl plwywunu gnpépUpwgp W ncuncdUwuhpdnn pninp tnwippGpwyutpp hptlug 2wewnuwy-
untpjwdp ghgnid BU unnighs UdnwUGphu:

un. T-h mywiubphg Gplnwd £ bwl, np wydbh nudtn Jupwyjwénipjwl nbwenid
wunncnuGnnud hwuntbwgdwl gnpépupwgltph fuwhundwu hGunlbiwueny  wnhnpynn prenL-
ubph pwluwyp qquwih sh ujwaned, hugp Gplnd £ Uwle pwngniuGph pH-h gnigwuhpubphg:
Gpynt hhjwunnieinlubph nbwend £ wdblwgwén wpwpwjunypyjwl W wdblwpwpén
wnhwnpynn prNUGph wndteubp gnwugytp BU wgnunwywl Jhwynndwuh wwpwpuwgdwl
wnwnpGpwyutnpnud: Wuwbu, NYyushreblh unpunh ohnhnwd hhjwiunniejwu nGwenwd pwngnth
mhan{nnBraranLUbnh wndtep 10,7 and3 E, Ywlgnit unpwinpup’ 1251 q/mf3, Ul:r}mtupnunhhg‘
12,7 g/nu”, Uhinynth nGwentd” hwdwwwwnwupuwUwpwn 12,4 a/nd’, 11,4 g/nd”, 10,8 g/nu”:
Swwnyuwlpwywu E, np ohnhnwd W dhpnynt hhdwunnigynilubpny Jwpwyjwénigywl nbwencd
wnwlg wwpwnpunwgdwl  wnwpptpuyutnu hptug  npuwywewlwluwywl  gnigwuhutpny
hwdtdwwwpwn wydbh pwpép BU, pwl wgnunwywu Jhwynnuwuh wwpwpunwgdwl
Udnubnp: dbpghtu ynpyphu wwwgnignd £ gpwywunipjuwu Jbg weyw ndjwiubnu wiu
dwuhU, np wgnunwywl wwpwpuwunietpny vhwynndwlh ywpwpunwgndp pugwuwpwin
E wunpwnwnunw fuwnnnh Jwagh hhywunnieinctlubph nG6d Ywjnuniejwl Jpw: buy PK
wuwnwpunwgdwl nbwenwd, punhwywnwyp, pwpépwunwd £ Jwgh Ywjnuncentup, npp
wuwng Uywwnynwd £ ohnhnudny Junpwyywéniejwl wunhdwuh ndjwiubphg (MNYywshebh W
Lwlgntl unpintpp UGYwyw pwy) [10, 11]:

utn Yynnuhg nuniduwupnytp Gu bwl ybpp Lpdwéd pwngniubphg wwiinpwuinywé
Unbjwyh ghuBunetph  phdhwywl  gnigwuhpubpp W hwdwnbuh  quwhwwnwywuutnp:
Unynuwy 2-nud Ubpluywgywé inguiubphg Ywnth £ Ggpuywgutb), np ptle Jupwyjwsd
huwnnnh unpwnbphg  wWwwnpwunywsd  Ynywyh ghubunetph  npn  Udnpubn  hptug
phuhwywl gnigwlhpuGpny  hwdwwwwnwupuwunetd U UepYuwjwgynn  wwhwlgltnhu,
uwywju hptug hwdwhnunwihu hwwnywuhputpny s6U Yupnn hwunhuwuw) Ynbjwyh uwyhpwnh
rnpdwl hwdwp UwuwwnGugwé hnudg:

Ohnhnwd W Uhinynt hhjwunnieniuubpnd NYwséhetih, Ywugnit W Utnpwpnyn unp-
inh fjuwnnnh wnwpptp wunhdwuh Jupwyjwénipintup hwdwwwwnwuhuwlwpwn wgnbg £
npwughg wwwpwundwsé Ynuwyh ghuGunebph W phdphwywl W npwywywl  gne-
gwuhutph Yypw: Wuwbu, uinnighsh hbin hwdtdwwnwd® pninp ncuncduwuhpdnn Udnpuennd
uwhpuwjuniEjwl  gnigwuppubpp gwdp Gu, husp ng Jhwiu wpryniup £ huwnnnh guép
2wpwpwiunitRjwl, wjlle uyhpwnwihu fudnpdwu ng thwpdte  gnpdpupwgh, hhywunwéhu
Jwuptubph  wnywjniejwt,  Juwgnpnuihl - wpwpwjunipjwl - bW wyu: - WdGlwgwén
uyhpunwjunipjwdp  wgeh Bu puyty wgnuwywl  Jhwynndwuh  wwpwpunwunctnny
duwyjwsd huwnnnhg unwgywéd ghubujnietnp. ohnhnudh nbwenwd NYwédhebihhg unwg-
Jwép 8,5 dwy.%, wjunthbnle Ywugniuhg' 8,9 éwy.% W Unp Utnpwpnypp® 9,0 dwy.%:
Uhiynth nbwend wju  ophUwswithnieiniup wwhwwuynwd £ AYwshpth' 9,5 6wy.%,
wjunthtnl Ywugnil® 9,7 dwy.% W Utnpwpnyn® 10,3 dwy.%: Ulwgnpnwihl pwpwpwjunt-
pjwlu gnigwuhpubphg Wu  wwpq E  nwnund, np  Jhwynndwuh  wgnuwywl
wuwnwpuwunptpny Wwydwu nbwpencd uwyhpunwihu fudnpdwl gnpdplewgp UGé dwuwdp
Jhusle Jbpp sh pUpwuncd, huy npw wnywjnijuwdp wnbnh Gu nluGunud  hhdwunwéhu
JwunEubph wpwa qupgugned: dwund GU wwdwbwdnpdwd wju thnpdwudnpUeph gunnn
prnUGNh pwpén gnigwuhpubpp, npnup wpryntup BU pwgwhuwerywihu  JwupEubph
huwnBuuny qwpqugdwl: 8unnn penUGph gwén wpdtpubpny hwuntu U qwihu PK
wwpwnuwuniebpnd  wyywsd  wnwppbpwyubpp, npnup Jupwyjwéd  Udnpubphg
wnwldbwunwd 6U bwl hwdwnbuh hwdGdwwnwpwp pwnap gnigwuhubnny:
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U.d. 3UrNFE@3NFLSUL, LY. SUIhLSUL, S.L. uUUSM3UL, U.Q. LULUASNIL3UL

CunhwUpwwtu hhdwun ghubunietpp, hwwnywwtu  ohnhnuwiny  Jwpwydwéd
nwppBnwyubpl, wnwuduwunwd BU wnhwé hnunny 66Upwgpwédlwihtu Gpwugubpny, hwdh W
htwn hwuh pungéywé nwnlnigjwdp, whwé prYnejwlp, hwdh nuwnwpyniejwdp, hugh
wnryntugned UpJwéd inwnppbpwyubnpt wpdwuwgt) U hwdwntuh gwén qguwhwwnwywuh:

Uhwynnuwuh wgnunwywl wwpwpunwunwetpny wyjwsd fuwnnnhg unwgywd
thnpéwldnpuGpnud  punhwunwp 66dph  Gpyopuhnh  quugywdwihu - wwnpniuwyniejntup
hwdtdwwnwpwn pwpép E, hugp Ywnnn £ fuwnnnh hhdwun ugtph dwydwl wgpnunthulh-
Juywl Jhgngwnnidubph wpnyniup |huk: 86Upwihu preyh pwndp gnigwuhpubnp hwwnyw-
wtu wugwuywih Bu ynujwyh ghuBujnieh pnpdwl dwdwliwy:

Wuhwhuny, hGunwgnunniejwu wpnyntupubnp thwuwnnud Gu, np ohnhnud W dhpnynt
ulwjhu  hhjwunnipntiubpny  fuwnnnh  wwninUbph  Jupwyjwénigjwu Jpw  wnwppbp
wwpwnuwgnwuGp  wnwppbp Yepwy BU wunpwnwnund.  hwnyuwbu  npwywl  wg-
nGgniejntl nlutl PK Gpyynndwuph W NPK Ghwynnd wwpwpuwgnwdutpp, npnup plunt-
rwanytl BU wwninubph Jupwydwénipjwu gwén pwitpny: QUuijwé, np PK Gpyynnuwuh
wuwnwpunwgdwl nbwentd Jupwyywé fuwnnnh wyunutnp wdtlwwwnt U wwhwwunod
hpBug wnGhuluninghwywl wpdtep, uwywju pwngnth Guuph wnbuwlyntuhg wytbih npwywl
wagnbgnejntu ntuEUu NPK wwpwpunwgnwdubpp: Cun npnud  yGpghulGphu - wwnininubph
Jwpwyywénipntup sh gGpugquugnid PK Epyynndwth wwpwpunwgdwl nGwpenid juwnnnh
wwnnenubnh Jupwyywédniejwl wuinhdwuhl:
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The paper represents some data obtained in recent years in the field of space microbiology
while conducting research in conditions simulating cosmic space, as well as directly on the
spacecrafts flying in near-Earth orbits. The possibility of conducting research on this topic in
Armenia by efforts of a number of research teams and their preliminary achievements in related
fields are reviewed.

Space biology — extreme conditions — ionizing radiation — electron beams —
proton beams of 18 MeV — low temperature

Innuénd  UbpYuwywgywd B JbpghUu  wnwphubphu  wnhbgbpwywt  Jwuptwpwuniejwlu
ninpnnud uwnwnqwé  hGunwgnunnientlubph - wipnyniupubpp, npnup hpwywuwgybp Bu  huswGu
inhtgbpwywu tnwpwéepp UnnGiwynpnn wwjdwulbpnud, wjuwtu £ dGpdtpynjw tnwpwépnd pngnn
uwppbpnwd: RuUwnydnwd U Iwjwunnwuh vh 2wpe ghunwywu ynGyunpdubpnd win wuwwnbgned
hGwnwanunipntlutn Ywwnwnbine huwpwynpnieniuubnp W hwpwyhg wuwwnbquEpnid bwpubwywu
adtnppbpnudutpn:

Shbqbpwlwl YELuwpwlntpntl — Epunpbdw) wuydwllbn — hnuhquglnn dwnwquypLEN —
LGhywnpnuwghl thuglin — 18 UEA wpninnUwyhl thUugln — qipngwén stpdwunhdwultn

B pabote npuBeeHbl HEKOTOPBIE AaHHBIE MOCIEAHNUX JIET, IOTY4YEHHBIE B 00IACTH KOCMH-
YeCKOH MHUKpPOOMOJOTHH TIPH NPOBEACHUU HCCICAOBAHUN B YCIOBHUSX, MOJACIHPYIOIHX KOCMH-
YecKOe MPOCTPAHCTBO, a TAKXKE HEITOCPEACTBEHHO Ha aMlIlapaTax, JICTAIOIINX HAa OKOJIO3EMHBIX Op-
6utax. PaccMOTpeHBI BO3MOKHOCTH BBIITOJIHEHHST HCCIEAOBAHUHN I10 9TOH TeMe B APMCHUH CHIIa-
MH psJia HaAyYHBIX KOJUICKTUBOB U HX IPEJIBAPUTEIBHBIC JOCTIKEHHUS B CMEKHBIX 00I1acTsIX.

Kocmuueckas 6uonoeus — skcmpemanvhule yCroeus — UOHUZUPYIOUjee UsyyeHue —
21eKmpoHHble NYUKU — NyuKy npomonos 18 Ma>B — ceepxnuskue memnepamypol

In recent years, after a rather long break, an abrupt interest arose in the world
related to space biology again. It is caused by various resurgent projects of sending
expeditions to other planets of the Solar System, particularly to Mars, as well as by
search for arguments in favor of extraterrestrial life — the Panspermia hypothesis. The
details of biological experiments obtained in the 80s of the last century, during Soviet
and American spacecraft flights, are processed and reviewed. Biological researches are
conducted on board of modern spacecrafts and in ground-based laboratories, in which the
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conditions on the surface of Mars and Venus are modeled and analyzed [9, 20, 31, 32].

It is important to emphasize that until recently mainly the influence of separate
stress-forming extreme factors on living organisms, particularly on microorganisms, has
been studied. A classic review of the study related to microorganisms’ capability to live
under the influence of some extreme factors separately may be considered the
fundamental group work of a number of authors, under the general edition of D.
Kushner, "Microbial life in extreme environments ", published in 1978 [6]. It
presents a detailed result of various aspect influence on microorganisms study in key
stressful conditions existing on Earth and near-Earth regions: low (up to -40°C and
lower) and high (80-90°C and higher) temperatures, high (up to 1000 atmosphere and
higher) pressures, extreme values of pH, high concentrations of different salts, heavy
metal high concentration presence, and, finally, life under irradiation by non-ionizing
and ionizing radiations.

In recent years result studies are being carried out for the simultaneous effects of
these factor complexes. It should be noted that despite of certain difficulties there is a
close collaboration among Russia, EEC countries, USA, Japan, South Korea when
performing experiments in cosmic space environments being particularly evidenced by a
recent "Bion-1M" craft flight, the greater part of the researches carried out on it were
devoted to the experiments related to space biology [20, 21, 32, 33]. An important focus
in these studies was given to the works comprising the behavior of different
microorganisms in extreme conditions. And it is quite natural. In order to understand the
complex, multiple-factor processes a method of analysis has already been developed,
resulting in the investigated object or process simplification. Actually, a cell cannot be
taken as a simple formation, however, the unicellular microorganisms, in comparison to
multicellular ones, have a number of qualities that make them an excellent model object.
Firstly, the short generation time. The rapid change of generations allows identifying the
effect consequences of the stressful factors under study in a short time and gain statistics.
Secondly, it allows harvesting large amounts of target biomass in a short time, which is
more convenient to work with. Thirdly, it is more comfortable to perform various
manipulations and experiments with small-size objects.

It can be claimed that science is still on the threshold of solving many problems
of space biology, the main of which being the spread of organic material and of life itself
throughout the universe, and the survival: identification of the environment in which it is
possible for the living organisms to be adapted (to this or that extent) to space
conditions. This is evidenced both by the nature of incoming information and by
publication format. Very often new information is represented in the form of reports on
conferences, interviews and briefings by the leading experts of this branch [4, 20, 21, 27,
31]. Two aspects should be distinguished in this case. The first aspect is related to the
travel in a spacecraft through the cosmic space, for example, for a flight to Mars. In this
case the analysis of the conditions is touched upon under which living organisms safely
get from one location of space to another one with a minimal damage to their life, and
viability preservation over a sufficient time after the stressor exposure completion. These
issues are partially solved by experiments carried out on near-Earth space stations.

However, it should be noted that near-Earth space stations like "Mir" fly at a
height of only 300 km and, actually, are still within Earth atmosphere (the beginning of
exosphere boundary is at a height of about 1000 km [11]), and under the protection of
Earth magnetic field, extending from 60 to 100 thousands km according to various data.
A more difficult task is to stay in deep space, where, as it is known, the radiation fields
in cosmic space are characterized by a broad charge composition of the electrons and
protons and uranium nuclei, with an energy range from tens of eV to 1018-1019 eV and
the range of linear energy transfer (LET), determining the character of the local effect on
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the cells and tissues of biological objects, from tenths of keV/mem up to 103 keV/mem
[12]. Such problems require protection condition simulation which would not complicate
the spacecraft output process beyond the Earth because of its heavy weight on the one
hand, but would be sufficient to ensure the survival of biological objects on board of
such a device for a long flight time (years) on the other hand. The second aspect is
related to the transfer of biological material through the cosmic space on any "space
carrier" (meteorites, comets and asteroids [13, 26, 28, 34, 35]), and the solution of some
tasks on clarification of the following question: to what extent the supposed "space
carriers" can contribute to such material transference (being a protection for it), and to
what extent this material can be damaged in the course of such a "journey".

Such problems can be solved in the Department of Applied Physical Researches
(Applied R & D Division) of A. I. Alikhanyan National Science Laboratory (Yerevan
Physics Institute) (ANL-YerPhl), where a device called "measuring vacuum chamber"
has already been operating for several years. It enables to simulate cosmic space
conditions. In particular, to study the effects of combined exposure on solids of low-
temperature, vacuum, and electron beams of varying intensity. The temperature in this
chamber may be increased up to 100 “K and even lower, a vacuum of the order 10-10"
torr can be achieved. The chamber provided with a special window that is connected to a
beam transporting channel, by which the test samples may be exposed (fig. 1).

Liquid /Vacuum Vapor
2 / pump N2

Beam
__— detector
u , Step motor
| Viewing / dive
\ window —__ /

X §
Pipe pool —
cooler ™.

\
" Temperature
\ detector

\ Samples

Proton beam

Fig. 1. The measuring vacuum chamber and communications scheme,
ensuring required parameters’ formation.

Thus, the basic space simulating set of conditions is provided, except for, of
course, weightlessness. It should also be noted that it is possible to improve its technical
parameters, if necessary, by approximating the simulation conditions closer to the
"space" ones. It is assumed that a sample chamber can be installed in the experimental
C-18 cyclotron hall (ANL-YerPhl), which will allow carrying out similar researches
with proton beams of energies up to 18 MeV. This area of proton energy is of particular
interest in biological experiments.

The main purpose of such researches is finding out the chances of terrestrial
bacteria survival during their incubation in conditions maximum similar to space, and
the detection of the consequences of experimental conditions prolonged exposure on
them. There is evidence that in near space conditions, for example, various
microorganisms, identified as B. licheniformis, B. subtilis, B. sphaericus and B. pumilus
are detected on the outside surface of the ISS. However, at the same time it should be
emphasized that they were found "in areas with diagnosed surface pollution, possibly
serving as nutrient and UV microorganism preservation media or providing "linkage" to
station surface [4]. Being based on the results of a cycle of experiments carried out on
ISS the Roscosmos specialists (FSUE CSRIMB) noted that "the data obtained on the ISS
surface on the chemical and biological composition of cosmic dust allows us to suppose
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the existence of "ionospheric lift" mechanism which carries out the transfer of
tropospheric aerosol from the ground to the top of the ionosphere". This was confirmed
by another discovery: "In areas of the VL2 MRM?2 window construction, being located
upstream, the fragments of DNA of Micobacteria (heterotrophic marine bacterial
plankton dwelling in the Barents Sea) and the DNA of extremophilic bacteria Delftia
genus were revealed in 2013. A number of facts are obtained confirming that a
significant marine bacterial mass transfer to the ISS orbits is possible" [4].

It is obvious that experiments carried out in simulated conditions with variation of
these factors will also provide valuable information on the chances of unicellular
organisms’ survival and an identification of prolonged exposure effects of these factors.
This requires having organisms with clearly defined characteristics, changes of which
can be easily identified. Such kind of an issue can be solved by carrying out a series of
experiments on biological materials (aerobic bacteria, bacilli, facultative anaerobes), that
has recently been studied at the Division of Applied R & D Division (ANL-YerPhl) by
the group of Radiation biophysics. These microorganisms are selected based on their
high tolerance to high concentrations of certain xenobiotics, and as it turned out, some of
them possess a number of physiological and biochemical properties being quite suitable
as a criteria to be used in these studies. Up to date the influence of insecticide actara on a
number of cultures is most studied in details [23]. In particular, these cultures show the
selective ability to grow on various nutrient media at actara concentration variation. The
ability of some of them to subject a number of xenobiotics to biotransformation is of
great interest as well [10, 16, 22].

The authors of this article are inclined to a long-expressed point of view that the
comets are particularly promising as carriers, which are supposed to represent a set of a
large amount of water ice, stones and "dirt". On the one hand such kinds of carrier are
able to contribute to the biological material conservation and on the other hand they can
serve as a sufficient protection against extreme factors’ damaging effects and result
mitigation of their impact. The actuality of this supposition in favor of comets for the
scientific community is evidenced by the decision of the European Space Agency to
send a special research probe Rosetta to the comet Churyumov-Gerasimenko, and the
attempt to land the descending module Philae on its core. Therefore, different
combinations of possible comet components (ice, gravel, sand, porous materials such as
perlite and diatomite, silica gels and so on) are proposed to be taken as "space carrier”
model.

The usage of porous materials can, in particular, show: to what extent the cellular
material “immobilization” in the pores of the carrier may be a positive factor for survival
of microorganisms in such extreme situations. Thus, it is well known that the lifetime of
immobilized proteins, enzymes, some subcellular structures, and the cells themselves is
far increased. At the same time the negative effects of unfavorable factors (high
temperature, ionizing radiation) are reduced [3]. It is supposed to evaluate the survival of
these microorganisms by the plotting of factor-effect curves and registration of possible
changes in their phenotypic, morpho-physiological and biochemical characteristics after
exposure to different combinations of extreme factors.
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Fig.2. a — the general view of the radiating head of RUM-17; b — the scheme of top box for sample irradiation.
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For this purpose it is supposed to freeze aqueous suspensions of bacteria (aerobic
and facultative anaerobes) in an ice chamber in the form of a small core or bead, the size
of which (about 2 cm in diameter) would be correlated to the one of the ionizing
radiation beam (about 3 cm). The temperature of the manufactured ice core/bead is
supposed to reduce further using liquid nitrogen. The target will be placed on a special
tray in the chamber. As it was indicated above, various excipients are supposed to be
used, namely: perlites, diatomites, silicagels, relatively small and large sand shingle. The
duration of low temperature, vacuum, radiation exposure will vary. It is also planned to
use different quality radiation, in particular, there is a source of X-rays — the unit RUM-
17, at the researchers' disposal and a device similar to that shown in fig. 1 is supposed to
be constructed (see. fig. 2 a, b). The target absorbed doses and beam intensities will also
vary. The results will be compared with the following controls: the initial cellular
materials and cells packaged into the core/bead but not subjected to vacuum and ionizing
radiation, but only to low temperatures. It is as well supposed to carry out a comparison
of complex factor impact results with the one of individual stress-forming factors.

Note that in the near future it will be able to conduct researches with proton
beams using Cyclone-18 (with beam energy up to 18 MeV) in ANL (YerPhl). It is
known that ionizing radiation is an effective source of mutations. The possibility of
mutant cells obtaining, being of special interest from a practical point of view, is another
area of research of this proposal having a practical consequence. From this point of view
electron, proton and various accelerated ion beams are of special interest in radiobiology.
The possibility of proton beam usage on Cyclone-18 is a unique opportunity to study the
bacteria mutagenesis process. It is known that the efficiency of mutagenesis increases
with heightening of relative biological effectiveness (RBE) of beams applied. RBE
increases with linear energy transfer (LET) value increasing, which takes place at
relatively low energies of particle.

There is very insufficient data in the literature on the biological effects of low-
energy protons. Usually the range of energies from 25 MeV or higher was considered.
This was primarily dictated by the practical needs of radiation therapy, which uses
proton beams of 400 MeV and higher. To achieve the desired values of energies it is
necessary to use braking devices, which leads to beam energy scattering (dissipation).
The use of Cyclon-18 will allow to perform biological object irradiation under direct
proton beam, at the same time the efficiency will be determined by two factors: a
sufficient proton particle path length in water equivalent medium and high value of LET
(about 5 KeV/mem), resulting to a significant biological medium ionization. The data
below presents the yield of mutant cells for the accelerated ion beams in the bacteria
E. coli, which are often used in model experiments [8]. Note, that the proton irradiation
with 25 MeV energy leads to significantly large changes of cells (the duration of
individual phases of the mitotic cycle) than when exposed to protons of higher energies
[17].

4,0
1 - lethal effect
2 - mutation induction

0,1 1 10 100 1000
LET, keV/mcm

Fig.3. The dependence of RBE on LET particles based on lac- mutations induction criterion
and bacteria E. coli lethal effects (from E.A. Krasavin work [8]).
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With the decrease of proton energy a significant shift of cytogenetic and other
irregularities occur towards biological effect worsening mainly associated with an
increase of LET. At a value of 2 MeV LET reaches 17 keV/mcem [17].

The RBE of mutation induction, when irradiated by accelerated ions, reaches a
plateau, and is rapidly approaching the maximum of lethal terminations for E. coli cells
(fig 3). It is expected that the use of proton beam energy of 10 to 18 MeV will allow
avoiding any ambiguity caused by the dissipation because of the need to inhibit the
beams with higher energies, to achieve the desired ones in the target area. Thus, by
conducting a purely research work we will have a chance to solve a practical problem as
well: to obtain microorganism cultures with increased target activity.

The group of Radiation biophysics at ANL (YerPhl) has the corresponding
experience for studying the effect of ionizing and non-ionizing radiation of different
quality (X-rays, gamma rays, electron beams, alpha particles, accelerated carbon ions, as
well as UV and laser radiation) on microorganisms of various genesis (yeasts, bacteria,
bacilli) [1, 14, 15]. In addition, the laboratory conducted a study of the simultancous
exposure of different quality radiation on cells, and mechanisms of a combined radiation
action, leading to a particular modification of cell viability of different genotypes. It
should be noted that some members of the working group collaborated with the Division
of Biological Research of JINR in conducting multi-aspect experiments under the
general supervision of Professor E.A. Krasavin, on modeling genetic effects of radiation
arising during the simulation of cosmic radiation beams by accelerated heavy ions. Also
a mechanism defining the distinctions in biological efficiency of radiations, differing on
LET, on the cells of a different genotype was investigated. Laboratory staff also
participated in the experiments of "Genome" and "Rhythm" projects. In particular, the
Yerevan Physics Institute conducted radiation experiments on E. coli strains of different
reparation genotypes by electrons and X-rays in different experimental conditions and at
JINR with the same strains on heavy ion accelerator U-200 of the Laboratory of Nuclear
Reactions [5, 7]. There is also experience in the study of long-term exposure of low
doses on radiosensitive and radioresistant bacteria [2, 18], which can be useful for
evaluating the effects of prolonged exposure to low doses of ionizing radiation on
bacteria included in the cores and immobilized on porous carriers. The group also has
many years of work experience on the immobilization of enzymes and cells [19, 29].
Experiments on cultured cells under fasting conditions were also carried out [24, 25].

It is necessary to note that the ANL (YerPhl) has also additional abilities for
biological material irradiation. In addition, it is planned to have a close collaboration
with the CANDLE Institute, which has launched a unique in its parameters AREAL
accelerator that provides the ability to perform the irradiation process by different quality
beams. AREAL — is a 5 MeV electron accelerator with laser driven photocathode RF
gun. The schematic layout of AREAL is presented in fig. 5. AREAL is composed of
electron gun with copper photocathode, mirror system for high energy UV illuminating
laser, solenoid and corrector magnets, dipole magnet with spectrometer arm, diagnostic
screen stations for beam profile and energy measurements, two faraday cups: internal
and external for beam charge measurements. For the extraction of electron beam from
the vacuum pipe two experimental stations equipped with Ti electron windows are used.
The layout of the accelerator is flexible and allows a direct measurement of electron
beam parameters just before the extraction. Titanium windows are separating the ultra-
high vacuum environment 10-9 torr from the atmosphere. Nevertheless, they are
transparent for the electron beam (99.9% transmission) and do not destroy the electron
beam profile and energy distribution. External Faraday Cup is used to measure the
extracted charge without and with sample, thus precisely estimating the sample absorbed
radiation dose. Besides, the experimental measurements for specific samples FLUKA
calculations are performed and compared with experimental results.
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Fig.5. The schematic layout of AREAL facility.

Another advantage of the AREAL facility is the formation of electrons emitted
from photocathode by means of illuminating laser. Forming and changing the main
parameters of falling laser, such as transverse spot size, laser intensity/energy, pulse
length, allows to generate the electron beam with main parameters similar to the laser
profile ones. For other types of electron emission to form an electron beam with
parameters similar to the one of AREAL additional accelerator devices, such as bunch
compressors, velocity bunching cavities, etc., would be required. The main parameters
are quite flexible and available to change within a range to pre-define the electron beam
quality. Tabl.1 presents the characteristic parameters for AREAL electron beam. In
addition to single bunch operation a new multi bunch operating mode is under
development.

Table 1. Main parameters of electron beam

Parameter Single bunch Multi bunch
Beam energy Up to 5 MeV Up to 5SMeV
Bunch length (FWHM) 0.4-9ps 0.4 ps
Beam diameter at Ti window 2 - 10 mm 2-10 mm
Bunch charge 10-250 pC 10-20 pC
Emittance ex,y (mm-mrad) <0.35 <0.35
Pulse repetition rate 1-50 Hz 1-50 Hz
Bunches per pulse 1 16

In result of the planned operations the new information concerning the survival of
the bacteria which have, in particular, the specific physiological and biochemical
properties, during the incubation in above described extreme conditions under the action
of the latter in various combinations on microorganisms will be received. The rates of
their growth in these conditions, the growth effects, characterizing the degree of
reversibility or irreversibility of damaged cells, and their phenotypic, morphological
physiological, biochemical and other characteristics will be evaluated. It is also expected
to register mutant bacterial cells, including those with enhanced target activity to certain
pesticides used as substrates.

It is expedient to add that the results of the proposed works may also be the basis
for the solution of some radiobiological problems of medical orientation, in particular, to
optimize the treatment procedures in radiotherapy during cancer treatment using the cell
cultures received on the basis of tissues obtained during a biopsy for histological
analyzes at National Center of Oncology. In particular, the results of this research may
contribute to the development of new modes for fractionation and optimization of dose
value per fraction during various tissue irradiation with revealed pathology.
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All the foregoing gives grounds to assert that the ANL (YerPhl) conditions

together with the technical possibilities of CANDLE will allow to perform a complex of
similar activities in terrestrial conditions, to model and solve certain problems of interest
to space biology.
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[IpuBeneHs! pe3ynbTaThl HCCIEIOBAHUM M IPEIUIOKEHBI METOIBI OYUCTKH H30(epMEHTOB
HHYJIMHA3BI U3 9KCTpaKTa KiryOHel TomrHamOypa (Helianthus tuberosus). ITokasano, uro aBa n3o-
(depmenTa nHynuHa3bl 1; u I, ObuTH OuMIIeHBI, M3 HUX [; 10 TOMOTeHHOrO cocTosiHMA. B pe3yins-
TaTe NMPUMEHEHHUS OIMCAHHBIX METONOB OYHUCTKH 3HAYEHHE YNCIbHOH aKTUBHOCTU (PEPMEHTHBIX
mpenapatoB I; u I, yBenmmumnocs B 21,9 u 2,48 pa3, a oOmwuii Beixon coctaBun 30,2 % u
20,1 % coorBercTBeHHO. COIIIaCHO pe3yNbTaTaM Teib-(QUIbTpanud, n30()hepMEHTH HIMEIOT MOJIe-
kymsipHyto Maccy 60 k/la u 92 x/la. [lomydeHHbIe mpenapaTsl H30MHYIUHA3H |; U [, posBISIOT
MaKCHMaJbHYI0 aKTUBHOCTH B uanasone pH 4,5 — 5,5, ruiponusyioT HHYJIHH 1 aKTHBHBI B OTHO-
IIEHUHU CaXapo3bl.

Hnynunaza — monunambyp (Helianthus tuberosus) — unynun

Lhwpwanywé U gbnbwpubdnph (Helianthus tuberosus) wwjwnuGph Uqwéephg unwgwéd
huntihuwgh hgndtpdtunubph Jwpnpdwl Jbennubpp W UGpyuwjwgywé Gu  niuntdUwuhpniejwl
wpnyntuputpp: hunchlwgh Gpyne hgndbpdBunutn® I W 1, wupwwnyt) b Jwendt) Gu, pun npnud |
hwugyty E hndngtlu Jhtwyh: Ljwpwapywé dwppdwl dGpnnubph  wpnyniupnd  $epdGunwihu
wuwwnpwuwnniyutph nbuwywpwp wynhdnipniut wénwd £ 21,9 U 2,48 wugwd, huy wywnhynipjwl
punhwuntp Gintupp Ywgunud £ 30,2 % W 20,1 % hwdwwwwnwupiwlwpwp: Unwgdwd hgndtip-
Jguinutpu niutl 60 4w Gr 92 4w UniGynywihu quugywd W gnigwptpnd B wnwybiugneu
wywhynipintu pH 4,5-55 wnhpnyenud: Lpwup hhnpnthgnud BU hunghu W wynhy Bu uwhiwpngh
Uywwndwdp:

huntpuwq — Qtinuwfutdnp (Helianthus tuberosus) — huniht

The article presents the results of studies and methods of purification of inulinase
isoenzymes from the extract of Jerusalem artichoke tubers (Helianthus tuberosus). It has been
shown that two inulinase isoenzymes, I; and I, were purified, and one of them, I;, to a
homogeneous condition. As a result of the mentioned purification procedure, the value of the
specific activity of preparations grows by 21,9 and 2,48 times, and the total yield makes up 30,2
% and 20,1 % respectively. According to the results of the gel filtration, the isoenzymes have a
molecular weight of 60 kDa and 92 kDa, both show maximum activity in the range of pH 4.5-5.5,
both hydrolyze inulin and are active towards sucrose.

Inulinase — Jerusalem artichoke (Helianthus tuberosus) — inulin

Wnynunassr (2,1-f-D-dpykran ¢ppykraHOTHIpOIa3bl) — THAPOTUTHYECKHE (ep-
MEHTBI, pacLICIUIIOIINE NOMU(PPYKTaH-UHYJIHH U BBICOKOMOJICKYJISIPHBIE ITOJIHCaxapH-
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BBIJIEJIEHUE, OUNCTKA, XAPAKTEPM3ALIMA MHYJIMHA3bI U3 KITYBHEN TOIIMHAMBYPA (HELIANTHUS TUBEROSUS)

I (CO CTENeHbIo monmMepu3anun >10) Ha onurocaxaprabl HU3KOW CTETIEHH MTOJIMMEPH-
3anuK — (QPYKTO3y M IIIOKO3y. HakomiieHne WHyJIMHA B ITOJ3EMHOM 4acTH HEKOTOPBIX
pacTeHni (JTyKOBHIIBI, KI[yOHM ¥ KOPHHM) KaK PE3epPBHOTO MOJIHCaxapuia ONpeienseT Ha-
JMYNe B HUX W MHYJIWHA3, PAa3araioliuXx WHYJIUH IyTeM (EepMEHTaTHBHOTO THAPOJIN3a.
WHynuHa3pl MUKPOOHOTO MPOUCXOKACHHSA OBUTH BBIACIEHBI M M3YyUCHBI M3 Pa3IMUHBIX
HCTOYHHKOB: Oaktepuii [7, 13, 20], npoxoxer [6, 8, 14], rpubos [2, 5, 18]. B nocnennme
ro/ibl OIyOJIMKOBAHO MHOXKECTBO PAa0OT, MOCBSIIEHHBIX MOJTYYEHHIO, OYUCTKE M Xapak-
TEPUCTUKE MHUKPOOHBIX MHYJIMHA3, B TOM YHCJIE T€HHO-UHKEHEPHBIX CBEPXITPOILYKTHB-
HBIX mTamMMoB [19]. OqHako pacTUTeNbHBIE HHYJIMHA3HI MaJI0 M3y4YeHbI U ONMCaHbI BCe-
ro B JBYX paHHHX pabotax [3, 12]. B nmepBom uccnenopanuu [3] xpomarorpadueit 6emn-
KOBOTO JKCTpakTa KiyOHe#l TomnHamOypa Ha JIEAE-menmiono3e ObIIM MOMYYEHBI TPH
mika B-¢pykrodypanoszunazHoii aktuBHOCcTH. OMH U3 GepMEeHTOB OBLIT OXapaKTepu3o-
BaH KaK MHBEPTa3a, a J(Ba JIPyrux Kak ruaponassl A u B; mocnennne nBa Obimm abco-
JIIOTHO WAEGHTHYHBI IO CBOEH CIOCOOHOCTH K B3aUMOJAEHCTBHIO C PSAIOM OJIUTOCaXapH-
JIOB 1 TIPAKTHYECKW HEAKTHBHBI B OTHOIICHWH Caxapo3bl, HE3HAUYUTEIHGHO OTIMYAINCh
0 CBOMM (PM3NIECKUM XapaKTePUCTHKAM H CIIOCOOHOCTBIO HHTHOMPOBATHCS CaXxapo30i
B pEaKIWd C WHYIMHOM. Tpu ¢pykrodypaHO3WOa3sl ObUIM pa3[IeseHBl C ITOMOIIBIO
xpomarorpaduu Ha KomoHke ¢ DEAE-memnrono30i OoT pacTBOPHMOTO Oenka, M3B-
JICYEHHOTO W3 KOpHel oxyBanunka [12]. Oqun depMeHT ObIT OXapaKTepH30BaH KaK HH-
BepTasa, JiBa JApyrux QepMmeHTa - THApoasbl, KOTOPhIe BO3/ICHCTBOBAIN HA WHYJIUH H
psizx onurocaxapuaoB, 00a uMenu onuHakoBblil pH-ontumym n Km. Hu onna u3 ruapo-
J1a3 HEe MHTMOMpOBajach caxapo30i B PEakLK C HHYJINHOM.

Lenpro naHHOW PabOTHI SBISUIOCH MOJyYEHHE BHICOKOOYHMIIEHHBIX IPENapaToB
MHYJIMHAa3 U3 KTyOHel TonrnHaMOypa 1 U3ydeHue nX (GU3UKO-XUMHIECKIX CBOWCTB.

Mamepuan u memoouka. B paborte ucnonp3oBanu ciemyromue peakTussl: IDAD-Toiio-
nepa 650 M u toitoniepn-55F (Toyo Soda, SInonus), JEAE-uemttonosa, cedanexc G-50 (Pharma-
cia, lIIBenus), 2-mMepkanTosTaHod W ruApokcuanatut (Serva, I'epMaH¥s), MOIMITHUIICHIIIHKOIb
35000 (LOBA Chemie, 'epmanus). Bce ocranbHBIE peakTHBEI MapKH X.4. — KOMMEPUYECKH J10C-
TymnHble, npou3BojacTBa Apmenun u crpan CHI'. VHynuH, npuMmeHsieMblil B kauecTBe CyOcTpara,
OBLT TOJTyYeH U3 KiyOHe# TonrnHamOypa B 1abopatopun 6norpancdopmarmu HITLL “ApmbroTex-
Honorus” HAH PA.

Bce atansl npurorosneHns GEpMEHTHOTO 3KCTpaKTa U3 KiryOHel TonrmHamMOypa, HOHHO00-
MEHHast XpoMaTorpadust dKCTpakTa ¢ moiydenuem tpex mnpemaparos (Iy I, I3), npexcrasmsrommx
c000#f 0O0BEIMHEHHBIC ITI0ATHl TPEX IHKOB HHYJIMHA3HON aKTHBHOCTH, OMHUCaHBI B pabote [4].
[Mponecc MHANBHAYATBHON JOOYNCTKH MPETIApaTOB MIPOBOIMICS CIIOCOOaMH, BKITIOYAIOIINIMH CIIe-
JYIOIHME CTaINH OYUCTKH.

Honnoobmennas xpomamoepaghusi. Kononka (25x180 mm) conepxana JJEAE-nemtromno-
3y, ypaBHoBeuleHHy0 Oydepom I (20 MM K,Na-¢pocdarusriii 0ypep pH 7,0 (comepxarmuit S MM
MEpKaNTOo3TaHOoIa). DNIONHI0 TPOBOAWIN JIMHEHHBIM TIPaJHEHTOM KOHIEHTPALMH XJOPHCTOTO
Hatpus (0-1 M) B Oydepe 1. AktuHble ppakumu codupanu mo 8-10 M1 aBTOMaTHYECKUM KOJUIEK-
TopoM “Isko” (CLLIA).

Komonxa (25 x300 mM) conepxkana JJOAD-Toiorepn 650M, ypaBHOBemeHHbIH Oyhepom
[. Dmronuro MpoBOAMIN JIMHEIHBIM TPAIMEHTOM KOHIEHTpaIuy xjopucroro Hatpus (0-0,4M) B
Oydepe 1. AktuBHbBIe Qpakimu codupanu mo 8-10 mut.

Aocopbyuonnan xpomamoecpagus. Kononka (25 x 75 MM) cozpepikana THAPOKCHAIIATHT.
AnicopOupoBaHHbIe OEJIKH AMIOUPOBAH JIMHEHHBIM TPaAUSHTOM KOHIeHTpauuu ¢ocdatHoro Oy-
¢epa (0-0,4 M), pH 7,0. ®paxiuu codupamu mo 5 mi.

Lenv-xpomamoepagusa. Kononka (15 x 560 mm) comepxkana Sephadex G-50, ypaBHOBe-
meHHbIi 0ydepom 1. Dmonnto nposoaunu 0,1 M NaCl B 6ydepe 1. dpakunn — mo 3 M.

Komonxka (10 x 920 mM) comepxana toionepn 55F, ypaBHOBemeHHbIH Oydepom I. Dmro-
o mpoBoamiu 0,1 M NaCl B 6ydepe 1. @paxmmu codbupanu o 1,45 mi. KannOpoBky kKonoHKH
MIPOBOJIVMIIM, WCIIONB3Ys cienytomue oenku: dhepputnt (450 x/la), katanasa (240 k/la), Obranmit
CBIBOPOTOYHBIH anbOymuH (67 x/la), xumoTpurcunore A (25 x/la), uutoxpom C (12,4 x/1a).
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KonuenTpupoBanue ocymecTBIsUIN HA HEHTPUQYKHBIX MUKpopmisTpax (MWCO 10000
Amicon Ultra Centrifugal Filters. EMD Millipore. USA) uentpudyrupoanuem mnpu 3000 06/MuH
B TedeHre 60 MuH. OUIBTpAT aHANTN3UPOBAIIH IJISI ONIPEICIICHAS HHYJINHA3HOH aKTHBHOCTH.

Bce paboTel mpoBoauiy pu temmnepatype 4°C.

Dnexmpoghopes 6 noauakpunamuonom zcene (IIAAI). YNCTOTy MONYYEHHOTO mpenapara
WHYJINHA3BI, BBIAEIEHHOTO U OYHIIEHHOTO M3 3KCTpaKTa TOMMHAMOypa, H3ydallid ¢ MOMOIIbIO Ha-
TUBHOTO AUCK-3IIEKTpodopesa B macTuHax 7,7%-Horo nomuakpunamuaHoro reist (ITAAT) ¢ cuc-
Temoit OydepoB Jlaemmm, COrflacHO WHCTPYKUUH, TpEIOKeHHOH dupmoit  Dapmanms
(“Pharmacia”, IlIseuns) [11]. BenkoBbie 30HBI BBIABIISUIA KyMacCH OpIJUTHAHTOBBIM cHHEM R-250.

Usmepenue unyrunasnou axmuenocmuy. VIHyTHHA3HYI0 aKTUBHOCTH OIIPEIEIISUIN HHKYOH-
poBanuem 0,1 M pactBopa epmenTa ¢ uayaHHOM (1 %), pactBopenHbM B 0,2 M Na-aneraTHoM
6ydepe (pH 5,0) mpu Temmepatype 37°C. KonuuecTBo 00pa30BaBIINXCS PEAYIMPYIOIINX CaXapoB
OIpeAeIsUIN MOAU(GHUIMPOBaHHBIM MeTooM Somogyi-Nelson [10, 16]. 3a enuHUIy HHYIHHA3HON
AKTUBHOCTH TPHHUMAIN KOJHYECTBO (epMeHTa, KaTalu3Mpylomero odpazoBaHue | MKMMOJIb
(pYKTO3bI B MUHYTY B YKa3aHHBIX YCIOBHSAX.

Onpedenenue xonyenmpayuu 6eaxa. Konnenrpamnuio Oenka onpenemstmn meronoMm bpen-
(opaa 1o MOTTIOIMCHNIO KOMIUIEKCOB (hepMEHT — KyMacCH OPHIIIMAHTOBEIA CHHHH IIPH JTHHE BOJI-
HBI 595 1M [1] ¢ HCcnoNTB30BaHKMEM B Ka9eCTBE CTaHAAPTa OBIYBEr0 CHIBOPOTOYHOTO aTb0yMHUHA.

Brixox Genka KOHTPOJIMPOBAIIH TTOCIEA0BATEIBHEIM H3MEPEHHEM ONTHYECKOH IIOTHOCTH
3J1K0aTOB KOJIOHH nipu 280 M [17].

Onpeodenenue pH onmumymos. AKTUBHOCTh (DePMEHTOB M3MeEpsUTH IpH pasHbIX pH B uH-
TepBaine ot 3,5 1o 8,5, ucnone3ys 1 %-Helit pacTBOp caxapo3sl (1Ba OydepHsix pactBopa: 0,2 M
areratHblii Oydep mis obecneyenus pH 3,5-6,0 u 0,2 M docdatusiit Oydep st obecrieueHuns
pH 6,5-8,5).

Jlnst yCKOpEeHHs pacdeToB M CTaTUCTHYECKOH 00pabOTKM IOIy4aeMBIX Pe3ylIbTaToB B pa-
00Te HCIOJIB30BaHbI IPOTPAMMEI, pa3paboTaHHbIe Ha s3bIKke [aycc 4.0

Pesynomamet u oocyycoenue. B pesynprare HOHOOOMEHHON XpoMmarorpaduu Ha
JEAE-1niemmono3e KOHIIECHTPHUPOBAHHOTO OEIIKOBOIO 3KCTPaKTa U3 KIIyOHeH TomuHaMOypa
(Helianthus tuberosus) Hamu ObLIM TOMYYCHBI TPU MHKa MHYJIHHA3HOH aKTUBHOCTH, YTO
TIPEIIOJIOKUTENEHO MOYKET CBUETEIECTBOBATh O HAJIMYMH B OKCTPAKTE TPeX n3odepmeH-
TOB MHYJIMHa3bl. OObEIMHEHHBIC ITI0ATHl IPEIITOIOKUTEIBHO TPEX M30(EPMEHTOB HHY-
JIMHA3 PA3HOM CTENEeHH OYMCTKH, THIPOJM3YIOUMX HWHYJIWH ¢ akTuBHOCThIO [;=0,0175
En/mr, 1,=0,0083 En/mr, 13=0,00450 Ex/mr [4] ObIIr CKOHIIEHTPUPOBAHEI pa3ieibHO IPYyT
ot apyra myteM ocaxzaeHus npu 80 % naceimenus cynbharom ammonms (NHg),SO,,
nrann3oBaHel TipotuB 10 o6vemoB Oydepa II (2 MM K, Na-docdatnsrii 6ydpep pH=7,0
cofeprkamuii 5 MM MepKanTo3TaHOoJa) U TIOABEPTHYTHI JaJbHEHIIIeH OYHNCTKE.

Beinenenre uHyIuHA3b! [ MpoBOAMIM ClieayromuM oopa3oM. Pacteop muanmsara
I, xpomarorpadupoBanu Ha kojonHe ¢ JJEAE-11emi01030it JIMHEHHBIM TPAAUEHTOM KOH-
ueHrtpaiun xjaopucroro Hatpus (0 — 0,8 M) B dpocdarHom Oydepe I. Dpakiun, obnamaro-
[[Me WHYJIUHA3HOW aKTHBHOCTBIO, 00beauHsy (V=28 M), TUaIH30BaId, KOHIICHTPHPO-
BaIM B JUAIM3HOM MEIIKE 0 MUHAMAIBHOTO 00beMa (V=2 M), moMeIias ero B CyXoit
6ucep I19T- 35000, 1 HaHOCHIM Ha KOJIOHKY C cedanexcom G-50. Dronuro nmpoBo N
0,1 M NaCl B 6ydepe 1. AktuBnble ppaxuuu (V=9 mi) codupanm, o6ecconrBaiy 1 KOH-
LEHTPUPOBAIM Ha NEHTpUQYXHBIX MUKpodmibTpax mHeHTpudyruposanuem o (V =
1,5 Mu1) ¥ HAHOCHIIM Ha KOJIOHKY C Tororiepn 55 F. Dmroriro npoBoamm pacteopom 0,1 M
xnopucToro Hatpus B Oydepe 1. Dmroatsl, obmamaroniie akTHBHOCTBIO, 00bEANHSITH, 00ec-
COJIMBAIA M KOHIIEHTPHPOBAIN HA MEHTPUPYKHBIX MUKpodmibTpax xo (V=0,5 mm). Ilo-
JIy4eHHBIH TakKuM 00pa3oM mpenapaT u3odepMeHTa HHyIMHA3b [; ccienoBaam Ha roMo-
TeHHOCTbh. Pe3ysbTaThl Tpex cTajiuii OUMCTKH CyMMHPOBaHBI B Ta0I. 1.

OCHOBEBIBAsICh Ha TMOJIYUYCHHBIX PE3YyJIbTaTaX, MOXHO CKa3aThb, YTO B pPE3YyJIbTATC
MIPUMEHEHHBIX 3-X JTallOB OYKMCTKH Y/eNbHas aKTHBHOCTh M30()epMEHTa MHYIHHA3HI I;
yBenuuuiack B 21,9 pas, a BeixoJ pepmeHTaTHBHON akTUBHOCTH coctaBui 30,2 %.
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Ta6muua 1. Pe3ynbTaThl O4MCTKH HHYJIMHA3bI [; U3 9KCcTpakTa KiiyOHe# TonnHaMOypa

O0bem, OO6mmii Benok, VaenbHas OO0mast akTHBHOCTS, | Beixop,
Dranbl M 6eJIoK, MI/MIT AKTUBHOCTD, MMOJTB/MUAH %
Mr MMOJIB/MI' MHH
JTEAE- nemtonosa 28 9,184 0.328 0.049 0,450 100
Cedanexc G-50 9 0,936 0.104 0.417 0,390 86.7
Toitonepi-55F 4,35 0,127 0.029 1.072 0,136 30.2

UYncroTa MONYYEHHOro OENKOBOTO TIpemapara ObUla IIPOBEPEHA METOROM
HaTHUBHOTO JUCK-IeKTpodopesa B 7,7 %-HoMm nonuakpuiaaMuanoM rene (puc. 1). beuto
MOKa3aHO, YTO B Telie IPHCYTCTBYET OJHA OCHOBHAs I0JOCA, COOTBETCTBYIOIIAs
AKTHBHOCTH MHYJIWHA3HI |j, JTOKa3aHHAas M3MEPEHUEM aKTUBHOCTH (DepMEHTa B KycKax
pa3pe3aHHOro redIs.

1 2

Puc. 1. Pe3ynbTaTsl HATUBHOTO 371eKTpodopesa MmpenapaTa MHyINHA3H | 13 sKcTpakTa KiryOHei
TonrHaMOypa B 7,7 %-HOM IOJIHMaKpWIAMUIHOM reje: 1 — 5 MKr ounineHHoro npemnaparta |y;
2 — 30 mkr npenapara |; mocie xpomarorpadun Ha cedanexce G-50.

PesynbraThl onpeneneHus MOJEKYJSIPHOW Macchl MHyJuHa3bl [; Meromom renb
¢bunpTpanmu Ha ToMonepn 55 F npuBeseHsl Ha puc. 2, U3 KOTOPOTO CIEIyeT, 4To dep-
MEHT HMeeT MOJIEKYJIIpHYI0 Maccy ~ 60 k/la.

20 25 30 35 40 45 50 55 60
‘Jro1H0 HHBLH 00 benx (pur)

Puc. 2. KanubpoBouyHast KprBas 3aBHCUMOCTH JIOTapU(PMOB MOJIEKYIISIPHBIX Macc OEJIKOB OT
BEJINYMHBI HX JITIONNOHHEIX 006eMoB: 1 - dhepputnn (450 x[la), 2 - karanaza (240 x/la),
3 - Obrumii ceIBOpoTOUHBIN ansOymuH (67 x/la), 4 - xumoTpumcuHores A (25 x/la),
5 - muroxpom C (12,4 x/la), nuaynunaza I;
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Jnst BbIIENeHNs MHYIMHA3b! [, IPUMEHUIN HHYIO CXEMY OYHCTKH, KOTOPYIO OCY-
IIECTBIBUIN CeAyronmM obpazoM. [lmammsar I, xpomarorpadupoBaiy Ha KOJIOHKE C
JADAD-rotioniepn 650 M rpagueHTOM KOHIEHTpanuu xjopucroro Harpus (0-0,4 M) B
¢docharaom Oydepe 1. Dpakuum, obnamaromye HHYIHHA3HONH aKTUBHOCTBIO, OOBEANHSITH,
yHapUBaIx Ha POTOPHOM HCTIAPHTEIIE TI0] BAKYyMOM mpH Temmeparype 35° C, nuanusosa-
JIM ¥ HAHOCHWIIM Ha KOJIOHKY C TMAPOKCHAIIATUTOM. AJCOPOMPOBAaHHBIE OENKU AIIFONPOBa-
JIM JTMHEHHBIM TPaJueHTOM KOHIeHTparuu (ocdarroro Oydepa (0-0,4 M), pH 7,0. Ak-
TUBHBIE (PpaKIy OO0BEANHSIIN, TUATN30BAIIH, KOHIEHTPUPOBAIIHM Ha IIEHTPU(YKHBIX MUK-
poduibTpax nenTpudyrupopanuem 1o (V=1 M) 1 HAHOCWIIK Ha KOJIOHKY, COJIEpIKaIIyI0
toiioriepn 55 F. Dmrormro nmposomumu pacteopom 0,1 M xmopucroro Hatpus B Oydepe 1.
[Nomyuennsie B pe3ynbraTe reib-GuIbTpauy (puc. 3) amoarsl ppakuuii ObuH o0beIHe-
HBI (Vg 20= 2,9 Mi1), (V30.34= 7,3 Mi1), 0O€ccoeHbl ¥ CKOHIIEHTPHPOBAHBI Ha LEHTPU]YK-
HBIX MUKpO(MIBETpax MeHTpudyrupoBanueM 10 00beMoB (V=0,5 mi).

2 4 - 008 _
18 1 007 S
18 1 006 H

o 14 ] B

E 12 005 §

& 11 004 E

E 08 ; 003 A
06 1 3
2 | 002 E
02 - 001 j

0 ¢ * ¢ 0

PpaxunHn

Puc. 3. T'enp-punbrpanus unynuHassl [, Ha Toitonepn — 55 F. IIpoduin 3:110aTOB KOJIOHHBL:
BEIX0J Oernka (1) 1 n3MeHeHne HHYJIMHA3HOH aKTHBHOCTH (2).

[Npemapar u3odepmenTa nHyIMHA3H [, MpeAcTaBIsLIT U3 cebsi CKOHIIEHTPUPOBAH-
HBII d1mr0aT Qpakiuii 28+29. B Tabn. 2 cyMMHUpPOBaHEI Pe3yIbTaThl BCEX TIEPEUNCICHHBIX
JTAIOB.

Tadmuma 2. Pe3ynbTaThl OYMCTKH HHYJIMHA3HI |, U3 SKcTpakTa KIryOHeH TonmnHaMOypa

O0weM, | OO6mmit Benoxk, VY nenbHas OoOmas Brixo,
DTansl MII 0€JIoK, MI/Mt AKTUBHOCTD, | aKTUBHOCTD, %
MI En/ mun MMOJIE/MUH

JDAD — rotionepn 650 M | 180 36,0 0.2 0.0276 0,994 100

I'mapokcuanatut 50 19,55 0.391 0.0442 0,864 86,9
Ienb-dunpTpanus

Dp. 28+29 2,9 2,93 1,01 0,0685 0,2 20,1

Dp. 30+34 7,25 5,629 0,78 0,0175 0,0985 9,9

B pesynbrare npuMeHEHHBIX 3-X 3TallOB OYHCTKH YAENbHAs WHYJIWHA3HAs aKTHB-
HOCTh [, Bo3pocina B 2,5 pas, a BbIX0J (pepMEHTaTHBHOI aKTHBHOCTH cocTaBwi ~ 20 %.
YucroTa nomy4eHHOro OEJIKOBOTO Mpenapara Obliia MpoBepeHa METOJ0M HaTHBHOTO JIUCK-
anekrpodopesa B 7,7 %-HoMm monmakpuiaMuiHoM reie. OJHaKO MONTYyYeHHBIH Ipernapar
anekTpodopeTndaecku rereporereH (puc. 4).
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Puc. 4. Pe3ysbTaThl HATUBHOTO 3JIeKTpodopesa mpenapaTa HHyJIuHAa3bI [, B 7,7 %-HOM
MoJHaKpriIaMuIHOM Tefie: 1-10 MKT ounineHHoro npenapara |y, 2-50 Mkr npenapata |, mocne
XpomaTtorpaduu Ha TuApoKcuanature, 3-50 Mxr npenaparta |, mocie xpomarorpaduu
Ha JIDAD — Toitoniepn 650 M.

W3 npuBeneHHBIX HA pUC. 4 TaHHBIX CIIEIYET, YTO B rejie, KpOMe OCHOBHOM IOJIO-
CBI, COOTBETCTBYIOIIEH aKTHBHOCTH |y, I0OKa3aHHOI M3MepeHHEeM aKTHBHOCTH (hepMEeHTa
B KyCKaX pa3pe3aHHOro rejisi, HUIMYECTBYET ellle 0JJHa MUHOpHas OenkoBas moyoca. Ha
OCHOBaHHH PE3yJIbTaTOB, NMPEICTABICHHBIX B Ta0N. 2 u puc.4 auck-amexrpodopesa, ro-
MOTE€HHOCTb MOJIyYEHHOTO TIperapaTa HaMu olieHuBaetcst 6osee 4yeM B 80 %.

PesynbraThl onpeneneHusl MOJEKYJIIPHONH Macchl MHYJHHA3bl I, METOIOM reib-
¢ubTpanuu Ha Toioneps — 55 F nmpuBeneHs! Ha pucC. 5, U3 KOTOPOTO CIEAYeET, 4To (ep-
MEHT UMeeT MOJIEKYJLIpHYI0 Maccy 92 k/la.

w [ ST LI
10 7\ ;L
£ s 2 3
L )
4
2
0

20 25 30 35 40 45 50 55 60
"JITE01{HO HHBIH 06 Ben1 (prm)
Puc. 5. KannbpoBounas KpuBasi 3aBUCHMOCTH JIOTapr()MOB MOJIEKYJISIPHEIX Macc OEITKOB OT BEIIH-
YUHBI UX JITIOIHOHHBIX 00BeMOB: 1 - GpepputnH (450 x[a), 2 - karamaza (240 ka), 3 - Obramii cbI-
BOPOTOUHBIH ans0ymuH (67 k/1a), 4 - xumoTpurncuHoreH A (25 k[la), 5 - mutoxpom C (12,4 x/1a),
vHyanHa3a I ppaxunm (28+29).

Pe3ynbTaThl AKCIIEPUMEHTOB MO ompejeneHnio pH ontumymoB u3ohepMeHTOB
nHynuHA3H [; 1 [, mpencTaBieHsl Ha puc. 6 U CBUICTSIBCTBYIOT O HAUOOJNBIICH aKTHB-
HOcTH OenkoB B nuana3one pH 4,5-5,5.

100 4 T

80 A

40 4

20 A

OTHOCHTeBHAS aKTHBHOCTD %0
—
S

001 2 3 4 5 6 7 8 9 1011
pH
Puc. 6. Biusirne pH Ha akTHBHOCTD OYMIIEHHBIX H30(¢epMeHToB HHyInHa3s! (Iy, 1)
u3 Ki1yOHel TonnHamOypa.
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OmnpeneneHne TeMNepaTypHbIX ONTHMYMOB M30(EepMEHTOB MHYJIUHA3H [; 1 I, B
JIaHHO} paboTe He HPOBOMIIOCH, OHAKO BBIIBICHO, 4TO mpu Temmeparype 4-5° C o6a
n3odepMeHTa MmpoIODKAIOT THAPOIN30BATh MHYJINH, IIPA 3TOM MX aKTHBHOCTH B 3 pasa
HIDKe, 4eM rpu Temmepatype 37° C.

Takum o6pa3om, U3 SKCTpakTa KiryOHel TormHambypa (H.tuberosus) 6sut Beize-
JICHBI ¥ OYMIIECHBI ABa M30(epMeHTa UHYIUHA3bI ) u I, onmuH U3 KoTophIX I; KO romo-
TEHHOTO cocTOsTHUSL. CXeMbl OYMCTKH ISl Kaxk0ro (epMeHTa ObUIN 1MOI00paHbl WHIIH-
BHUIyaJbHO B 3aBUCHMOCTH OT Y/IEIbHOM aKTUBHOCTH UCXOJHOIO MaTepHaja 1 coiepKa-
HUSI COMYTCTBYIOIIMX OeNKoB. B pe3ynbrare mpuMeHEHHs ONMUCAHHBIX HAMH METOJIOB
OYHCTKHY 3HAYECHHUE y/IENIbHON aKTUBHOCTH ()€PMEHTHBIX Ipemnaparos I; u I, yBenmnunnocs
B 21,9 u 2,48 pas, a obOmmii Beixo coctaBui 30,2 % u 20,1 % cooTtBercTBeHHO. Cortac-
HO pe3yibTaraM Teib-QUIbTPaluy, H30(QEpPMEHTH HMEIOT MOJIEKYSIPHYIO Maccy
~ 60 x[a u ~ 92 xJla. I cpaBHEHHS MUKPOOHBIC HHYIINHA3BI, BBICIICHHBIC U3 pa3iInd-
HBIX MCTOYHUKOB (OaKTepnu, TpHOBI, IPOXKKH), IMEIOT MOJIEKYJISIPHYIO Maccy B JHara-
30He 50 + 250 x/a [9, 15]. [TomydenHsle mpenapatsl 3ouHYINHA3 |; U I mposBIsSIOT
MaKCHMaJIbHYIO aKTHBHOCTH B AnamnazoHe pH 4,5-5,5, runponusyoT HHYJINH U aKTHBHBI
B OTHOIIEHHUHU CaXapo3Hl.
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OunoreHeTHYECKUE B3aUMOOTHOIICHUSI TeHOTHIIOB Bupyca AYC ocTaroTcs mpeaMeToM
nuckyccuil. Mcnosb3oBaHue KIIAJUCTUYECKOrO aHanu3a 1o oTHoueHuto k reHam MGF110 12L,
13L m 14L mo3BoMWIIO MPEIOKHUTh TUTIOTE3Y, OMUCHIBAIOIIYIO (IIIOTCHETHYCCKAE B3aMMOOTHO-
meHus TeHoTurioB AUC. OCHOBBIBasICh Ha 3TO# TUIIOTE3€e, MEPEYKOPECHEHBI 0aiieCOBCKHE BBIBOIBI
st reroB MGF110 121, MGF360 13L, A859L, D1133L u D129L 16 ToTanbHO CeKBEHUPOBAH-
HeIX H30yiTOB BUpyca AUC. IlokasaHo CyllecTBOBaHHE IBYX CECTPHHCKHUX BETBe#l (CyOkman),
BKJIIOYAIOMUX B cebs, ¢ onHOi croponsl, renotunsl VIIL XI u X, a ¢ apyroit — renotums!t I, 11,
IIVIL, IV, XX/T u V/1, kaxaas u3 KOTOPBIX B CBOKO OYEPE/Ib JEUTCS Ha JBe CyOKabl. [lokasaHbl
HEKOTOpBIE HECOOTBETCTBHUS TUIIOTE3€, OOBSCHEHHBIE BO3MOXHBIMU PEKOMOMHAIIIOHHO/KOHBEP-
CHOHHBIMH COOBITHSMH MKy TEHOTHITAMH.

Aghpukanckas yyma ceuneii — MOREKYAAPHASL PUNO2EHUS — PEKOMOUHAYUS — KOHBEPCUS

fuldd dhpnwuh  gbunnhwtph  $hingbUwihu - hwpwpbpnieinluubpnp nGnliu pULWINYUJWIL
wnwpyw Bu: MGF110 12L, 13L L 14L gbubph Ywnhunmhywywl ybpinwdniejwu vhgngny wnw-

swpyub) £ vUdd-h gtuninhwtph thnpuhwpwpbpnigjwl Juwpywé: Ipdudbind wn Jupywsh Jpw®
JGpwwpdwwnwdnndt, 6 MGF110 12L, MGF360 13L, A859L, D1133L L D129L gGutph W 16 wd-
pnngntejwUp ubpytUwynpywé hgnywinubnh pw)jtujwl wpwnwédndubnp: Snig £ wnpybp Gpyne nnunn
gjnnGph (Bupwnwutnh) gnjnieinilp, npnue UGpwnned BU Uh Ynnuhg' VI, X1 W X, Jjncu ynndhg' |, 11,
IVIL 1V, XX/ W VI gBuninhwbpp, npnughg JnLpwpwgnipp, hpBug hbpehu, pwdwudnid BU Gpynt
Gupwdntntnph: Snyg £ wnpdtb Lwl wuhwdwwwunwuppwunigntt yupywénd® wwjdwuwynpdwé
gbUninhwtpnud inbnh nlubgwé huwpwynn nGyndphuwghnu/ynuytpuhnu hpwnwnaniejntuutpny:

tunqbiph wdnpywywl dwlnwpuin — dnjGyntjuyhu $hinqupw — rEyndphlwghw — Ynudtpupw

Phylogenetic relationship of ASFV genotypes remains a matter of debate. The use of
cladistic analysis in relation to genes MGF110 12L, 13L and 14L allowed proposing a hypothesis
describing phylogenetic relationships of ASFV genotypes. Based on that hypothesis, Bayesian
interferences of genes MGF110 12L, 13L MGF360, A859L, D1133L and D129L, and 16 totally
sequenced ASFV isolates have been rerooted. The existence of two sister branches (subclades) is
reported, which include on the one hand the genotypes VIII, X and XI, and on the other hand the
genotypes I, I, I/VII, 1V, XX/l and V/I, each of which in turn is divided into two subclades. In
addition, inconsistencies in the hypothesis are shown, explained by possible recombina-
tion/conversion events occurred between genotypes.

Phylogeny — molecular phylogeny — recombination — conversion
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®UJIOTEHUS BUPYCA A®PUKAHCKON YYMbI CBUHEN, OCHOBAHHASI HA CPABHUTEJIbHOM AHAJIM3E I BAUECOBCKOM. .

Cewmeticteo Asfarviridae, cocrosimee n3 MoHoTHIHYeckoro poma Asfivirus, Bxo-
it B coctaB rpymmbl BupycoB NCLDV (Kpymasie saepro-muromazmarnaeckne JJTHK-
cozieprKalie BUPYCHI), NMEIOLINX, MO-BUIUMOMY, MOHO(DMICTHIECKOE TPOUCXOKICHHE
[9]. Bupycor appuranckoit aymsr ceuneii (BAUC) nopakatot cBuHeit (Sus scrofa), Brimo-
gas gomamunx (Sus scrofa domesticus), 6opomaBourukos (Phacochoerus), kucreyxux
ceuneii (Potamochoerus) u knemeii (Argasidae, Ornithodoros) [7]. BAUC siBisieTcst 9H-
JeMUYHBIM K fory oT Caxapbl BHPYCOM, MOJTYYMBIINM pacipocTpaHeHue B CeBepHOU
Awmeprke, 3amaanoit U Boctounoit Esporne, na FOxxnom Kaskaze n Kapubax [12]. Oc-
HOBBIBASICh Ha CPAaBHUTEIHHOM aHAJINM3€ HYKJICOTHIHBIX IOCJIEIOBaTEeIbHOCTEH TIeHa
B646L (rnaBHbIii KarnicuaHbli Oenok p72), koaupyronux C-TepMUHANBHBIN KOHel] Oernka,
BbIACIAIOT 22 TeHotumna [2, 3]. [eHOMbI pa3aUYHbBIX T€HOTHUIIOB MO pa3Mepy BapbUPYIOT
oT 170 o 193 t.n.H u umerot 151-167 otkpsIThiX pamok cuutsiBanusd (ORF) [4]. Teno-
MbI BAUC cOoCTOST M3 LEHTPaJIbHOTO, OTHOCUTENHEHO KOHCTAHTHOTO PETHOHA, COAeprKa-
IIIEr0 TeHbl MeTaboM3Ma, TPAHCKPUIINK, PEIUIMKAILNH, pernapannyd, MopgoreHesa, a
TaKXe TeHbI CTPYKTYPaJIbHBIX OeNKoB. LleHTpanbHbIil KOHCTAHTHBIA PErHoH (IIaHKHPO-
BaH BapHaOEIbHBIMHU MIPABBIMHU U JIEBBIM KOHIIAMH, COAEPKAIMU T€Hbl MYJIbTHUTCHHBIX
cemeiicte (MGF) [8, 9]. KitoueBbie paszmuumnst reHoMoB BAUC pa3mudHBIX T€HOTHIIOB
CBSI3aHBI C KOMIIO3UITHEH U PacHoiIOKeHHeM mapaioroB u opronoros MGF, ¢ mnmmHamu
TaH/IEMHBIX TOBTOPOB, YHUKAJIBHBIX JUIsl TEHOTUIIOB, C HHCEPIUSMU U JIEJICIUIMH, a TaK-
e C KOHIIeBBIMH MHBepTHpoBaHHBIMH moBTopamu (TIR) [1, 9, 11, 18]. IIpennonoxu-
tenbHO dKcnaHcus reHoB MGF naér renomam BAUC cenektuBHble npenmymiectsa [15,
19]. [Ipyrum cioco0boM yBeNMUeHHsI pa3HOOOpas3Hsl BUPYCHBIX TEHOMOB H, B YaCTHOCTH,
reaomMoB BAUC siBisieTcst 0OMEH TeHETHUSCKAM MaTepHaIoM MEXIy TeHOTHIamMu [5, 13,
17]. B TeueHme mociemHUX JIET MPEAIIPUHUMAEMbIE PA3IMYHBIMH aBTOPAaMH ITOTIBITKA
PEKOHCTPYUpPOBaHUs  (HIOTEHETHUECKOM runoTe3sl cemelictBa Asfarviridae wa
OCHOBAaHUM CPaBHUTEIHHOTO aHAIN3a HYKJICOTHIHBIX M aMUHOKHCIOTHBIX ITOCIIE/I0Ba-
TeapHOCTEH TeHOTHIIOB BAUC matoT oTimyHBIE ApYyr OT Apyra pesyasrats [8, 10, 11,
17]. Takum o06pa3oM, BONPOCH (HHUIOTEHETHYESCKIX B3aMMOOTHOIICHUH T€HOTHIIOB
BAUYC ocrarotcst OTKpBITBIMA. Bo3HHKaeT psim BompocoB. Ha CKOMBKO XapakTepHBI s
reHoMoB reHoTunoB BAUC pexoMOHHAIIMOHHBIE UM KOHBEPCHOHHBIE COOBITHS? MoryT
JIM OHH OBITh MPUYMHON HECOOTBETCTBHUM B MOJIYYaEMbIX Pa3UUHBIMHU aBTOPaMH (HIIO-
reHeTH4ecKux runorezax? [yisi mocrpoeHus: (GUIIOTCHETHYECKON TMIIOTE3bl U €€ repe-
YKOPEHEHHS NPU YCIIOBUU OTCYTCTBHS BHIPABHUBAEMbBIX C aMUHOKUCIIOTHBIMU M HYKJIEO-
TUIHBIMU TOCIenoBaTeabHOCTIMU TeHoTHNoB BAUC nocnenoBarenbHOCTEH BHELIHHUX
IpYII, MOXHO JIM HCIOJb30BaTh MocienoBaTeabHocTH reHoB MGF kak BHemiHioro
rpynmy? C Lenpio MOMydYeHHsl OTBETOB HA 3TH BOIPOCHI MBI IPOAHAIM3UPOBAIH PN
IIPOCTPAHCTBEHHO pa3HecEHHBIX B reHoMax BAUC reHOB 1 KOANpyeMbIX UIMH aMUHOKHC-
JIOTHBIX TTOCJIEJOBaTEIILHOCTEH.

Mamepuan u memoouxa. Ananuz nocinedosamenvrnocmeii. B padbore ObUTH HCIONB30BA-
HBI HYKJICOTHIHbIE TocnenoBarensHocT reoB MGF110 121, MGF360 13L, A859L, D1133L u
D129L, nenonuposannsie B GenBank (http://www.ncbi.nlm.nih.gov): (BA71V U18466 (p72 rexo-
tun ), NHV KM262845 (p72 renorun 1), L60 KM262844 (p72 renorun 1), E75 FN557520 (p72
rerorun I), OURT88/3 AM712240 (p72 renorun I), Benin97/1 AM712239 (p72 renorun ),
Mkuzi 1979 AY261362 (p72 renorun I/VII), Georgia 2007/1 FR682468 (p72 renorumn II),
Warmbaths AY261365 (p72 renorun III/T), Warthog AY261366 (p72 renorun IV), Pretorisus-
kop/96/4 AY261363 (p72 renorun XX/I), Tengani 62 AY261364 (p72 renorun V/I), Malawi Lil-
20/1 AY261361 (p72 renorun VIII), Kenya 1950 AY261360 (p72 renorun X), Ken05/Tkl
KM111294 (p72 renorun X) u Ken06.Bus KM 111295 (p72 renorun 1X)). TpaHcnsiuusi HyKJIeo-
TUJHBIX TIOCIEI0BATEIbHOCTEH B aMHHOKHCIOTHBIC MOCIIEIOBATeIbHOCTH OCYIICCTBISIACH MIPU
noMou makera mporpaMmm MEGAS.2 (http://www.megasoftware.net/). BrlpaBHUBaHHE aMHUHO-
KHCJIOTHBIX MOCJIEA0BAaTEIbHOCTEN OCYLIECTBIUIOCH py nomolny nporpammbl Clustal W, Bxogs-
mieid B maket nporpamm MEGAS.2, a Takke Bpy4HYIO.
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Tecm na sviasnenue pexombunayuii. Hamuane pekOMOWHAIIMOHHBIX COOBITHI CPEeIH UC-
CIIeAyeMbIX MOCIIEA0BATEIPHOCTEH OLIEHMBAJIOCh TOCPEACTBOM IakeTa mporpamm RDP v.4.66
(Martin et al., 2015). ITapameTpsl IporpaMm JJIsi BBISIBJICHUS] PEKOMOHHALMOHHBIX COOBITHI BHYT-
PH JIMHEHHBIX MOCIIEI0BATeILHOCTEH OBLIN HCIIOIb30BAHBI [0 YMOTYaHHIO.

Pexoncmpykyus ¢punozenuu. CpaBHurtensHbli anann3 reioB MGF ocymiecTtsisiics B co-
OTBETCTBHH C IPHHIMIAMH KJIAJICTHIECKOTO aHAIN3a C BBIABICHUEM IIIE3MOMOP(GHBIX M CHHAIIO-
MOp(dHBIX cocTossHUN npu3HaKoB [13]. Jlyumias 3BOMIOLMOHHAS MOJETb ISl KXKIOTo U3 OelKOB
ompezensuach mpu nomouiu nakera nporpamm MEGAS.2. Jlns nporensoB MGF110 121 myumeit
MoJienbio OblTa ompenencHa moaenb — JT T, mms MGF360 13L — JTT+G, must A859L — JTT+G, mist
D129L — JTT, mna D1133L — JTT+G. BaiiecoBckuii pumoreHeTHIeCKUil BBIBOJ ObLT OCYIICCTBICH
¢ ucnons3oBaHueM Mmeroxa Monre-Kapno ¢ nemsmu Mapkoa (MCMC). BaifecoBckuii aHamm3
aMHHOKHUCIIOTHBIX MOCJIEIOBATeIbHOCTEH OBII OCYIIECTBIEH IIPU ITOMOIIM TporpaMMel MrBayes
v.3.1.2 (http://mrbayes.sourceforge.net/). J[ns kaxmgoro rera MCMC wucmosb3oBaiochk ot 100 ThI-
¢4 10 6 MITH TeHepanuii 10 TexX Mop, OKa CTaHAapTHas AeBUanus He craHoBuiachk Hike 0,01.

Busyanuzayusn oepesves. Buzyanmzanus QUIOTCHETHUCCKUX JIEPEBHEB OCYIIECTBISIACH
nipu nomoriu nporpammel FigTree v1.4.2 (http:// tree.bio.ed.ac.uk/software/figtree/).

Pesynomamut u oocyrncoenue. HykineoTumaple 1 aMHHOKHCIIOTHBIE MOCIIENOBA-
TENBHOCTH JIHIIb HEKOTOPBIX reHoB Asfarviridae mMoryT GbITH 9aCTHYHO BBIPABHEHBI C
TOMOJIOTUYHBIMH ()parMeHTaMu TeHOB M OelKOB BHPYCOB poAacTBeHHBIX dsDNA ce-
MelicTB, Takux kak Ascoviridae, Iridoviridae u Phycodnaviridae [20]. Takast curyarust
co31aéT cepbE3Hble 3aTPyJHEHHs P MOMBITKAX HCIIOIB30BaHUS MOCIE0BATEILHOCTEN
ATHX CEMEWCTB B KaueCTBE BHEUIHUX IPYMIL. DTy MpodieMy MOXXHO 00OHTH UCIIONb30Ba-
HUEM JMBEPrHPOBABIIMX OT aHI[ECTPAJIbHBIX TCHOB MapajlorOB MYJBTHI€HHBIX CEMEHCTB
(MGF) B kauecTBe BHEIIHEH I'PYIIIHL.

MGF110 12L. Cemeticteo MGF110 coctout u3 14 mapajorn4HeIX T€HOB, KOJIU-
YECTBEHHO BaphHpYyIOMUX OT 5 y u3oisaroB Benin 97/1 u BA71V no 12 y Mkuzi 1979
[9]. Temst MGF110 pacnonaratorcst B jeBoi BapuaOenpHOH dacTn reHomMoB BAYC.
CpaBHHUTENBHBIN aHATN3 HYKJICOTHIHBIX U COOTBETCTBEHHO aMHHOKHCIIOTHBIX TOCIIE/I0-
BarenbHOCTEH TeHoB MGF110 16-TH TOTansHO CEKBEHUPOBAHHBIX H30JIATOB, IECSATH Ie-
HoTnmOB BUpyca BAUC mo3BONMI BBISIBUTH WH/ETH, XapaKTEPHBIA UIS TOCIIECIOBATEIIh-
Hocreir MGF110 12L Georgia 2007/1, Warmbaths, Warthog, L60, E75, Benin 97/1 u
Mkuzi 1979 (puc. 1A). OcHOBBIBasiCb Ha MPHHIIUIEC MAPCUMOHUHM, MOXHO ITPEAIIONO-
JKHTB, YTO ATOT UHJIEIb SBIISIETCS CUHANIOMOP(HOI Jienelyeil epeurciIeHHbIX TT0Ce10-
BareNbHOCTEH. B MPOTHBHOM cilyyae MOSBICHHE 3TOTO MHJEIS CBS3aHO C MHOXXECTBOM
KOHBEPIeHINH, MPOU30ILIEIIINX C STUMHU TOCIEI0BATEIbHOCTIMHU, YTO MPEICTABISETCS
KpaiiHe MaJIOBEPOSTHBIM.

Ha puc. 1A BugHa emé oqHa cuHarioMopdHast Aenenysi, onpernessiemMas Kak TakoBast
10 TOMY JKe NPUHIMITY ¥ oObenuHsitomias nocienosarensuoctyt MGF110 121 L60, E75,
Benin 97/1 u Mkuzi 1979, uTo yka3siBaeT Ha IX MOHOQHIETHIECKOE IIPOHCXOKACHHE.

Takum 06pa3oM, 3a OCHOBY OITpeAeIeHNs (PUIOTeHETHIECKUX B3aNMOOTHOIICHHIH
MEXXIy TCHOTUIIAMH MOYKHO B3SITh CHHAIIOMOP(HYIO JICIEIHIO MOCIeA0BaTeIbHOCTEH re-
Ha MGF110 12L Georgia 2007/1, Warmbaths, Warthog, L60, E75, Benin 97/1 u Mkuzi
1979. Ora cunanomopdHas nenerus yka3plBaeT Ha (GMIIOTEHETHIESCKIEe B3aWMOOTHOIIIE-
HUSI MEXIY CyOKJIaamMu, BKITIOYAIOIINMH B €05 OCIIEN0BATEIHbHOCTH TEX MM NHBIX Te-
HOTHIIOB, ¥ TIO3BOJISIET MPOBOUTH TepeykopeHeHue QuoreneTrnyeckoro nepesa. [lepe-
yKOpeHEHHOe (uiIoreHeTHYeCKoe JEpeBO IOKa3blBaeT, 4YTO MOCJIEAO0BATEILHOCTH
MGF110 12L 16 uzonsitor BAUC pasnensirorcest Ha JBe OCHOBHBIC CyOKIaabl (puc. 2A).

A859L. I'enst A859L koaMPYIOT renrKazy M pacrooKeHbl B IEHTPaIbHON KOHC-
TaHTHOW 4acTh reHoMoB u3oiisiToB BAUC. [Ipumenenne anropurma Onmkaiiiero cocena
(NJ) mo3BOMIIO KJIacTepH30BaTh MOCIEA0BaTeIbHOCTH TpoTerHoB A859L wu3omsaToB
Malawi Lil-20/1 (1983) u Kenya 1950 B onnoii cybrmane [8]. IlociemoBarenpHOCTH
Warthog, Warmbaths, Tengani 62 u Pretorisuskop/96/4 oOpa3oBbiBaiiu cyOKIany ¢ HU3-
KHM ypOBHEM OyTCpen MOAJEPKKH, MOCIEA0BaTENILHOCTH e TeHoTHna | He 00pa3oBbI-
BaJIN MX BOBCE.
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DOUJIOTEHNS BUPYCA A®PUKAHCKOM YYMbI CBUHEN, OCHOBAHHASI HA CPABHUTEJIbBHOM AHAJIM3E U BAMUECOBCKOM..
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1 E76 FASTERD 12
1. Benin 9711 AMT12239 121
M. Wz 1979 AY261362 12
15, Kenl§ Bus KM111295 121 KVIS
36. Malawi Li-20/1 {1963) AY261361 121 KVIN
7. Kenya 1960 AY261360 12 KVIN
8. KenlSTk1 KNT11234 121 KV IN
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FCWDCQONG I
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FCWD
FCWD
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MECLHPRSYTGNEIFQTWG(C
MECLHPRSYTGNEIFQTWGC
MECLHPRPYTGNEIFRTWGC
MECSHPRPYTGNEI FRTWG(
MECSHPRPYTENEIFRTWG(
MECLHPRPYTGNEIFKPWGC
MECSHPRPYTGNEIFKPWG(C
MECSHPRPYTGNE I FKTWG(C
MSCSHPTPYIGNEIFKKVGC
MECSHPRPYTGNEIFEKWGC
MECSHPRPYTGNEIFEKWGC
MECSHPRPYTGNEI FEKWG(
MECSHPRPYTGNE I FEKWG(
MECSHPRPYTGNE I FEKWGC
MECSHPRPYTGNEI FEKWG(
MECSHPRPYTGNE I FEKWG(C
MECSHPRPYTGNEIFEKWG(C
MECSHPRPYTGNE | FEKWG(C
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MECSLPRPYTGNEIFEKWGC
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MECS -YPRLYKHFIFEKWRIL
MECS-YPRLYKHFMFKKWRIL
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- - KWRIL
MECS -YPGSYENEMFEKWRIL
MECS -YPRLYKHFMSEKWREL
MECS-YPRLYEHEMFEKWRI
MECS -YPRLYEHEMFEKWRI
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1.L60 NS84 MGF3GLL Lvsa-cI
2 Berin 71 ANTI2238 MGFI12L Lvsa-clI

3 E75 FUSGTSZ MGFIGL L Lvsa-cl

4 Moz 1979 AYZS IR MGFIOL Lvsa-cl

5. Georga 2071 FREROAGS 03 Lisa-cl

6 Wathog AY26136 MG Lvsa-cT

7. Wambaths AY25136 MGFI1L. Lvsa-cT

8 Prtoisuskop B4 AYSTIIMGFRLL L VS Q- C I
 Tengan 62 AYZS1364 HGFIRU1L LVNQ-SI
10, Mot L2001 (1989 AY2STBMGFIROL [A v S T S € 1

11, Kenl Bus KONT11295 MGG SVeTSCI

12 KenSTt K123 MGFI3L SVSTSCI
13, Kenga 1950 AY2S1360 G313, SVsTSCI

14, Bein 971 AMTIZZ9 MGF 604 SVKQS -E

15, BATIV UIBSE MGFI804L SVKQS - E
16,1V KIR2B5 MGF609L. SVKQS -E
17,60 KNZEZ844 NGF3E0L -VKQS-E
18, OURT 833 AUTIZ240 MGF3S0L SVKQS -E
19, ETS TS0 MGFI0SL SVKQS -E
20, Mz 1979 AV MGF &L SVKQS - E
2. Prtoisisop®UAYERINGENML |- VK QS - E
2 Wathog AV21366 MG 9L SVKQS -E
13, Georga 2071 FRER2AE8 36041 SVKQS -E
24, Tenni B2 AV MGF3B04L SVKQS -E
25, Wambaths AY2H136 MGF09L SVKQS -E
26, Mo Li201(983)AVESTSTNGEIDSL |- VK Q'S - E
27, KenlSTi! K234 MGF309L SVKOQS -E
28 Kenya 1950 AYZSYS60 MGF 3608 -LKQS - E
B1. 2 teibsKaimasucria Bixos -k
1160 KVOEZB4 MGFBL-1L. RTRUSEMM
2 Benin 971 ANTIZ39 MGF3GL1L RTRUSEMM
3 E75 FUSSTSZ0 MGF3GL 3L RTRUSEMM
4 Mz 1979 Y202 MGFIBL RTRUSEMI
5 Georga 207/ FREAGB 6013 RTRUSEMI
§ Wathog AY2S1366 MGFI-12L RTKMREMN
7. Wambaths AY25136 MGFR-L RTKMREMN
B Prtoiseskop B4 AVSTBINGERIL R TKMR D M N
 Tengani B2 AV2E134 MGF 01 RTKMSDMN
10, Ml 201 (1983) AYZ61361 MGF3GLAL C N K M S E I N
1. Kenl Bus K235 MGF360-13L CNKMSEIN
12 KenlSTel K234 MG CNKMSE LN
13 Kenya 1950 AYZGT36ONGF 3603 CNKMSEIK
4. Beni 971 AMTI2238 MGF3604L -AGMNEDM
15.BATIV UIBGE MGF 3604, -AGMNEDM
16NV KINZEZB45 MGF3604L AGMNEDM
17,60 KWOEZBU4 NGFB04L -AGMNEDM
18, 0URT 883 ANTIZ240MGF04L -AGMNEDM
19 E76 FUBSTS20 MGF36L 8L -AGMNEDM
20 Magi 1973 AYZS1I62 MGF &L -TGMNEDM
21 Petoisuskop %4 AVSTBINGRIL. - TGMNEDM
22 Wathog AY251366 MGFIE0EL TGUNEDM
2. Georga 207/ FRER4G8 304, TGUNEDN
24, Tengani 62 AY2S1364 NGFI0L IGMNEDN
25 Wambaths AYZ51365 MGF3604L IGUNEDN
25 Mok 201 (SE9AY2SU6 MGFI0AL - | G L NE N |
27 Kent5Ti KMHH1294 NGF 3604 IGLNENM
25 Kenya 1950 AY2ST0MGF604L SISLNENM
B2, 2 KenhBus Kitt1235 MGF360 4L -IGLNENM

A.P. KOLIMHAH
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FCI
LWM
Lwi
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FWiI
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Lwi
Lwi
Lwi

EQETEDNDRTRMSEMMLNKVIQLR
EQETEDNDRTRMSEMMLNKVIQLR
EQETEDNDRTRMSEMMLNKVIQLR
EQETEDNDRTRMSEMILNKVIQLR
EQETEDNDRTRMSEMILNKVIQLR
EQETEDNDRTKMREMNINKTIQLR
EQKTEDNDRTKMREMNINKTIQLR
EQETEDDDRTKMRDMNINKTIQLR
EQETEDDDRTKMSDMNIDKTIQLR
DQETEDYDCNKMSEINLNKAAQLR
DQETODYDCNKMSEINLNNAAQLR
DQETDDYDCNKMSEINLNKAAQLR
DOQETODDYDCNKMSEIKLNNAAQLR
EKDGNNKE-AGMNEDMLALVQEMG
EKDGNNKE-AGMNEDMLALVQEMG
EKDGNNKE-AGMNEDMLALVOQEMG
EKDGNNKE-AGMNEDMLALVOQEMG
EKDGNNKE-AGMNEDMLALVOQEMG
EKDGNNKE-AGMNEDMLALVQEMG
EKDSNNKE-TGMNEDMLALVQEMG
KKDSNNKE-TGMNEDMLTLIQEMG
EQDSNNKE-TGMNEDMLTLVQEMG
EKDSNNKE-TGMNEDMLALVQEMG
EKERNNKE-IGMNEDMLALVQEMG
EKDSNNKE-IGMNEDMLTLVQEMG
EEDGNNKE-IGLNENILTLIQDFG
ETEGNNRE-IGLNENMLTLIQE!IYV
EKDGDKKD-ISLNENMLILMQDFG
EKDGDKKD-IGLNENMLILMQELA
NCTNLYEMKKVHDICCAKNLGQLS
NCTNLYEMKKVHDICCAKNLGQLS
NCTNLYEMKKVHDICCAKNLGQLS
NCTNLYEMKKVHDICCAKNLSQLS
DCTNLYEMENIHDICSTKNPGOQLS
DCTNLYEMEKVHDICSTKNPGOQLS
DCTNLYEMDKVHDICSTKNPGQLS
DCTNLYEMEKVHDICSTKNPGQLS
DCTNLYEMENIHDICSTKNPGQLS
DCTNYYDIEKINELSCIRNPGOQLS
DCTDYCDIEKINELSCIRNLGOQLS
DCTDYCDIEKINELSCIRNLGQLS
DCTDYCDIKKINELSCIRNLGOQLS
RFGSAYEIKIVDKMQCMQYFAQTT
RFGSAYEIKIVDKMQCMQYFAQTT
RFGSAYEIKIVDKMQCMQYFAQTT
RFGSAYEIKIVDKMQCMQYFAQTT
RFGSAYEIKIVDKMQCMQYFAQTT
RFGSAYEIKIVDKMQCMQYFAQTT
RSGSAYEIKIVDKMQCMQYFAQTT
RSGSAFEIKIVDKMKCMQYFGQTT
RSGSAYEIKIVDKMKCMQYFGKTT
RSGSAYEIKIVDKMQCMKYFGQTT
RSGSAYELKIVDKMQCMQQFAQTT
RSGSAYEIKIVDKMKCMQYFGKTT
RSGNAYEIKIADEMQCMRYFGQNS
RSENAYELKIVDEMHCLQYFGQSS
RSONASEIKIVDKMHCMEDFAQNT
RSONASEIKIVDKMHCMQDFG - - -

GYWGLN
GYWGLN
GYWGLN
GYWGLN
GYWGLN
GCWGLN
GCWRLN
GCWGLN

¢

¢
EHK
EHK
EHK
EHK
EHK
EHK
EHK
EHK
EHK
EHK
EHK
EHK
EHK
GHK
EHK
GHK

VYN
VYN
VYN
VYN
VYN
VYN
VYN
YN
VYN
VYN
VYN
VYN
VYN
RYH
QYH
QYH
QYH
QYHTY
RYHTY
QHQTY
QHQTY
QHQTY
QHQTY
QHQTY
QHQTY
QHQTC
SHaQrTY
LHQTC

Puc 1. Al — N-konen nporemnoB MGF110 121, 13L u 14L, A2 — C-konen nporenHoB MGF110
12L, 13L u 14L. Ha pucyHKke BHICH HHIENb NPOTHKEHHOCTHIO B 55 aMHHOKHCIIOT U XapaKTePHbIH
st mocneoBatensHocteit MGF110 121 Georgia 2007/1, Warmbaths, Warthog, L60, E75, Benin

97/1 n Mkuzi 1979. B-1 — N-xonen nporennoB MGF360 13L u 8L, B-2 — C-xonen npoTenHoB
MGF360 13L u 8L. BerpaBHEBaHNEe aMHHOKHCIOTHBIX TTOcIenoBaTensHocTei reHoB MGF360 131
u 8L. V3 060ux BhIpaBHUBAHUI yIaICHB HHBAPUAHTHBIC MTO3UIIUH.

[MonyueHHplli HamMHM TepEyKOPEHEHHBIH OalileCOBCKUII BBIBOA MJsl TOCIe-
noBarenbHocTel porerHa A859L kiactepusyer nocnenosarensHocT BAUC no aBym
CECTPUHCKHMM CYOKJIaiaM, UMEIOLIMM MaKCUMallbHO BO3MOXHYIO ITOCTEPHOPHYIO BEpO-
SITHOCTb TOJIIEPKKH Y3JI0B, KaXKast U3 KOTOPBIX B CBOIO O4Yepe/lb JEIHUTCS Ha JIBE CECT-
puHCKHe cyOknanbl (puc. 2B.). OTH naHHBIE JIMIIb YACTHYHO COTJIACYIOTCS C JaHHBIMH
de Villiers u coaBTopoB, 1 B OOJBIIEH CTEIIEHH COTJIACYIOTCSI C HOJyYCHHBIMH HaMH
nmauabME 1o reHy MGF110 121 (cm. Beime).
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®UJIOTEHNUS BUPYCA AOPUKAHCKOIN YYMbI CBUHEN, OCHOBAHHASI HA CPABHUTEJIbHOM AHAJIM3E I BAUECOBCKOM...

Georgia 200771 Mkuzi 1979
Warmbaths 1 — Georgia 2007/1
11 1 Warth Warmbaths
arthog —10,99 Warthog
099 — L60 1 Tengani 62
| ¥ 1 Pretorisuskop/96/4
;T E75 BA71V
Benin97/1 NHV
\ : L60
Mkuzi 1979 10.89 g7
Malawi Lil-20/1 — OURTS8/3
[ Benin97/1
Ken06.Bus Malawi Lil-20/1 (1983)
058 Kenya 1950 i Kenya 195
- . 1 Ken05/Tk1
Ken05/Tk1 — Ken06.Bus
A 0,03 B 0,008
~ Warthog [ Mkuzi 1979
[T Warmbaths I~ Warthog
[~ Pretorisuskop/96/4 ) t— Warmbaths
—_ Tengani 62 = Pretorisuskop/96/4
0.99 [~ Mkuzi 1979 {— Tengani 62
t— Georgia 2007/1 Georgia 2007/1
—1 —E75 ‘ E75
NHV . “1 — NHV
- L60
LAy ehy e L} L60
= ()[}RIXS‘S 10,98 OURTS8/3
+— Benin97/1 |~ Benin97/1
— BA71V L 7
Malawi Lil-20/1 (1983) BAI\Z[]alVa\\'i Lil-20/1
1 o Kenya 1950 T - Kenya 195
. T %97 Ken0s/Tk 1 ! 71097 Kenos/Ti
L Ken06.Bus = Ken06.Bus
C 0,005 D 0,03
1] Warthog [0.53 Georgia 2007/1
e— Warmbaths Tengani 62
{1 - - Pretorisuskop/96 N Warthog
; Tengani 62 —,ﬁ Warmbaths
Georgia 2007/1 ——om Pretorisuskop/96/4
10,81 r Mkuzi 1979 d —— Mkuzi 1979
i1 L60 ey | — L60
1 Benin97/1 1 Benin97/1
S —E75
Malawi Lil-20/1 — Malawi Lil-20/1 (1983)
11 — Ken06.Bus —1 Ken06.Bus
i Ken05/Tk1 1 [ Ken0S/Tkl
—— Kenya 1950 — Kenya 1950
E 0.03 F 0.03

Puc 2. A. baiiecoBckuil BBIBOJ, TIOCTPOCHHBIN HA OCHOBAHUM MHOKECTBEHHOIO BHIPABHUBAHUS
nporenHoB MGF110 121 u nepeykopeHEHHBIIT Ha ocHOBaHHMY cHHanoMopdHoi nenermu MGF110
12L. B. BaitecoBckuii BBIBOA, IOCTPOCHHBII HA OCHOBAaHMU MHOXKECTBEHHOT'O BEIPABHUBAHMS
npotenHoB A859L. C. baiiecoBckuii BEIBOX, TOCTPOESHHBIH HAa OCHOBAaHUM MHO>KECTBEHHOTO
BeIpaBHMBaHuUs npotrenHoB D1133L. D. BaiiecoBckuii BEIBOA, TOCTPOSHHbIM HA OCHOBaHUU
MHO>KECTBEHHOT0 BbIpaBHUBaHUs poTenHoB D129L. E. BaiiecoBckuii BBIBOJ, TOCTPOEHHEII Ha
OCHOBaHMH MHOKECTBEHHOTO BhIpaBHUBaHuUs npotenHoB MGF360 13L. F. BaiiecoBckuii BRIBOJ,
TIOCTPOCHHBII HA OCHOBAaHMH MHOXXECTBEHHOTO BbIpaBHUBaHMA C KoHIa npotenHoB MGF360 13L.

D1133L. I'en D1133L koaupyer renuka3y U pacrojaraercsi B IpaBoii Bapruadeis-
HO yacTu reHoMa. [lepeykopeHEHHEBIH OaiiecoBckmid BhIBOX ais reHa D1133L mokasbr-
BAaeT CyIIECTBOBAHME CYOKJIaJl B COCTaBBl KOTOPHIX, C OJHOH CTOPOHBI, BXOAAT MOCIIEN0-
BarenbHOCcTH Malawi Lil-20/1 (1983), Kenya 1950, Ken05/Tk1 n Ken06.Bus, a ¢ apyroii
— mocnenoBarensHocTd Warthog, Warmbaths, Tengani 62, Pretorisuskop/96/4, Georgia
2007/1, Mkuzi 1979 u mocnemosarenprocTr reHotuma | (puc. 2C.). Tlpu sTOM TOCITET0-
BatenpHOCTH Georgia 2007/1 u Mkuzi 1979 pacnosararorcs 6a3aibHO 10 OTHOIICHHUIO K
MOCJIEI0BATEILHOCTIM reqoTumna l.

D129L. ®yukiusa nporennoB D129L nemssectHa. ['en D129L pacnonaraercs B
npaBoii BapuabenbHOI yactu reHoMoB BAUC. CpaBHUTEIBHBIN aHAIN3 aMHHOKHCIIOT-
HBIX TOcenoBareabHoCcTel D129 He BBIABISICT MAPCUMOHUITHO HH()OPMATHBHBIX MTO3H-
LW, XapakTepusyomux nocienoarenbnoctn Warthog, Warmbaths, Tengani 62 u Pre-
torisuskop/96/4. Tlo 3T0ii IpUYKHE epEyKOPCHEHHDIH OailecOBCKHUIA BBIBOJ AJISI TIOCIIE-
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A.P. KOIMHAH

noBatenbHOCTe D129L He rpynmupyeT 3T MOCIeI0BaTeIFHOCTH B OTACTBHYIO CyOKIIa-
ay (puc. 2D.). Tem He MeHee, KaK H B NPEABIIYIIHNX CIY4asx, MOCICIOBATEILHOCTH JIe-
JIITCS Ha IBE CECTPUHCKUE BETBH, B KOTOPBIX COCTaBbI OCIEOBATEIBHOCTEI TEHOTUIIOB
COBIAJAIOT.

MGF360 13L. O6iee komuuecTBO mapajioros u opronoros MGF360 cpenu uso-
nstoB BAUC moxomut mo 22. OgHako B MHIWBUAYATBHBIX T€HOMAaX HX KOJIUYECTBO
MeHblie, oT 11 y HuskoBupynentHoro uzonsra OURT88/3 u TkaHeasanTUpOBaHHOTO
m3omsita BA71V 1o 18 y Mkuzi 1979 [9]. Tenst MGF360 13L pacmonaratorcst B 1€BOit
BapuabenpHOil yacT reHoMoB Bupyca BAUC. Iloctpoenue ¢unorenernyeckoro aepesa
HYKJICOTUAHBIX TocnenoBarensHocter MGF360 MeTomoM MakcMMaIbHOTO TPaBJIOIONO-
6us (ML) moxa3piBaet kiactepuzanuio nocienosarenasnocreit MGF360 13L u 8L B on-
HOU cyOKJaje co 3HaueHHeM OyTcper MOoAepKKH y3ia paBHeIM 100 (TaHHBIE HE IPUBeE-
JeHbl). B To ke BpeMs BhIpaBHHBAaHHE aMUHOKHCIIOTHBIX IMOCIIEIOBATEIbHOCTEH TCHOB
MGF360 13L u 8L ¢ aMmrHOKHCIOTHBIMHA TTOciaenoBareabHocTIMU reHoB MGF360 4L u
6L, pacnomararomuxcs 6a3aipHO IO OTHOIICHHUIO K CYOKITaze, BKITfoUaromei B ceds cyo-
knany MGF360 13L u 8L, mo3BosisieT BBISBIATH IUIE3MOMOP(]HBIE U CHHATOMOP(HBIE
COCTOSIHMSI aMHHOKHUCIOT W AMHHOKHCIIOTHBIX HMO3HLHUHA BHYTPH IOCIEIOBATEILHOCTEH
MGF360 13L u 8L. BaiiecoBckwuii BeiBog 1uist rena MGF360 13L moka3biBaeT cyIecTBo-
BaHHE JIBYX OCHOBHBIX BeTBel sBomonnu BAUC, kaxknas U3 KOTOPBIX JEIUTCS Ha JIBE,
YTO COOTBETCTBYET NMPHUBEAEHHBIM BbIIIe AaHHBIM (puc. 2 E.). 3a uckimoueHneM nocre-
PHOpHOH BEpOATHOCTH Yy37a CyOKJIazpl, BKIIOYAIOIIEH B cedsl IOCIeq0BaTeIbHOCTD
Georgia 2007/1, Bce ocTanbHbIE y37bl HIMEIOT MaKCUMATBHYIO TOAIePKKY. CpaBHUTEIb-
HBIM aHaJM3 aMMHOKHCIIOTHBIX rocienoBaresnsHocTeld renoB MGF360 13L u 8L mo3Bo-
JSIeT BBUIBUTH KaK CHHANIOMOpGHHU CyOKIIal, TaKk U MapCHMOHMHHO HH(POPMATHBHBIE MO-
sunuu (puc. 1B). Brisenenne cuHanmomMopduii mMo3BOISIET KIACTEPU30BaTh MOCIEIOBAT-
empHocTt MGF360 13L no Tpém cybrmamam: 1. Malawi Lil-20/1, Ken06.Bus,
Ken05/Tk1 u Kenya 1950, 2. Mkuzi 1979, L60, Benin 97/1 u E75, 3. Tengani 62, Preto-
risuskop/96/4 Warmbaths u Warthog. Bompoc cucremarnueckoro monoxkenus Georgia
2007/1 He omHO3HAYeH. AHANMN3 CHHAMOMOP(UH aMHHOKUCIOTHBIX TOCIIEI0BATEIHHOC-
teii rena MGF360 13L mokaseiBaer, uro Ha N KoHIe Oelika IOCIENOBATEILHOCTD
Georgia 2007/1 xnactepusyercst BMecTe ¢ nociemoarenpHocTsimu MKkuzi 1979, L60,
Benin 97/1 u E75, torga kak Ha C KOHIIE BMECTE C TOCIIEN0BATENBHOCTIMU Tengani 62,
Pretorisuskop/96/4 Warmbaths u Warthog (puc. 1B). Bonee toro, u3 pucynka 1B BujHo,
410 nocienoBarenbHOCTh Georgia 2007/1 Ha C KOHIIE aMUHOKUCIIOTHOM MOCIIEA0BATENb-
HOCTH HMMEET 2 CHHAIOMOpP(HHU C IMOCieqoBarebHOCThI0 Tengani 62, 4To mo3BoJseT
TIPEATIONIOKUTE JIMO0 HEPEIMIPOKHYIO Nepeiady reHeTndeckor napopmarmu ot Tengani
62 (v OM3KOPOJCTBEHHOU MmocienoBarenbHOCTH) K Georgia 2007/1 (vimi mpenkoBoMy
o orHomeHuto Kk Georgia 2007/1 nzonsty), 1100 peKOMOMHAIIMOHHOE COOBITHE MEXKTY
yKa3aHHbIMH Bapuantamu. baiiecoBckuii BoiBoa ajist C konna nporennos MGF360 13L
MOATBEPXKIAET ITO NPEATIONOKEHNE, XOTS U ¢ HU3KUM 3HauYCHHEM IIOCTEPUOPHON Bepo-
STHOCTH y3J1a CyOKJTajbl, BKIIOUAoLIel mociemnosareabnoctu Georgia 2007/1 u Tengani
62 (puc. 2F). C 1enpr0 MOATBEPXKICHNUS PEKOMOHHAIIMOHHOTO/KOHBEPCHOHHOTO COOBITHS
MeXIy mocienosarensHocTsMu Georgia 2007/1 u Tengani 62 Hamu ObLIM HUCITOIB30BA-
HBI pa3JIMuHbIe TIPOrPaMMBI, BXOZsIIME B rakeT nporpaMm RDP4 v4.66, npeana3zHaueH-
HBIE JUIS BBISBJICHUS KOHBEPCHOHHBIX M PEKOMOWHAIMOHHBIX coObITHH. [Ipn momorm
nporpamm RDP, GENECONYV, BootScan, MaxiChi, Chimaera, SiScan u PhyPro namu
Ob1T0 OOHAPYKEHO OZIHO COOBITHE TI0 Mepesiade TeHeTHIECKOi HHPOpManH OT HOCIEN0-
BarenbHOCTH Tengani 62 wimu GIM3KOPOIACTBEHHOW MOCJIENOBATEIBHOCTH IO HaIpaBJie-
HUIO K mocnenoBarensHocTr Georgia 2007/1 wnu k npeaxosoit st Georgia 2007/1 mo-
CJIeI0BAaTEeTIFHOCTH, HadmMHaromeecss ¢ 528 HykiIeoTHaa W mpomospkatomeecs mo 1062

(puc. 3).
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E75 FNS57520 MGF380-13L

Mozl 1979 AY261362 MGF380-13L

Georglz 20071 FRE324ES 380-13L

Warthog AY261386 MGFI80-13L

Wanmbams AY251365 MGF350-13L

Preforisuskop 964 AY261363 MGFI50-13L

Tenganl 62 AY251354 MGF35013L

Matzwl LIF20'1 (1333) AY261351 MGF380-13L

Kend5 Bus KM111295 MGF350-13L

Kend5Tk1 KM111294 MGF380-13L

Kenya 1950 AY261360 MGF380-13L
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Puc 3. A. Jlokannzanusi peKOMOHHAIIMOHHOTO/HEPEIIUIIPOKHOTO COOBITHS CPeIi HYKJICOTHIHBIX
nocnenoBatensHocteit MGF360 13L. MuHOpHO# peiKoBoi MOCIe10BaTebHOCTRIO ObLIa
omnpezeneHa nocieaoateabHocTh Tengani 62. B. UPGMA nepeBbs ¢l mo 528 Hykneotun u ¢ 529
o 1062 HyknIeoTHn.

Ioctpoenue ¢umorenerudecko rumnore3bl merogoM UPGMA mpu momomnyu ma-
keta nporpamm RDP v.4.66 noateepaniio noiydeHHbIe AanHbie (puc. 3. B.).

[IpucyrcTBue B 16 MOTHOCTHIO CEKBEHUPOBAHHBIX TEHOMAX IOJIABIISIONIETO O0JIb-
IIMHCTBA TEHOB MYJIFTUTCHHBIX CEMEHCTB yKa3bIBaeT Ha MX MapaJOrnIHOE IPOUCXOK/Ie-
Hue.B To e Bpems HalMuue B OT/ENBHBIX H30JIITaX HHAMBHyaIbHBIX TeHoB MGF yxka-
3bIBAaET Ha MX OPTOJIOTHYHOE NpoucxoxaeHue. Hammuwme napanoroB MGF nonpasymesa-
eT AYIUIMKalUH HadyaJIbHOTO HEOOJIBIOTO KOJIMYECTBa TCHOB, KOTOPBIE B KOHCYHOM HUTOTE
MOXKHO CBECTH K OJHOMY, obmeMy a1 naHHoro MGF, annecrapiasHomy reny. [Tpumene-
HHE aJTOPUTMOB MaKCHUMAaJIBHOTO IIPaBJOIOA00US U MAaKCUMAaJIbHOM NapCUMOHHU TI0 OT-
HoOIIeHuIo K napanoraMm MGF mo3Bossier BEICTpanBaTh (hUIOTEHETHYECKHUE THIIOTE3BI.
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[Ipu sTOM HIEepeyKkOopeHeHne He HapylIaeT (pUIOreHeTHYECKUX B3aMMOOTHOLICHUH
BHYTpH OMU30K0poAcTBeHHBIX TeHoB MGF, nmeromux npsimoro obmiero npenka. Takum
00pa3oM, Takne TPyMIbl MOTYT OBITh OXapaKTepHU30BaHbl KaK MOHO(QHIETHYECKHE, YTO B
CBOIO Ouepesb MO3BOJSAET HEPEAKO BBUIBILITH AHIECTPATIBHOE COCTOSHHE NPH3HAKa MO
JAHHOW HYKJICOTHMIHOW WJIA aMUHOKHMCIOTHOM Mo3uiuu. Taxkoil moaxon MO3BOJIMI HaM
BBIABUTH M OXapaKTEpPHU30BaTh KaK CHHAIIOMOP(HBIE JEICINH ABA WHJENIA BHYTPU I'€HOB
MGF110 12L, 13L u 14L. [lepBas u3 aeneruii SBasSeTCsS CHHATOMOP(HOM IS IO CIIEH0-
BarenbHOCTelr MGF110 12L Georgia 2007/1 (remotun 1), Warmbaths (renotum I11/1),
Warthog (rexotum 1V), Mkuzi 1979 (resotun I/VII), L60 (renotum 1), E75 (renotun 1) u
Benin 97/1 (renorun I), pacnonaras ux CeCTpMHCKM IO OTHOLIEHUIO K CcyOKiazge, co-
cTosiiel 13 nocnenoBarenpHocTeit Malawi Lil-20/1 (1983) (renotun VIII), Ken06.Bus
(renorun 1X), Kenya 1950 (rerorun X) n Ken05/Tk1 (rerorun X). B cBoro ouepens mo-
cnenoBarenbHOCTH Mkuzi 1979, L60, E75 u Benin 97/1 uMmeroT cuHanmoMopQHYIO 1erne-
o B rerax MGF110 12L, 13L u 14L, 9To n0Ka3bIBaeT WX MOHO(HIETHIECKOE TIPOHC-
XOXJIeHHe. DTa rpyIna Iocie[0BaTeNbHOCTeH 00pa3yeT CeCTPUHCKYIO CyOKIIamy 1o OT-
HOIIEHHIO K mocnenoBarenbHocTsAM Georgia 2007/1, Warmbaths, Warthog.

Cxoxast kaptuHa oOHapyxuBaercst u cpeau renoB MGF360 13L. baiiecoBckuii
aganu3 pacnpenenser nociexoBarensHocth MGF360 13L mo tpém cyOknamam, mpu
sToM, B oTinune oT reHoB MGF110 121, pacnonmaras mocriemoBateiapHocTs Georgia
2007/1 6a3anpHO MO OTHOIICHHUIO K mociemoBarensHocTsIM MKuzi 1979 u reHotumna |.
OnHako CpaBHUTENLHBIN aHAU3 HE MO3BOJISIET BRIABUTH cuHanomopduu Georgia 2007/1
n nocnenosarenbHocTeit Mkuzi 1979, a Take renoruna l. [lapcumonnitno napopma-
TUBHBIE MO3UINH, OOBEIUHSIONINE ATH TTOCIIEI0BATENEHOCTH, MOTYT OBITh Kak CHHAIO-
MOpQHAMH, TaK U TUIE3HOMOPGHBIMA COCTOSHUSAMH HYKICOTHUAHBIX Mo3unuii. MiHTEepec-
HO, uT0o C KOHEI] aMHHOKHCIIOTHOH mocienoBarenbHOCTH Georgia 2007/1 uMeeT He TOIb-
KO TMTapCUMOHHMIHO MH(OPMATHUBHBIE IMO3UINH, XapaKTEPHU3YIOLIHNE MOCIIE0BaTEIbHOCTH
Warthog, Warmbaths, Pretorisuskop/96/4 u Tengani 62, HO Takke cuHaroMopduu ¢ moc-
nmenoBarenbHOCTEI0 Tengani 62, 9TO yKa3blBaeT Ha IPOUCXOXKICHWE 3° YacTH TeHa
MGF360 13L Georgia 2007/1 ot Tengani 62 wim OIH3KOPOACTBEHHON TOCIEIOBATEIb-
HOCTH, 4TO OBLJIO MOATBEPIKACHO MPH MOMOIIH nakera nporpamm RDP v.4.66.

baiiecoBckue BriBOjBI st renoB D1133L, A859L u D129L, nepeykopeHEHHBIE
Ha ocHOBaHMM cuHarnoMopduoii nenerun MGF110 121, Taxke ykas3bIBalOT Ha CYIIECT-
BOBaHHE JIByX OCHOBHBIX BETBEH IBOJIIOIMH, COCTOSIIINX, C OAHOW CTOPOHBI, U3 MOCIIEN0-
BarenbHOcTed reHotunos VI, Xl u X, a ¢ apyroit — u3 mocnenosarensuocreit I, 11,
I/VIL, 1V, XX/T u V/I rerorunos. Tlpu stom nocnenoBatensHocTu Pretorisuskop/96/4,
Tengani 62, Warthog u Warmbaths B cnydasx c¢ remamu MGF110 12L, A859L u
MGF360 13L obpasytor cyOkyiajibl, YTO yKa3blBacT Ha MX MOHO(MWIETHYECKOE IPOMC-
xokaerne. Onnako mo reHam D1133L u D129L st mocienoBaTenbHOCTH HE 00pa3yIoT
cyOKIaz ¥ pacroiararoTcst 0a3aJbHO MO OTHOIICHHUIO K MOCIIEI0BATEIbHOCTSIM TEHOTHIIA
I. D10 MOXeET OBITH OOBSICHEHO BBICOKMM YPOBHEM KOHCTAHTHOCTH 3THX T'€HOB W, Kak
CJIE/ICTBHE, OTCYTCTBUEM CHHATIOMOP(UIA ATHX TOCIIEI0BATEIBHOCTEH.

ITo renam MGF110 12L u MGF360 13L mocnenosarensHocTt Mkuzi 1979 pacmo-
JlararoTcsi 0a3aibHO MO OTHOIIEHHUIO K MocienoBaresibHoCTsIM reHotuna |. Takast kapTiHa
MMEET MECTO MO TOJABJIAIOIIEMY OOJNBIIMHCTBY T'€HOB M aMHMHOKHCIOT 16 TOTalbHO
cekBeHHpoBaHbIX reHoMoB BAUC (naHHbIe He omnmyOnuKoBaHbl). B To ke Bpems 1o Heko-
TOPBIM T€HAM U aMUHOKHUCIIOTHBIM MOCIEA0BATENLHOCTIM nocheaoBarensHoctn MKuzi
1979 BemagaroT W3 CyOKIaabl, BKIFOUYAIONICH ITOCIEAOBaTeIbHOCTH TeHoTuna | (reH
AS859L, puc. 2A), 4To MOXKeT OBITh 0OBSICHEHO JBYMs B3aMHO HE UCKITFOYAIOLINMHU TPHU-
yuHamMH (cM. HIke). Cxoxas cuTyanusi HaONIONAeTcss W ¢ TIOCIIENOBaTEIbHOCTSIMA
Georgia 2007/1. TTo reny MGF110 12L nocnenorarensrocts Georgia 2007/1 pacmona-
raeTrcs 0a3aiIpHO IO OTHOIIEHHUIO KO Beel cyOkmane (puc. 2A). OqgHako Mo reHam
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MGF360 13L. D1133L u D129L nmocnenoBarensrocTH Georgia 2007/1 pacmonaratorcs
0a3aJBpHO 0 OTHOMICHHUIO K MOCIIEA0BATENFHOCTAM reHotuna |, a mo reny A859L mo ot-
HOIICHUIO K ToclienoBarensHOCTsIM Pretorisuskop/96/4, Tengani 62, Warthog m Warm-
baths (puc. 2).

C omHoi#t cTroponsl, mocienoBareapaocTr Mkuzi 1979 u Georgia 2007/1 mo Heko-
TOPBIM T€HaM MOIVIM COXPAHUTh B ceOe OONbIIIe aHIIECTPAIbHBIX IPU3HAKOB U HE NMETh
YyacTH cuHaroMopduii cyOKiaapl, BKIIOYAIOIIEH mociienoBarensHocTi renoruna . {py-
MM O0BSICHEHHEM 3TOro (heHOMEHa MOXKET OBITh PEMIPOKHAS/HEPEUIIPOKHAS Tepea-
Ya reHeTHYeCKoW WH(OpMalu MEXIy pa3sHbIMU reHoTHamu. Hamm HeoryOauKoBaH-
HBIE JTaHHBIE 110 0AHEeCOBCKUM BBIBOJIAM, MOJyYEHHBIE IT0 OTHOIIEHHIO NMPAKTUYECKH KO
BCEM TeHaM 16 TOTaJIbHO CEKBEHWPOBAHHBIX T'€HOB, ITOKAa3bIBAIOT, YTO B HEHTPAIbHOU
HeBapuabeNnbHOM YacTH MOCiIeI0BaTeIbHOCTH TeHOB n3onsaTa Georgia 2007/1 knactepu-
3yIOTCS B OCHOBHOM 0a3aJIbHO MO OTHOIICHHUIO K MochenoBatensHocTssM MKuzi 1979 u
reHOTHIIOB |, a o BapnOOeIbHBIM (JIAHKaM OHM HEPEIKO MONaJaroT B OHY CyOKIamy ¢
mocnenoBarenbHOCTAME Pretorisuskop/96/4, Tengani 62, Warthog m Warmbaths. B Heko-
TOpPBIX CiIydasx mocienosarenbHocT Georgia 2007/1 momamanu B CyOKiIamy ¢ moCcieno-
BatenpHOCTSIME TeHOTHOB VI, IX 1 X. DTH ¢akTel Takke yKa3plBalOT HA PEKOMOWHA-
IIMOHHOE/KOHBEPCHOHHOE TPOUCXOXKICHWE YacTH TeHoB m3oisra Georgia 2007/1. B
TMOJIB3Y ITOM THIOTE3bI TOBOPUT reorpaduueckas Hepa3o0MEHHOCTh TEHOTUIIOB, CPEaX
KOTOPBIX OOHApYXHMBAIOTCSl MPEIIOJIOKHUTENbHBIE COOBITUS TI0 O0MEHY TeHETHYECKHM
MaTepHaJIoM MEXAy pa3IuYHbBIMHU FeHOTUIIaMH [6].
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POJIb XOJIMHOBBIX Y®HUPOB N-3AMEIIEHHBIX-a,p- IETAIPO-
AMHWHOKHUCJIOT B KOPPEKIIMU CUHAPOMA HU3KOI'O
TPUUOATUPOHUHA IITPU TEMUCEKIUA CIIMHHOI'O MO3I'A

B.O. TOIIY35H, T.C. XAUATPAH

Hayuno-mexnonozuueckuii yenmp opeanuyeckoti u gpapmayesmuyecxou xumuu HAH PA
tskhachatryan@outlook.com

HccenenoBanuch KOHIEHTPALMH TUPEOTPOIHOTO TOPMOHA THIIO(GH3a U THPEOUIHBIX IOp-
MOHOB B CBIBOPOTKE KPOBH y KPBIC IIPH TEMUCEKIUU CITHHHOTO MO3Ta ¢ HaJIW4YUEM CHHAPOMA HU3-
KOTO TPHHOATHPOHHUHA, 0 H MOCIE U30JIMPOBAHHOIO BO3AEHCTBUSA CBepXManbIX 103 10~ M xonu-
HOBBIX 3(HpoB N-3aMeIEHHBIX-0, 3-IerHAPOaAMUHOKUCIOT. [T0Ka3aHo, 4TO B YCIOBUAX IeMUCEK-
LUK CIIMHHOTO MO3Ta y KpBIC HAOMIOAI0Ch CHHKEHHE KOHIIEHTPAI[MH CBOOOJHBIX TUPEOHIHBIX
TOPMOHOB B CBIBOPOTKE KPOBH, BBI3BaHHOE IAaTOJOrMEH IMMTOBUIHOH xene3bl. [locne msommupo-
BaHHOT'O BO3JICUCTBUS CBEPXMAJIOH J03bI 10° M XONMHHOBBIX a¢upoB N-3aMenIéHHBIX-0, [3-1eru-
JIPOAMHUHOKHCIIOT B CBIBOPOTKE KPOBHU Y KPBIC B YCIOBUSIX FeMUCEKIIMN CIIMHHOTO MO3ra HaOJIroqa-
JIOCh IIOBBIIICHUE YPOBHS CBOOOIHBIX THPEOUIHBIX TOPMOHOB, C JOCTHXKEHUEM TAaKOBOI'O y WH-
TaKTHBIX KUBOTHBIX.

Tupeompontvlil 20pMOH 2UNOGU3A — MUPOKCUH — IMPULIOOMUPOHUH —
XOMUHOBbIE IPUPbL — 2eMUCEKYLUSI CHUHHO20 MO32A

Syjwy hbwnwgnuingjwl bywwwyu £t hhwyndhgh phptnnpnw hnpdnuh W Juhwlwgbnah
hnpdnultph YnugGuwnpwghwih thnthnfunipjwu hGnwgnnnipintup wnuGwutph wpjwl 2hénlyned,
nnuntntnh  Yhuwhwwndwl  wwjdwulbnpnd® gwdp  wnphinnehpnupuh - uhdwwndh - wnw-jniejwu
nGwenud, N-inGnwywywé-a, B-nEhhnpnwJhlUwpeniubph funhuh  Grtpubph 10° U agbpgwén
swihwpwdUh wanbgnieintuhg wnwyg W hGunn: IGwnwagnuninie)nllutpp gnig Gu wndb, np nnunintnh
Yhuwhwwndwl wwydwultpnud wnuGwnutph Unnn nhnygnud £ wquwn phpGnhnwiht - hnpdnuutph
yUnugbuwnpwghwih  hgbgnd, npp wwpdwlwynpdwsd  Ep qthuULugl:néh whunwpwluntpjwdp:
N-inGnwywywé-a, B-nEhhnpnwdhbwepeniubnh funihuh Gebpubph 107 U gbpgwédn swithwpwdlh
dGyntuwgywé wgnbgnie)ntuhg hinnn nnuncntnh Yhuwhwwndwl wwjdwuubpnid, wnbGinubph wpjwu
2hénynud nhndnud £ phpGnhnwihu  hnpdnuuGph  Jwywpnwyh pwpépwgnid, hwulbing upwu
hunwywn yeunwuhutph Unin wpdwuwagpynn Jwywpnwyhu :

3hwndhah phntninpnuy hnpdnl — hpnpupl — winfynnshpnUpl —
unihUp EEnltin— nnuntn&nh Yhuwhwwinnd

The purpose of the present research is investigation of concentration of thyroid-stimulating
hormone and thyroid hormones in blood serum of rats at hemisection of spinal cord in presence of
low triiodthyronine syndrome, before and after isolated influence of ultra-low dose 10° M of
choline ethers of N-substituted-o, p-dehydroaminoacids. Results of investigations have shown that
in the conditions of spinal cord hemisection of in rats the concentration of free thyroid hormones
in blood serum was decreased caused by a thyroid gland pathology. After the isolated influence of
ultra-low dose of 10° M choline ethers of N-substituted- o, B-dehydroaminoacids in blood serum
of rats with hemisection of spinal cord the level of free thyroid hormones was increased to the
level observed at intact animals.

Thyroid-stimulating hormone — thyroxin — triiodthyronine — choline ethers —
spinal cord hemisection
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W3BecTHO, 4YTO HEHponereHepaTHBHBIE 3a0oneBaHus cnuHHOrOo Mosra (CM), B
TOM YHCJIE U paccMaTpuBaeMas B HacTosmieM uccienoannu remucekims ('MC), otHo-
cATCS K BaKHEHUIIMM HEPEIIEHHBIM IpoOJieMaM COBpEeMEHHOH MeaniuHH [2]. Cucrem-
HBIE TPOSABICHUS MOBpexAeHNH CM CBs3aHBI C IPOrPECCUPYIOLINM BOBJICUECHHEM B Ia-
TOJIOTHYECKUN Tpomecc TOpMOHaiIbHOH cuctemsbl [15]. MccnemoBanme THpeongHOMH
(GYHKIMM B TEUCHHE TEPBOM HENETH CO THS CIHHAIBHOTO IOBPEXICHUS IO3BOJMIO
BBIIBUTH U3MEHEHHE ypoBHel TupokcuHa (T4) u tpuitontuponuna (T3), koTopsle yxia-
JBIBAIOTCS B KapTHHY cUHApoMa Hu3koro Tpuionruponusa (CHT). IIpu sTom HE TOIBKO
3HAYUTEIBHO CHIKAETCs KOHIEHTpauus oduiero u ceobonuoro T3, HO M yMeHbLIaeTCs
xoHBepcus T4 B T3. CHT sBnsercsa yacTo BCTpeUaeMbIM U PaCIpOCTPaHEHHBIM MATONO-
THYECKUM COCTOSIHHEM B COBPEMEHHOW 3HIOKPHUHOJIOTUH, OJJHAKO B €T0 AUAarHOCTUKE U
Tepanuu ocTaércs MHOTO BOIIPOCOB, HE UMEIOIIMUX OJHO3HAYHOU TpakTOBKU. [TosToMy y
Y4€HBIX Pa3HBIX CTpaH He ociadeBaeT MHTEpeC K M3YUYEHHIO pa3nuuHbIX acnekros CHT,
00yCIIOBIICHHOTO CTOWKHM JAehuruToM Tupeonmasix ropmoHoB (TI) B opranmsme [20].
I'MC xapaxrepusyercsi TeM, 4TO B MecTe noBpeskaeHuss CM nponucxomur o0pa3zoBaHue
TIIHATEHOW MeMOpaHbI ¥ (POPMHIPOBAHNE COETUHUTEIHLHOTKAHHOTO PYyOIla, KOTOPEIH CiIy-
XKHUT OCHOBHBIM IIPEIISATCTBHEM JUISl IPOXOKACHHUS HEPBHBIX MMITYJIbCOB. B Hamem mpe-
IOBIIYIIEM HCCIIeOBaHNH [4] M0 BO3IEHCTBHIO TOPMOHABHBIX M (PepPMEHTHBIX Ipenapa-
TOB (IIPOTEONIUTHYECKUX U MYyKOJIUTHYECKHX ) TIPH CIIMHAIBHBIX MATOJIOTUsIX Pa3HOU cTe-
IIEHH WHTCHCUBHOCTH TIOKa3aHa IMOJOXKHUTEIbHAS POJIb TEPANEeBTUYECKUX, MAIBIX U
ceepxManbix (CM/ npemapartoB) TpUICHHA, XUMOTPHIICHHA, JIAA36I, 31acaTasbl, THaj-
YPOHUIA3BI M APYTHX.

OnmHMM M3 COBPEMEHHBIX HAIpaBICHHH (hapMarieBTHYECKONH XUMHU SBISETCS pa3-
paboTKa METOAOB CHHTE3a U M3yYEeHHE CBOIMCTB OHOJIOrnYeckr akTUBHBIX BemiecTB (BAB)
Ha OCHOBE HEHACHIIICHHBIX WM O,[-AeTHIpOaMHHOKUCIOT. XonHoBbe 3¢upsl N-3ame-
IIEHHBIX -0, 3-IETHAPOAMUHOKHCIOT (XDA) UMEIOT CPaBHUTENHEHO HEOOJBUIYIO HCTOPHIO.
ITo cTpykType OHM HATIOMUHAIOT AIIETHIXOJIHH, B CBA3U C YEM BBI3BIBAIOT B MOCIECTHUE TO-
II61 OOJIBIIION WHTEPEC C TOYKH 3PEHUS UX CHHTE3a M OMOJIOTHIeCKON aKTHBHOCTH. B mpo-
reccax CHHTe3a XA MPUMEHSIOTCSI OCHOBHBIE TTOJIOKEHNS, CYIIECTBYIOIINE B (hapMaries-
TUYECKON XUMHH, COTIIACHO KOTOPBIM NPOBOAMUTCS BBEIOOP COOTBETCTBYIOIIMX 3AIUTHBIX
rpym, croco0oB cuHTe3a ddupa, yaaneHue 3alUThl U BbIICICHHS KOHEYHOTO MPOIYKTa
[5, 6]. Cornacho [1], a¢upamu 1 aMHIaMH XOJIHA HATYPAJIBHOTO M CHHTETHYECKOTO Mpo-
HCXOXKIEHHST OCYIIECTBIISICTCS Psi/l BOKHEHINNX (DYHKIMI B OpraHM3Me MIICKOITUTAIOIIUX.
B npencraBieHHBIX HCCIEOBAHUSX, UCXOMAS M3 XMMHUUYECKUX M OMOJIOTMYECKUX OCOOEH-
HocTelt XDA, MPOBEICHO M3ydeHHe H3ommpoBanHoro Bosaeictanss CMJL 10° M XDA y
KpBIC B yCIOBUSX JieBocTopoHHeH narepambHoii TMC CM Ha ypoBre T9 ¢ Hamuuuem
CHT. Buytpumsbliieynbie UHbeKIMU XA npoBoauan B CM/] 10° M B Teuenue 14 moc-
JICOTICPalMOHHBIX THEH BO BCEX IPYIITax KHBOTHBIX.

Mamepuan u memooduxa. B HacTosmiem uccinenoBaHun B HayuyHo-TexHOJTOrHUECKOM
LICHTPE OpraHnueckoii u dapmareBTuueckoi xumun HanmonaneHoit AkanemMun Hayk PecriyOmiku
Apmennn ocymecTtnéH cuares 9 XOA. bonee moapobHo ¢ MeTogoM cuHTe3a XDA MOXKHO O3HA-
KOMHTECS B paboTe [14]. Bbutn momydeHs! clieayrone XUMHUECKHe COeTNHEHUS:

1.xonmuuoBbI# 3¢up N-(4-6pombensomnn)-3,4- TMOKCHMETHIICH-, [3-IeTuapod eHIITATaHHHA
(XD111);

2.xommHOoBEIH 3¢up N-6en3zonn-O-merwi-a,B-nerunporuposnna (X9/12);

3.xomuuoBsI# 3dup N-(4-6pombenzoni)-O-u3onponui-a,B-aeruaporuposuna (X 13);

4.xonmuuoBbIi 3¢up N-(4-6pomGensonn)-4-xiop-o,B-aeruapodennnanannna (X314);

5.xonunoBbIi 3¢up N-(4-6pomOenzonn)-O-meTui-a,B-aeruaporuposuna (X2/15);
6.xomunoBbIH 3¢up N-6en3onn-a,f-neruapopennnanannna (X2/16);

7.xonuHoBbI  3¢up  N-(4-u3006yTOKCHOEH30MIT)-O-H30MPOITHII-0L,B-IErHAPOTHPO3UHA
(X3A7);
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8.xomuuoBsIi 3dup N-(2-merokcubensomn)-O-mermi-a,B-aeruaporuposuta (X3/18);
9.xomuHoBIH 3dup N-(2-meroxcnbensonn)-O-uzonponui-ao, 3-neruaporuposusa (X23/19).

HccnenoBanus nposenens! Ha 120 kpbicax-camiax auHuM Buctap, maccoit 180 — 220 r.,
Ppa3nenéHHbBIX Ha 4 OJONBITHEIE TPYTIEL:

1.MHTaKTHBIE )KUBOTHBIC — 10 IT.;

2.xoHTpONBHEIE kKUBOTHBIE ¢ CHT — 10 mrt.;

3.KOHTPOJIBHEIE )KUBOTHBIE € JIeBocTOpoHHeH narepanbHoit [MC CM — 10 mrt.;

4.>xuBOTHBIE ¢ teBocTopoHHEH naTepanbaoit [MC CM ¢ CHT, nmomyyasmme CM/] 10-9 M
XDA — 90 mr. (o 10 mrT. Ha KaKABIA dQup).

B mpoBeneHHBIX cepusx HCCIEJOBAaHHH HCHONB30Banachk xupyprudeckas moxpens ['MC.
Bonee moxpobrHo ¢ meromukodr mposeneHuss [MC MOXHO O3HaKOMHTBCS B HCClenoBaHUH [8].
CHT muist rpyniisl KOHTPOJIBHBIX )KUBOTHBIX OBLI MOTyYCH IyTEM Ka)KIOMHEBHBIX BHYTPHMBIIICT-
HBIX MHBEKIHA mo3sr CMJL 10° M mpenapata “TIponmnTroyparir”’, TMOMYyYeHHOW Kak |
CM/[ 10"° M, MHOrOCTaKaHHBIM MeTOOM | 'aHeMaHa [3], momonbITHEIM KpbIcaM B Te€ueHHE 7 THEH.
B cpIBOpOTKE KpOBH ¢ MOMOLIbIO MeToa UMMyHOpepMeHTHoro ananuza (UMDA) ompenensiach
KOHIIEHTpanus THpeoTponHoro ropmona runogusa (TTT), ceoboansix T3 u T4 mocpencTBom um-
MyHOoepmeHTHOro ananmsatopa “RISER 8793”. B mnpoBemeHHBIX CepusiX IKCIEPUMEHTOB
npuHIMI paboTel HabOpa 3aKiovajics B ToM, 4to omnpenenenue yposHs TTI (umu TI') ocHoBano
Ha HUCIIOJIb30BAHUH KOHKYpEHTHOro BapuaHTa TBepaogpaszHoro MDA [7]. Cratuctuueckas obpa-
60TKa pe3yIbTaTOB MPOU3BOJMIACH C HCIONb30BaHUEM TAPAMETPUUECKOTO OJHO(PAKTOPHOTO JIHC-
MepCHOHHOro aHanmu3a (One-way Anova) ¥ HOCTAMCIEPCHOHHOTO aHanu3a XonMm-Cupaka c 1mo-
MolIbio makera nporpamm “Sigma Plot 12. 0 for Windows” u ‘Microsoft Excel 2013”. B nanubix
CepHsAX HCCICAOBAHUI HCHOJIB30BAIUCH TpadMKM THCTOIPAMM HAKOIUICHUs. [ McTOrpaMMebl ¢ Ha-
KOIUIGHHEM JJAHHBIX UCIIOJB3YIOTCS ISl CPAaBHEHHMS YacTel 0OIIero 3HauUSHUs U IPUMEHSIFOTCS IS
0TOOpa)KeHUsI N3MEHEHHUS CErMEHTa O0IEero 3HAYCHHs C BpeMeHeM. DKCIIEPUMEHTHI POBOIHINCH
¢ cobuoieHneM TPUHIMNOB “EBporneiickoil KOHBEHIIMU O 3aIlUTe TO3BOHOYHBIX )KUBOTHBIX, KO-
TOpPBIE UCHIOJB3YIOTCS Ul IKCIIEPUMEHTAIbHBIX U Jpyrux HayuHbIX neneir” (CtpacOypr, 1986) u
TIOCTAaHOBJICHNUS TIEPBOTO HAIMOHAIBEHOTO KOHTpecca 1o 6uostuke (Kues, 2001).

Pezynomamut u oocysyncoenue. B IpoBeIEHHBIX CEPUSIX UCCIECAOBAHUN Y KPBIC B
ycnoBusx jarepanbHoii TMC CM 6buto BoisiBiieHo Hamuune CHT, BhIpaxkarorieecst B
PE3KOM CHIKECHUU pedpeHCHBIX quana3oHoB KoHieHTpanun (PIK) ceobomusix T3 u T4
(puc. 1, rpymmet 5, 6) B CBIBOPOTKE KPOBH 110 CPABHEHHIO ¢ X HOPMAIHBIMU 3HAUYCHHUSI-
M (puc. 1, rpynmst 2, 3).

PJIK

Puc. 1. PIK xonuentpauuu TTT (rpymmna 1), cBo6oaHoro T3 (rpynmna 2) u ceoboaHoro T4 (rpynna 3) B
CBIBOPOTKE KPOBH B HOpME, B ycioBusx narepanbaoil [MC CM (TTT (rpymma 4), ceoboausiii T3 (rpymma 5),
cBoOoaHbIi T4 (rpynma 6)) u y kpbic ¢ Mojgenbpto CHT 6e3 CrMHANBHBIX MTOBPEKICHUI
(TTT (rpynma 7), ceoboanstit T3 (rpynmna 8), cBo6oanslit T4 (rpynmna 9)). Konnenrpamus TTI Bbipaxena B
MKME/mn; cBo6oanoro T3 — B Hr/mit; cBo6oaHoro T4 — B MKr/Mit. UKCITO )KUBOTHBIX B KaXK/IOW pac-
cmarpuBaemoit rpymme (n=10). IToctaucnepcronustii aHanu3 XonM-Craka IIpyu CpaBHEHHH BCEX TPYIIIT
F=91.49, p <0.001.
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Hocroseprocts Hammuust CHT B Hammx mcciaeqoBaHUAX ITOATBEP)KICHA PErucTpa-
el aHagornvHeix casuroB PJIK cBobomubix TI' B CHIBOPOTKE KpOBH Y KphIC O€3 crm-
HaIBHBIX MOBPEXIeHUH Ha skcnepuMeHTanbHoi Mogemn CHT (puc. 1, rpymmer 8, 9). Uro
xe Kacaercst mokaszareneit PIIK ceBoporounoro TTI', To oHEM B NpOBENEHHBIX CEPUAX
HCCIIEZIOBAaHUM OCTaBAINUCh HeU3MeHHBIMU, uTo npucyine CHT (puc. 1, rpymmsr 1, 4, 7).

Puc. 2. DddexTs! H30TMPOBAHHOIO BO3ACHCTBHUSI CBEPXMAIION 03B 10° M X211 — XDJI5 na
n3menenne PJIK xonnentparmu TTT u cBo6omHbIx TI' B CHIBOPOTKE KPOBH Y KPBIC B YCIIOBHSIX
JIaTepaIbHOM T€MUCEKLIMU CIMHHOIO MO3Ia C HAJIMYMEM CUHPOMA HU3KOro TpuioaTuponusa. TTT
—rpymmsl 1, 4, 7, 10, 13; cBo6oanstit T3 — rpymmst 2, 5, 8, 11, 14; cBoboxuslii T4 — rpymist 3, 6, 9,
12, 15. Konuenrpamus TTI Beipaskerna B MKME/Mit; cBoboarOr0 T3 — B Hr/M™MIT; cBoboaHOTO T4 — B
MKr/MII. UHCiIo )KUBOTHBIX B KaXKI0M paccmatpuBaemoii rpymme (N=10). TlocTauciepcnoHHbIit
ananm3 XonM-Crpaka rnpu cpaBHeHnH Beex rpymt: F=55.21, p <0.001.

JlaHHast 3aKOHOMEPHOCTb, YCTAaHOBJICHHAS B HAIINX MCCIECJOBAHMAX, MTOJTHOCTHIO
COIJIacyeTCsl ¢ pe3ysibTaTaMH MCCIEOBAaHMH psia 3apyOeKHBIX aBTOPOB IO aHAJIOTHY-
HOW paccMaTpuBaeMoii mpobieme [16, 17]. B crenyromeit cepuu ucciejoBaHu, HCXOAS
13 MOJIyYEHHBIX B MPEeAbIAYIIEH cepuu pe3ylbTaToB, HAMU H3y4aJoCh U30JUPOBAHHOE
Boszeiicteie CMJT 10° M XDA B ycnosusix TMC CM ¢ mammanem CHT 'y kpbic (puc.
2, 3). Ha puc. 2 mpuBe/ieHbl HAKOMUTENbHbIC quarpammbl u3menenus: PJIK cBo6oaHoro
T3 u cBoGogHOTO T4 M MX HEM3MEHHOCTH B OTHOIIEHNH TTI" B yCIOBHAX OCTPOTO CIH-
HaJBHOTO MOBpeXxaAeHus. [IpoBeieHHbIe HAMU UCCIIEI0OBaHUS WUTIOCTPUPYIOT BOCCTaHO-
ButenbHOe BozaeiicTBue X3/ 1 — XO/15 B orHomennu PJIK cBobomubx TI" mpakTudec-
KH{ C JIOCTMDKEHHEM TAaKOBBIX Y MHTAKTHBIX )KUBOTHBIX (puc. 1, rpynmsl 2, 3). Kak BunHO
Ha puc. 2, cucreMarnueckne ammmakarmn CMJ] 10° M X311 (puc. 2, rpymst 2, 3),
X322 (puc. 2, rpymmsl 5, 6), X33 (puc. 2, rpynms 8, 9), X314 (puc. 2, rpynmsr 11,
12) m X35 (puc. 2, rpymmsl 14, 15) crocoOCTBYIOT BOCCTAHOBJIECHHIO 10 HOPMBI
HapymeHHbsIx Benencrsue ' MC u CHT noxkazateneit PJIK cBo6oausix TT: T3 u T4.

Uro xe kacaercs uccinenoBanus PIK TTI' B cbIBOPOTKE KPOBU y CHHMHAIBHBIX
KpbIC (puc. 2, rpynmsl 1, 4, 7, 10, 13), To mocne Boznerictus CM/] 10° M XDA, oH oc-
TaBaJICS] HEM3MEHHBIM IO CPAaBHEHHIO C TAKOBBIM y MHTAKTHBIX JKUBOTHBIX (pHC. 1, Tpyn-
ma 1), y kpeic ¢ IMC CM (puc. 1, rpynna 4) u y xpeic ¢ Mmoaensto CHT 0e3 Hamuuns
I'MC (puc. 1, rpynma 7).

Ha puc. 3 npezacraBieHbl pe3yabTaThl UCCICIOBAHUM 110 M3YYEHUIO 3aKOHOMEp-
Hoctert m3menenus P/IK ceobonubix TI' B ceiBopoTke KpoBH y kpbic ¢ TMC CM c Hanu-
yuem CHT mocne uzonmupoannoro Bozzaeiictsust CMJ] 10° M XD3/16 — XD/19. B orux
HCCIIEAOBAHMSX, aHAJIOTHYHO MPEIbITYIINM CEpPHsIM, 3apETUCTPUPOBAHO MPOTEKTOPHOE
nerictBue XDOA: X2J16 — XO/19 B otHomennu PJIK cBobomubix TI™ Takke ¢ gocToBEp-
HBIM HPUOJIMKEHHWEM K MHTAKTHBIM 3Ha4YeHusIM (puc. 1, rpynmst 2, 3).
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Puc. 3. DdpeKThl H30TMPOBAHHOTO BO3ICHCTBHS CBEPXMAIION JT03bI 10°M X216 — X219 na
n3menenue PIK konuentpauuu TTT u cBo6oanbix TI' B CBIBOPOTKE KPOBH Y KPBIC B YCIOBHUIX
JlaTepajgbHON I'eéMUCEKLUY CIMHHOI'O MO3Ta C HAJIMYMEM CHHIPOMAa HU3KOTO TPUHOATHPOHHHA.
TTI — rpynmst 1, 4, 7, 10; cBoGoansiii T3 — rpynmst 2, 5, 8, 11; cBobonuslit T4 — rpymnmst 3, 6, 9,
12. Konnenrparws TTT Beipakerna 8 MKME/Mit; cBoboaroro T3 — B Hr/mit; cBo6oaHoro T4 — B
MKr/Mit. YUCTIO )HUBOTHBIX B KaxKaoi paccmatpuBaemoii rpymme (N=10). [ToctaucnepcHoHHbIit
aHanmm3 XonMm-Cumaka npu cpaBHeHHH Beex rpymn F=77.38, p <0.001.

Kak Buano Ha puc. 3, cucreMarnyeckue anmmkanun CM/] 10°M X216 (puc.
3, rpynmst 2, 3), X317 (puc. 3, rpymnst 5, 6), X338 (puc. 3, rpymmst 8, 9) u X219
(puc. 3, rpymmsr 11, 12) ciocoOCTBYIOT TOBBIIIEHUIO HapyIIeHHBIX Benenctsue [MC n
CHT mnoxkazareneit PIK cBo6omusix TI': T3 u T4. Uto ke kacaercs uccineaoBanus PJIK
TTT B CBIBOPOTKE KPOBH Yy CHHHAIBHBIX KpbIC (puc. 3, rpynmsl 1, 4, 7, 10), To mocie
Bosaeiicteust CMJI 10° M XDA oH Tarke, Kak ¥ B MPEIbIIyIIEM PaccMaTPUBAEMOM
ClTy4yae, OCTaBaJICSI HEM3MEHHBIM 10 CPABHEHHIO C TAKOBBIM Y MHTAKTHBIX, CIMHAIBHBIX
KpbIC U 'y )KuUBOTHBIX ¢ CHT 6e3 cimHHOMO3TOBBIX TpaBM (puc. 1, rpymmsr 1, 4, 7).

AHanu3upys pe3yibTaThl MPOBEACHHBIX CEPHIl HMCCIIEIOBAHHUMA, MOXHO CIENaTh
BBIBOJ O TOM, YTO M30JMPOBAHHOE NpUMeHeHue B Teuenne 14 queit CMJI 10° M XA B
YCIOBHAX OCTPOTO CIIMHAIBHOTO MOBPEXAEHHUS C HAJHMYUEM IaTOIOTHYECKOTO COCTOS-
nust tunia CHT neMoHCTpHpyeT rpoMaHbIi HOTeHIHAN OMOJIOTMYECKOW aKTHBHOCTH UC-
MOJIb3YEMbIX XMMHUECKHX COEJANHEHUH, OTHOCAIINXCS K 3pHUpaM XOJIrHa, KOTOPBIH MO-
KeT OBITh UCIIONIB30BaH s 3(PPEKTUBHOTO BO3JCHCTBHS Ha OMOXMMHUUYECKHE U (HU3HO-
JIOTHYECKUE MPOLECCHl U UX perynanuto. [IpuHuMas BO BHUMaHKE, YTO HAMH B HAaCTOA-
IIUX WCCIIEIOBAaHUAX YCTAHOBJIEH (aKkT MpOTEKTOpHOTO Bo3neicTBrst CM/] 10° M XDA
B OTHOWIEHNH TporeccoB perynupoBanus P/IK cBoboxnsix TI' B CBIBOPOTKE KpOBH Y
cnuHaNBHBIX KpbIc ¢ HammaueM CHT, JOTW4HO HpeAnonoXuTh, YTO W BBICOKas Qap-
MaKOJOTHYECKast aKTHBHOCTh HCIOJIb30BAHHBIX XUMHUYECKUX COEANHEHUH, OTHOCSIIHX-
¢ K XDA, comepkanux MaTepuanbHble KoHIeHTpaun bAB, 6yner oOyciosiena 6mo-
JIOTUYECKUMHU CBOMCTBaMU 3TuX BemecTB. CornacHo [18], Tsbkénas TpaBMa MO3BOHOY-
HUKa, OCIOXXHEHHAS moBpexaeHrneM CM B BUIE€ €ro KOMIIPECCHH, Pa3MOKEHNUS, YaCTHY-
HOM WJIM TIOJTHOM pa3pbIBe, OCTaETCs OMHON M3 aKTyaJbHBIX MEJUKO-COIMATBHBIX PO0-
JIeM, Tak Kak BeJET K MIyOOKOW MHBaIMAHOCTH MOCTpalaBIINX. Beicokas dacrora mos-
BOHOYHO-CITUHAJILHON TPaBMBI COYETAETCS CO CIOXKHOCTBIO ITATOreHe3a TPaBMaTHIECKOM
6onezan CM. PaccrpoiicTBa B A€ATETBHOCTH Psijia OPraHOB U CHCTEM, HEMIOCPEACTBEHHO
HE TIOCTPaJaBIINX IPH TPaBME, CO3/AIOT HOBBIE MHOTOOOpa3HbIE MATOJOTHYECKHE CH-
Tyaiuu. B JeHepBHPOBAaHHBIX TKAHAX IOBBIIIACTCS YyBCTBUTENBEHOCTH K BAB (amerui-
XOJIMHY, aAPSHAINHY | T. J.), BO3pacTaeT BO30yANMOCTb PEIECTITUBHBIX MOJEH, CHIKA-
eTcs TTopor MeMOpaHHOTO TMOTEHIMajla, yYMEHbIIaeTcs copepkanue AT, rimkoreHa,
kpearuHpocdara [19]. B mapeTHaHBIX MBIIIIIAX HAPYIIACTCS JTUITHIHBIN U YTIIEBOIHBINA
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0OMeH, 4TO BIMSAET HA MX MEXaHHYECKHE CBONCTBA — PACTSDKUMOCTh M COKPATHMOCTh,
cnocobcTByeT pernaHocTH. CKIIQABIBAIOTCS CBSI3H, HOCAIINE Pa3pyIINTEIbHBIN Xapak-
Tep. Bo3Hukaer yruerenue u GyHKIIMOHATIBHOE BBINAJICHAE Psiia CHCTEM, HETTOCPEICT-
BEHHO B TpaBMe He mocTpanaBmuux. [lox meficTBueM HENpepbIBHOTO MOTOKa adepeHT-
HOW MMITYJIbCAIlUM aKTUBHBIE HEPBHBIE CTPYKTYPHI BIAJAIOT B COCTOSHME Iapaduo3a u
CTAHOBSATCS] HEBOCIIPUUMYMBBIMU K CHENU(PHUIECKUM UMITyIbcaM. [lapaninensHo Gpopmu-
pyercs W JApyras JAWHAMHYECKas JMHUS — BOCCTAHOBUTEIHHO-IPHUCIIOCOOUTENBHBIX
(YHKIMOHATIBHBIX M3MEHEHU. B ycnoBusx riyOOKoil MaToONOTHM MPOHMCXOMUT OITH-
MaJbHO BO3MOXKHAs MEpecTpoiika MeXxaHM3MOB obecIieueHus afanTanuu kK cpeae. Opra-
HU3M [EPEeXOAUT Ha HOBBIH ypOBEHb rOMeOCTa3a. B 3TUX yCIOBUSX FHNEpPpeakTUBHOCTH
W HanpspkeHus popMupyeTcst TpaBMatudeckas 6onesus CM [12].

B nacrosamee Bpems naroreHe3 CHT HeusBecTeH, HO CyIIECTBYeT MHEHHE, YTO
OH MOJKET BKJIFOUATh CHIDKEHHYIO Tepudepudeckyio koHBepcuio T4 B T3, CHIDKCHHBIH
KIIMpeHc peBepcHoro T3 U moHmKeHHyIo criocoOHOcTh TI' K coeTMHEHNI0 ¢ THPOKCHH-
cszpBatomuM r100ynuHOM (TCT). IIpoTHBOBOCTIATUTENEHBIE IIUTOKUHBI ((PaKTOp HEK-
po3a omyxomnei o, NJI-1) MoryT OBITE OTBETCTBEHHHI 32 HeKOoTOphIe u3MeHeHus [13]. Cy-
IIECTBYET IUArHOCTUYECKAsl NMJIEMMa: UMEET M ManueHT runotupeo3 win CHT? Hau-
JIYYIIUM JJAOOPATOPHBIM TECTOM AJISI pa3pelleH s JUIeMMBI sBisieTcst ypoBenb 11T, ko-
Topblii B ciiyyae CHT 0ObIYHO HAaXOJUTCSI B HOPME WIIM YMEPEHHO TOBBIIIEH, HO HE TaK
BBICOKO, KaK 3TO MOIJIO OBITh IPU THIOTHPeo3e. B yCIOBUSAX CHHMHAIBHBIX MOBPEXKIe-
HUH, corsacHo [11], cieayeT MakCUMalbHO TOYHO Npou3BoauTh nuarHoctuky CHT c
LIENIBIO0 MCKIIIOYEHUS TUITOTHPEO3a U ycTaHoBIeHUd croiikoro Hanmnuua CHT. Ucxons u3
BBIIIEOTMEUEHHOI0, NOAXosIed MoxkeT okas3arbes Tepanuss CHT mpu octpeix cmu-
HaJIBHBIX MOBpeXJIeHUAX mocpeactsoM npuMmeHeHuss CMJ] BAB. Takumu, Ha Ham
B3I, SIBIITIOTCS XDA.

IlonBoas WTOrM NPOBEAEHHBIX HCCIEAOBAaHMH IO U3YUEHHIO H30JIMPOBAHHOIO
BosaeiictBus CMJ] 10° M XDA ma mozensx TMC CM ¢ mammuuem CHT, MoxHO cre-
JIaTh BBIBOJ O TOM, 4TO B IIEJIOM MMEETCS TIOJIOKHUTENBHBIN 3((HEKT BO3AEHCTBUS BCex 9
X3A B orHomennn m3MeHeHns PJIK ceBoporounsix TI'. Bce mpenapaTsl MpOSBISIOT
MPOTEKTOPHBIN (B GEKT B TAaHHOM paccMaTpUBaeMOM cliydae, Oyiarojapsi, BEposSTHO, UX
XMMHYECKOH CTPYKType U MOJEKYJSIpHBIM ocoOeHHocTsiM Bo3xeiictust CM/] adupos
xonuHa. [loyueHHbIe pe3yIbTaThl UCCIEAOBAaHHS COTJIACYIOTCS M C HALIMMHU HPEIbIAy-
My uccaenosanusmu [9, 10] orHocutensHo usmenenuss PJAK TTI u TI npu cnu-
HaJbHBIX Y TUPEOUTHBIX MATOJIOTUSAX.
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Duchenne muscular dystrophy (DMD) is an X-linked recessive, degenerative disorder and
is the most prevalent, devastating and fatal pediatric neuromuscular disorder in the world. DMD is
primarily caused by loss-of-function mutations in the dystrophin gene that result in either partial
and dysfunctional domains in dystrophin protein or complete absence of it, leading to contraction-
induced necrosis of skeletal muscle fibers and eventual replacement with adipose and connective
tissue. Ultimately, rapid and subjugating progression of myofiber degeneration and necrosis, along
with gradual attenuation and failure of regenerative capacity, rather than failure of muscle
development, result in the crippling phenotype of DMD. The X-chromosome-linked muscular
dystrophy (mdx) mouse is genetically homologous to human DMD but exhibits a milder phenotype
and evades severe end-stage histopathology. Histopathologic analysis revealed that skeletal
muscles of mdx mice exhibit drastically elevated levels of centrally-nucleated myofibers, similar to
humans with DMD, as a result of incessant cycles of dystrophic myofiber degeneration and
regeneration.

Duchenne muscular dystrophy — dystrophin — mdx mouse — necrosis - myofiber degeneration
and regeneration — centrally-nucleated fibers
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Mpimeynas guctpodus [lromenna (M/J]) sBiseTcs penecCUBHBIM JeTeHEPATUBHBIM
paccTpoicTBOM, CIEIUIEHHBIM ¢ X-XPOMOCOMOM, M CaMbIM PacHpOCTPAHEHHBIM, TSDKEIOTEKYIHM
U CMEPTEeNBHBIM II€ANaTPUIECKUM HEPBHO-MBINICYHBIM 3a0oneBanueM B mupe. [Ipu M/JIJ] myTa-
UM TeHa JUCTPO(HHA IMPUBOIAT K YACTHIHON WIIM MONHON IUC(OYHKIUH IPOTEHUHA TUCTPOpHHA
I K €ro OTCYTCTBHIO BOOOIIE, B pe3yibTaTe Yero pa3BHUBAeTCs HEKPO3 BOJIOKOH CKEJETHBIX
MBI, 00YCIOBICHHBIH UX COKpAIIEHHEM, H IEPEPOXKICHNUE UX B )KUPOBYIO M COCITUHUTEIBHYIO
TKaHb. B urore nnBanummsupytonmii penornn M/1J] o0ycioBiieH He HEAOPA3BUTHEM MBIIIIL, @ UX
OBICTPOIIPOTPECCUPYIOIIEH AereHepanyeil 1 HEeKpo30M U IOCTENEHHOW MOTepeil pereHepanruoH-
HOU cIOCOOHOCTH MBI, Moesb MBIIIM C MBIIIEYHOW TUCTpOGHEl, CIEMIeHHOH ¢ X-XpoMo-
comoii (Mmdx), renerndecku romoaorudHa MJIJ] yesoBeka, HO TPOSBISETCS MEHEE BBIPAKCHHBIM
(eHOTHIIOM B 0OXOAUT TSDKEIYIO THCTOIATONIOTHIO, XapaKTEePHYIO Il KOHEYHOH cTaguy O0JIe3HN.
I'HCTOMATOIOTHYECKUIl aHANN3 TTOKa3all, YTO CKEJICTHBIC MBIIIIBI MOX MBIIIH HMEIOT PE3KO MHOo-
BBIIICHHBIH YPOBEHb IIEHTPAIbHOSAEPHBIX MBIIICYHBIX BOJIOKOH, Kak M y GompHBIX MU/ metei,
YTO SABJISETCS Pe3yJIbTaTOM HENPEPHIBHO MOBTOPSIOLIMXCS LUKIOB JETCHEPALUU U pereHepalun
JUCTPOGHUIESCKUX MBIIICUHBIX BOJIOKOH.

Muvuueunas oucmpogus [iowenna — oucmpogun — mdx mviuts — HeKpPO3 — OeceHepayus u
pezeHepayusi MblUeYHbIX 60JI0KOH — YEHMPATlbHOSOEPHbLE MbIUEYHbLE BOJIOKHA

Duchene muscular dystrophy (DMD), an X-chromosome-linked recessive
disorder, is the world’s most common, severe, and lethal pediatric neuromuscular
disorder [9, 10, 15, 17]. It is caused by loss-of-function mutations, mainly large-scale
deletions and duplications, in the dystrophin gene that result in either complete absence
or loss of critical functional domains of dystrophin protein [10, 15-17]. This initiates a
complex cascade of prominent muscular dystrophy events leading to contraction-induced
necrosis of skeletal muscle fibers and their eventual replacement with adipose and
connective tissue [9, 10, 15-17].

Various animal models of muscular dystrophy have been identified, generated and
investigated with the X-chromosome-linked muscular dystrophy (mdx) mouse currently
being the most highly utilized animal model of DMD [1, 4, 12]. The mdx mouse has loss
of-function mutation in the highly conserved dystrophin gene (premature stop codon in
exon 23) resulting in deficiency of the highly conserved dystrophin protein in muscle thus
it is genetically homologous to human DMD [1, 13, 18]. Both mdx mice and boys with DMD
have striking elevations in serum creatine kinase (SCK) levels and total calcium content in
muscle cells [5, 11, 14]. However, mdx mice exhibit a more benign clinical phenotype
compared to the human disease as they remain reproductively viable, appear behaviorally
normal, have near normal life expectancy, exhibit cage activity indistinguishable from wild
type mice and do not develop crippling muscle weakness [2, 4, 15].

In the early stages of the disease the human DMD and mdx mouse skeletal
muscles share common histopathologic characteristics such as incessant cycles of
widespread degeneration and necrosis of individual dystrophic muscle fibers with
infiltration of macrophages, accompanied by extensive myofiber regeneration, resulting
in ubiquitous fiber size variation and large numbers of centrally-nucleated fibers in
humans [5, 20]. However, gradual impairment of the dystrophic muscle fiber
regenerative capability in humans with DMD results in failure to replace necrotic
myofibers, causing fibrosis and progressive decrease in muscle fiber numbers, and
eventually resulting in an insufficient number of muscle cells for mobility and
respiration [3, 7, 10]. On the contrary, in the later stages the disease process in mdx, the
mice is considerably milder and less progressive as the characteristic gradual failure of
myofiber regenerative capability, extensive connective tissue proliferation and fatty
infiltration observed in human DMD muscles are less evident in the mdx muscles [2, 5, 6,
8, 19, 20]. Thus, despite undergoing extensive
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skeletal muscle degeneration at an early age, the mdx mouse somehow mitigates the
severe end-stage muscle histopathology seen in humans with DMD [2, 5, 6, 8, 19, 20].
This study presents an in depth analysis of the pathology of gastrocnemius muscles of
adult mdx mice compared to age-matched wild-type mice.

Materials and methods. All animal experimental procedures were conducted in strict
accordance with the guidelines of the United States National Institutes of Health (NIH) Public
Health Service Policy on Humane Care and Use of Laboratory Animals and were approved by the
Subcommittee on Research Animal Care (SRAC), which serves as the Institutional Animal Care
and Use Committee (IACUC) for Massachusetts General Hospital (MGH) and Harvard Medical
School (HMS). Adult wild-type (WT) (C57BL/10ScSnJ) and mdx (C57BL/10ScSn-DMD™®/J)
mice were obtained from The Jackson Laboratory (Bar Harbor, ME, USA) and housed in standard
mouse cages in a pathogen-free facility, under constant room temperature and humidity, and 12/12
hour light/dark cycle. Both water and Prolab IsoPro RHM 3000 food (LabDiet, St. Louis, MO,
USA) were available ad libitum.

Adult male WT (n = 5) and mdx (n=5) mice were euthanized at 28 weeks of age via
carbon dioxide inhalation and cervical dislocation. Skeletal muscles were excised and embedded in
Tissue-Tek O.C.T. compound (Sakura Finetek, Torrance, CA, USA) and frozen in liquid
nitrogencooled isopentane (Sigma-Aldrich, St. Louis, MO, USA) for cryosectioning. Ten micron-
thick (10um) gastrocnemius muscle transverse mid-belly cross-sections, obtained at -22°C with a
Microm HMS505E cryostat (Microm International GmbH, Walldorf, Germany), were collected
onto Tissue Path Superfrost Plus Gold slides (Thermo Fisher Scientific, Waltham, MA, USA) and
stored at -80°C in a Revco Ultima Il freezer (Thermo Fisher Scientific, Waltham, MA, USA) until
analysis.

Hematoxylin and Eosin (H&E) staining was carried out on gastrocnemius muscle
cryosections from all mice. Formaldehyde-fixed cryosections were re-hydrated in graded alcohols
(ice-cold 100% ethanol for 60 s, 95% ethanol for 60 s, 70% ethanol for 60 s, and 50% ethanol for
60 s), and washed in distilled water (3 times, 60 s each). All slices were then sequentially
immersed in Mayer’s Hematoxylin (Sigma-Aldrich, St. Louis, MO, USA) for 20 s followed by
distilled water, Bluing Reagent (Lerner Labs, Pittsburgh, PA, USA), 70% ethanol, and Eosin Y
(Acros Organics, Geel, Belgium) for 30 s each. Afterwards, all slices were dehydrated in graded
alcohols (50% ethanol, 70% ethanol, 95% ethanol (2 separate rounds), and 100% ethanol
(2 separate round) for 30 s each) and lastly cleared in Xylenes (Fisher Scientific) for 5 min. The
H&E-stained slices were then cover-slipped with Permount mounting media (Thermo Fisher
Scientific, Waltham, MA, USA) and imaged, keeping imaging parameters identical across all
images. All H&E-stained slice images were analyzed for centrally-located nuclei with the entire
field of each 10X-magnification image used during analyses.

All images were captured on a Nikon Eclipse 80i fluorescent microscope (Nikon
Instruments, Tokyo, Japan) equipped with a Retiga 4000R Q-Imaging CCD Camera (North
Central Instruments, Plymouth, MN, USA). NIS Elements Basic Research 3.0 (Nikon Instruments,
Tokyo, Japan), Image J (National Institutes of Health, Bethesda, MD, USA), Adobe Photoshop
CS4 Extended (Adobe Systems, San Jose, CA, USA), GraphPad Prism 6 (GraphPad Software, La
Jolla, CA, USA) and SigmaPlot 13 (Systat Software, San Jose, CA, USA) scientific data analysis
and graphing software were used for image analyses and figure preparation.

Results and Discussion. H&E-stained skeletal muscles of adult WT mice
exhibited a dense arrangement of characteristically uniform muscle fibers with
peripherally-located nuclei (fig. 1). By contrast, pathology of age-matched mdx skeletal
muscles revealed myocytes with predominantly centrally-located nuclei as well as
substantial variability in myofiber cross-sectional area. These findings are indicative of
various stages of widespread and persistent degeneration and regeneration of muscle
fibers. Additionally, skeletal muscles of adult mdx mice exhibit more prominent regions
connective tissue compared to age-matched WT mice (fig. 1) of fiber degeneration with
infiltration of inflammatory cells and increased interstitial connective tissue compared to
age-matched WT mice (fig. 1).
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Fig. 1. Histopathology of hematoxylin and eosin-stained gastrocnemius muscles of adult
agematched WT and mdx mice. Arrows point to examples of centrally-located nuclei of individual
myofibers. Rectangles accentuate areas of necrosis of dystrophic muscle fibers with connective
tissue proliferation and fat-ty infiltration. Scale bar equals 100um for 20X-magnification images
and 50um for 40X-magnifi-cation images.
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Fig. 2. Drastically elevated number of centrally-nucleated myofibers was identified in
gastrocnemius muscles of adult mdx mice (B) compared to age-matched WT mice (A).

Quantitation of centrally-nucleated myocytes in H&E-stained cryosections
revealed that adult WT mice contained predominantly peripherally-nucleated myofibers
in skeletal muscles with centrally-nucleated myofibers representing merely 2% of all
fibers (fig. 2A). In contrast, skeletal muscles of age-matched mdx mice contained
predominantly centrally-nucleated myofibers, representing approximately 74% of all
fibers. Thus gastrocnemius muscles of adult mdx mice contained 3486% more centrally-
nucleated fibers than age-matched WT mice (p<0.005) (fig. 2B).
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In summary, histopathologic analysis of centrally-nucleated myocyte counts from

H&E-stained skeletal muscles (fig. 1, 2) revealed that adult mdx mice exhibit drastically
elevated levels of non-peripherally-nucleated muscle fibers compared to age-matched
WT mice. This finding, in conjunction with variations in individual fiber size, is
indicative of pervasive cycles of dystrophic muscle fiber degeneration and regeneration
in skeletal muscles of mdx mice, similar to humans with DMD.
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K XAPAKTEPUCTHUKE BEJIKOBBIX U JIMIIN/IHBIX
KOMIIOHEHTOB IIPOTEOJIMIIU/TIOB
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Wzyyann ocoGeHHOCTH OETIKOBBIX U JIUMUAHBIX (POCHOIUITHIHBIX) KOMIIOHEHTOB IIPOTE0-
munuaoB (I1JI), BbIIENEHHBIX U3 MUTOXOHIPUH KIIETOK PAa3IHMYHBIX OPTraHOB KPBICHL: T'OJOBHOM
MO3r (Kopa Mo3ra), cepiie, IedeHb, Modka. B cocTaBe MHUTOXOHApUIl KIETOK KOPBI MO3ra
BEISIBIICHBI B OCHOBHOM J1Ba Oenka ¢ MonekynsipHod maccoit | — 35,43 x/la; Il — 16,48 x/la.
OOHapyxeHa TOIBKO OJHA Iapa TEPMHHAIBHBIX AMHHOKHCIOT: N-KOHIIEBas aclapardHOBas
kucnora u C-xoHneBoil nu3uH. Ilokazano, uro ans I1JI Bcex M3ydeHHBIX MUTOXOHAPHUN Xapak-
TEpPHO BBICOKOE COJEp)KaHWE THIMYHO MHUTOXOHJApUainbHOro Qochomunuaa — audocdaru-
JWITTHIEpUHa (KapJUOJHUIINHA) B cocTaBe cBs3aHHbIX ¢ I1J] Oenkamu docdonumuaos. B Goree
npouHocBsizanHoi ¢ I1JI Genkamu (Gpakii JUIHI0B MHUTOXOHAPHUN KIETOK KOPBI T'OJIOBHOTO
MO3Ta U cepAla MPeBaIupoBal TONBKO 3TOT GochOIHITH I, TOraa Kak 3Ta ke (paKnus JIUIHI0B U3
ITJI MuTOXOHAPUIT KIETOK TMEYEeHH M MOYKM XapaKTepH30Balach MpeoOIaJaHueM IBYX KHCIBIX
¢dochonmumuaos: mudocharnanriuieprHa u GochaTHIHITHO3UTA.

Mumoxonopuu Kiemok pasHvix 0peaHo8 — NPOMeoaunuobl — 6eIK08ble KOMHOHEHMbl —
gocponunuonvie KOMNOHEHMbL

NruncdUwuhpybp BU wnUbwnh  wwpptp opqwultph® gifunintnh Yenlh, upwnh, ywpnh, tph-
Jwuh pgheutph  Uhwunpnunphnidubphg wlpwwinwé wpnintnihwhnutph (ML) uwyhwnwynigw-jhu W
thwhnwiht  ($nudnihwhnwipl)  pwnwnphubnh  wewbdlwhwwnynieniilGpp: - Q(funintnh  Yenlh
peholtiphg unwgywd Jhinpnunphnwdutph ML-h wgunud hwjnuwpBnyt] B hhduwywunwd Gpyne
| - 35,43 4w, Il - 16,48 4w dniGYnLwiht quugqywéd niubgnn uwhwmwynigubn: Iwjunuwpbpdt) £
Swjpwihu wuhbwpentutph Jhwju JBY qnyg® N-6wjpwjht wuwwnpwaghUwpene W C-5wjpwjhu hghu:
8nyg t wnybl, np pninp nuuntdUwuhpdwd opqwliltph pphgutiph Uhwiinpnunphnwdubphg unnwgyuwéd
ML-h hwdwn punpn2 £ whwhy  dhnngnunphnwdwght $nudnihuhnh® nhdnudwinhnhigihgtinhuh
(YupnhnihwhUh) pwpép wwpniiwyneeinitup ML-uwyhnwynigutiph htn jwwdws $nudnihwhnutinh
Jwaqunwd: Qifunintnh yGnlh W upwinh pghoutinh Uhwnnpnunphnwdubph ML-h uwhunwynigubph hGwn
wybih wunip Yuwyws thwhnubph $pwlghwnid dhwi win: $nudnihushnu £ gbipwlpnnid, dhgntn
pwpnh W Gphywdh ML-h hbn Yuwdwsé thwyhnubph  Ungyu $pwyghwl puncpuwgnynid £ Gpynt erenL
dnudnihwhnh’ nhdnudpwinhnhigihgtinhih b nudwnhnhihuinghnh pwpan wwpnibwyntejwdp:

Swptip onquiliitinh pehelitinh Upwnentnphnudlin — wnnuinbnghupnlitp —
uwtnwlniguyhl punwnphgltn — dnudniuhnuyhl punwnphsutn

Some specific features of protein and lipid (phospholipid) components of proteolipids (PL)
isolated from mitochondria of rat different organs — brain cortex, heart, liver, kidney cells were
studied. In composition of PLs from brain cortex cells mitochondria two proteins with a molecular
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mass of | — 35,43 kDa; Il — 16,48 kDa were revealed. Only one pair of terminal amino acids:
N — terminal aspartic acid and C-terminal lysine was found. PLs of all studied mitochondria
preparations were characterized by high concentration of typical mitochondrial phospholipid —
diphosphatidylglycerol (cardiolipin). In tightly bounded with PL lipid fractions of brain cortex and
heart cells mitochondria only this one phospholipid was predominating, while the same fractions
of PLs from liver and kidney cells mitochondria were characterized by predominance of two acidic
phospholipids: diphosphatidylglycerol and phosphatidylinositol.

Mitochondria of different organs cells — proteolipids — protein components —
phospholipid components

[upoko pacnpocTpaHEHHbIE, TUITMYHO BHYTpEHHHE rHApo(oOHbBIE MEMOpaHHBIE
6exnxu — npoteonunuasl (I1J1), cBs3aHHbIE C TUITUIAMH, SBISIOTCS HEOOXOAUMBIMH KOM-
MIOHEHTAaMH KJIETOYHBIX MEMOpaH XMBOTHBIX, PACTUTEIBHBIX U MUKPOOHBIX KIIETOK [5,
16]. Ocobenno Oorata I1J] HepBHAs TKaHB, Tlle OHH JIOKAIM30BAaHBI B OCHOBHOM B MII€-
mmHe [5, 6, 16], onHako B HEOOIBIINX KOJIMYECTBAX BXOAAT B COCTaB TAaKXkKe APYTHX CyO-
KJICTOYHBIX 00pa30BaHUI HEPBHOM TKaHM [5, 8]. B KieTkax Apyrux opraHos, 0COOCHHO
cepama, KOTopoe mocie Mo3ra Hanbonee 6oraro I1JI, oHH SBIAIOTCS TIIaBHBEIM 00pa3oM
KOMIIOHEHTaMH MUTOXOHpHH [3, 18], XOTs B onpeaenéHHBIX KOTMYECTBaX 0OHAPYKECHBI
B COCTaBe U IPYIUX CyOKJIETOUHBIX CTPYKTYp. B HacTosiiee BpeMs 04e€BHUIHO, UTO, Ha-
psly cO CTPYKTYpHOHM crabmnm3anueii MmemOpaH, [1J] y4acTBYIOT B psiie Ba)KHBIX Kile-
TOYHBIX (PYHKIMH, CBA3aHHBIX C MEMOpaHAMU, B YaCTHOCTH, MUTOXOHIPUAILHBIMHA. Mu-
TOXOHJIPUU WIPAIOT PEIIAONIYI0 POJIb B PAa3jIMYHBIX KJIETOYHBIX Ipoleccax, BKIIoUast
MIPOXYKINIO OOJIBIIEH YacTH OMOJIOTHYECKOH SHEprHu:. P OKUCIICHHE YKUPHBIX KHUCIIOT,
LIUKJI MOYEBUHBI, TPOrPaMMHPOBAHHYIO THOENb KJIETOK — aronTo3 U T.4. [10]. bynyun
CTPYKTYPHBIMH ~ KOMIIOHEHTaMH  MHUTOXOHAPHAJIBHBIX MeMOpaH (B  OCHOBHOM
BHYTpeHHeH MeMOpaHsl wmuToxoHapui), I1JI npuHMMaroT y4acTHe B OCHOBHBIX
¢ynkuax atux opraneit. [1JI cBszansl ¢ cuaTe3oM AT® B MUTOXOHJAPHAX, TakK Kak
Y4acTBYIOT B (HOpPMHUPOBAHHUU MIPOTOHIPOBOAIIEH u  (docdarcps3pBaronIei
cyObenuaun MemOpannoro F, ¢parmenta mutoxonapuansHoii H'-ATdaser (F-tuma
AT®azmn) [2, 9, 12]. PepmeHT nepecekaeT BHYTPEHHIOI0 MeMOpaHy MHUTOXOHJIPHHA H
obpazyer AT® u3z AJI® B npucyTcTBMM NPOTOHHOTO TpajHMeHTa udepe3 MeMOpaHy,
KOTOPBIH T'€HEPHPYETCsl IEKTPOH-TPAHCIOPTUPYIOUIMMHA KOMIUIEKCAMHU [BIXaTEIbHOM
neni. AT®a3er F-Tuma cocTosT M3 ABYX CTPYKTYPHBIX JOMEHOB — Fj, KOTOpBIH
COJICP)KUT DKCTpaMeMOpaHHOE KaTalIMTH4ecKoe spo, U F, — comepXuT TpaHcMeMoO-
paHHBIN NpOTOHHBIN KaHan [1, 2, 12].

B cBsi3u c BhIIECKa3aHHBIM, B XOJI€ UCCICAOBAHUN MO M3YYEHHUIO XapaKTEPHBIX
ocobennocreii I1J], BEIIENCHHBIX W3 Pa3NIUYHBIX CYOKJICTOUHBIX CTPYKTYp HEpBHOH M
JPYTUX TKaHEeH, MPeACTaBIsUI0 MHTEpEC M3y4YeHHEe OCOOEHHOCTEH OENKOBBIX W JIUIHI-
HBIX KOMIOHEHTOB [1J] M3 MUTOXOHIPUH KIIETOK PAa3IMYHBIX OPTaHOB, OTIMYAIOIINXCS
0 CTPYKType M (GYHKIHMAM (KOPBHI TOJIOBHOTO MO3Ta, Cepira, MeUeHH, ITOYKH), YTO H
SIBIJIOCH 3a/iadell HacTosmel paboTsl. Panee Hamu ObLTO TIOKAa3aHO, YTO B HAMOOIBIINX
konuuectBax u 6osee npouno ¢ I1J1 6enkamu (I1JIB) csizanbt hochonununst [5]. B cBsi-
3M C 3TUM Hapsly C HEKOTOPBIMU XapaKTEPUCTHKaMU OENKOBBIX KOMIIOHECHTOB H3Yy4aiH
Ka4eCTBEHHBII COCTaB M KOJIMUECTBEHHOE cojepkaHue (oconunuaoB Bo (pakumsax
JIMIMUIOB, MEHee U Oosiee MpoYHO cBs3aHHBIX ¢ [1JIb MUTOXOHIPUIT KJIETOK pa3inuHBIX
opraHoB. ClielyeT OTMETHTh, YTO CBS3aHHbBIC C OENKaMH JIMIUAbI UTPAIOT HEMaJIOBaX-
HYIO POJIb B COXpaHEHHH KOH(OPMAIIMOHHOW LENIOCTHOCTH aCCOLUMMPOBAHHBIX C HUMHU
MeMOpaHHBIX OEIIKOB U B OCYIIECTBICHHN WX QyHKImH [19].
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Mamepuan u memoouxa. OTBITH CTaBIIN Ha OecIIOPOIHBIX OelbIX Kphicax Maccoi 180-
200 r. Kpbic nekanuTupoBain oz JErkuM 3GUpHBIM HapKo3oM. ['0JI0BHO# MO3r ObICTPO H3BIICKA-
11 1 noMetnany Ha néz. [ledens in situ mepdy3upoBanu gepe3 BopoTHyro BeHy 0,15 M oxnaxnaéH-
HbIM pacTBopoM KCl n cpenoii BeIACICHHS IO CBETIO-KENTOTO NBETA, 3aTeM M3BJIEKaNN 13 OpIomI-
HOIA TIOJIOCTH, OJHOBPEMEHHO M3BIIEKAN cep/ie U mouku. Bee oprausr xpanwnu npu 0-4°C. Mu-
TOXOHJPHUH KJIETOK Pa3IMYHBIX OPTaHOB BBHIIEIIUIN COTIIACHO M3BECTHBIM METOJAM C HEKOTOPBIMHU
BHECEHHBIMH HaMH U3MeHeHUsAMU. Kopa 201061020 mo32a. bonbiiue nonymapys FOJI0BHOIO MO3-
ra THIATEJIbHO OYHINAIN OT KPOBH M MO3TOBBIX 000J0YeK, UCTONb3ys 0,9%-HbIil OXIaKAEHHBII
pactBop NaCl. Kopy mMo3ra cHEMaiu co Bceit MOBEpXHOCTH GONBIINX MMOJYIIAPHiA, pa3Melbuaii U
romoreHusupoBain B 10-xpataom 06wséme 0,32 M pactBopa caxaposbl. BeiieneHre MUTOXOHIPHUMA
KJIETOK MO3Ta MPOBOJMIN COTTIACHO cXeMe, omncaHHoi panee [8]. Cepoue. Y nansnm npencepams,
COCYZBI, *KUp, MBIIIIy XeTyI09KoB MHOrokpaTtHo npomsiBaan 0,1 M pactBopom KCI u cpenoit
BBIJICTICHHS, OOCYIINBAIH, TIIATEIFHO HW3MENbYalH, MPOITYyCKaIN Yepe3 JaBHIKY M TOMOTCHHU3H-
poBasu B 10-tmr 066éMax 0,44 M pactBopa caxapossl, cogepxkamero 0,001 M EJATA, pH 74.
MHUTOXOHAPUH BBIACISUTH MeToZoM nuddepenimanpaoro rentpudyruposanus [4]. Ileuens. Oc-
BOOOXKIAMM OT 00O0JOYeK, JKHPOBOM, COCAMHMUTEIBHON TKAaHHM, pPa3MeNbyaid, TIIATEIBHO
npomeiBanit 0,15 M pactBopom KCl u cpemoit BiieneHusi, 00CyIIMBaIi 1 TOMOT€HH3UPOBAIU B
10-tu o6wvémax 0,25 M pactBopa caxapo3sbl, copepxarero 0,001 M EATA, pH 7,4. Tlouka.
OcBoOOXIan OT KalCyibl, YAaJISUIM JIOXaHKY, TIIATEIFHO H3MENbYall, KAy MPOMBIBAIN
HECKOJBKO pa3 Cpeloil BBIAENEHHs, 00CyImMBany, roMoreHusuposand B 10-tu o0bémax 0,44 M
pactBoOpa caxapo3sl, cogeprxkamero 0,001 M EJITA, pH 7,4 (nanra momudukanus). MutoxoHapun
KJIETOK NE€YEHHU U TTOYKH BBIACIISUIA cortacHo MeToay [11].

JIunuaHbIe 3KCTPAKTHl MUTOXOHAPHN KIJIETOK PAa3IMYHBIX OPTaHOB IOTYYald U OTMBIBAIN
METO/aMH, OTIMCaHHBIMU paHee [6, 8]. Beinenenue I1J] u manpHelmii anamu3 ux OSIKOBBIX U JIH-
MU/IHBIX KOMIIOHEHTOB IIPOBOJIMIIM B COOTBETCTBUY C paHee OIMCAaHHBIMU MeToaMu [17].

CraTtucTuyeckyro 00paboTKy pe3yJIbTaToOB MPOBOAWIM HO KpuTeprio CThIOAEHTA.

Pe3ynomamut u oocysycoenue. COTIaCHO TONYYCHHBIM IAHHBIM, COJCpKaHHE
[JIb B 0OUIMX JIUTUAHBIX SKCTPAKTAX MUTOXOHAPHUH KIIETOK Pa3IMYHBIX OPTAaHOB BIIAXK-
HOM TKaHU cocTaBiswio B mMr/T: 0,44+0,02 (13) — B xope mo3ra; 0,56+0,03 (11) — B cepa-
e; 0,35+0,03 (6) — B mouke u 0,16+0,01 (6) — B IeyeHN.

Ipu muck-3nexrpodopese B [TAATL ¢ AJIC-Na [6] [TJIb u3 METOXOHIPUH KIETOK
KOpBI MO3ra ObLTH OOHApPYKEHBI JIBE OCHOBHBIE 1OJIOCHL. [lepBast, XOpOIIO BhIpaKeHHasI,
WHTCHCHUBHO OKpAIlIGHHAs, COOTBETCTBYMOHIAs OCIKy ¢ MOJICKY/SIPHOW Maccoi
35,43+0,30 (30) x/la — I u BTOpAst, TOKEe XOPOIIIO BBIpAKEHHAs, COOTBETCTBYIOIIAst OeI-
Ky ¢ MOJIEKYJSIpHO#M Maccoii — 16,48+0,27 (20) x/a — 11 (puc. 1).

Puc. 1. Tuck-anexkrpodoperpamma npenapata [1JIb u3 MUTOXOHIpHUIT KIIETOK KOPBI MO3Ta KPBICHL.
| - 6enmok ¢ Mr 35,43 x/la, II — 6enok ¢ Mr 16,48 x/la.
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Crenyer oTMETUTbH, YTO MUTOXOHApHabHbIE [1J] CKIIOHHBI K CHIIBHOM arperanuu
U TIpH 3NIEKTPOQOPETHIECKOM pasJeNeHn BEAyT ceOs aHOMalbHO; WX IOJBIKHOCTB
BapbUpPYET IPU PA3HBIX YCIOBHAX JIEKTpodopesa, 9YTO 0UYEHb 3aTPYIHSACT ONpEACICHHE
MOJIEKYJISIPHBIX MacC M CpaBHEHHE Pe3yIbTaTOB Pa3HBIX aBTOpoB [1, 16]. B HacTosmee
BpeMsi HanbOoliee M3ydeHHBIM KOMIIOHEHTOM F, (akropa sBnseTcs OTBETCTBEHHBIN 3a
TPAHCIOPT MPOTOHOB B MUTOXOHIPHUSIX MIIEKOIMHUTAIONMX IHAPO(OOHBIN HU3KOMOIEKY-
JIIPHBIHA OCJTOK ¢ MOJIEKYIsIpHOi Maccoit 8,0 k/]a, criocoOHBII crieru(uIecKr KOBaJCHT-
Ho npucoeauHiaTh NN -nunmkiorekcunkapooanumun (ACC/) — unruourop ATDaszbl.
Orot ACC/I cBs3bIBarOIIMiA OEIOK SBIIIETCS CyObeaunuIiei “c” F, momena [15]. Ucce-
JIOBaHMS pa3HBIX aBTOpPOB [9, 14] mokaszaiam NpUCYTCTBHE ABYX Pa3IMYHBIX KOH(OpMa-
LUOHHBIX cocTossHuM 3toro ITJI B Fo Miexkomurarommx (MOHOMEpa ¢ MOJIEKYJSPHOM
Maccoit 8,0 k/la u quMepa ¢ MosekysipHOU Maccoi 17,6 — 18,0 x/la), koTopeie coxpa-
Hsuich B pactBopax J/IC-Na, HO maBamy pa3Hble KapTHHBI Pa3JENCHHS B Pa3IMIHBIX
cucremax ITAAT ¢ JJJIS-Na. [Tockonbky mpu pasmenennn B cucreme [20] ¢ Na-doc-
¢datHpIM Oy(epoM, KoTopasi MPUMEHSIaCh U B HAIIMX OIBITaX, ONpPEAENIach TOJIBKO
auMepHast (hopMa, MOXKHO TIPEIIIOI0KHUTE, 9TO OOHApY>KEHHBII HaMu B coctase [1JI mu-
TOXOHIIPUN KJIETOK KOpPBI MO3ra Oojiee HU3KOMOJEKYJSPHBIH OEOK C MOJEKYIAPHOMH
Mmaccoit 16,48 x/la coorBerctByeT numepy JCCJI cesa3siBatomero 6emka. Uto kacaercs
Oenka ¢ MonekyJsipHOi Maccolt 35,43 kx/la, To B cuiy ckionHoctu [1J1 MuToxoHapuit k
arperamyy u 00pa3oBaHHIO OJUTOMEPOB, MOXKHO MPEAIION0KUTh, YTO ITO pe3yJIbTaT ar-
perauyy HHU3KOMOJIEKYJSIPHBIX OenkoB. B 1monb3y JaHHOTO NpeAroNoKeHHs CBUje-
TEJILCTBYET U TOT (haKT, YTO, HECMOTPS Ha HAINYHWE JIByX OCHOBHBIX ITOJIOC HA 3JIEKTPO-
(operpammax, TOJBKO OJ[HA ITapa KOHIEBBIX aMUHOKHUCIOT — N-KOHIIEBasi acaparmHo-
Bast 1 C-KOHIICBOH JTM3HWH OBUIH OOHApYXeHHI pH uccienosannu [1JIb w3 cBOOOTHBIX 1
CHHANTHYECKNX MUTOXOHJIPUII KJIETOK KOPBI MO3Ta KPBICHI [3].

Kak oTmeuanoch Bellle, OCHOBHOW 3a/1aueil HacTosAIIeH paboThl SBISUIOCH BbIJIE-
nenune I1J] 3 MUTOXOHAPHIA KIETOK Pa3IMYHBIX OPTaHOB KPBICHI B BUE LIEJIBHBIX pacT-
BOPHUMBIX JHITHIHO-0EIKOBBIX KOMITJIEKCOB, “‘OUMIICHHBIX B PA3HOW CTENIEHH OT JIMITH-
JIOB, ¥ ICCJIEIOBAHUE, HAPSAY C HEKOTOPHIMH XapaKTEPUCTHKAMH OEIKOBBIX KOMITOHEH-
TOB, KAY€CTBEHHOT'0 COCTaBa M KOJMUYECTBEHHOT'O COACpKaHus (ppakiuii, MeHee U Ooliee
npouno cBs3aHHbIx ¢ [1JIB docdomunumos. Ilapamiensro onpenemsuid Gochoaunmi-
HBIH COCTaB OOLIMX JIMMMHBIX YKCTPAKTOB M3Yy4aeMbIX MpenapatoB MUTOXOHpHil. [lo-
JIy4eHHbIE Pe3yJIbTaThl Npe/IcTaBIeHbl B Ta0m.1,2,3,4. Kak BUIHO U3 TabiuL, cyMMapHoe
coaepxanre GocoNunuIoB B OOMIMX JIMIUIHBIX DKCTPAKTaX MUTOXOHAPHH KIIETOK
Pa3IMYHBIX OPraHOB KPBICHI OBIIO MPUMEPHO OJMHAKOBBIM, TOJIBKO B Mpernaparax Mu-
TOXOH/IPUH KJIETOK KOPBI MO3ra OHO OBUIO HECKONBKO BbIme. OHAKO MHUTOXOHIPUHU
KJIETOK Pa3IMYHBIX OPraHOB 3aMETHO OTJIMYAIHCH IO MPOIEHTHOMY COJIEPKAHUIO HEHT-
PaNBHBIX U 0COOEHHO KUCIBIX oconmmnuaos (Tadm. 1, 2, 3, 4).

B HacTosmieM cooOIeHnn puBeIeHB! TOIBKO JaHHBIE A npernaparoB [1J1, mpo-
MBITBIX cMechto cnupT+Hadup 1:1 npu +23°C [17]. Kak Buano u3 Tabnui, Gochomumnubt
BBIACJICHHBIX HAMU ITpEapaToB 111 MI/ITOXOHHpr/’I KJIETOK Ppas3IMYHbIX OPraHoOB COCTaB-
nsnmu 39,55-47,85% ot maccel HeounmmenHsIx [1JI (HILJI), xotopeie comepxar Bech
KOMILTEKC MeHee U Oosiee mpoyHo cBs3anubix ¢ [1JIb aunuaos u 10,91-13,88% ot mac-
col “ounmennsix” TJI  (OILJI), momy4yenHsIx B pesynbrare mpombiBanust HILJI cnmpro-
a¢upHOi cMechio ipu +23°C 1 comepkanmx Qpakiuo 6oee MPOYHO CBI3aHHBIX JHIIH-
noB [17]. TTo cBoemy dochonumuauomy coctaBy HILJI MUTOXOHIpHIA KIETOK pa3iuy-
HBIX OpraHoB OBUIM B OOIIEM CXOJHBI CO CBOMMH OOIIMMM JIMITUIHBIMH SKCTPAKTaMH,
TOJIBKO cojiepkanne audocharuamnrauneprHa B HITJI 6pu1o Heckonbko Boime. Hapsmy
CO CXOJICTBOM, HAaOJIIOAAINCH COBEPILICHHO ONpeeNéHHbIe pa3nudaus B Gochomunuanom
cocTaBe MeHee U 0coOeHHO Ooree MpodHO cBs3aHHBIX ¢ I1JIb mumumHeIX ¢pakiuii Mu-
TOXOH/PHUH KJIETOK Pa3JIMYHBIX OPTaHOB.
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Ta6auna 1. Conepxanue oTaenbHBIX (HOCHOTUINIOB 00IIero JUnuaHoro s3xkcrpakra, HITI,
crpToddupHEIX skcTpakToB HIJI (MeHee nmpodHo cBs3anHas ¢paxmwmst) u OI1J1
(6onee mpoYHO cBsi3aHHAsE PAKIMSA) MUTOXOHAPHUI KOPBI MO3ra KPBICHI,

% P ot cymmsel P pochonnmnmnos kaxoit ¢ppakmmu (M+m)

OO0t Crupro-3¢upHsie OILJI (Goxnee
Dochomunuab JIUMUAHBIT HII skcrpaktel HITJT MPOYHO
9KCTPAKT (MeHee Ipo4HO CBsI3aHHAsI
cBsi3aHHas ¢pakuus) | dpaxuus)
DochaTHANIHHOZUT 3,28+0,57 (4) 3,29 2,62+2,17(7) 11,26+0,66(8)
Docharuanncepun 6,24+0,51(6) 7,75 7,12+0,72(5) 15,23+1,32(8)
Judocharuaunriunepun 8,61+1,06(7) 12,53 10,46+1,89(6) 37,09+3,31(6)
Dochatuanas KHCIOTa 0,83+0,07(5) 1,03 0,45+0 (3) 7,95+1,32(4)
DochaTuAMIXONIUH 41,19+2,24(7) 36,34 38,45+2,50(7) 11,26+0,66(7)
Counromuenny 2,59+0,17(4) 4,16 4,17+0,44(5) 3,97+0,66(4)
DochOoTuaMIITAHOIAMUH 34,73+1,42(7) 31,67 33,61+2,00(7) 8,61+0,66(8)
JInzodochaTuHIxoIHH 1,5340,16(3) 1,69 1,73+0,33(4) 1,32+0(3)
JInzogpocharummi-stanonamu | 1,00+0,20(2) 1,54 1,39+£0(2) 3,31+0,66(3)
Kucneie pochonunuast 18,96 24,60 20,65 71,53
HeiitpaibHbie Gochonunuabt 81,04 75,40 79,35 28,47
Cymma docdonunumos (YP/r
BJIQKHOM MacChl 88,11 19,48 17,97 1,51
TKaHH)
Dochomunuast B Mr/100 mr - 42,72 39,41 13,98
maccsl [ ¢ppakiyn

Taoauma 2. Coneprxanue OTIeNbHBIX (HOChOIUITHIOB 001mIero munuaHoro skcrpakra, HITI,
crimproadupHbIx 3kcTpaktoB HITJI (Menee mpouHo cBs3anHast ¢paxuns) u OILT
(6onee mpoyHO cBsI3aHHAs PpaKI¥st) MUTOXOHIPUIA cepaua Kpsickl, % P oT cymmer P doc-

¢donunuaoB kaxaoit ppakunu (M+m)

OO0wmumit CrupTo- OIlI
Dochomumuas JIUMUAHBIT HILT 9(UpPHBIE SKCTPAKTHI (6omee

9KCTPaKT HILT (meHee npo4HO MPOYHO

cBsi3aHHas (paKIys) CBSI3aHHAs
(bpakims)

DochatuanIHO3UT 3,28+0,40 (6) 3,87 3,24+0,15(2) 12,50+1,39(4)
docharuauicepur 1,12+0,24(6) 1,51 0,71+0,15(2) 12,50+0,69(2)
JudocharuanmiraniepiH 15,01£1,53(6) 17,50 15,94+2,43(3) 38,89+5,56(4)
docharuaHas KHCIOTA 0,87+0,14(2) 1,08 0,61£0,10 (3) 7,64+1,39(3)
dochaTranaxonuH 40,61+0,90(5) 36,93 38,82+3,09(4) 11,11£0,69(4)
Cunromuenna 1,80+0,30(5) 1,51 1,32+0,10(3) 4,17
docharuanIdTaHOTAMUH 35,22+1,52(5) 35,19 37,24+0,25(4) 6,94+1,39(4)
JIuzodacharununxoax 1,06+0,22(3) 0,90 0,96+0,1(3) -
JIuzodocdaTuamin-3TaHoIaAMUH 1,03+0,09(2) 151 1,16+0,05(3) 6,25+1,39(3)
Kucnere dhochomumumst 20,28 23,96 20,50 71,53
Heiitpanbhbie Gocdomunuasl 79,72 76,04 79,50 28,47
Cymma docomumnunos (YP/r
BIIQ)KHOW MacChl TKAHH) 63,34 21,20 19,76 1,44
®docdomunuast B Mr/100 mr - 39,55 36,86 10,91
I ppaxuun

Menee nipouno ¢ [1JIb Bcex M3y4eHHBIX MpenapaToB MUTOXOHIAPUIA OBLTA CBSA3aHBI
HerTpanpHbele (ochommmuasl: pochaTumumxonuH, (GochaTHIMIdTAHOIAMAH W CHH-
TOMHUENMH, KOTOPBIE B CyMMe cocTaBisima 79,35-84,6% Bcex MeHee NMPOYHO CBS3AaHHBIX
dochomumumos. Ha nomo kucabix (ochonumnuaoB 3Toil dpakipu npuxoamiocs 15,40-
20,65%. Cnemyer OTMETUTh, YTO (OCGHOTUITUIHBIN COCTaB MEHEE MPOYHO CBS3aHHBIX C
IJIb nunuaneix Gpakiyii MUTOXOHAPHI KIIETOK BCEX U3YUEHHBIX OPraHOB ObUT B 00IIEM
cxoJieH ¢ GochoIUIHUAHBIM COCTABOM COOTBETCTBYIOIIUX OOIIMX JIMITHIHBIX IKCTPAKTOB
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(tabn.1,2,3,4). INocmenoBarenmsHoe mpombiBanue HILI cnmpro-a3dupHO#l cMeckio mpu
-12°C u +23°C [17] OPHBOAMIO K MOCTENEHHOM SKCTPAKIIMHE MEHEe MPOYHO CBA3AHHBIX
HEUTpaBHBIX (HOCHONUIMIIOB M KOHICHTPUPOBAHHUIO 00JIee MPOYHO CBA3AHHBIX KHCIBIX
¢dochomumunos. C momyydeHHsIME B pesynbrate OILJ] OpUIH CBSI3aHBI B OCHOBHOM KHCIIBIE
¢dochomumusl, cocraBmssume 68,81-73,73% ot obmeit cymmbl 6oiiee IPOYHO CBA3aHHBIX
¢dochonumuIos.

Taoauna 3. Coneprxanue OTIENbHBIX (HOCHOIUITHIOB 00IIEro JINIHAHOTO SKCTPAKTa,
HIIL, criuproadupusix sxcrpakToB HITJI (MeHee npouHo cBsi3aHHas ¢pakiws) u OITJT
(Oosee mpoyHO CBsI3aHHAsT PPaKLUsl ) MUTOXOHIPHHU ITEUSHU KPBICHI,

% P ot cymmsel P pochonnnunos kaxnoi ¢ppaxunu, M+m

OO0mmit CrnupTo-3¢gupHbIe OIlI
Docdomumuas JIUIUHBIA HILUT  |skctpaxtsl HITJI (bonee mpouHO
IKCTPAKT (MeHee IPOYHO CBs3aHHAs
CBsI3aHHAA (bpakiwms)
(dpakiis)
DocdaTHANITMHOZUT 8,11+1,31 (3) 7,92 6,24+1,29(4) 28,81+3,39(4)
Docharuanacepun 1,52+0,16(4) 1,63 0,88+0,07(3) 11,02+0,85(3)
Judocharuyuiraunepus 6,31+0,78(4) 9,36 7,87+0,81(4) 27,97+1,70(4)
docaruaHast KuCIOTa 0,79+0,11(3) 0,82 0,41+0,07 (2) 5,9340,08(4)
DochaTHANIXOINH 52,88+1,76(4) | 51,82 55,09+5,83(4) 11,02+1,70(4)
Cunromuenuu 2,38+0,40(4) 2,45 2,64+0,34(3) -
DocdaruanITaHOTAMIH 23,50+0,30(4) | 23,24 24,36+1,76(3) 9,32+1,70(4)
JInzoh0ochaTHIHITXOTHH 2,11(1) 2,20 1,90(1) 5,93+0,85(2)
JInzopocarummr-stanonamue | 2,40+0,37(2) 0,56 0,61+0,27(2) -
Kucnsre dhocdomunmast 16,73 19,73 15,40 73,73
Heiitpansablie Gpocdonunuabt 83,27 80,27 84,60 26,27
Cymma docdonununos (YP/r 69,69 15,92 14,74 1,18
BJIQKHOW MacChl TKaHH)
Docdomumuast B Mr/100 mr - 44,22 40,94 11,80
II ppakuun

MHUTOXOHAPHY KIIETOK BCEX U3YUEHHBIX OPIaHOB XapaKTePH30BAINCH BBICOKUM CO-
JIepyKaHNEM THIMYHO MHUTOXOHJpHaNIbHOTO (ocdonumuna-audochaTnamirauneprtHa Bo
(bpakiuu 6oiee mpouHo cBsizanHbIX ¢ [1JIB pocdomumnuos (tadm.1, 2, 3, 4). B MutoxoH-
pHSAX KIETOK KOpBI MO3ra M cepAlla IMPEeBATHMPOBaT TOJIBKO 3TOT KHUCIBINA (oChomumu,
cocraBisist 37,09% n 38,89% oT cymMMBI Bcex Oosiee IPOYHO CBS3aHHBIX (HOCGHOIUIIIOB
cooTBeTCTBeHHO (Tabu.1, 2). B I1JI MuToXoHApHil KIIETOK KOPBI MO3ra ObUIO CPaBHUTEIb-
HO BBICOKMM M cOJep)KaHue Oojiee MpodHO cBszaHHOTO (ocdarumuncepuna — 15,83%
(Tabmn.1), B MUTOXOHIpHUAX KIETOK cepama — 12,50% (tabn.2). B oTmiune ot MUTOXOHI-
pHif KIIETOK MO3ra | cepaia, ¢ppaxius oonee npodno cs3aHHbX ¢ [1JIB docdomummmon
MHUTOXOHJIPHI KJIETOK MEYeHH XapaKTepH30BajIach MpeodiiajaHiueM ABYX KUCIbIX (ocdo-
munuaoB — audocatuamirirnepriia U GochaTHIUIMHO3UTA, KOTOPBIE COCTAaBIISUIN
27,97% wu 28,81% OT cyMMBI BceX MPOYHO CBS3aHHBIX (POCQOIHUIUIOB COOTBETCTBEHHO
(tabn. 3). Te xe aBa xucnsix ochomunuaa — aupocharuawirmiepu U GocdaTuu-
WHO3UT NPEBATMPOBAIN U B Oosiee npouHo cesizaHHo ¢ [1JIb munmanoi ¢paxumu [T u3
MHUTOXOHJPHUIA KIICTOK TTOYKH, OJHAKO COJEpKaHue mepBoro — 29,92% Obuto 3mech mpu-
MepHO B 1,4 paza Beire, yem BToporo — 21,80% (1abmn.4).

Takum 00pa3om, NMPOBENICHHBIC HCCIICAOBAHUS BBIIBHIM HEKOTOPHIE XapakTep-
HBIe 0cOOeHHOCTH (hocommmuaaoro coctaa I1JI U3 MUTOXOHIPUI KIETOK pa3iIHMIHBIX
opraHoB. Pe3ynbTaThl MOKa3ald, YTO WMEETCSI COBEPIIEHHO OMPEACIEHHOE CXOJCTBO
mexay ITJI MUTOXOHApUI KIIETOK KOPBI MO3ra U cepAua, ¢ 01HO# cTopoHsl, u I1JI muTo-
XOHJIpUM KIJIETOK NEYEHU U MOYKU — C Apyroi. Paznuumsa Mexay npenaparaMyd MUTO-
XOHJPHH KIIETOK HCCIeJOBaHHBIX OPTaHOB OBLIM 00YyCIIOBIIEHBI TPEBATMPOBAHUEM B JIH-
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K XAPAKTEPUCTHKE BEJIKOBBIX 1 JIMITAIHBIX KOMIIOHEHTOB IMPOTEOJIMITUAOB 13 MUTOXOH/IPUI KJIETOK PA3HBIX...

MMUIHBIX (PpaKIusaX, Kak MeHee, Tak 1 0COOeHHO OoJiee podHO cBs3aHHBIX ¢ [1JIb omHo-
ro (madocharnamnrauneprH) wim nByX (audocarnamnriannepud, HocaTuarInHO-
3WT) KUCIBIX (HOCQOTHITHIOB.

Ta6auna 4. Conepkanue OTACIbHBIX (POCHOTUITHIOB OOIIEro JUMUAHOTO 3KcTpakTa, HITJI,
cnupTodPupHEIX 3KkcTpakToB HILJI (MeHee mpodHO cBsi3aHHas (paxims)
u OILJI (Gosiee mpoUyHO CBsi3aHHAS (HPAKIHS) MUTOXOHIPHI MOYKH KPBICHI,
% P ot cymmsl P pochonmmnunos kaxnoit ¢ppaknnu, M+m

OO0muit Crnpro-3¢upHsie OIlT
Dochomumuas JIUNUAHBII HILT skcrpaxtsl HIUI  ((Gonee mpouno

9KCTPAKT (MeHee IPOYHO CBsI3aHHAsI

CBsI3aHHAs paxius)
(dpakiys)

DochaTHaANITHHOZUT 5,95+1,02 (3) 6,72 5,39+0,42(3) 21,80+2,56(3)
Docharuanncepun 2,88+0,34(3) 3,20 2,43+0,42(3) 11,97+1,71(3)
Judocharuunriunepus 10,40+1,16(3) 11,32 9,67+1,56(3) 29,92+3,42(3)
Docharuanas KUCIOTA 1,77(1) 1,12 0,76 (1) 5,12+0,42(2)
DochaTHaAnIX0TuH 34,70+3,89(3) 36,75 38,98+2,31(2) 11,54+0,00(2)
Counromuenun 5,99+0,72(3) 7,14 7,24+1,37(3) 5,98+0,86(2)
docharuanIdTaHONIAMUH 33,96+3,69(3) 32,25 34,13+£3,91(3) 11,11£1,28(2)
JInzobocharuauixonnH 1,45+0,27(2) 1,29 1,40+0,23(2) -
JInsodocharmmma-sranonamus | 2,90(1) 0,21 - 2,56(1)
Kucisie pocdonunmms 21,00 22,36 18,25 68,81
HeiitpansHble poconunuabt 79,00 77,64 81,75 31,19
Cymma ¢pocdonununos (YP/r 69,90 28,71 26,37 2,34
BJIQKHOW MacChl TKAHH)
®Dochomumunst B Mr/100 mr - 47,85 43,95 13,93
I1JI ppakuun

BbosiBIeHHBIE pa3nuuus CBS3aHBI, BEPOATHO, C OCOOCHHOCTSIMU CTPYKTYPHI H
(YHKIMM KaK CaMHUX MHUTOXOHAPHH, TaK M KJIETOK T€X OPraHOB, U3 KOTOPHIX OHHU BBIJIE-
nenbl. Kak mokasanu HaIm MCCIIEIOBAHUS, BBICOKOE coaepkanne (hochaTHInINHO3UTA
BO (pakiusix Kak MeHee, Tak 0COOeHHO Oosee mpouHo cBsizaHHbIX ¢ [1JIb docdomaumnu-
noB, xapakrepHo u ans I1JI xieTok memnoif medeHu, rae B 6ojee MPOYHO CBA3aHHOU C
IUUIb ¢pakuuu docdonunuaoB Ha A010 (HocHaTHAMITHHOZUTA MPUXOIUIOCh 27,5%, a
mudocharuaunrmuiepuna — 19,0%. B kieTkax KOpKOBOTo c€iosi MOYKH Hpeodiiaiaro-
M, Ooiee povHo cBsizanHbIM ¢ [1JIB dochonunumaom, sBisuics mudochaTHIUITIU-
LIepHH, cocTaBIsIBIIMNA 46% OT cyMMBI Beex IpouHo cBsi3aHHbIX ¢ [1JIb dochonummmos,
YTO CBHAETEIHCTBOBATO O MPEHUMYIIECTBEHHO MUTOXOHAPHAIbHOW jokamuzannu I1J1.
Hamu Taxoke mokasaHo, 4To, B OTJIMYME OT KJIETOK KOPKOBOTO CIIOS, B MO3TOBOM CIIO€
mouky Hambosnee pouHo ¢ [1JIb cBs3anb! aBa KuCHBIX (ochomumuaa: hochaTnauInHo-
3uT U pocdarummacepun, cocraisiBmme 37,0% u 34,5% ot cyMMmBI Becex Ooiee MPOdHO
CBS3aHHBIX (OCHOTUIHIIOB COOTBETCTBEHHO, HA JOMI0 MU ochaTHAMITIHIIEpUHA TIPH-
xoauiock mnib 7,12% [7]. [lonyueHHOEe B HACTOSIIEH paOOTE OTHOCHTEILHO BBICOKOE
conepkanne ¢pochatuamnuao3uta B [1JI MUTOXOHAPHIA KJIETOK MOYKH OOYCJIOBJICHO,
MO-BUAMMOMY, TEM, YTO MbI U3yYaJ Il MUTOXOHIPUHN KIICTOK uenoﬁ TTIOYKH, a HE KOPKOBO-
IO ¥ MO3TOBOTO CJIOEB pa3zenbHO. [IpoBereHHbIe HecaeaoBanusl mokazany, 4to st [1J1
MHUTOXOHJIPHI KJIETOK BCEX U3YYEHHBIX OPraHOB SIBJISIETCS XapaKTepHbIM Ipeoliialanue B
MeHee U 0COOCHHO Oostee TpoyHO cBsi3aHHbIX ¢ [1JIB dpakiusax JTUMUmIoB OJHOTO WX OJ-
HOBPEMEHHO JIBYX KHCIBIX (hocomumumaos - qudocharumurinneprta 1 Qocharumumi-
nnosuta. [leppoMy npumaéres BaxkHas poiib B IpoOIIEccax TPAHCIIOPTa MPOTOHOB BO BHYT-
peHHeH MeMOpane MuToxoHApuii [13], a BTOpoH SIBISETCS, TO-BHANMOMY, KOMIOHCHTOM
[IJI MOHTpaHCIOPTHPYIOMNX CHCTEM ITOH K€ MEMOpaHbI, KOTOpPHIE, Hapsay C KappHep
Oenkamu, UrparoT KIII0YEBYIO POJIb B MIPOSIBIICHNH (PYHKIIMH MUTOXOHIIPUH M B KJIETOYHOM
romeocrase [10].
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PCSyJ’IBTaTBI IMPOBEACHHBIX HCCIIeTOBAaHHUI TIOATBEPAWIIN BBICKa3aHHOE€ HaMH pa-

Hee Ha OCHOBaHWH W3YYCHHs XapaKTepHBIX ocoOeHHocTed [1J] M3 pa3inuyHBIX KIETOd-
HBIX MeMOpaH 3aKIIFOYeHUE O TOM, YTO, Hapsay CO CXOJICTBOM, UMECTCS Pl Pa3Invuii
HE TOJIBKO B OENKOBBIX, HO W JUMUAHBIX (ocdommmuanbix) komnoneHTax [1JI pa3HbIx
KJIETOYHBIX MEMOpaH B 3aBUCUMOCTH OT JIokaiu3anuu [1J] n ux BO3MOXXHOH (QyHKIUH.
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Ubpywjwgywé £ Y6pkn gbnh nu Upw wjwquwuht ywnywunn wnwlbdhu gbwntph ayuwp-
fuwphh Ywadp, husgwtu Uwl UJwpwgpqwé G wn gtwnbph Jpw Ywnnigywé thnpp  hhnpn-
ElGYwnpwywjwlubph gnwnh  hwugnygubpnd  nEnwywyqwé  dyuninhubpp: Pwgwhwjindt) £, np
dtpnanjwy dyuntnhutph fwywu dwup sh hwdwwwnwuhuwunid wyn gbinbpnud Upinnwplwy, huswbu
LUwl ywppGpwpwn dhgpwghwlbp Ywwnwpnn d4uwnbuwyubph Yeluwywu wwhwugdniupubphu W
dhahywywl huwnpwynpnipintuutppu:

QuunLnpltn — dyuwppuwph — thngn hhnpnk Ghwnpwlwywulbn — M6pkn qbnn

[pencraBieH BUIOBOH COCTaB pEIOHOTO HacedeHus p. [lebex 1 HEKOTOPEIX ero IMPHUTOKOB,
JaHO OIMCaHHE PHIOOMPOIYCKHBIX coopyxeHuid Ha Manblx ['DC, TOCTPOCHHBIX Ha OSTHX
BOIOTOKAaX. BblﬂBJ’leHO, YTO OCHOBHAas YacCThb coopy)KeHmZ HE€ COOTBETCTBYET OHOJOTHUYECKUM
MOTPEOHOCTAM M (PH3HUECKUM BO3MOXKHOCTSIM KaK OCEUIBIX, TaK U MEPHOJUYECKH MUTPUPYIOLIHUX
pHIO.

Puibonponyckuvle coopysicenus — uxmuogayna — manvle 2uoposiekmpocmanyuu — p. ebeo

The paper presents the ichthyofauna of separate rivers and their tributaries that belong to
Debed river basin. It also describes the fish ladder situated in water hubs of Small Hydropower
Plants built on those rivers. It has been found that the majority of the above mentioned fish ladders
do not meet the biological needs and physical capabilities of both resident and migratory fish
species of those rivers.

Fish ladders — ichthyofauna — small Hydropower Plants — river Debed

Jdbpghu 2pgwiunud Yuwwnwpywd niuncduwuhpniinculbph wpnyniupnud wwpqyby
np Unuinle W 3wpunwd gGntph no Upwug npn2 Junwyubph Yypw Yunnigdwsé thnep
hhnpnEGYunpwywjwuuGph (©3EY) gnpénilubniejwl hGunlewlupny wnwye GU GYEL Uh 2wne
hiunhputn, npnup pwgwuwpwn GU wagnnd wyn gbnbph  dyUuwphuwphh  YGUuwpwg-
Jwqwunipjwu Ypw [3]: Supwnptind, np UWdwu hpwyhdwy Ywpnn E [phubp Lwl
Swjwunwuh Ujnwu gbintph ypw unnigywd 3IEY-Gpned, JEURp UGp wngl huunhn Gup
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nptl Wwpwapt] 3wjwunwuh wnwpwépny hnunn YGpEn gbinh W Upw wywquuhu
wwuwnywunn wnwubdhtu gbntph Jpw Yunnigqwéd O3IEY-Gph dyuninhubpp no dL4uw-
wuwpunwwl wyp Ywrenygubpp W ybpnustp npwug Lpwuwynieyniup yepnbpjwg gbunGpnud
puwyynn adYUuwwnbuwyubph puwywunt YEuuwgnpénLubnipgntUu wwwhnyGine  hwdwn,
hugu £ hwunhuwUntd £ untu wphuwwnwuph Uwwwnwyp:

Unipe U dbenn: NuntdUwuhpdwU hwdwn Ungye B dwnwyjtp JGp ynnuhg 1998-2015 pp. pu-
rpwgepnd Yptn gbnh nt Upw wjwquwuht wwwnywunn Junwyubph d4uwhuwnphh Ywaquh nuncd-
UwuhpntejntuGnp, npnug pupwgenid 1.5 U pnuwy W 0.5 J wnpwdwaghé ntutignn dGnph dyunpuwywl
guwgh, 0.8 U inpwdwghé ntubgnn JGphwu gwugh W d4unpuwywu Ywnpetnph oguntejwdp npuyt G 18
dUUwwnbuwyh wwwnywunn 974 wnwldujwly: QYUEph npuh, npwug duwydwu L wnbuwywihu
npnanudutph plpwgentd wwhwwuyl GU dYLwpwunyiwl Ut punniwéd JGennutpp [4, 5]: Pwgh
dGpngpjuihg, 2015 .  Jwjhu-ognuwnnuh  pUewgentd  UnuhpnphUgwiht  nhunwnpynwdubn  Bu
hpwywlwgyt], Qnpwgbin gbinh nu Upw wnwUdhu Jwnwlubph dpw uengdwséd  «Qnpughbn-5»,
«QNnugbwn-6», «Ywplwnwwn», «ANPWIEYU», «Unippwly», Uwng gbunh ynw Yunenigwd «Mnghwpn»,
dwdpwy gbwnh W Upw wnwuéhu yunwyubnph dpw Yunnigdwsd «Uwhinwyy», «Upgniin-2», «dwhwglhy,
«Quwlwfush» ®IEYU-EnnLU: Hhnwpynidubph pupwgenid wnwldluwyh npwnpneintl £ nwpayt ®3EU-
Gph gnwn  hwugnygubpnud  dYUwwwpunywl  Ywenigwséplbph  (Qyuncnh, dJUwwwunywl  gwlg)
wnywjniejwup W quwhwunyt) £ npwug hwdwwwwnwuhuwuntentup Gpupuwdnpdwé swithwuhpusnphu
nL nyjwy gbwnnd puwyynn dyuwnbuwyubnh $hghywywl W YEuuwpwlwywl wywhwlgdntuputbphl [1,
2,4]:

Upnyyniupubp L pUbwpynid: 26pGn gbnh W Upw wjwqwuhbt ywwnywunn qb-
wnbpu punhwunip wrdwdp hwpnwun g6U dYUWNGUWYHLUEPNY: Iwdwédwiu bwhuyhunwd Yw-
nwpywé nuncduwuhpnieiniblubph, wjuntn £ hwunhwnd Iwjwunwuh gpwywutpnd
gpwlgqwé pnipg 40 dluwwnbuwyubphg 18-p [3, 4]: E| wyblh phs dYUwwnbuwyubp Gu
hwunhwntd pwpépwnhp Juiptpny hnunn gbwntpnud, npnug ypw Yunenigwé tu dIEU-
Gph JGd Jwuh 9pwnh gqluwdwuwihlu  Ywenygubpp:  Wuwbu, 2Qnpwgbunh  JGphu
hnuwlpnwd, npunbn  Ywnnigywé £ «Qnpugbn-5» ®3IEY-h gnwn  hwlgnygp  (Yn-
npnhUwwnubpp® 44°7'46.24"E-41°1'45.79"N, 6nyh Jwywpnwyhg pwpdépnieiniup® 1738 U,
dupnudwihb funnnjuwywpwnh  Gpywpnee)ncup® 1850 d), dYuwwnbuwyubphg Ubpywynid
hwjwuwnhnptU  hwunhwynwtd £ Jupdpwhuwjnp Salmo trutta fario L., 1758: ®3EY-h
gluwdwunwd wnyw E pGnnuhg Ywnnigywd  wunhdwlwadl  dyuninp® 12.1 U &p-
Jwpnrejwdp W 0.83 J (wjunipjwdp: Unyw E pGunnut dhgunpdubpnd hpwphg wnwpuwil-
swinJwd 6 wuwnhbwl, npnug jnipwpwlgniph  pwpépngintup Unnn 1.30 J E: 3ni-
pwpwlgnin Jdhgunnpd nluh Gpyne, hpwphg wnwppbp pwpépniejwl ypw pwgdwsé denekn®
jncpwpwlgnipp 0.3X0.3 J swihtpnd: Unyw E 3.7 J Gpywpnipjudp wnpnpuhg 6w-
nwywunwy, nph dwntph Jvhple hGnwynpnipiniup 3.0-3.5 ud E: dwntph dhple Udwu hi-
nwynpnientl nitubgnn dwnwdwunwyp sh Ywpnn wpgbt, Jhugle 15 ud Gpywinnipjudp
dyuEph hwynudbp 6wntbph Uinwu Ynnund gunynn dugnudwihlu - funnnywiywwph JGe:
Swny E Wk, np «@npwgbn-5» ®3IEY-h gluwdwuh dyuninnig nbwh UtGppl Unuin 20 J
htnwynpnipjwl Yypw wnyw E Lu JBY pbnnut ywwdwn 2npg 2.0 U pwpépnipjwdp,
npnkn pwgwyuwynid £ d4uninhu, huglt wuhUwp £ nupadunwd gbunncd puwydnn dyutph UG6
Jwuh plwywuntu wbnupwpdp nbwh Ywengywéd aYuninh: punh Jujpnd  Udwl
ywnnygh, huswtu Lwl P3IEY-h guwdwuhg Jh pwluh Yd gbwnh hnuwlplu h Jup
uwnnigywsé  wy  hpnpnunGubhywywu  YwnenyguGph - weywynigniup (Unin 3
pwpépnijwdp pGnnut wwwnywn W fudBine oph unnnwywwnwptp) enyyg sh twihu gGinp
nyjw| hnuwlpnud wwjdwlubp untbnétp anpuagtunh Jhghu hnuwlpnwd puwyynn Yniph
pGnwaélywu Barbus cyri De Filippi, 1865, wnlbywu wnwnbiuhyh Alburnoides eichwaldii (De
Filippi, 1863), Unnwyh Capoeta sp., pwnpwyh Gobio sp. W wj dYUwwnbuwyutph gbwnp
y&ppu hnuwueltn puwywunu UEppwthwugdwl W puwybgdwu hwdwn: LJwu hpwyhdwy
E bwl @npwgbwnn gbinh wju hwndwédned, npnbn Yunnigywé £ «@npugbin-6» ®3IEY-h
gnwn  hwugnygp (UnnpnhUwwnlbpp®  44°8'46.81"E—41°221.54"N, 6nyh Jwlwpnwyhg
pwpanpncentup’ 1664 J, dupnidwiht fjunnnwywpwph Spywpniginiupt 2360 d): Wjuntn
Lu hwunhwynd E Ywpdpwpuwnp, huy Juwgwd dyuwnbuwyubpp s6U upnnwuncd
puwytgut) wyn wmbnwuep yGnpngpjwy hhnpnuinGhuuhywywu Ywnnygubph wwwndwnny: Wu
®3EY-h gluwdwunid inbnwnpwéd £ 12.2 J Gpywpniejwdp, 0.67-0.70 U wjunLejwdp
pGwnnuhg Ywnnigwé wunhdwlwéle d4uninh, nph 8 wuwnhdwuubphg jnLpwpwugniph
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pwpnapnieintup JGYp Ujnwuh UWJwwdwdp dninn 0.35 J E, pwgwnnipjudp  wnwehl
wuwnhdwuh, npu hupuncpniyu, d4uninn hhdbwywl Jwuhg wnwudbwgywséd punwnpwdwu
E W wdbh pwpép E, pwl Unwlbpp: Unbw E 2.25 J GBpywpnipjudp  wnpnpuhg
dwnwywunwy, nph dtnetph Jhele hGnwynpniejniup 2.5 ud £ dwntGph Jhole Udwl
hGnwynpnieintt nlubgnn gwugp sh Ywpnn wpgblt, dnn 8-10 ud Gpywpnipjwdp
Jwupwayutph hwyunuybp supnidwihu funnnjuwwinwnh Jtg: Iwpy £ UG, np wju ©3IEY-
nd dyuncnnt wnywynipyntll Ewywu nbp ¢h huwnnud dyutph nbnwwndu wwwhnybinc
hwdwnp, pwuh np vhUsle opwnh YGin® dnin 50 J hGnwynpnipjwu Yypw gbuinh hnuwlgp
Gpywwynwd E: Upnniupnud oph Jh Jwup hnunwd £ nGwh gnpwn, huy Jjpwu Jwup
awpnibwynwd £ hnubp gbinh puwywu hniund, hugl wpntu huy pwdwywlu E dYutph
puwywunUu inGnwpwnpdp hnuwupu h y&p nt ywn wwywhnyGine hwdwn:

«Mwplwnwwy  ®3IEY-h  9pwn  hwlgnygp  (Ynnpnhuwwnubpp®  44°10'16.48"E—
41°2'39.63"N, 6nyh Jwywpnwyhg pwpépniejntup® 1608 J, dupnidwiht fjunnnwlywpwph
Gpywnniejntup® 3800 J) Unyuwbu gunuynd £ Qnpwgbnh y6phu hnuwupnud® Uwpunpn
«2Qnnwgbwn-6» ®3IEY-h opennh hwplwuniejwdp: Wuwntn wnyw £ 10.28 U Gpywnniejwdp
L 0.85-090 J jwunigjwdp pGunnut  wunhtwlwéle  d4unnh: Unyw E  pGunnub
dhgunpdubpnd  hpwphg  wwpwlgwnywd 6 wuwnhdwl, npnughg  JnLpwpwlUgniph
pwpépnieintup tnwinnwuyned Ep 1.20-1.30 J uwhdwuuGpnud: Snipwpwlgnip Jhgunpd
nLuh 0.18-0.20X0.18-0.20 U swthtpny dtinetn, npnue whudwwnwal nwuwynpdwé Gu Jtyp
djntuh UJwwndwdp: Quuninnig nGwh Utpel, Unn 20-25 J hGnwynpnipjwl ypw wnyw E
Lu JGYy ywwndwn 1.5-2 U pwpanniejwdp, npuintn pugwywgned £ d4uncnhl, hugp hwdwnjw
wUuhuwp E nwpdunwd Jwun dyUwwnGuwyutph plwywunt inGnwwndp nbwh Yunnigywéd
dyuntnh: Qpuwnh Jwjpnwd Udwu Ywnnygh wnyuwjnieinip sGgnpwgunud £ dyuninn
huwpwynp npwywu LpwlwyniejnLup:

anpwgbnh Qupgwn Junwyh Jhehtu hnuwupned, npintn Yunenigywéd  «YUnippuwly»
®3EY-h gopwn hwlugnygp (UnnpnhUwwnubpp® 44°33'13.55"E-40°57'30.27"N, 6ndh Jw-
Jwpnwyhg pwpépnieniup’ 1224 J, supnwdwihu funnnjwwpwph Gpywpnepgniupt 3086
J), hwunhwynwt GU Ywpdpwhiwgnp, Yniph  pGnwaéntyp, wpllGgwu  wnwnBhuhyp:
Qhuwdwunwd wnyw £ wunhdwlwal, 16.2 U Gpywpnipyjwdp, 1.0 U jwjuncpjwdp W 1.80
J pwpapnipjwdp pbinnbhg Ywrenigwé dyuncnh: Wb Yugdgwé £ 7 wunhéwlhg, nnnughg
JnLpwpwlgnipu hpwnphg twpwuswwnywé £ pGuinnut Jhgunpdubpny: Quutph inbnwpwnpdu
wwwhnybint hwdwp jnipupwgnep dhpunpdh pw weyw BU tnwppbp pwpapnuejwl pw
gwnuynn Gpync' 0.35X0.35U swihbp nctubgnn dGnetn: Quuninne JGY dhgunpdhg Uhugle UjnLu
Uhounpdh hGnwynpnipintup yuqund £ 1.95-2.03 J: Unyw E gniqwhtn nuwuwynpjwéd
wnpnpuhg snpu dwnwywunwy, npnug dwnbph vhgle hGnwynpniejniup 2.5-3.5 ud E, hugp
sh Ywpnn wpablsp Jhugle 15 ud  GpUuwpnipyuwdp  duubph hwjnuygbip  dupnudwghu
funnnwywwnwnpnd:  QUuninntu hwpnn - wwwndwph  wwwmdwnny  Quwpgwn  gbup
glhuwdwuncd wnwewgunid £ [gwlywudwU gpwywy:

b wwppGpnieintu Qnpwgbnnh Jpw Juenigywd Jjineu @3EY-Gph, wyn gbinh
unnphu  hnuwlpnid  Yunnigwsd  «QnpwlELU»-h 9pwn  hwugnigp  (YnnpnhUwwnutnp®
44°36'33.40"E- 40°57'33.73"N, 6ndh dwlwpnwyhg pwpannipiniup’ 986 U, dupnidwjhu fun-
nnywywpwnh Gplwpnepiniup® 205 J, gpwnwn pnlltih Gpywnnie)niup 2450 J) dyunwnh
¢ntlh: Swny E WG, np «@npwlkEYU»-p gnpénd £ 1932 p.-hg W wugwé nng wnwphubph
pupwgenid wju hp gliuwdwuwihu jncpwhwnncy dGunwnwywu wnnygny thndhu Yunnk, £
AGptnhg ntwh Qnpwgbn dwnunn dyutph Jhgpwghnl dwlwuwwphp' oguwagnndtiny
gtwnh nng gnLpu hp pwhwuhyutph w2huwwnwuplt wwwhnyGine hwdwp: Uhwdwdwlwy
gbwh yGphu hnuwupltpnd puwyynn dyutpp hwdwpw rE phy gpyywé B Yepkn
pwthwlgbint  huwpwynnpniejntuhg, huy qbwnh hntup ®3EY-h  glluwdwuhg UGppl
hwdwpw gpwgnyywé £ W ng whuinwuh d4ubph plwywunt YGuwgnpdnlubnipjwu hwdwp:
®3EY-h gqlhuwdwund pwgwywnud £ Lwle dYLwwwpnywu gwugp: Ypw thnfuwpbu
wnyw U wnpnpuhs Swnwywunwyutn, npnug dGnetph Uhele hGnwynpnipintup 8 W wybih
uJ E: dwntph vhole wjnpwl tinwpwénLinil ntlbgnn dwnwywunwyp sh Yupnn  wpgbibg
anpwgbunnud puwyynn  dyuwnbuwyubph® updpwhuwjnh, wpllbgwu tnwnbhuhyh, Yneph
pGnwalwu, Yynnwyh W djneuutph hwpnuygGip @3EY-h ininpphluGp guwgnn dupncdwghu
punnnywywawnpned:

71



U.lu. "hMNSUL, WU. UNURELSUL, L.Q. QULUSSUL, h.U. QURUSUL

AbpGnh Junwy hwunhuwgnn Uwng gbinh wjwqwuntd, npuinbn Ywnrnigwé £ «Mn-
ghunpnu» ®3EY-h 9pwn hwugnygp (UnnpnhUwwnlBpp' 44°42'39.93"E-40°53'48.78"N, 6nuh
Jwywpnwyhg pwpépnientpt 1356 J, dupnudwihU  funnnuywpwnph  Gpywpneejniupt
3680 U), Ywpnn U hwunhwb] ywpupwhuwjwnp, Yniph pnwancyp, wpllbgwu tnwnthupyp:
Qhuwdwunwd wnyw £ wunhdwuwaél pGinnut dyuninh® onipp 12.0 U Gpywipnigjudp W 1,5
J (wjunejwdp: Quuninpu pbnnut Jhgunpdubpny pwdwujwé £ 0.8 U pwpépnipjwdp 9
hwwnywélutphg, npnup hpwp Bu Jhwgwé 6Gnetpnd: Unyw E wnpnpuhg, nph dtngtph
Uhple hGnwynpniejntup 2.0-3.0 ud E: dwntph dhple wjnpwl hGnwynpnieintl ntukgnn
dwnwywunwyp sh Ywpnn wpgbli, wybh pwu 10 ud Gpywpniejwdp Jwupwéayutph
hwjinuybip ®3IEY-h nnpphluEp quwignn dugncdwihb unnnywywwpned:

dwdpwy gbwnh wju hwndwéned, npinbn junnigywéd £ «Uwhnwy» W «Upgnuin 2»
®3EY-Gph onuwin hwugntjgutinp (hwdwwwwnwupiwuwpwn® ynnpnhuwwnutnp®
44°17'36.14"E- 40°49'52.19"N W 44°22'22.88"E—40°50'45.29"N, 6nUh dwywnpnwyhg pwpépnt-
pintupt 1490 W 1430 J, dupnudwjhu  funnnywywpwph  Gpywpnogjniupt 2685 L
1880 U), hwunhwnd U Yupdpwhuwyinp, YUniph pGnwéncyp, wpllGywu tnwnthuhyp, ynnw-
Up: QGwnh 9pGpny uudnn pEpUGpwihl Jwup dYUwihu wnlwnGunienllubphg wjuwntn E
Ubppwihwugnd bwle shwéwuwhuwjinp: «Uwhwnwy» PIEY-h onwn hwugnygnid wnjw £
4 wuwnhdwulbpny nwuwynpywséd dnn 6.5 U Gpyupnyyudp W 1.0 J pwunipjudp
pGwnnuhg Yunnigywd dyuncnh: Snipwpwlgnin wunhdwl ntuh JGyp Jjntup Uywndwdp
30.0-35.0 ud pwpépnipnl, gnipy £ dyubph wugdwl hwdwp Lwhwwnbujwé 6Gnetphg,
huy JGphu wuwmhdwup gwén E gbnh hnup thwynn tunnnjwyhg unun 60 ud, hugp
(nwgnighg  nddwpnienilln £ unbnénd  qunenn d4Uwwnbuwyubph  hwdwp:
Qhuwdwunwd pwgwywynd £ dYuwwwpunuwl gwugp: Ypw thnfuwntlu wnlw £ 6.0 U
Gpywpnieintu nlubgnn - wnpnpuhg 2 dwnuwydwunwy, npnug  dwnbph  Jhol.  hb-
nwynpniejnup 5.0-5.5 ud E: dwnbph vhplw Udwl hGnwynpnipintl ntubgnn dwnuwywu-
nwyp sh Ywpnn fungpunnuntp dwdpwynd pbuwyynn dyubph JGd Jwuh hwjnudbincu
®3EY-h dupndwhu junnnywywwnh Jte:

«UpgnLin 2» ®3IEY-h gpwn hwugnygnud pwgwywjnd £ dyuninhu: Qyuninne pw-
gwywjniejntup b gbwh hntuh ypw Yhuwpwun wwwnwnp wpgble G hwunhuwuncd
gbinud  nwpwdwd  dYuwwnbuwyubph ubgnuwihu qunep gbwinh hnuwlpu h ybnp
Ywwwnptbine hwdwn: Suwdwund pwgwyuwnud B bwle dJUwwwpnuwl guugp: pw
thnfjuwptl wnlw £ 2 wnpnpupg’ hwdwwwwnwupuwlwpwn 2.9 b 3.9 J Gpywpnipjudp,
npnug dtnetph Jhgle hGnwynpnieinilp 5.5-6.0 ud E: Awnbph dhple wjnpwl wnw-
pwénLeintu ntugnn winpnpuhgn sh Ywpnn fungpunnntp @wdpwyncd puwyynn dyutph JGé
Jwuh hwjinudGintu @3IEY-h dupnedwjhu funnnjwlwpwnh ubg:

dwdpwy gbnh Junwy hwunhuwgnn Swuéniin gbinh wju hwndwéned, npunkn Yw-
nnigywd £ «dwhwquh» ®3IEY-h 9pwn hwlgnygp (YnnpnhUwwnlbpp® 44°31'18.51"E-
40°47'34.77"N, ényh dwlywpnwyhg pwpépniejntup® 1396 J, dupnidwjhu fjunnnwywwph
Gpywnnieintup® 16 200 J), Ywpnn U hwunhwb] yuwpdpwhuwjnp, wnpllGgwl nwnGiuhyp,
Unph  pGnwaéncyp:  dGpdGpwihu  dYUwghu - nuwnGunieinltlubphg  wjuntn  Ywpnn £
Ubprpwihwugt] bwle Shwéwuwhuwjwnp, huy gpwn hwugnighg dnwnn 1.5 Yd hnuwupu h yuwn
gunuynn wphGunwywu jdwyhg’ wpdwpwihw), Ywnwup: Lpwn hwugnygnd wnyw £ 1.20
J Gpyuwpnizwdp, 1.03 J pwpapnipjudp W 0.91 J jwjunipjwdp pGinnuhg Ywrnigywd 5
wuwnhdwl, npnughg jnupwpwlgnipu nctuh Jninn 25.0  ud  pwpapnipniu: - Ldwl
Ywnnigdwédpp sh Ywpnn  dyuninnt nbp Ywuwwnpbp  Swuénuin  gbnnud  pbwyynn
dUuwntGuwyubph hwdwp: Unyw £ 6.5 J Gpywpniejwdp Jwun wugetpny wnpnnpuhg, npp
Jwpnn £ Lwl dyUuuywnwwu gwugh nGnp Ywwwptbp: 3wny £ UG, np Swuénun gbunp?
hnutiny Ywlwaénp pwnweh Jheny, wnunnnynwd £ Yeugwnwjhu wnpny W YnjnLnwigptpn,
nph hupbwdwpenpdwUu gnpdpUrpwghl npnuyhnpBu fuwuqwpnud £ ®3IEY-h Ynndhg onin
JdGpgubip W dnwin 17 Yd nbwh dwhwgquh gjnin dgunn hunnndwywwnwph wnywjniejniup:
Qtwinh hnunwd onph phs pwlwynipiniup dwbwénp pwnwend W npw 2ppwywencd
wnwpwgunwd t  hwywuwUhnwpwywu  Jhéwy' wagnbind bwle dyubph  plwywlnu
ytLuwgnpénLubniejwl Yypw:

dwdpwy gbwnh Junwy hwunhuwgnn 2Quwuwhush gbnh wju hwwndwédnid, npintn
Ywnnigdwd £ «Quwlwpughy ®3IEY-h 9pwn hwlgnygp (UnnpnhUwwnlbpp® 44°39'56.54"E-
40°54'31.60"N, 6nyh Jwywnnwyhg pwpanpnieintup® 1101 J, dupnudwihu junnndwyuwpw -
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nh Gpywpnipyniupt 1240 J), hwunhwnwd U Ywpdpwhuwjwnp, wplbgwu wnwnGhuhyp,
Uniph pnwancyp, hwaywnbw® Ukwuh Ynnwyp: dtpdbpwiht d4uwghu inunbunteiniu-
ubphg wjuwntn £ Ubppwthwugnd shwéwlwhiwjinp: @IEY-h spwn hwugnygnd wnyw £
8.1 U Gpywpnigjwdp W 1.1 J jwjunipjwup Yhuwpninp hwindwépeny 6 wuwnhdwlwlng
pGwnnUut Yhuwpwjpwjywéd adyuncnh: Quuninne unnphu Jwup wjwpunynd £ dnn 1 U
Gnywpnieintu nlukgnn glwuwewnph Jpw, hugp [pwgnighs nddwnnipintu £ unbnénud
ayubph hnuwupl h 4Gp quneh hwdwp: Shuwdwunad pugwywinud £ d4uwyuwnuwlu
gwugp: HYuw thnhuwpBu weyw £ 8.0 U Gpywnnipjuwdp  Gpynt wnpnpuhg, npnug dwnbph
Uhple hGnwdnpnipiniup 4.0-6.0 ud E: dwnbph dhple wynpwl wnwpwédnieintu nlukgnn
swnwywunwyp sh Ywpnn wpgblb Qwuwhugsh puwyynn dyubph UtGd dwuh hwyjnuybip
®3EY-h dupndwihu punnnywywwnwnh Uty:

APuwwwhwwluwywl wnGuwlyntuhg wplnpwgnuu hubunhpubphg JdGyu £ yunt-
nhutpny hnunn oph 6hoin pwlwyh uwhdwunwdu E: 3wjnbh E, np dYubph quinpwihu
puwagnh wpprUwgdwu hwdwp whpwdtin £ 9ph hnuph npnpwyh uwhdwlwihu pwlwy,
hugp hwwny £ jnipupwugnep dYUwnbGuwyh  hwdwp  [6]: UGp Uwhitwywu np-
wnwpynwdubph hwdwéwju® dwjhu, hntuhu wJdhuuGphu dyuninhutpny hnunn gnipp Unp-
Jwjhg wybih pwwn E, W dyuninhuGph U666 Jwunwd uinbndynid E oph wjuwhuh wpwa hnup
nL UGS aupnud, npnup hwéwh wuhwnpwhwntih BU hwnjuwwbu Jwup dyuwntuwyutph
hwdwp: Uhwdwdwuwy hnithu W ognuwnnu, hugwbu bwle dunwlu wdhulbphlu, Gpp gtup
hntuh JB9 wwlwunwd E hnunn oph pwlwyp, dyuninhutpnud gph pwluwyp unynpwpwp
Ujwand £ wjupwu, np sh upnn Uwwuwnb) dyuGph Unin quneh puwgnu wppwlwinLu:
Upnynitbpnud, JGp Ynnuhg nuniduwuppdwé qbunbph dpw Yunenigywé dyunnhutpny
hnunn gph pwlwyp hwéwh sh Uwwuwnnwd dYubph wqwun nbnwwndhu W adyuwhu
wwwnutph wwhwwudwuu nt yGpwywuqudwun:

Ujuwhund, 26p6n gbnh W Upw Juwyukph hndubph Jpw Yunngwé ®3IEY-Gph
dyuntnhUbph wbuwyubph W Yuenigwdpwihu (ndnudubph ybpindneiniup gnug
wnwihu, np dyunnhubph Ewywu Jwup sh hwdwwwnwupuwunid wyn gbnGpnd puwyynn
U wwppGpwpwp Jhgpwghwubp Yuwwwnpnn wnbnwpbwy d4uwnbuwyubph  YEuuwywlu
wwhwlugdntupUbphu nL $hghywywl hUuwpwynpnieintuubphu: Wn hdwuwnnyg  npwlge
Jdwdwuwdp  huplwlwwwwy U no g6U  hwdwwwwnwupiwuntd  Udwlwwnhy
Jwnnygubph Lywwndwdp dwdwuwywyhg wwhwugutphu, hugu £ hwunhuwunwd £ npwug
ns (hwndGe qnpéGint hhdlwywlu wwwdwnp: Ujnwa Ynndhg, 3I3-nd  dyuninhubpp
Uwpuwagéynd  GU  gnpénn  UnpdGph  hwdwéwju, hugt hpwywunwd  Jowyjws E
hwppwywjpwihu  Utd gbintph hwdwnp [2, 6]: Iwjwuwmwuh gbinbpnd  puwyynn
dUuwwntGuwyutph qqwih Jwup sh Ywpnnwunwd hwnpwhwptp ®3EY-Gph Yunnigdwl
wpryntupnid unbnéywéd  wpgbeutpp'  pbunnUt wwwndwnubpp,  huy  dyuninh
Jwnnigywéplbpp 56U wwwhnynwd hptug ypw npywéd hhduwywu Uwwwnwyp® ywdnipg
hwunhuwlw| qbwnh wwpptp  hwnywdubpnud  puwyynn  d4UuwwnGuwyubph  wqwwn
nGnwpwpdh W adYuwihu wwwnubph wwhwywudwu no puwywunu  yGpwpunwnpdwl
hwdJwp:

Uniu whuwwnwupp Yuwwnwnyby £ «Uowygnieinu thnpp IEY-Gphu yGpwpbpnn pw-
pGthnfunLdutphl®  gbnwghu  Eynhwdwywngbph  Yuntu oginwignpduwl - Uwwinwyny
hwupniejwu W 33 plwwwhwwuniejwl Lwhuwpwpnipjwl  Gpyrununtejwlu  Jhongnd»
Spwanh 2npgwliuyubpnud UW26-QE3 dnpn npwdwpunphutnh dpwagnh wewygnipjwdp:

aruyuuniE3nty

1.  Uwdybywl W.L. ®npp hhnpnElGYunpwywjwuubph yuninh wnnigwéplubph hudtubnw-
Ywl wwwhnynudp |GrUwjhu ywydwUutpnud: Undwaghp wnGhuuhywywu ghw. pEYL. ghwn.
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Lwjwunnwbh Ghunngnibbbph Ugquyht Uywnbdhw Lwjwunwbh YEtuwpwlwwb {wbnbu
HauuoHaabHas Akaaemus Hayk ApmeHuu Buoanoruueckul XypHaAa ApmeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

*@Onpdwpwpwlwl b inbuwlwl hnnywdolbin «Ixcnepumenmanshvie u meopemuuecKkue Camou®
*Experimental and theoretical articless

Buoaor. :xkypH. Apmenuu, 2 (68), 2016

OBE33APAKUBAIOIIUE CBOMCTBA HAHOKOMITIO3UTHOI'O
OUJIBTPA HA OCHOBE ITOPUCTOI'O MUHEPAJIA TY®A
N HAHOYACTHUIL CEPEBPA U ET'O IPUMEHEHMUE J1JIA
OUNJIBTPAIINU BOJBIINX OBBEMOB BO/IbI

H.C. MHAIIAKAHSIH', A.A.TPYYHSIH?

Y“TOHYC-JIEC” 000 “I®JUDH JIAB” ucnsimamenvnas nabopamopus
2ETY, kaghedpa Mukpo6uonozuu u GUOmMexHON02U PACMEHUTL U MUKDOOP2AHUIMOS
narine.mnatsakanyan@fdalab.am

B matpuiy ObITOBOTO GHIBTpa, COCTOAIIETO M3 MOPUCTOTO MUHEpaja Tyda U U3rOTOB-
JICHHOTO B COOTBETCTBHUH C TeXHHUECKUM perinameHToM (TY PA 23477755.1918-99), mytem xumu-
YECKOTO OCaXACHHUs BCTpaMBaIM HaHOYACTHULBI Ag. B pesynpTaTe OBUIM MONYYEHBI HAHOKOMIIO-
3UTHBIE (QUIBTPBI, KOTOPBIC 00JIaAA0T BBICOKOH OMONIOrHYECKON aKTHBHOCTHIO. M3y4yeHo ux Oak-
TEpUNUIHOE JISWCTBHE HAa MHUKPOOPTaHU3MEI, COepiKaInecss B Boae. DTH (QMIBTPBI MOXKHO HC-
TI0JTE30BATh JJIs 00€33apakuBaHUsI BOJIBI.

Bvimosotui punemp — nanokomnozum — nanouacmuyvl Ag — unompayust 600t —
AHMUMUKPOOHAS AKMUBHOCTb

Swynwnytlu hwlupwihu nnibhg Yuquywé Yeugwnuwihu qunhsh dwwnphgwih Jdtp, npu wp-
nwnpyned £ hwdwadwju 33 SY 23477755.1918-99 inbhulhjwywl Ywunuwywngh, phuhwlwl Uunbg-
Jwdp UGpywnnigytbp BU Ag bwundwubhyutp: WUpnniupnid unnwgyt) Bu bwunyndwnghun qunhgutn,
npnup odinywé BU pwnan YELuwpwlwywl wynhynipjwdp: Nuntduwuhpyt) £ npwug pwywntnphghn
wanbgnieinilp - gpnd - wwpniiwydnn - dhynnopquitihquutiph - dpw: - Wn quahgubpp YunGih £
oglnwgnnét| optbnph whutnwhwudwl hwdwp:

YbGLgwnuwyjhlU qunhs — bwlnyndwnghwn — Ag Uwlndwulhlubn — gph quinid —hwlwdwUpEwghU
wlwnpynipincl

By chemical deposition Ag nanoparticles were inserted into the matrix of household filter,
consisting of tuff porous mineral and manufactured in accordance with the technical regulations
(TC RA 23477755.1918-99). As a result, a nanocomposite filters that have a high biological
activity were obtained. Their bactericidal activity against microorganisms contained in the water
was studied. These filters can be used for the water disinfection.

Household filter — nanocomposite — Ag nanoparticles — water filtration — antimicrobial activity

3arpsi3HEeHHE BOJ, B TOM YHCJIE MUTHEBOW BOJbI, MPEICTABISET CEPHE3HYIO KO-
JIOTHYECKYyI0 MpobneMy. M3-3a 3arpsi3HeHUs! MUTHEBOI BOJBI B MEPBYIO Ouepesb CTpa-
Jaet 310poBbe uenoBeka. [1o onenkam BO3 exeronHo cpeau aereit B BO3pacTe 10 MSATH
JIET PETHCTPUPYETCS 2.5 MIIPJI. CIIydacB TUapeH U 3TO 3a00JCBAaHUE CTAHOBUTCS MPUYH-
HOM cmepTH 1.5 MITH. Aeteit.
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88 % ciryuaeB quapen CBSA3aHO C HEMPUTOMHOW ISl MTUTHS BOJOU, ¢ HecoOIroIe-
HUEeM TpeboBaHwmii rurueHsl [1]. [Ipobnema pumpTpamm u 00e33apaKUBaHUS BOJBI, UC-
MOJIb3YEMOM YeTI0BEKOM, OcTaeTcsi akTyanbHOH. Celfyac BBITycKaeTCs MHOXECTBO ObI-
TOBBIX (PUIIBTPOB, OTIMYAIONIUXCS APYT OT APYra IO CTEHNEHH OYHCTKH, METOLY (pribT-
pauuu 1 yao6cTBy npuMeHeHus. 1o MeToxy OYMCTKH pa3iuyaroT ClIEAYIONIHe KaTero-
pun GUIBTPOB: MEXaHWYIECKHE, HOHHO-OOMEHHBIE, CHCTEMBI 00paTHOTO ocMoca, (hu3n-
KO-XMMHUYECKHe, anekTpuueckue [2,10]. BombIIMHCTBO (GUABTPOB OCYIIECTBISIIOT OYHCT-
Ky JIMIIb ONPEAETICHHOr0 CIeKTpa 3arpsa3HeHHi, TI03TOMY Ul JOCTHKEHHs Oosee dd-
(DEeKTHBHBIX PE3YJIBTATOB UCIIOIBb3YIOT KOMOMHAIINIO HECKOJIILKUX (DPUIIBTPOB, pa3iinyaro-
HXCsl COCcO00M (UIBTPalMK, WIH KOHCTPYPUPYIOT CUCTEMBI (MIBTPALUK, KOTOPbIE
TpeOyYIOT 3HAUUTENBHBIX 3aTpaT IIPH YCTaHOBKE M IOCIenylomel sKciutyaranun. OaHa-
KO CYIIECTBEHHBIM HEJOCTATKOM OOJIBIIMHCTBA (PUIIBTPOB, OCYHIECTBIISIOIINX OYHCTKY
BOJI BBIIIETIEPEYHUCICHHBIMA CIIOCO0aMH, SBJISIETCS TO, YTO MPH HEPETYISIPHON Mozate
BOJIBI B HUX CAMHX MOTYT HaKalINBAaThCs M Pa3MHOKAThCSl MUKPOOPTaHU3MBI, TaK KaK B
¢UIBTpax cO3AI0TCS OJIATONPHATHBIE YCIOBUS JUIS NX PA3BUTHSA, B PE3yIbTaTe Yero ca-
MU (PUIBTPBI CTAHOBATCS HCTOYHUKOM 3apa’keHUS BOBI.

IIpoBeneHs! nccneoBaHys, HAIIPaBICHHbBIE HA YCOBEPIIEHCTBOBAHUE (PUIBTpPYTO-
IIeTO KapTPUAXKa, KOTOPOE OCYIIECTBISUIO OB cpa3y HECKOIBKO METOZ0B 00pabOTKH BO-
JIbl, B 4aCTHOCTH oOe33apakuBaHue. J{JIsi 3TOro UCIONb30BANICS (PHUIBTPYIOIMHA KapT-
PUIDK, U3TOTOBIECHHBIN U3 3KOJIOTHYECKU YHCTOTO IIPUPOJHOrO MIOPUCTOTO MUHEpaia Ty-
¢a (EpBangakepTcKoe MECTOpPOXIEHHE, APMEHNS) B COOTBETCTBHU C TEXHUYECKUM Per-
namMeHToM [3]. OuiIbTp MMeeT YNopsIOYeHHO CTPYKTYPHUPOBAHHYIO MOPHUCTOCTD C pas-
MepaMH Top 10 1 MKM, T.€. OCYIIECTBISIET MeXaHW4ecKylo (uipTpanuio. Bmecre ¢ tem,
Ty} sBISETCS MHHEPATIOM, HMEIOIIUM BBICOKHE COPOLMOHHBIE CBOMCTBA, B PE3yJIbTATe
4ero (UIBTpanys OCYIIECTBISIETCSI TAKXKE 32 CYET COpOLMH BPEIHBIX BEIIECTB, pPacT-
BOPCHHBIX B BOJIC.

KapTpmmku nMeroT TurueHndecknii ceptudukar MuHHCTEpCTBA 3paBOOXpaHe-
Hust PA (Ne72 ot 22.09.99 r.) n monydnny caHUTAPHO-3IHIEMHOIOTHYECKOE 3aKITF0Ue-
aue Poccuiickoit @epepannu (Ne77.99.10.234./1.004597.06.04 ot 03.06.2004 1.). Nnme-
€TCsl 3aKJIFOUEHHE O BO3MOXKHOCTH MPUMEHEeHHUs] QUIbTpa U3 MPUPOJHBIX MOPOJ B MpaK-
THUKE XO3IMCTBEHHO-ITUTHEBOTO BOJIOCHa6)KCHI/I$[ JJIA JOOYUCTKHU MMUTHEBOM BOJIbI U3 ap-
TE3MaHCKUX CKBAXKHH OT ITOBBIIICHHONW MYTHOCTH, IBETHOCTH M jkene3a. OmHAaKo 3TH
(UIBTPBI HE OCYIIECTBISIFOT MUKPOOHOJIOTHYECKYI0 OYHCTKY. bakrepuimabie cBoicTBa
Ag ¥ ero coeTMHEHU MU3BECTHBI C JaBHUX BpeMeH [7, 16]. [lokazano mopaBisroliee
nelictBue Ag Ha OakTepuH, NMpPUYEM OHO CHJIbHEE, YeM JEHCTBHE IPYruX METaIoOB
[12,19]. JobaBnenune k puiIbTpy HAHOUACTUI] Ag MOXKET ITPHUBECTHU K IOIYUCHUIO HAHO-
KOMITO3UTHOTO (DMIIBTpa, KOTOPBIH BMECTE C BBIMICNEPEUHCICHHBIMH (HILTPYIOIUMHA
cBoiicTBamMu OyieT 061anaTh emé U 0aKTepUITHIHBIMU CBOHCTBAMHU.

Henpro HacTOAIIEH pabOTHI SIBISIOCH BRIABICHHE HAMYHS aHTHMHKPOOHON ak-
THBHOCTH HAaHOKOMIIO3UTHOTO (MIbTpa (coueranue Tyd/Ag), u3ydeHne aHTUMHUKPOO-
HOW aKTUBHOCTH (PUJIBTPA IO OTHOIICHHIO K CMEIIAHHOM KYJIbType MHKPOOPTaHU3MOB, a
TaKKe HM3ydeHHe ero (GHIBTPYIOIIEro pecypca mpu (QuiIbTpauu OONbIIMX 00BEMOB
CWJIBHO 3arpsi3HEHHOU BOJIBI.

Mamepuan u memoouxa. PunpTps! ¥ X nonydeHne. Ha nmepBoi cTaguy NpUroTOBICHUS
¢GuIBTpa OCYIIECTBIIETCS APOOIeHIe MUHepana Tyda Ha IrpaHyjbl pa3HBIX pa3MepoB. 13 ctporo
omnpeieneHHbIX (Qpakiuii TpaHysl B ONpPEIEICHHOM COOTHOIICHHH TOTOBHTCS cMech. Ha a3toii
CTaliy MMPUT'OTOBJICHUSA K CMECH }IOGaBHﬂ}OTCﬂ HAaHOYaCTHUIIbI Ag, MOJIy4Y€HHBIE DJICKTPOJIUTUYEC
kuM MetoznoM [11]. [anee 3Toii cMecu npuaaercsl TUIHHAPUYECKas popMa, MOCIIe YeTo OHa MO/~
BepraeTcsi TepMHYECKOl 00paboTKe, B MPOLEcce KOTOPOTo IMPOUCXOIHUT CKPEIUICHHE TPaHyIl IpyT
C IpyroM, BCTpauBaHUe U (pUKCHpOBAaHNE HAHOYACTHIl Ag B CTPYKTypy HPHPOIHOTO MHHEpasa
(puc.1).
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Pa3mep mop mo Mepe mpoABHKEHHS K HEHTPY (PUIBTPYIONMIETo dIeMEeHTa yMeHbIIaeTcs. B
nporecce GUIBTPAIMU BOJIa CHAPYIKH HAIIPABIISAETCS BHYTPb.

LRC

JTH

Puc. 1. ®unbTp, M3rOTOBICHHBIN U3 Ty(da (crpaBa).

AHTUMUKPOOHOE ACHCTBHE HAHOKOMMIO3UTHOIO (GuibTpa. J{Is BHISBICHHS HallU-
4usl OaKTEPUIMIHBIX CBOWCTB HAHOKOMIIO3UTHOTO (pHIbTpa OBUT UCTIONB30BaH JANUCK-AH(-
¢y3noHHBI MeTox [9] B HekoTOpOH MoanGHUKanuH. JJI1 3TOr0 HOBEPXHOCTH MUTATEIHHON
cpensl B vainkax Iletpu Obuia 3acesiHa cycrieHsueit Tect-mukpoba Escherichia coli ATCC
25922 (American Type Culture Collection), koTopasi OpUIa IPUTOTOBIEHA M3 CYTOYHOM
KyJIbTYpbL. J{Jis ToydeHuns ra30Ha UCTIONb30BAIN CYCIICH3UIO OAKTEpHil ¢ KOHIIEHTpaIueH
10° KOE/mn. K cpene M0GaBIsUIM Takoe KOTMYECTBO CYCIEH3HH KIETOK, KOTOPOE
obecnieunio Obl ONITUMAJIBHBIN POCT TECT-MUKPOOA M YETKOCTh 30H YTHETEHHs €ro pocTa.
Cpazy ke mmocie ToceBa Ha INIACTHHKY arapa ObUTH IOJI0KEHBI KyCOYKH HAHOKOMITO3UT-
HOTO (MIBTPA U KycOUYKH (HiIbTpa 6e3 Ag, CMOYEHHBIE CTEPUIIBHOW TUCTHIIMPOBAHHOM
Bozoi. Yarmku naKyOnpoBaym npu temmnepatype 37°C B TeueHue 24 .

Uzyuenne o6e33apaKMBaIOIINX CBOWCTB (PUIBTpa MO OTHOIICHHIO K CMENIaHHON
KYJIETYpe MHUKPOOPTaHW3MOB. [l M3ydeHUs] aHTUMHUKPOOHOTO NEHCTBHA Ag TIO OTHO-
LIEHUIO K BBICOKOW KOHIIGHTPAIMU CMEIIAHHOW KYJbTYpbhl MHUKPOOPTaHU3MOB, a TaKXkKe
JUIl M3ydeHHs (UIBTPYIOIIETO pecypca HaHOKOMITO3MTHOTO (DMIIBTpa, COOPYAMIH
KOHCTPYKIHIO (pHC.2), KOTOpas MO3BOJMIA Obl OCYIICCTBUTH (DMIBTPALUIO OOJBIINX
00BEMOB BOJIBI ¢ OOIBIION MUKPOONOIOTHIECKON HArPy3KOM.

I ) 3@ 29 4

S—
Kowrsinepe

S3APEESHHOH EOLOI CHE

(3 ToEHEE)

1 2 306) 206) 4

St

Puc. 2 Cxema KOHCTPYKUUH 1O GUIBTPAIIMU BOABL: 1-CYETUNK BOIBI, 2-TPOOOOTOOPHUKHI:
2(a)-no ¢unsTpanun, 2(6)-mocae GUIBTpaKu, 3- KOIOBI ¢ PUIBTPYIOMINMH KapTPUIKaAMH:
3(a)-¢puneTpyronmii kKapTpumk 6e3 Ag, 3(0)-bribTpyrommii KapTpumk ¢ Ag,
4-BaKyyMHBIH Hacoc.

JI1st 3TOTO KOHTEHHEP BMECTUMOCTBIO B 3 T 3aIOJHSIIM BOJIOW, 3arpsI3HEHHON MH-
kpoopraun3Mamu (100 r moussr). Ha BbIXOze KOHTelHepa CMOHTHUPOBAJIM JIBE pa3o0-
IIEHHbBIE TPYOBI, HA Ka)KIO0W U3 KOTOPBIX YCTAaHOBHIHN (PHIBTPYIONIE KOJIOBI C OMHAKO-
BBIMU (WIBTPYIOIIMMH KapTpPHUPKaMHU, OJHA M3 KOTOPBIX COAEPKUT HAHOYACTUIIB Ag,
apyras He conepxuT Ag. Ilepen kaxasiM GHIBTPOM CMOHTHPOBAIH CYETUUK VIS IIPO-
ClIeXMBaHMs TPOQUIBTPOBAHHBIX 00BEMOB BobI. Jlo 1 Tociie GuiibTpyomiei Koiosl yc-
TAaHOBUJIM TTPOOOOTOOPHUKH.

3arps3HEeHHYIO BOJY OZHOBPEMEHHO MpOoKaunBaii 4epes oba uibrpa: ¢ Ag u 6e3
Ag. Oroupanu nmpoosl Boasl 10 u mocie uibTparuu 100 i1, 500 1 u 1000 1 BoabL.
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ITo 1 M ¢ xaxxgoit mpoOBI TIIyOMHHO CEsuTH B MUTATENbHYIO cpexy (Nutrient
agar/Liofilchem). Bce wamkum wHKyOHpoBaam mnpu Temmeparype 37°C B TeueHue
24-48 4. [locne MHKyOAIUH ITOICYMTHIBAIM KOJIUYECTBO KOJIOHUHOOPA3YIOUIUX SIUHHIL
(KOE), Beumcnsnu cpeaHee 3HAUEHHE W Ha OCHOBE JTHX MAHHBIX PaCCUNUTHIBAIH
MPOMyC-KaeMOCTh U OakTepunuaHblii 3¢dexr pmiptpa ¢ Ag u 6e3 Ag B MpoOIEHTaX
(Tabmn.1).

Pesynomamot u o6cyscoenue. Ilocne nHKyOauy arapoBO# IJIACTHHBI C KyCOUYKa-
MH (PUIIBTPOB OCYILIECTBMIIM BH3yalbHYIO OIIEHKY. BOKpyr kyckoB ¢uibTpa ¢ Ag yeTko
BUJTHEJINCH 2-4-MUJUTMMETPOBBIE 30HBI 33JIEP>KKH POCTa TECT-MUKPOOa, (KOTopast 0OcTanach
HEM3MEHHOH Aaxe 1mocie 7 THel MHKyOaluu), YTO CBUETENbCTBYET O HUTMYNK OaKTepu-
LIUIHBIX CBOMCTB (ubTpa (Puc.3), a Kycku GuibTpa 0e3 Ag He BBI3BIBAIN 33JIEPKKY poc-
Ta TECT-MHUKPOOa.

Puc. 3 Kycok HaHOKoMmO3UTHOTO (hunibtpa ¢ Ag Ha rasone E. coli ATCC 25922 B yamke [Tetpu
C IUTATENBHON cpeoi. BOKpYT 1 M0/ KYCKOM HAHOKOMIIO3UTHOTO (UIIbTPa ¢ Ag BUIHA 30HA
3aI€PIKKH POCTA TECT KYyJIBTYPBL

[ocne ¢unbrpaumu 100 1 Boabl ¢ MUKpOOHOJIOTMYECKOH HArpy3Koil B cpeiHeM
3940 KOE/mn Oaktepunuanbiii 3G dekt Guiaprpa 6e3 Ag coctaBui B cpeanem 12,94% +
0,21%, a ¢ Ag cocraBui B cpenHeM 53,30% + 4,78% (puc. 4). [Tocne punbsrparuu 500 i
BOJIBI CO cpemHel MHUKpoOHosorndeckoil Harpyskoit 3720 KOE/mn OaxrepunmaHbii 3¢-
¢exr ¢punbTpa 6e3 Ag cocraBuia B cpenaeM 9,68 % =+ 3,06%, a ¢ Ag — 44,35% + 4,17%.
Hakonern, nocie ¢punbrpanum 1000 11 Bosts! co cpentHeil MUKpOOHOIOTHYECKOH Harpy3KoM
4300 KOE/mn GaxrepnuunHbiid addekt ¢punpTpa 6e3 Ag cocraBuin B cpenHeM 15,58% +
2,85%, a ¢ Ag —47,91% + 0,61% (puc. 4). [lomywaercs, uro nocne ¢umstparmy 1000 1
CHITBHO 3arps3HEHHON BOJIBI C MUKPOOHONIOTHYecKor Harpy3koi B cpeqaeM 3987 KOE/mn
Oakrepuranbiii dddexr ¢mibTpa 0e3 Ag cocraBwa B cpemHeM 12,73% £ 2,04%, a
Oakrepuruaneiii 3dpdext GuabTpa ¢ Ag cocraBun B cpemHem 48,52%+3,19%. U3
MOJIYYEHHBIX PE3YJIbTATOB BUIAHO, UYTO OakTepuuuaHbiid 3d ekt dpumstpa ¢ Ag ot 3,0 10
4,5 paza npeBbIlIaeT OakTepuIMAHBIN 3 ekt puapTpa 6e3 Ag, YTO BEI3BAHO TOKCHYHBIM
BO3JICUCTBUEM Ag Ha MHKpoopraHu3Mbl. OJHAKO TpPH CpPaBHEHHUHM aHTUMHKPOOHOM
aKTUBHOCTH oOonx (uibTpoB ¢ Ag U 6e3 Ag BHAHO HamMuue ciaboi aHTUMHUKPOOHOH
aKTHBHOCTH (prtbTpa 6e3 Ag, 9To 00yCIOBIICHO CTPYKTYpOil PrutbTpa (pasmeps! mop 1o 1
MKM) M CBOWCTBaM1 MUHepasia Ty(a (COpOIMOHHBIE CBOHCTBA).

ITo mepe yBenmueHHs 00beMOB PHIBTPYEMON BOABI aHTUMUKPOOHAST aKTUBHOCTh
¢unbTpa 6€3 Ag HE3HAUYUTENBHO YBEJINYNBACTCS, YTO HOCUT KPAaTKOBPEMEHHBII Xapak-
Tep, TaK KaK 3TO BBI3BAHO TEM, UTO TOPHI PUIBTPA B TMporecce QUIBTPANUH 3aCOPSIOT-
csl, TO €CTh €ro MPOIMYCKHas CIOCOOHOCTh yMEHbBINAETCS, W CPAaBHHUTEIBHO KPYIHBIC
MHUKPOOPIaHU3MBI 33IepP)KMBAIOTCS B MOopax (UIbTPA, YTO B KOHIIE MPHUBEIET K 3aKyIO-
puBaHUIO GUIBTPA W €€ HEMPUIOAHOCTH. B OTiIMUME OT 3TOTr0, aHTUMUKPOOHAsT AKTHB-
HOCTh HAHOKOMIIO3UTHOTO (hPMIIbTpa 00yCIIOBIEHa OaKTEPUIIMIHBIMU CBOMCTBAMH HaHO-
gactuil Ag.
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Tabauna 1. [Toncuér KonoHuUH, BEIPOCIINX B MUTATENBHOM cpelie PU MOCceBE BOBI, 10 U HOCIIE
(ubTpanmu pa3HEIX 00HEMOB 3apaKEHHOH CMEIIAaHHOW KyJIBTYpOU BOJBI Uuepe3 GuibTp 6e3 Ag u

conepKammit Ag.
Komaectso Komectso Kommaecteo KOE/Mn mocie unbrparun
poGHIETPOBAHHON KOE/mx no
BOJIBI, I ¢$uIpTpau T 6e3 Ag dunbtp ¢ Ag

100 3940 3430 1840
IMponyckaemocts, % 100 87,05 46,70

500 3720 3360 2070
IIponyckaemoctb, % 100 90,32 55,65

1000 4300 3630 2240
Ipomyckaemocts % 100 84,42 52,09

Ha 6akrepuiiuaHblii 3G ¢GeKT HAHOKOMIIO3UTHOTO (MIBTPa ¢ Ag KOCBEHHBIM 00-
pasoM BIHSET O0MIas W OpraHUYEcKas 3arpsi3HEHHOCTh (GUIBTPYEMON BOIBI: Tak MPH
OOJIBIION OpPraHMYECKO 3arps3HEHHOCTH IPOIyCcKarom@as CrnocoOHOCTh (unbTpa
YMEHbIIACTCA, TEM CaMbIM YMCHBIIACTCA IUIOIAAb COIIPUKOCHOBEHUS BOJbI C (bI/IJ'H)T-
PYIOLIMM MaTepUaIOM, COJCPIKALINM HAHOUYACTUIIBI Ag.

60,00% 53,30%

50,00%
40,00%

30,00% uGes Ag

W cAg

20,00%

10,00%

BaxrepHEUEIHbI 3pdeKT QHIbTPA ¢ Ag H 0e3 Ag

0,00%

wooL 500 L 1000L
KOJIHYECTEO IPOQHIETPOBAEEOH BOMIE

Puc. 4. bakrepuunansiii a¢pdext punprpa 6e3 Ag 1 ¢ Ag 10 OTHOUICHUIO K CMEIIAaHHON
KyJIbType MHKpoOopraHu3MoB rocie gribrpanuu 100 1, 500 i1 u 1000 11 BoxsI.

Beuto nokazaHo, 4TO HaHOYAaCTHIBI Ag caMHM N0 cebe MEHee TOKCHYHBI JUIs
OaKTepwii, YeM HOHBI, BRICBOOOXKTaeMbIC TIPH OKHCICHUH HaHOYacTul Ag [7, 20].

[To3mHee paboramu Apyrux mccienoBaTenell ObIIO T0KAa3aHO, YTO NMpH OaKTepu-
UIHOM 3(deKTe CTEeNeHb aKTUBHOCTH cepedpa TeM 0oJIblie, YeM BbIIIE KOHICHTPALHs
noHoB cepebpa [13]. CrermeHp aHTUMHUKPOOHOW aKTHBHOCTH HAHOYACTHUI Ag 3aBHCHUT
TakKe OT UX (OPMBI, pa3MepoB, paspspkeHHOCTH [4, 8, 14, 18]. AHTUMUKpOOHAsT aKTHUB-
HOCTh MOHOB Ag MOKeT OBITh yBEIH4YeHa BO MHOTO pa3 B IPHCYTCTBUH KapOOHATOB,
pactBopeHHbIX B Boze [17]. Jloka3aHo Takke Haiuuue OakTepuuIuaHOTO dddekra Ag,
BKJIFOYECHHOI'O B COCTaB PAa3/IMYHBIX MAaTPUIl, YEM PACIHUPACTCA CHCKTP €ro NPUMCHCHUA
[5, 15].

CymiecTByeT MHOXKECTBO TEOpHH, OOBSCHSIOIMX MEXaHH3M JeWCTBHsS Ag Ha
MHUKpPOOPTaHU3MBI, COTJIACHO KOTOPBIM IMOJ0XKUTEIBHO 3apsHKeHHbIE HOHBI Ag ancopou-
PYIOTCSI KJIETKaMH OaKTepHii, IMEIOIINX OTPUIATENbHBIN 3apsi, IOCIe Yero MPOHUKAIOT
BHYTPb KJIETKH M MHTHOMPYIOT (PEPMEHTHI JBIXaTeNBHON LENH, a TakKe pa3oOIaroT
IIPOIIECCHI OKUCIICHUS] I OKUCIUTEIHFHOTO (OCHOPHUINPOBAHUS, B pe3yJIbTaTe 4ero KieT-
ka ruoHer [6, 19].

TaxuM 00pa3oM, BBISIBIIEHA BO3MOKHOCTH MPHIAHNS aHTUMHUKPOOHOH aKTHBHOC-
TH MHUHEPATY Ty(, UYTO OTKPBIBAET MEPCHEKTUBBI IS MOJYyUCHHS MAaTEpPHANIOB C aHTHU-
MHUKPOOHBIMH CBOWCTBaMH Ha OCHOBE JIPYTMX MUHEPAIOB M A(, KOTOpbIE CMOTYT HaWTH
npakTHyeckoe npuMmeHenne. [1oaydeHHbIli HAHOKOMITO3UTHBIH (QUIBTpP, COCTOSIINI U3
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MIOPHUCTOTr0 MUHEpaia Ty(a co BCTPOSHHBIMH HAaHOYACTUIIAMHU Ag, Hapsiy ¢ MEXaHHUYeC-
KHMH U COPOIIMOHHBIMHU, HIMEET TaKKe OaKTEPHLIUIHBIE CBOMCTBA, KOTOPBIE COXPAHSIOT-
Csl IO MCUEPIAHUS er0 MEXaHHUYECKHX CBOWCTB. AHTUMHMKPOOHAs aKTUBHOCTH (HIbTpa
MIPEAOTBpalIaeT TaK)Ke BO3MOXKHOCTh Pa3BUTHSI MUKPOOPTaHU3MOB B CaMOM (DHIIBTPYIO-
meM KapTpupke. OH MOXeT OBITh HCIIOJIB30BaH | ISl 00€33apakuBaHUs BOJBL.
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uvunnnry AUESU3hLh / MYOSOTIS ARVENSIS (L.) HILL/
rLNMRUAGPLNrL, SUMUDYUDNIE@3NILE, UArNSELhYUL GY
ursuarntE@3nruntu veraveLNe 3vurudnenie3ntuuere

U.U. BUuSr3auu

Upgwtuh wtwnhwdwjuwnpwl, YELuwpwuntpywl wdphnl,
maya.c@mail.ru

NruncdUwuhpytb) BU ulunwjhu, hwdGdniupwjhu W pnidwywl Lpwlwynieintu nlukgnn fun-
nwpnyup® wudnenly nuwnwihuh  (Myosotis arvensis (L.) pwquwgdwl, wéh nu qupgugdwl
wnwuduwhwwnynipniultpp, Wwyniginiup b twpwédywdnieyniup: Upwyybp £ pnyuh wagpnunbiu-
Uhywywl UJhgngwnniduGph hwdwlwng. unwgybp Gu pGpph phdhwywu  JGpnudnipwlu wp-
njntlpltpp W nbnbuwywu wpnynituwydbunneeniup: Ywquytbp £ wudneniyh dwyniejwl inbhuun-
\nghwywu pwpunp:

Quinunphlwqqhubin — nbnwpnyubn — wpbwy — gwue — &intuwlynipinil — Ybqbunwghnl pppwl

HccnenoBanu pasMHOKEHHE, POCT, OCOOCHHOCTH Pa3BHUTHS, BRIPAIIMBAHIE W PACIIPOCTpa-
HeHue pacrtenust HeszalOyaku moseBort (Myosotis arvensis (L.). Pa3paboran KOMILIEKC arpoxmu-
MHYECKHX MEPOIPHATHIL: MPOBEJCH XUMHUYCCKUIl aHAIN3 TIOJyYCHHOTO YpOXKasi, OIpe/eiicHa ee
sKoHOMHYecKas 3 dekTHBHOCTH. COCTaBIICHA TEXHOIOTHYECKast KapTa He3a0yIKH MOJICBO.

EypawHukoeble — IEKapCmeeHHble pacmeHust — apeai — nocee —
8CxooHcecmb — eezemaquHblzZ nepuod

The breeding, growth and development features, cultivation and prevalence of Myosotis
arvensis, which has nutritional and curative importance have been investigated. The system of ag-
ricultural activities as well as the obtained harvest were elaborated, its chemical analysis was
conducted and its economic efficiency was defined. As a result of research, the technological card
of the Myosotis arvensis was drawn up.

Borraginaceae — medicinal plants — areal — sowing — the ability to germinate — vegetation

Wudnnnty nwpwnwghlp (Myosotis arvensis (L.) Hill = Wudnnniy tnwpwnunhy (Myosotis
heteropoda Trautv.) qunuphlywagghutph (Borraginaceae) pUuwwlhehl  wwwnlwlnn
Jhwdjw Ywd Gpywdjw funinwpnyu £ S8nnniup ninnwidhg £ W 6nenwiygnpdnn, 10-50 ud
pwpépnLjwlp, wwwnywd dwagdgniyubpny: gjncnuynpndp ywpnn £ [huGp hhdphg Yuid
gnnniuh UhghU Jwuhg: Wpdwwp Ywnd £, puy wpdwunwihu hwdwywngp' wnwlgpw)hl:
PnLjul nluh hbppwnhn nGplwnwuwynpnie)nil, nbpllutpp GpUwpwynct - Lnwnwall Bu,
GnynL Yynnuhg' swélyywsd dwaugniyutpny [6, 71:

Wuunnnyh dwnhyutpp thngn fudptbpnyg GU° inbnwnnpywé Jhudjwlg unwn, Swnhyutpp
thnep swithubp nuBL. 2-5 JU wnpwdwagédny, Gpyuwagnuyl, hwgyunby' qupnuagnyu Yud
uwhwnwy, ntnhu wghyubpny W hwjweywé ninpe Swnywpnytpnud: Swnynwd £ Jwjhuh
Jbnpebphg JhUsle hniuhuh YGuGpp (GppGdu  Jhugle  ubwunGdptn, hnyunGdptGp): Munnwnp
puynighy E Wu nuh Jng gnibwygnpnud e ud dnig pwgquuwyugnul/; Muincnp
pwnwhwwnhlwuh E, hwwnhyuGpp funanp B, adwéle, thnpp-hug squywé [1, 3]:
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3ntbhuhg uyuynud £ uGpdwnwywgnidp: UGY pnyuh pw wnwwunwd £ 700 ubnd:
UGy g wwnnp wwpniuwynwd £ 1500-2000 ubpdtn: UepdGph Sintuwynieiniup wwhwjwu-
Jnw £ 2-3 wnwph [5, 9 Ubnpwwnt W nGnwuwnnt pnyu £ Yenwgnpbwywl Uwwwnwyny
oguwagnpédnud B pnyup bpgbinjw Jwup: Pnyulu odndwé £ hwywpnppnpwiht, funp-
fuwptn, wpniuwhnunienitlp Ywuqubgunn hwwnyneencuutpnyg [1, 4] Npwtbu ntnwJheng
wudnnnyu oguwgnnpét) U nbn huwgnyu dwJdwuwyutbphg, win Jwuhu £ yywnud Uyh-
gblwu: Cwwn wagqgbp pnyup hwdwpnd U hwywwnwndniyjwu W Juyniuncjwu funphp-
nwuh? [2, 4, 10]: Wudnnniyp nwnwéywé £ LEnUwjhu Ywpwpwnh hwlupwwGwnnggwl pnnp
oppwuttpnud® Uwipunwybpn, Wulybpwu, Uwpunduh, Sniph, Iwnpnie, Pwpwpwn, Lwp-
Jwbéwn, pungpytind Ypuwwlwwwwnwiht, hGunwlunwnwihl, wunwnwihu  gnuinhutpp,
dwulwynpwwtu' 500-1500 U pwpépnipnibuGpnd’  hGnwunwnwihtu W wunwnwhl
gnunt unnphu quugywéutpp: Wudnnnly nwownwihup  UwpupUunpnud £ wpliwghU fjuntiwayg
Jwjntpp: 3wunhwnud £ dwhéwihu Jwpgwagtunhuutpnud, unpniu inGnGpned, dwdthbgnGphu,
nwwnGpnid, gGnwithujw inGnwugutnnud, wighuGpned:

Unip W dGpnn: Pnyuh uGpdUwUniep hwjwedtbp B wppuwywhudpwiht  hGunwgnunwywu
whuwwnwupubph pUupwgenid, uwywiu thnpdwnydwl U Gupwnyyt, Wuybpwuh opswuh  bwwwwn
gjntnh 2npwywiphg hwywpdwsd ubpdtnp, nnwtu Eyninhw: Npn2dtG) £ ubpdph §inluwynie)niup:

dtuninghwywu nhunndubpp Ywwnwpdbp Bu punniudwéd dGennny jnupupwlgnen 2-3 onp UGy
wuqwd: Pnyuh woéh, qupgugdwl, ptpph hwywedwl pwywu ndjuwiubph Jwpetdwnhyuywu
dwynwlp Ywuwwndt) £ nhuwybpuhnu wbwihgh deppndnieiwl dbennny, thnpéh ufuwih (Sx %) W
wlBlwujwaquagniu Ewywl tnwppGpneejwl (UES, g) npnanudny [8]:

UpmynLupltip W pUlwpyncd: UWudnnnlyh ubpdtGpp gwlphg 4 op wlig wwwhnynd GU 8
% Sintuwynuencl, huy 10 on wug Sintlwynieiniup Ywaqund E punwdtup 28%, npp 2wn
gwén gnigwuhy £ Pwg nupwnh gwuptpnud UywwnGih E Ungu wynunwghwih (Wbwwjwinh)
pnijutph ubnpdtph §indp, qunpuwt gwptpnud® 15.03, wplwl- gwilptpnud”* 28.02:

Unyniuwy 1. UWudnnnwy nwunwihuh inBpllwnwgwgdwl pupwgen (SEUnnhuintdutph uhghu ndjwiutn)

$tunthny Swlp SNl | Unwghl ALY 3T tnkplubph ehup, hwn
duwiwliwlp |3 5 7 [ 11 (15 ] 17 [ 21 ] 25
QupnLu 5.03 [15.03 19.03 21.03 | 24.03 |26.03 | 29.03 | 2.04 | 404 |[7.04
2010p.
Upnu 20.11 |[28.02 2.03 6.03 8.03 |[10.03 | 13.03 {15.03| 18.03 |23.03
2009p.
2 nwnh 303 | 503 |803 | 11.03 |14.03] 1603 [18.03 [21.03
wnLl

Unyniuwly 2.Uudneny nupwnwihuh $Eunthnewiht wugndubnp gubpwghwih dwdwlwy
Mhghu tndjwutp/

Jbgbwnwghwih thwphuf Swuph dwdybnp Bwnywgnnntltnh Bwnydwu thny| Utndutph
wnwywgntup hwuntbwgnid
ulhqp Uting
Unwghu Qupntu 10.04-25.05 5.05- 30.05 14.05-24.06
Wpntu 20.03-7.05 6.04 22.05 15.04-10.06
Snynpnpn (wantl) 18.03-02.05 30.03 5.05 8.04-01.06

dGuninghwywu nhwinwduGpp (wn.1) gnyg wnydbghlu, np wyu pnyubph nGpliwghu
Jwpnwyutpp upd dwdwuwywhwnygwénud Gu dlwdnpyned:  Quipuwl gwuptpnd nw
wntbnh E nluGunwd Jwpunhg wwphih wnwsehl tnwubopjwyned, wpbwu W Gpypnpn tnwpdw
gwlptpnud®  /wpuwl/  Jwpwnh  Gpypnpn YGupu /21.03-23.03/; Cun  npnud,  WpJwd
dwdwuwywhwwnygwénwd pnyuh Jwpnwyubpp ogunwgnpénud BU dbuqyuiny hwgh Jby:
Jbgbwnwghwih wnwghUu wnwpnud dlwynpyned BU Uhghup 20 wnbpl, Jwpnwyh uinn-
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npu wntplluGpp hGpeny thnnwd B, npnug thnfuwptu wnwswunid U UnpGpp: Uwywju,
puin hwpquwpyutnh, jncpupwugnep pnugu yegbunwghwih pupwgenid dlwynpnud £ 50-60
wnbpl /Gpypnpn tnwph/; UWpuwl gwuph pnyubph Jupnuwyubpp J6é pyny nbkplllbphg GBu
pwnywgwé hund /dhghup 25-35/, wnbpllwnwwgdwl gnpdpUpwgn wybih wpwg E
Ywwnwnpyned, inGpllbbpp wytGih Unepp W Ywbwg Bu jhuncd: Quiplwl gwuptpnid Jupnwyhp
nbpulbph pwlwyp wwwnwuynd £ Jhghup' 15-20 hwwn: Swnywgnnniuutph  wnw-
swgnidp (wn.2) qupuwl gwupntd hwdpuyunwd £ wwphth 10-hg Uhugle dwihuh Gpypnpn
yGuhu, huy wpuwu W Gpypnpn mwpyw  gwupbpnud Jwpwnp Gpypnpn Yeuhg /18.03-20.03/
Jhusle Jwjhuh uyhgpp /2.05-7.05/ (UY.T1): Swnywgnnniuubph pwuwyp Jwpnwyubpnd
wnwnptp E, quplwl b wpbwl gwuptpnd wnwght nwnnd tnwwnwuyned £ 6-11 hwan W
nUEL UGS wbplwihu Jwytpbu® 3120-4940 uu?, Gnypnpn wwpnud  /wpuwl  guup/
Swnywgnnnitulbph pwuwyp wpntl hwutnwd £ 9-13 hwwnh W, htnbwwbu, Yuagdnd E
winbnlewihu 6520 ud? Jwybptu: Gpynpnpn tnwpnud Jwpgbpp /W wpuwl, W qupuwl/ wybh
fuhin BU |hunwd, thwppwd: SwnluwgnnniluGph nbpllubpp hhdbwywunwd Ynpun Bu thuncd
U dGugjuiny hwgh Ut s6U oginwgnpéynid (wn.3):

Uryniuwy 3. Uudneniy nwawnwihuh Yebuwswthwywu dhght ndjwiubpp

Swuph dwdytwnp Quinntu Upncu 2-nn wwnph Fuwywu
dGunthnip SnLgwluhy 2010 jB. 2009 p. | (wonLl) gwup
“hwinndubp 2010 p. 2010 . 2011 p. 2010-2011 pp.
Stplutph Jdwpnwyp Yuqujwsd E

rhup
nGnlLwjhu dwy. ud? 31 35 36.5 29
3 wndwuwn &ny., ud 7 6 14 6.3
Jwpnwyh Yhep, g 0.9 1 1.1 0.8
wnbplwhl Jwy., ud® 55.5 59.4 61 52
5 wpdwwn Bpy., ud 10 9 15 9
Jwpnwyh Yhep, g 1.5 1.6 1.8 1.3
nGplLwihu Jwy., ud’ 79.1 81 84 75.2
7 wpdwwn &py., ud 13 12 17 12
Jwnpnwyh Yhep, g 2.2 2.4 2.3 2
ntplLwhl dwy., ud® 129.8 131 136.9 124
11 wpdwwn_Gpy., ud 15 16 18 14
Jwnpnwyh Yhep, g 2.9 3 3.2 2.7
nGplwjhl dwy., ud’ 187.5 190 197 181
15 wpdww. bpy.,ud 13 17 17 16
Jwpnwyh Yhep, g 4 4.2 4.5 3.9
nGplLwjhu dJwy. ud? 221 227 235 209
17 wndwuwn. Gpy.,ud 15 19 21 20
Jwpnwyh Y2hnp, g 4.6 4.7 49 4.4
nGplLwjhu dwy. ud? 2785 280 296 261.5
21 wndwuwn. Gpy.,ud 17 20 23 19
Jwnpnwyh Yhep, g 5.2 53 5.3 5
55 nGnlLwjht dwy.,uu? - - 360.5 318.2
dwpnwlh Gahop, g - - 6.2 5.8

Utn ynnuhg ywunwpywsé gulpbnnud swnywgnnniuubpp ninnwaéhg B (wwwnéwnp
dwpgbph hupwin (huGu k), hhduwywunwd éwnyuwu 2ppwuh ybponid BU tnwpwéynid
gbwnUhu, wjuhbg Juwjpwé ubph dwnywgnnniuutpp hhdbwywunwd gEnuwwnwpwé Gu
thuncd: Uwpgbpnud Jhwju 70-75 ud pwpénpnigjwl nGwenud pnyubpp thnynud BU gGinuhu:
Quplwl W wplwu gwuptpnud pnyutpp hwuunud GU 74-98 ud (Uhghup 80 ud) Gpypnpn
wmwpnd Uhugle 109 ud, Jwjpwé dlbphup® dhuge 95 ud pwpépniejwl: Swnywgnnniuh
hGwnwaqw wdl pupwunwd £ wnbpllubph pwlwyh sushu wybwgdwdp L dhghwugnigwjhu
nwnwoénLpjwl Utdwgdwdp:
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Uryniuwy 4. Uudnnniy nwaunwhuh YELuwswthwlwu ndjwibbnp gUGpwghwih pupwgenid

Jbqt- Swuph Swnywgnnntu Swnydwu thny| uknut-
wnwgh- dwd- utph wnwpwgnd nh hw-
wjh wnw-| YGwp untbw-
nhu gnd
Stplwjhu | Swnyw- [ UGp- | 8nn. | Swn- PnLuh Swnhy- Unpd. [UGpdGph
Jw- gnn. utph | wtpl-| ywyhp | pwpép., | UGph Gy, | rhun1
ytntu, | pwnpan. [ehdn | Utph | gnn. ud rhup, ud | dwnyhg,
uu? W npwd rhun, | rhun, hwn hwtn
ud/ud hww | hwwn 1gnn
Unwghu Quip- 2090 50 3120 | 20-25 | 6-8 74/0.3 23-60 16 4
lwu
guwlp
2010
wpuwl | 3456 50 4940 | 28-35 | 8-11 98/0.4 25-35 18 4
gulp
2009
Gnypnpn (waliwu 6320 52 6520 | 30-38 | 9-13 |109/0.65 | 42-56 22 4
guiip)
pUwywl gwup 3005 49 3115 | 20-33 | 4-14 95/0.4 30-42 23 4

Swnywgnnniuubph wnwewgnudp W dwnydwu pppwlp gnbet  Jhwdwdwuwy Bu
pupwluntd, wjuhUuplu SwnUdwl 2ppwunwd pnyuh wép ntn Jwpnibwyynd E: Quipuwl
gwlpbpnud  dwnlwgnnniulbph  wnwwgdwl  wdwpunp gpwugyned £ Jwihuh  25-hu,
Swnyuwu ppwlp’ Jwjhup  30-hU, wplwl gwlpbpnd  dwnydwl ppwup W Swn-
Yugnnniubph wnwpwgdwl wywnuh wnwppbpnupniup 15 op E, Gpypnpn wwpnud® (W
wplwu, W gunuwl) gnbet vhwdwdwuwy £ wjwpunynid 3 op tnwppbpnipjwdp:

Swnynudp W ubpdwnwewgnidp uyuynid £ Swnyugnnniup unnphu Jwuhg:

utpdbph  hwuntlwgnudp  qupuwu  gwuptpnud  hhduwywunwd  wjwpunynud £
hntuhuh JBpgtphu (24.06), wpUwu gwuptpnud® hniuhuh wnwehlu wnwulopjwynid, huy
Gpypnpn lwpnud® Jwihuh JGpghg W hntuhuh uyhgpp (1.06): YwpGh £ wub), np wu-
Unnniyh yGgbunwghnu p2pgwup inlened £ 3-3.5 wdhu:

huswbu gnuyg Gu wnwihu thnpdtpp, wudnnenyh ubpdbpp Ywpblh £ ogwub W
wplwlp, W qwpuwup: Wuwuwgwu pnyubpp wy ddtenud BU nuinned W wn  quip-
LUwuhg wpntUu whunwuh U oginwgnpédwl hwdwn: UbpdGpp 2nwn BU &inud,  suwjwé
ubnpdtph Sincuwyniegniup 2w gwédn t: Gibintg htwnn pilwdnud B unynpwywu dlny’
pwnhwutny, thruptgubiny L %nblnu_: RGnwaquynud Ywptih £ 4-5 wuqud pEppwhwywpe
Ywuwwnt® hudbing pnyup, 1J°-hg unwgynid £ 10-15 thnilg (Inpwpwlgnipp 150 q):
Jwnwhwu E, mGplwihU Jwpnwyubpp 2w 2nwin BU lwynpyned, huy npwtu hnudp
Swnwjnid  hhybwywunwd  Jwpnwyh  wGpllubpp: Swnlwgnnnilubph  wGpllubpp
punhwUupwwbtu (E5U ogquwgnpénd ulunh dtp, nwunh pEppwhwywpep wuhpwdtn E
Ywuwwpb Jwpwnhu W wwphth wnwghu YGuhl:

Lwpblh £ Jwytb, dwpgbpny Hwnugwl/, Uenawn® dhgownwjhl nwpwédnLpnlup
pnnuting Jhusle 25 ud: UnwehUu pbppwhwdwpen Ywwwpnd Bu pnyubpp Unupwglting,
nph pupwgenid npwughg thugtp GU Yuuwned (1 thntugp 150 @), UhgpniuwghUu tnwipwidnt-
pIntup pnnuGINY* 15-17 ud (wn.5): Swuywih s£ dingub] gwlpwpswluwnnipjwl  Ub,
pwUh np wywpnyubph nuwGpnud hwunbu Ygw nputu dnpwhunun: Afwudwywl £ JGy
wugwd nuunnid wudnnniy pwyt), ubpdtpp hwywet), dhiungu B wuwwyuwu yé6u:

Wudnnniy M. arvensis (L.) Hill. Sx% - 0,9 UES g95-1,2 g/hw

SunbGuwywl wpryniuwydbnniejwl hwqwpyutpp gnyg wnybghu, np wudnnniyp
wpunwnpwywl gwuptnph Wwynwdp wpnnilwybun £ (wn.7):

LUpw hGunwagw Yppwnnwdp Yuwwuwnh dauywpnyuh wybiugdwup, hwnyuwwbu
npw Jwn dwdytnh pGpph wwywhnddwdp: 3pdp punnluGing  Yuwnwnpywd dwhuutpp nu
JGYy Jphwynp wpuwnpwugh hupuwpdten, huswbu Uwle pGpph hpwgnudhg uwnwgynn
whnypp, ywpbih E Gqpwywgubl, nn Qwhniewptp E:
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UnynLuwy 5. SsluunNLNahrUuUL LUNS

Ywwnwnpdwl dwdytuinp UgpnunGulhywywu
Whuwwnwugh wudwunidp wnwghU wwph wwhuwlgp
uyhqp Jtipp
Spunwhwnby 13.11 16.11 25-28 ud  hunpnipjwup
funp Jwn W thnghuntd 5.03 8.03 wnwguwl
Wlwu gwup 18.11 20.11
10.03 12.03

Quwplwl gwlp

nnud puwn wuhpwdtunniejwu 5-6wugqwd 500-600 U-/hw
ondwl Unpdwyny
Lnupwgned 20.03 22.03 UhgpnLuwhl tnwpwéniejniip
rennut| 15-17 ud
Uhg2wnwjhu yncpinhjwghw 5.04 8.04 12-15 ud funpniejwdp,
fwynulbph pwpdwgnLd/
Stpuubph peppwhwywp 18.03 20.04 untpp, wnnng, hjntewih,
JywnpGpwpwp/ wdpnnewlwl, nbpllutpp
REpph nGuwywynpnud W ptGppwhwywpeh pupwgenid htGnwgyntd GU nEnUw§,
wnGnwthnpuntd Uninwgwd inbpllubpp

Snunnpn_wnwnh

Uhgawpwjht 1-hU- Ynijinhywghw

3.03

5.03

12-15 ud hunpniejwdp

apnud

puwn wuhpwdtanniejwl

5-6 wlgwu 500-600 U /hw
opdwl Unpdwjny

Uhgawpwihu 2-nn Yniinhywghw 28.03 31.03 12-15ud
Stpllutph pEnpwhwywp 5.03 15.04 Unipp, wnnng, hjnupwih,
fwwppGpwpwp/ wdpnnewywl, inGpllutnp
REpph nGuwywynpnud W RPEppwhwyweh pupwgentd 3Gnwguncd BU nGnuws, Ynp-
winbnwhnpuncd nwgwd U wwwnwnningwd
wntpllubpp
Unyniuwy 6. Wudnnniy nwawnwhuh pEppwinynieniup
Cunhwuntp Nnhg wwpwlupwjhu ®ugkiph Lhuhwywl Yugup
1 pnijuhg pEnen,
pbnep, g ghw pwlwyp Jhwwdhu C Ywpnwnhu
glhw % hwn 1, U° Uq % Ug %
22 2 220 190 90.4 10-15 42 12

UrynLuwy 7. Uuunnniy nwaunwihuh uyniejul tnbnbuwywl  wpnntbwyGunnee)niup

REppwwnynt- Ywinwpywsd 1g-h hwpund /hwq. npwd/ Swhnijrp 1

rInLup, Swiuubpp Thw hwwnh hwpyny,

glhw hwpqwnynd, huplwn- | hpwguwl 2whnypn hwaqun npwd
huwa.np. dten ghlp

220 418,0 19 35 1.6 352.0
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AHTUBAKTEPHUAJIBHBIE CBOMCTBA HEKOTOPBIX
HOJMIUK/INYECKUX TETEPOLIUKJIOB HA OCHOBE
INNPUMUN/INHA U BEH3UMUJIA30JIA

A.A. APYTIOHSH, Jx.A. ABAKUMSH, I'M. CTEITAHSH

Hayuno-mexnonozuueckuii yenmp opeaHuieckol u apmayesmuieckoi Xumuu
HAH PA, Uncmumym moukoii opeanuyeckoui xumuu um. A.JI. Muoxcoana
harutyunyan.arthur@yahoo.com

W3ydens! aHTHOAKTepHANbHBIE CBOMCTBA HOBBIX IPOHM3BOIHBIX T€TEPONUKINUECKAX CHC-
TeM MMHIa30-u 6en3o[4’,5 jumunaszo[2°,1°:6,1 Jnupuno[2,3-d|nupumuannos, 4,10-muruapo-6eH-
30[4’,5’ lumunaso[ 1,2-a]nupumuann-4-oHoB, 6ex3nmuaaso[2,1-b]xunazonus-12(5H)-oHoB u mnu-
puno[1,2-aJoupuno[1°°,27:1°.2° Jnupumuno[5°,4°:5,6Jnupano[2,3-djnupuMuarHa O OTHOLICHHIO
K HEKOTOPBIM IITaMMaM I'PaMIIOJIOKUTENBHBIX U TPaMOTPHULIATENILHEIX OaKTepuil. Y CTaHOBJIEHO,
YTO TPH- U TETPALUKINIECKHE IPOU3BOIHbIEC MPOSBISIIOT OMPEEICHHYI0 aKTHBHOCTh MO OTHO-
IIEHHIO K HEKOTOPBIM MITaMMaM OaKTepHid.

Honuyuxnuueckue eemepoyurivl — AHMUOAKMEPUATLHASL AKMUBHOCTb —
C653b CMPYKMYpa — AKMUSHOCMb

Neuncduwuhpdty £ hupnwagn- W peugn[4’,5’ Thdhnwaqn(2’,1°:6, Tlwhphnn[2,3-dlwhph-uhnhuutnh,
4,10-nhhhnpnptlgn[4:5]hdhnwagn[1,2-aJuihphuhnhl-4-ouh,  ptughuhnwan(2, 1-bJluhliwgnihU-12(5H)-
nuh W whphnn[1,2-alwhphnn[17,2":1", 2 Twhph-dhnn(5’,4’:5,6Jwhpwun(2,3-dlwhphuhnhuh - hGwntpnghu-
thy hwdwywpgbph Unp  wéwugjwiutph  hwywdwuptwjhu  hwwnynieniuubpp  gpuwdnpuyjwu L
gnwlpwgwuwywl dwupkutph gnpu punwdutph Uywwndwdp: Snyg £ wnpdbl, np Gpte- W gnpughyihy
nnn wéwugjwiutp gnigwpbpnud Bu swithwynp hwywdwunptwjhu wywnhynpni:

MNnihghlyhy hGintpnghlyuln — hwlwdwuptuyhl wlnpynieint —
Ywnnrgdwée — wlwnhynipnil Yuw

The antibacterial properties of thet new derivatives of the heterocyclic systems imidazo-
and benzo[4’,5]imidazo[2’,1°:6,1]pyrido[2,3-d]pyrimidine, 4,10-dihydrobenzo[4,5]imidazo[1,2-
a]pyrimidin-4-ones,  benzimidazo[2,11-b]quinazolin-12(5H)-ones and  pyrido[1,2-a]pyrido-
[17°,2”:1°,2°]pyrimido[5°,4°:5,6]pyrano[2,3-d]pyrimidines have been investigated. It has been
revealed that some of tri- and tetracyclic heterocyclic derivatives display antibacterial activity in
respect of some gram-positive and gram-negative bacteries.

Polycyclic heterocycles — antibacterial activity — structure — activity relationships

[Monuuuknnyeckue KOHACHCHPOBAaHHBIC MUPUMMUIAMHBI U OCH3MMHU/IA30JIbl — WH-
TEHCHBHO M3y4aeMblil KJ1acC IreTepOLMKIIOB, MHOTHE MIPOU3BOIHbBIE KOTOPBIX MPOSBISIOT
LIMPOKUH CIEKTP OMOJIOTMYECKOW aKTUBHOCTU W BXOJSAT B COCTaB Psiia JIEKAPCTBEHHBIX
mpenaparos [5, 6].
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AHTUBAKTEPUAJIBHBIE CBOMCTBA HEKOTOPBIX MOJIMIIUKJIMYECKUX TETEPOLIMKJIOB HA OCHOBE ITUPUMU/IMHA ...

W3BecTHO, YTO MUPUMHUINHBI 1 KOHICHCHPOBAHHBIC TUPUMHUIUHEI (ITyPHHBI) SB-
JISTFOTCST @0COMIOTHO HEOOXOIUMBIMU KOMIIOHEHTaMH BCEX KUBBIX OPTaHU3MOB, B CBSI3U
C 4eM UX CTPYKTYpHBIC aHAJIOTH PACCMaTPUBAIOTCS B KAU4ECTBE MOTEHIMAIBHBIX aHTHME-
TabOJIUTOB HYKJICHMHOBOTO OOMEHa M MEPCIEKTUBHBIX CKapQOII0B B IOUCKE COCITIHE-
HUH OHOMEIMIIMHCKOTO IIPUMCHEHUS.

beH3uMuIa30bl, SIBIISAACH U30CTEPAMHU ITYPUHOB, TAKXKE MPOSIBIIAIOT HHTEPECHBIH
CIIEKTp OMOJIOTHYECKOW aKTHBHOCTHU M SIBJISIIOTCS OCHOBOM psifia JIGKAPCTBEHHBIX Iperia-
PaToB U, B YaCTHOCTH aHTHTSIILMUHTHBIX, TAKAX KaK MeOeHa30 u ap [7].

B 3T0if CBSI3M MOXHO TPEIIIONIOKUATE, YTO MPOU3BOJHBIC OCH3UMUIA30TTHPUMHU-
JTUHOB ¥ OCH3UMHUIa30XHHA30IMHOB, OOBETUHSIONINE B CTPYKTYpEe DIIEMEHTHI IBYX pas-
HBIX (papMakoPOpoB — MAPUMHUANHA ¥ OCH3UMHIA30JIa, a TAaKXKE IMPOU3BOAHEIC NPYTUX
TPH- U NCHTAIUKIMICCKAX a3areTePOIHKIIOB, MOTYT pacCMaTpUBAThCA KaK aHTUMETa00-
JIUTHI U TIPOSIBIIATH OIpeeNieHHbIe aHTHOAKTepHaIbHBIE CBOHCTBA.

C yd4eToM BBIMIEHU3IIOKEHHOTO, IENBI0 HACTOSIIEH pabOThI SBISIIOCH W3yYEHHE
aHTHOAKTEpUATFHON aKTUBHOCTH Psiia HOBBIX IMPOW3BOTHBIX TPH-, TETPa- M IIEHTAIHK-
JIUYECKUX  a3areTepOoIMKIIOB: 3aMEIICHHBIX OcH30[4’,5’]uMuma3o- ©  HMHIA30-
[2°,1:6,1 Jnupuno[2,3-dJnupumununos la-f, 2, 3, 4, 4,10-muruapobensol4’,5’ Jumuaa-
30[1,2-a]mupumuaun-4-o10B 5a,b, 6enzumuaaszo[2,1-b]xunazonuu-12(5H)-oHos 6a, b u
mupuo| 1,2-aJoupuao[17,2:17,2° jnupumuo[5°,4°:5,6 Jnupano[2,3-dnupumuauna 7@, b
[1], ctpykTypHBIE (DOPMYITBI KOTOPBIX MTPUBECHEI HAXKE:

@;‘N R Q
e g*/?@ e

R2 R
la-f 2 3

Y e
. @W @[t? S9ews

1a-f: R= Ph, R'= H, R? = Me (a), R = Ph, R' = Me, R? = OH (b), R = 4-MeCgH,, R* = H, R? = Me (c),

R=SH, R'= H, R? = Me (d), R = OH, R! = H, R? = Me (e), R = 3NO,-40MeCgH3CH,, R = H, R?= Me (f)

5a,b: R = Me (a), CH,CH(Me)=CH, (b). 6a,b: R=H (a), | (b). 7a,b: R = 4-NO,CgH, (a)m (b)
HO N

Mamepuan u memoouxa. AHTHGAKTEPUATIBHYIO aKTUBHOCTH coeaunenuii la-f -4, 5a,b,
6a,b, 7a,b uzyuanun meromamu “nuddysun B arape” W “ABYKpATHBIX CEPUIHBIX pa3BelCHHUN™ Ha
MmsiconenitoHHOM OyneoHe (pH 7,2-7,4) [3,4] npu GakTepranbpHOW Harpy3ke 20 MITH. MUKPOOHBIX
Tes Ha 1 M cpenpl. B sKkcnieprMeHTax MCTIOIb30BalH CTAHAAPTHBIE STATOHHBIE IITAMMBI MUKPO-
oprann3MoB (["ocyjapcTBEHHBIH KOHTPOJIBHBIH HHCTUTYT MEAUIIMHCKUX OMOJIOTHYECKUX TIpenapa-
toB nM. JI.A.TapaceBnua, Poccust): oTimM4aromyecs Mo 4yBCTBUTEIBHOCTH K aHTHOAKTePHAIBbHBIM
npenaparam JBa IiTaMMa TpaMIIoJIOKUTENbHBIX cTaduiokokkos (Staphylococcus aureus 209p u
S. aureus 1) u rpamotpuuarenshbie nagouku (Shigella flexneri 6858, Esherichia coli 0-55). Ilpu
nudy3MOHHOM METOJIE PACTBOPHI COSANHEHUH U KOHTPOJIBHOTO mpemnapaTa rotomwid B IMCO B
passenennu 1:20. B wamkax [leTpu oguHaKoBOTO IuaMeTpa pas3iMBajiH paciUIaBJICHHBIE CPEAbl B
nBa ciost. st HIDKHETO CII0s HCIIOJIB30BaIN He3acesTHHBIE Cpelibl B KonmaecTse 10 M, Uit BepXx-
HETO CJIOSl — arapoBYIO Cpely ¢ NPEABAapUTENHHO 3aCETHHOH COOTBETCTBYIOIIEH TECT-KYIbTYPOH.
IMocne 3acThIBaHMS 3aCESTHHOTO arapa Ha €ro MOBEPXHOCTH PACCTaBISUIN 6 CTEPWIBHBIX LMJIHH-
PUKOB M3 HEp)KaBEIOIIEH CTalu OJMHAKOBOTO Beca u pazmepa (6 x 10 mM). B nmunuHApHKH Kax-
JIOW YalIKy OZHOBpPEMEHHO numneTkoi Hanocunu 0,1Mi pacTBopa ucmbITyeMbIX BemiecTB B IMCO
(xoHueHTpanus 50Mr/min). Ydaer pe3ysibTaToB HPOU3BOANIIH 110 Anametpy (d, MM) 30HBI OTCYTCT-
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BUSI pOCTa MHKPOOOB Ha MECTE HAHECEHHS BEUIECTB MOCIE CYTOYHOTO BBIPAIIUBAHUS TECT-KyIIb-
Typ B Tepmoctate mipu 37 °C.

B Metone cepuiiHbIX pa3BeJCHUN Ha KaXKIblil IMOJONBITHBII MUKPOOPraHU3M COCTABIISLIH
psnsl o 7-8 mpoOupoK, coaeprKaliie MUTATEIbHYIO CPeay ¢ Pa3IMYHBIMH KOHIIEHTPALMSIMH HC-
MBITYEMBIX BEIIECTB, HAYKMHAasl C KOHLEeHTpauuu 1mr/mi. [IpoOupku 3aceBaan OMMHAKOBBIM KOJIH-
YeCTBOM OaKTepualbHOU B3BECH, IIPUTOTOBIEHHOH U3 18-4acoBOi KyNbTyphl MUKPOOPTaHU3MOB.
Pe3ynbTaThl ONBITOB yYHTHIBAIM BH3YalbHO MO HAIUYUIO U 110 MHTEHCHBHOCTH POCTa MOCIE Cy-
TOYHOM MHKyOaImu B TepMoctare mpu 37°C. 3a AeHCTBYOILYIO 103y IPHHAMAIH TY HANMEHBILYIO
KOHI[CHTPALUIO BEIECTBA B MKI/MJI, KOTOpasi B COCTOSHAN HHTHOMPOBATh POCT MHKPOOPTaHM3MOB
(MuHHMaNbHas HHrHOMpytonias konnenTpamust, MUK). B xauecTBe MoJI0XUTEIFHOTO KOHTPOJIS B
aQHAJIOTMYHBIX YCIIOBUAX HCIIONIBb30BaJIH JIEKApCTBEHHBIH npenapat ¢ypasomumoH [2] (0,1 M pact-
BOpa, KOHIEeHTparus 50 Mr/mi).

Pezynomamul u o6cyyicoenue. ViccienoBaHus aHTHOAKTEPHAIBHON aKTHBHOCTH
coeuHEeHU MeTozoM “auddy3uu B arape” mokasajiu, 4To, 3a UCKIFOUYCHHEM BEIECTBa
la, onu 061a1aI0T MPOTHBOMUKPOOHBIME CBOMCTBaMHu. I1pu 3TOM coeaunenus 1b, 3, 4 u
58 MpOSBISIOT YMEPEHHYIO0 aKTUBHOCTD 110 OTHOIICHUIO K MPaMIIOI0KHUTEIbHBIM IITaM-
MaM, TIOJIaBIIsisl pOCT MUKPOOOB B 30He anamerpoM 15-20 MM (Tabu.1) n MeHbIIyIO aK-
THUBHOCTB T10 OTHOIIEHUIO K TPAMOTPHUIIATENBHBIM [ITAMMAaM.

Taomauua 1. AuTHOaKTepHanbHas AKTUBHOCTh COCIUHEHUH

CoenuHeHne JluameTp 30HbBI OTCYTCTBHSI pOCTa MUKPOOOB (MM)
S. aureus S. flexneri E. coli
209p 1 6858 0-55

la 0 0 0 0
1b 16 20 13 13
1c 12 12 10 10
1d 12 10 10 10
le 14 13 14 10
1f 14 12 13 12
2 12 10 12 12
3 18 20 15 15
4 16 19 15 15
5a 16 15 13 14
5b 11 11 10 10
6a 14 12 13 12
6b 14 12 13 12
Ta 10 13 13 12
7b 13 13 14 12

®DypazonugoH 25 24 24 24

WHTepecHo, 4TO NErMpupoBaHHE COBEPIICHHO HEAaKTHBHOTO COeIUHEHHs 1a,
MIPUBOJISIEE K apOMAaTHIECKOMY TPOM3BOAHOMY 3, COIIPOBOXKIAETCS TOSIBICHUEM Y He-
IO YMEpPEHHBIX aHTHOAKTepHAIBHBIX CBOWCTB. OcTaNbHBIE COCOUHEHHS O0JIaNaloT cia-
60if POTHBOMHUKPOOHOH akTHBHOCTHIO (0 =10-14 MM). HanbGosnee akTHBHEBIC BEIECTBA
ObUTH M3YYeHBI METOJOM ‘‘IBYXKPAaTHBIX CEPHHHBIX pa3BeACHWI” Ha BBIMICyKa3aHHBIX
mramMMax. VccienoBaHus STUM METOJOM MOKa3aid, 9TO TONbKO coeaunenus 1b, 3,4 u
5a nmoJaBnsOT pocT CTaQUIIOKOKKOB B KOHIIGHTpAIMK 125 MKI/MiI, B TO Bpems KakK Oc-
TaJIbHbIE BEIIECTBA MPOSBISIOT IPOTHBOMUKPOOHYIO aKTUBHOCTh B 3HAUUTEJBHO OoJiee
BBICOKO# KOHIIeHTpanuu — 500 MKr/Mi1 1 Beiiie (Tadm. 2).
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Ta6mmua 2. MunnmanbHas HHrHOpytomas koHueHrpaiwms coeaunennii (MUK), Mxr/mi

CoenuHeHue S. aureus S. Flexneri E.coli
6858 0-55
209p 1
1b 125 125 >1000 >1000
le 500 >1000 1000 >1000
1f 1000 >1000 >1000 >1000
3 125 125 500 500
4 125 125 500 555
5a 125 250 >1000 >1000
6a 1000 >1000 >1000 >1000
6b 1000 >1000 >1000 >1000
dypa3zonunaoH 31,2 31,2 31,2 31,2

[TokazarenbHO, YTO MpPU HEKOTOPHIX MOJU(UKAIMIX COBEPIICHHO HEAKTHBHOTO
rerepouukia la moiydeH psa OMOJOTMYECKH aKTHBHBIX coequHeHWH. Tak, 3ameHa
4-MeTHJIBHON Tpymmbl coeauHeHus la Ha moispHyo OH-rpynmy (coemunenue 1b),
OKHCJIUTENbHASL apOMAaTH3aLHsl C TIOSIBIICHHEM KPaTHOHM CBS3M B ITOJIOXKEHUH 5,6 (coenu-
HeHHe 3) WM 3aMelICHHe BCEro apoMaTHYecKoro (parMeHTa octarka OSH3MMHIa30ia
Ha CH,-CH,-rpynmy (coenvHeHue 4) IPUBOIAT K MOSBICHUIO Y BCEX TPEX COCTMHCHUM
3aMETHBIX aHTHOAKTEPHAIBHBIX CBOUCTB. ClelyeT OTMETUTD, YTO M3Y4YECHHbIEC BEIIECTBA
M0 aKTHBHOCTH YCTYMAIOT KOHTPOJBHOMY Tipemapary dypaszomumaony (d = 24-25 mwm;
MUK =31.2 Mkr/mi).

Takum 00pa3om, B psiy HOJUIMKINYECKUX a3areTePOIMKIOB HEKOTOPBIE MPOH3-
BojHBIC Gen30[4’,5’ jumMumaszo-, umumaso[2’,1”:6,1 mupuno[2,3-d]jmupumunHoB U OeH-
30[4’,5’ Jumunazo[ 1,2-a[nupuMUIMHOB  00TAA0T YMEPCHHBIMH aHTHOAKTEPHATBHBIMU
CBOMCTBaMH, KOTOPBIE YCUIIMBAIOTCS B PE3YJIbTaTe XUMHYECKHX MOJU(PHUKAIMUH, YTO MO]-
TBEPXKAALT 11eJIECO00Pa3HOCTh MPOJIOJDKEHNS NCCIIEI0BaHUH B IAHHOM HAIpaBJICHUH.
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Cancer cells may differ from their normal counterparts in the activities of certain enzymes.
That difference may act as a useful biological marker of malignancy in particular tumors. Arginase
(EC 3.5.3.1) hydrolyses L-arginine into urea and L-ornithine (precursor for polyamines). The
enzyme activity as a test for cancer diagnosis and treatment is suggested. The main goal of the
study is not only to reveal a new tumor marker, but also to clarify new relationship mechanisms
between Arginase activity and change of polyamines quantity in healthy and cancer cells, which
will allow influencing metabolic different processes of cancer cells.

Arginase — polyamine — breast cancer — diagnosis and treatment

Luwingytnwihl pghgutinp Ywpnn BU twpptpyty hpklug wnnng wlw|nqutinhg npnawyh $bp-
JGuwnutbph wywnhynipjwdp: Wn jeluwpwlwywl gnigwlhp Ywpnn £ Swnw)tp npwbu Jwpytn tndjug
nLnnigeh swnnpuynipjwl guwhwwndwl hwdwn: Upghuwap (EC 3.5.3.1) Jwwwihgnud E L-wpghUhuh
hhnpnihgp L-opuhrehuh (wnhwJhulGph bwhiwljnie) W vhquujniph wnwwgnedp: Gupwnpynud E, np
wnghlwgh wynhynipjwl wpdten Yupnn £ Yhpwneytp npwtu nhwgunuinhy pGun pwngytinh
whunnnpndwl W pniddwl bywwnwyny:  Whwwwuph hhduwywu Uwwwnwyp ng Jhwu unp
ninnigpwjhu Jwnytph pwgwhwjnnudu £, w) bwl wpghtwgh wynhdnigjwu b wnihwdhuutph
pwlwywywu thnthnpuncejwl thnpuywwwygywénipjwl Unp JGhuwlhquutph wwnpqwpwunidp wnnng
W pwngytnwjht pgentd, hlgn el Yunw dhgwuint] pwngytnwiht pgheltinh Ujnipwthnpuwlwywjhu
wnwnpbp wnpngGuubphu:

Unghuwq — wynihwdhl— Ynédpwqbnép pwnglyin — wunnpnpnid L pnidnid

PakoBble KJIETKH OTJIMYAIOTCS OT 3/10POBBIX aHAJIOI'OB aKTHBHOCTHIO HEKOTOPBIX (hepMeH-
TOB. DTOT OMONOTHYECKIH HMHANKATOP MOXKET CIY>KUTh MapKepOM JUIS OLEHKH KadeCTBa OMyXOJIH.
Aprunaza (EC 3.5.3.1) xaranmusupyer rugponn3 L-apruauHa B L-OpHUTHH (IIpeIIeCTBEHHUK I10-
JMaMHHOB) U MOueBHHy. [Ipeamnomnaraercs, 4To ypoBeHb (hepMEHTATHBHOW aKTHBHOCTH aprHHAa3bl
MOJXKET OBITh HCIIOJBb30BaH B Ka4eCTBE TeCTa JUIsl JUArHOCTHKU M JiedyeHHs paka. Hamia ocHoBHas
1eJTb 3aKJII0YACTCSI HE TOJIBKO B OTKPBITHH HOBOTO OIYyXOJICBOIO MapKepa, HO ¥ B M3y4EHNH HOBBIX
MEXaHH3MOB B3aUMOCBSI3M MEXIy apruHa3HOH AaKTHBHOCTBIO M H3MEHEHHEM KOJIHMYEeCTBa
MOJINAMUHOB B 3/I0POBBIX M PAKOBBIX KJIETKaX, KOTOpbIE MO3BOJISIT BBIICHHUTH HEKOTOpbIE
MeTab0IMYECKUe TPOLIECCHl B PAKOBBIX KIIETKAX.

ApzuHa3a — NHOJUAMUHbL — PAK MOJIOUHOU Jiceie3bl — OUACHOCIMUKA U JiedeHUe
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Great medical and biological efforts are continually invested into understanding
of cancers pathology and finding new methods for its diagnosis and treatment [1].
Cancer cells may differ from their normal counterparts in the activities or concentration
of certain enzymes. The application of measures correlating the activities of such
enzymes may lead to elucidation of therapeutic approaches to cancer [14]. Arginase (EC
3.5.3.1) hydrolyses L-arginine into urea and L-ornithine (polyamines precursor) [6, 10].
Our goal to investigate Arginase activity in blood serum during different stages of breast
cancer, suggesting the enzyme activity as a test for cancer diagnosis and treatment [7,
11, 16]. Currently are shown rapid growth of polyamines (spermine, spermidine,
putrescine) quantity in blood serum and urine during malignant tumors in different
organs [15]. As polyamines are essential for cell growth, one of the mechanisms by
which polyamines accelerate tumor growth is through the increased availability of this
indispensable growth factor [17]. In addition, polyamines seem to accelerate tumor
invasion and metastasis not only by suppressing immune system activity against
established (already existing) tumors but also by enhancing the ability of invasive and
metastatic capability of cancer cells [12]. Currently are actual research works about the
clarification of Arginase isoforms function in polyamines biosynthesis [5, 8]. Poly-
amines which are putrescine, spermidine and spermine are alkaline aliphatic amines,
which electrostatically interact with macromolecules and modulate their biosynthesis,
cell proliferation and apoptosis [9, 17]. Cancer cells produce proteases to destroy the sur-
rounding matrix, and produce proteins to create new vessels. Hypoxic cancer cells lose
their adhesion characteristics and have enhanced capacity for migration. Polyamines
synthesized by cancer cells are transferred to cancer cells under hypoxic conditions that
have increased capacity for polyamine uptake and decreased intracellular polyamine
synthesis. Increased polyamine uptake by immune cells results in decreased production
of tumoricidal cytokines and the amount of adhesion molecules, and these eventually
attenuate the cytotoxic activities of immune cells [12]. The levels of Arginase activity
and polyamines quantity in malignant tissues were reported by several scientists to be
increased compared with healthy tissues [7, 15, 16]. However, besides the limited
number of these studies, none of authors traced the relation between Arginase
isoenzymes activity and biological behavior of tumors and polyamines quantity.
Therefore, the present study was designed not only to determine Arginase activity levels
in cancer tissues but also to correlate them with biological behavior of this tumor. There
are two distinct isoforms of Arginase: Arginase | or ureotelic Arginase and Arginase Il
or nonureotelic Arginase, which have similar enzymatic features, but different cell
localization and tissue distribution, amino acid sequence structure (53% is the same) and
radically different pl value [10, 13]. The previous studies of our laboratory were to
reveal the role of Arginase isoenzymes in polyamines biosynthesis in rats. It was shown
that the necessary amount of ornithine for the biosynthesis of polyamines is provided via
Arginase 11 [3, 4]. Before coming to the above mentioned conclusion we have identified
two important facts. The kinetic studies of ureotelic and nonureotelic Arginases have
shown that All has a special stereospecific part which bind polyamines in contrast to
ureotelic Arginase. It was shown proportionate decrease of polyamines amount during
inhibition of nonureotelic Arginase with N®-hydroxy-L-arginine.
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Materials and methods. This study is performed with blood serum of patients with breast
cancers who were hospitalized in the National Center of Oncology aft. VV.A.Fanarjyan. The most
common system used to describe the stages of different types of cancers is the American Joint
Committee on Cancer TNM system. Arginase activity is determined in blood serum of 7 healthy
individuals and patients with breast cancer (28 patients, I-111 stages, 37-72 years old).

Separation and purification of Arginase isoenzymes. The method of Kossman (1966) was used
with some modifications. On the blood serum 0,2M Glycine buffer, pH 9,5 was added. In the
column (2,5%50 cm) containing Sephadex G-150 the blood serum - 0,2M Glycine buffer mixture
was added. The column was balanced with Na-phosphate buffer (pH 7,2) and 40 fractions each
one of 4 ml were collected. 4 ml of high-molecular-weight protein fraction after gel-filtration is
passed through the column CM-cellulose (1.5x35 c¢cm), balanced against 0.005 M Tris-HCI buffer,
pH 7.2, elution gradiented with the same buffer gradual increasing of molarity from 0.05 to 0.25 M
KClI, elution speed is 24 ml/h, was collected 32 fractions each one of 4 ml.

Archibald’s method for Arginase activity determination. The method of Van Slyke and Archibald
(1946) was used with some modifications. In test-tube is added 1.5ml 0.2M Glycine buffer, 0.5ml
blood serum, 0.2ml 5uM MnCl,x4H,0, 0.4ml 50uM L-arginine. Enzyme catalysisis was stopped
with 1ml 20% trichloroacetic acid. In supernatant is determined the final product of the catalysis
which is urea. Add in a test-tube 2.5ml acidic mixture (3 parts of concentric HsPO,, one part of
concentric H,SO,, 0.237g MnSO4xH,0, 1.7ml 0.1M FeCl;, 398ml distilled water), 1ml
supernatant, 0.25ml 3% DAMO (diacetyl monoxime) and boil it in water bath 45 minutes. The
intensity obtained yellow color measure with spectrophotometer in 487nm (Genesys 10, USA) [2].
Activity of enzyme is evaluated with the received urea, in micromoles for 1ml fresh tissue.

Dansylation and thin layer chromatography (TLC) analysis. The method of Seiler (1970) and
Khan (2006) was used with some modifications as follows. Tissues were extracted in 0.2M cold
HC10, at a ratio of about 100 mg/ml HC10O,. After extraction for 1 h in an ice bath, samples were
pelleted at 11.500g x 20 min in +4°C. 200 pl of HCIO,4 extract were mixed with 400 pl of dansyl
chloride (5 mg/ml in acetone), and 200ul of saturated sodium carbonate were added. After brief
vortexing, the mixture was incubated in darkness at room temperature overnight. Excess dansyl
(5-(Dimethylamino) naphthalene-1-sulfonyl chloride) was removed by reaction with 100 pl
(100mg/ml) of added proline, and incubation for 30 min. Dansylpolyamines were extracted in 0.5
ml benzene, and vortexed for 30s. Up to 50ul of dansylated extract were loaded on the
preadsorbent zone of silica gel plates, and the chromatogram was developed for about 1h with
chloroform/triethylamine (25:2, v/v) solvent system. The Rg values were calculated using the
formula, R = distance traveled by solute spot/distance traveled by solvent front. The
dansylpolyamine bands were scraped, eluted in 2 ml ethyl acetate, and quantified in 505 nm
(Genesys 10, USA) [5, 15].

Statistical Analysis. Results are expressed as means + SD and means + SE. Results are examined
by Student's t-test (single sample) using Statistica software (StatSoft 10.0).

Results and Discussion. Arginase activity was determined in blood serum of
patients with breast cancer in different stages: 10 cases were stage I (5619, T{NoMy,
1-2 cm), 10 cases had stage II (48+11,T1,N;Mg,2-2.7 cm), 8 cases had stage III (56+12,
T,.3N13M,4.3-5.4 Cm) (tab 1)

Table 1. Demographic characteristics of patients with breast cancers

Patients Sex Age Cancer Stage TNM
7 5048 - - -
10 Female 5649 breast | T1NoMg
10 48+11 breast 1l T1.oN;1 Mg
8 56+12 breast 1l T,.3N1.3Mp
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Fig. 1. The change of Arginase activity in womens’ serum during different stage of breast
cancer (p<0.001). Breast cancer group patients: 10 cases were stage | (T:NgMo),
10 cases had stage Il (T1,N;My), 8 cases had stage 111 (T,.3N13Mg), * - p<0.05.
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Fig. 2. The correlation between Arginase activity, cancer stage and
human age in blood serum at breast malignant tumors

Our studies have shown that in women breast cancer group of stage | activity of
serum Arginase was increased by 28.8%, in group of stage Il by 36.1% and group of
stage 111 by 48.4% comparing to the healthy women group (fig. 1).
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Fig. 3. The spectrum of Arginase isoenzymes and protein quantity after gel-filtration
(Sephadex G-150) in blood serum of healthy patients (n=5, p<0,05).
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Studies have shown that there is no correlation between human age and Arginase
activity changes: consistent pattern for stage 1-3 does not change (fig.2). Consequently,
the more advanced the breast cancer, the higher the level of serum Arginase activity. It
has been reported that the mean activity of Arginase is high in the early stages and
higher in the advanced states of the malignant group compared to those of the normal
ones.

We have tested the Arginase activity and protein quantity spectrum in blood
serum of patients with breast cancer (3 patients, Il stage) through gel filtration (Sephadex
G-150) and ion-exchange chromatography (CM-cellulose). The spectrum of Arginase
isoenzyme and protein quantity in blood serum of healthy patient after gel-filtration
(Sephadex G150) we have two peaks, respectively in protein fractions number 13" and
17" (fig. 3). Both fractions were separated with CM-cellulose. After ion-exchange
chromatography of 13" fraction, we have two peaks for protein quantity and arginaes
isoenzyme (fig. 5).

4 - = Protein quantity 0,09

235 —Arginase activity 0.08 i
= i)
g 3 007 &
i g
<55 0,06 :
£z 0,05 &
= 2 “
= 0,04 %
S5 2
= 003 ¥
g

.; ] 0 0‘! g
‘5 L |
=< =
& 0.5 001 £

0 15FeTreT 57 0

1 4 7 10 13 16 19 22 25 28 31 34 37 40
Fraction

Fig. 4. The The spectrum of Arginase isoenzymes and protein quantity after
gel-filtration (Sephadex G-150) in blood serum of patients with breast cancer (n=5, p<0,05).

In blood serum of patients with breast cancer after gel-filtration (Sephadex G150)
we have two peaks, respectively 17" and 29" in protein fractions of protein quantity and
Arginase isoforms spectrums (fig. 4). In contrast to the standard peaks are shifted to the
right. In 17" and 29" fractions Arginase activity was increased respectively by 43.9%
and 33.5%. The 17" high molecular fraction was separated by CM-cellulose.
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Fig.5. The spectrum of Arginase isoenzymes and protein quantity after ion-exchange
chromatography in blood serum of healthy patients (fraction N13, CM-Cellulose, during fractions
2,9, 15, 21, 27-0.05M, 0.1M, 0.15M, 0.2M and 0.25M KClI respectively, n=5, p<0,05).
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Fig.6. The spectrum of Arginase isoenzymes and protein quantity after ion-exchange
chromatography in blood serum of patients with breast cancer (fraction N17- number one peak,
CM-Cellulose, during fractions 2, 9, 15, 21, 27 0.05M, 0.1M, 0.15M, 0.2M & 0.25M KClI
respectively, n=5, p<0,05).

After ion-exchange chromatography we have two peaks in spectrum of Arginase
isoenzyme and protein quantity, respectively in 7" and 20" fractions. Comparing to the
standards the peaks are curved to the left. In contrast to the healthy patients Arginase
activity in the 7" and 20" fractions Arginase activity of blood serum is increased
respectively by 5.2% and 18.6% (fig. 6). These data show that after partial purification
of enzymes with ion-exchange chromatography Arginase activity in fractions of patients
with malignant tumors is also increased. It should be mentioned that also is changed the
spectrum of Arginase activity and protein quantity.

Breast cancer

A B.
Fig.7. A. Quantitative and qualitative analysis of blood serum of a healthy (A) and breast cancer
patient (B) through thin layer chromatography (A, RFSPM - 0.29, RFSPD — 0.45, RFPUT - 0.82).
B — I stage (70", RFSPM - 0.3, RFSPD - 0.42, RFPUT - 0.67), Il stage (81, RFSPM - 0.33,
RFSPD - 0.42, RFPUT - 0.75) and Il stage (800, RFSPM — 0.32, RFSPD — 0.44, RFPUT — 0.65).
The quantity of polyamines is presented in nM polyamine in 50ul of experimental solution (n=5,
p<0,05, 0 — origin, 1-SPM, 2-SPD and 3-PUT).

For the next stage, we have performed quantitative analysis for polyamines
through thin layer chromatography in blood serum of healthy patients and patients with
cancer (fig.7). The results show that polyamines quantity is increased in blood serum of
patients with cancer, and the increase is corresponding to the growth of the stage of the
disease (tab. 2).
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Table 2. The change of polyamines quantity in blood serum of healthy patients
and patients with cancer (the quantity of polyamines is presented
in nM polyamine in 50pl of experimental solution), M+m, n=5, p<0,05).

Stage of desease Polyamins Polyamine quantity
(nM polyamine in 50 pl of
experimental solution)
PUT 12,242,3
0 SPD 9,6+14
SPM 14,3+2,4
PUT 17,243,1
| SPD 20,4+2,9
SPM 23,6£3,8
PUT 20,8+2,7
l SPD 24,3+3,2
SPM 27,4437
PUT 22,9+2,1
m SPD 25,6£3,3
SPM 34,8+4,2

The increase of total polyamines quantity compared with standard is 69.5%,
101% and 131%, respectively in I, 1l and 11l stages. The increase of polyamines quantity
coincides with the increase of Arginase activity, what shows the correlation between
them during the disease.

The practical importance of our work is through the change of nonureotelic
Arginase activity, we can influence on polyamines quantity, thus influencing on cancer
cell’s metabolism. In our studies, a significant increase in blood serum Arginase activity
could be important for the early diagnosis of mentioned cancer and for their treatment.
Our results will serve for structure-based drug design, because we suggest that Arginase
inhibition may have some protective effects on different types of cancers development as
it inhibits ornithine levels, precursors of polyamines, and also polyamines levels. The
synthesis of new inhibitor for Arginase, which will be harmless for organism, will allow
us to change the course of cancer. Our further investigations will be directed to answer to
the mentioned question.
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SUswnnipjwu pnwbwywu Swywih Ywdwhu owwnhdwy) thnppwgdwl JGennh Yhpwnnidp
LUwwuwnnud E opquuhquh ywounwwlwywlu JGluwuhguutph wynhdwgdwup: Wu JGennp Uhpwnyt) £
pnidwywu haynipinnipwih fudptpnud: Upnyncuputpp Jywynud Gu, np wjt pwjwywu wpnynibwybun £
wnwppbp whunwpwlwywU npulcnpnedutn nitugnn neuwunnutph Jwnwydnp W $hghywywu wphuwwnnt-
Lwynipjwl pwpépwg-dwl hwdwn:

Slswnwlwl Jupdnipynilltn — prywdlwpwng — YELuwpilwnnnepntl

[IpuMeHeHne MeTo/a MPOU3BOJIBHOTO ONTUMAJIBHOTO YMEHBIICHUS MUHYTHOTO 00BheMa
JIBIXaHHs CTIOCOOCTBYET aKTUBHU3AIWHU 3alIMTHBIX MEXAaHU3MOB OpPTaHM3Ma. DTOT METO] MpHMe-
HSUIM B TPYIIIax jie4eOHOM QU3KYIBTYPhI U BBISIBUIIH, YTO OH OYEeHb AP (EKTUBEH JUIs MOBBIIICHHS
YMCTBEHHOU 1 (pu3mueckoil paboTOCIIOCOOHOCTH CTYACHTOB, HMEIOIIUX ONpEeAeIeHHbINH (HOH pa3-
JIMYHBIX TTaTOJIOTHH.

ﬂblxameﬂbele YRPasiCHerust — CUNOKCUA — OUOIKOHOMUKA

Using the method of random optimal decrease of minute volume of breathing leads to
activation of organism's protective mechanisms. This method was used in the groups of curative
physical training. It was revealed that the method is very effective for the increase of mental and
physical work ability of students with pathological background of different physiological functions.

Respiratory training — hypoxia — bioeconomics

Uwnnp hp Yuwueh pupwgenid hwéwiu £ Gupwnyynid Jhewywinph wuunynnp W Gp-
pGUu dwjpwhtn gnpénultph wgnbgniejwup W unhwywsd |hund hwpdwpyt, hptu wwip-
wnwnpywé unp wwjdwuutphu: Opgqwuhquh hwpdwpynnwywunieintup $hahninghwywl
pwpn gnpépUpwgutph wdpnngnieintl £, npnud pungpyynud GU YEUuwgnpénLluGnLjwu
unp nGdhdubn wwwhnynn JGhuwuhgquutbp: dhghninghwywu JGhuwuhquubph pwpywé
Jhtwyp hwugbgunwd £ opquuhgunid predwdbwihl nEdhdh uwuqupdwu L bwwuwnnud
quwlwaqwl hhjwunnientlubph  qupqwgdwup: Wn  hhqwunnipnituutnh pniddwu
Jwuhuwnqgbuwl hwdwp Yhpwnynid U tinwpptn nEnwdhgngutin, npnue hwéwpu nctuGuncd
GU Lwl Ynnuuwyh wantgnienilutp: Wn wwwdwneny £ Uh pwpe hhjwunnipnitultnh
nGwenwd Lwhupuwnptih Bu ng nGnnpwjpwihu pniddwl UGennutpp: Lwuh np opqwuhquh
hwpdwpynnwywlu gnpépupwgubpnd Ywplenp nbp £ fuwnnwd Juswnnipiniup, Yhpwnned
GU JUswnwywl JwndniejnilluGph Uh  2wpe JGpnnubn (Rnuntlynih, UnpGuhynduwih,
dnningh W wyi), npnughg £ uwle 2Uswinniejwl pnwGwywl dwywih hupbwywu owwunhdw
thnpnwgdwu(CNEUOd) Jbennp: CUswnniejwl hwiwhunipjwl  hupbwlwd thnppwgdwl
hGunlwueny Ujwgnid £ uswinnijwl pnwGwywl Swywip, nph wpnyntugnd opgwlhgunud
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Uywuwnynwd U npwywl wnGnwowndtp. $hghywywlu dwupwptnujwédniejwl dwdwlwy
wntnh E nluGunwd opqwuhgquh gnpénluGnipywu Ypw dwhuuynn EuGnghwih ibwynnnipniy,
pwpbiwyynd GU Jinwygnp nluwynie)nllutpp, pwpapwuncd £ upnwdywuh ElGYnpuywu
wywnhyniejniup [1, 2, 6]:

Unipe W dtenn: Utp hinwgnunnipjwl dwdwuwy SNEY0d-h dtennp Yhpwnyb) £ Gpliwun
wEwnwywl Jwuywjwpdwywl hwdwjpuwpwuh pnidwywu hayneinnipwih Gpyne funwdp nLuw-
UnnutGph Jdnuin (Jntpwpwugnip fudpnud 15 nwuwiunn): Wn Gpyne fudptpnud £ pungpyywéd Bu bnty
uhpun-wlnpwjht W 2Uswnwywlu opqwuubph huwugwnpnidubpny (wppbp wnGuwyh wrhprdhwltn,
upnwdywuh jwpdwl  juwugwpnedutn, ppnupupui), Ubpphu opgqwuutph ppnuhywywl hhywunnt-
pjnluutpny  (qwuwnphw,  [GBnwwwpyh  pnppnend,  Bphywdwihu pnppnpnid),  wnBunnniejwu
huwuqwpnidutpnd W witnpghy hhjwunnipniluGp nlutgnn ncuwunnutn:

®nnpéh pupwgend Upwup 7-8 Y Ywwwpnd U onh pwpwy 2hreh UGpUsnid wjuwbu, nn
uGn2Usdwl wywpuhtu ywhwwudh npw 2wpnitbwydwu htwpwynpneeiniup: Ywdwihu UGpugnidhg
hGwnn wntnh £ nllBunwd hupbwpnihu (uynunwl) wpunwUgned, npp pepnud £ Uswnwywl Jywuukph
wyblh wpnwhwjnwé pniwgdwl: Cun npnud thnpéh dwdwlwy thnpdwnyynnutphu hpwhwug £
npyned unwpb Yndpwiht inhwh 2Uswinnuenil, wjuhUpl® Upwlg nwnpnipintup Yeunpnuwgyned
E Uswnwywl Jywuubph whuwwnwuph ypw: enpdwnpyynnubpp Juwndynwd 6u 1 pnwtnd Juwnwnt
6, wjunthGwnle 4 JUswnwywl wndnd' nwnpnLegntup Yeunpnuwgubing QUswnwywl Jywlubnh
w2huwwnwueh ypw: Ywdwjhu nwunwn Upusdwup W hupbwpnifu wpunwUsdwup JuwndyGine hwdwnp
thnpédwnpyynnutipp Jwpgyned BU Uwle hupuncpnuu® thnpdhg nnpu, hwlghuwn yhdwynid wnwiynujwu,
yGuophu L GpEYnjwl 10-wlwu pnwt nlnnnepjwdp:

JGnpnhhjw UGennh Yhpwndwdp JUswnwywl Jwpdniejniuubnhg hGwnn nruwunnubpp Yw-
wnwpbp BU pncdwywl dhgyneinipugh dpwgpny Uwhuwnbudwé  dhaghywywl  Jwpdnipiniulbn®
wwhwwubny QUswnwywl 6 pwndnid JGY pnwtnud nhpup: Lpwlughg wpwudUwgywé nLuwunnutph
UGy huntdpp dwnw)b) £ npwtu uinnighg (18 ntuwlnn): Unnighs fudpnud pungnyywsutpp 2uswnwywu
Jwndnipniultn s6U Jwwwnb, wy Jwubwygbp BU dhwju pwgpny UwpuwwnGudws  $hghywywu
Jwndnipniuubphu:

Uju dGennh wpnniuwdbunnie)niup wywpgbine hwdwn npnadtp £ hGnwgnundnnutbph 2Usw-
nniRjwl  hwéwpunientup, enebph YGUuwlwl wnwpnnnentup ¢np uwhpndtunpnd), we W dwfu
nwuwnwyutph nudp (nhuwdndtunpny), Ypdpwdwunwyh wdwhwnninp, wjupugl' Ypdpwywunwyh
onpwgsh  wnwppbpnieintup UGppusdwl W wpnwpUgdwl - dwdwuwy, wniuh  hwéwhuncpinlup
Enuwithdwu Gnwuwyny), $hghywywu Jwnpdniejntbubphg wnwye, ywpdniejnilutnhg wudhswuwtu
hGin W wwu pnwt hGnn: Wu gnigwuhpubpp gpwugytp U Yhuwdjwyh uygpnd  (Uwhupwu
2Uswnwywl Jwnpdnieintlubn uyubip), W Yhuwdjwyh JGponed, wjuhbpu 2uswnwywu dwpgnidUbphg
Gpp  wuhu hGwn: UwpgnuduGph  wpnynipnud YeLluwpubwgnnniejwl - gnigwlhpp - wpunwphU
2uswnniejwu hwdwn npnpyt) E LU Unwowljwlh wnwewnlywé pwlwaéaleny [1]:

Cuswnnipjwl hubwinnnieintup npnadned £ wpunwehu Juswnnipjwl hwdwhunigjwu W QUsw-
nwywl wywnh Eubpgbunhy wndteh hwpwptpnipjwdp, npu wpunwhwjnynutd £ opqwuhquh hjneu-
Jwépubph Ynnuhg rrywsduh jnipwgndny b wéhuwprnt qguagh htnwgnidny: Unwgywé ndjwiutnp
Jhdwywagpwywl yeninudnipywu Gu Bupwnyyt) hwdwwwwnwupuiwl hwdwlwngsgwihu dpwgnny:

Upmyniupubp L pUbwpynid:  IGnwgnnncejwl wpnniuplbph  Gppneénienihg
wwnpayubp E, np GpGpwduyjw Uswnwywl Jdwpgnudubphg hGwnn nwuncduwuhnynn pninp
gnigwuhputpnd nbnh Bu nlutgb, npwlywu nbnwpwndtp: UnwghU fudph nLuwunnubph
pnebph  YGuuwywl wnwpnnnipntup wyblwgtbp £ 400 Jp-ny, JhUgntn  uwnnighghup’
punwuJtlup 50uUj-ny, wjuhupl Uswnwywl JwndniejnllUGph Junphhy JGéwunwd E
UpSpwywunwyh wndniuwynienitup, npu £ Uwwuwnnwd £ enebph YELuwywl
nwnnnniejwu Jedwgdwup: Wn JwupUu £ Jyuwined bwle Jwpgynn ncuwlnnubph Ypépw-
Jwunwyh 2ppwash wdwhnninh hwywuwinh JGwgnidp, huy unnighs fudph nGwencd wju
hwdwpw sh  wydbwunwd: Wuhwpn £ nwnunwd, np $hghlwywl Jwnpdwuplubph
gnigwygnudp QUswnwywl Jwnpdnipnillbph’ Jwubwynpuwwtbu SPBYUOD-h hbin wybh
wpnynibwygbGun E: Iwyinuh £ Lwl, np pnetph wwpptp  hwndwédubpnud  ququithn-
fuwlwyniejwl punbuhynieniup W wpjwu  pwphuncdp Ywpudwé £ Jwpduh nhpehg:
Quwithwynp dhghywywu Swupwptnujwédnipjwl dwdwlwly pnebtph  wwnppbp  hwwn-
Jwéltph wnniuwdwwnwywnpwnpdwl tnwpptpnieginiup thnppwuncd £, npp bwpuwnpjwutn
E unbnénd ququihnfuwlwyniejwl  pwpbwydwu hwdwp [5]: Wn wwwdwnny b
dhghywywl Jwpgnudubph gniquygndp  wpuweht  Uswneniejwl  huplwlywd ow-
inhdwwguwl U Upw hGnwgw wynndwnwgdwUu htGn wybih wpyntbwyBun £ [4]:
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Gnwdujw Juswnwlwlu Jwpgntdubphg hGunn wnwghu fudph nLuwunnutph 2uswnw-
Jwu puwywl 2wndndutph rhyp hwughuwnn yhdwyned 1 pnwyGnd  dninwdnpuwbu 2-ny
udwgniu E, wjuhUpl® Uywnyned £ Uswinnijwl Unp hwdwunipjwl wynndwnwgnid, npp
Gupwnpnud £ QUswnniejwl gnpépurwgh Yebluwhilwinnniejnc:

SUswnwywu jnLpwepwlgnip 2wnddwl dwdwuwly npnpwyh tubpghw £ dwhuuyncd
dtphl 2ugninhubph - wwwnGph, npndwjuh funengh W Yndpwywlinuyh wwwntkph  nh-
Jwnpniejniup, pnpwpintph wywwnbph wnwagquywunipjwl nudp hwnrwhwptint hwdwp
[3, 7, 8] PUuwywluwpwn QUswnwywl wndnudubph pUh wwlwubine nbwend  win
EuGpghwjh vh Jwup pitwgynid E: Wupnpwn, wju ibwgnnnieintup Swhuuynwd £ opgwlhquh
hwpdwpdnnwywl wj JGhuwuhquubph gnpéwpydwu  hwdwn, pwpapwgubing Uwl
dhghyjwywl huwpwynpniginitltpp, nph pwgwhwjndwl - Uwywwwyny  swhdb, E
hGunwagnunynnubph  nwuwnwyutph nudp, npp unnwghg fudph NnLuwlnnuGph Unwin eny Ep
wpunwhwyinjwé: dnpéwpwpwywl fudpnd Uywwndtp £ nwunwyubph nudgh hwdwuwinh
JbSwgnid: ®npéwpwpwywl W unnighs fudpbph neuwlnnubph wju gnigwuhph hwdb-
Jwwwywl dgGpineénieinip gnuyg £ wwihu, np Uswnwywl b $hghywywu Jwndnt-
pnLuutnh gniqwygnidu wybih wpnntuwdBun E:

Swyinuh E, np giiunintnh tnwpptp hwndjwéubpnud gnjnue)niu ntubu nunhn W fuw-
swall Ywwbp Gpyne Yhuwgunbph 2Uswnwywl W uhpw-wunpwhu upgwynpdwl Ytun-
pnuutGph Jhgl: Wn hwdwywnpgbph Jhgle Gnwé Ywwbpp gnpénud Gu YWU3-h tnnwipptp
dwywnnwyutpnud® yenlh gguwjwywl nwpwntnhg Uhtgle Gpywpwynil nuntnh pUswinwywu
W uhpun-wunpwhu Yeuwnpnuutn: Wn Gpyne $ncuyghwutnh thnpujuwwygywsd gnpénLut-
nLEintUU hpwywuwunwd £ nEdEYnnp dwuwwwnphny: Unpnh L 2Uswnnipjwl nhrdtph
Juwywénipjwl wunhdwup uwhudwé E opgwlhquh $nuyghnuw) yhdwyhg, hniquyjwu L
$hahywlwtu jwnpjwénientuhg: Opguwuhgdp prJwdUNy wwwhngnn UpJwéd hwdw-
Ywpgbph wphuwwnwupp  Jwpnne hwpdwnynnwywlu gnpénilubiniejwu gnigwuhpubpu Gu:
Uwngndubph wpnyncupned QUswnnipjwl hwdwhunipjuwl wynndwwnwgnidp hwugbguncd
E upnh hwdwhunipjwl Unpdwiwgdwl, npp opqwuhgquh $niuyghnuwy Yyhdwyh Yuwp-
quynpuwl  guwygnp  gnpénUlu £ hwnywwbu  uppun-wunpwihl — juwlgwnpnwdutn
nLubgnnutph hwdwip:

QnjnLejntl ntuh npwywu thnfuywwywénipynil JuswnniRjwlu pnwbwywl Swywih,
upinh Ydyniuubph hwdwhunipjwl W wpwl pnwybwywl swywih, wjuhugl' $hahyuywl
wfuwwnwlph hunBuuhynie)ntup punipwannn swithwuhuGph Jhole: Yw ey £ wnwihu
GupwnpG, np  Jhlunglu wnlnnniejwdp  $hghywlywl  wpuwwnwle  Ywwnwnpbihu
2uswnnijwl  pnwbwywl Swywih thnepwgndp ninBlygdnd £ upinh  hwdwhuniejwu
thnpnwgdwdp, hugsp Uwwuwnned £ Upw gnpéncubniejwl fulwnnnijwup [4, 6]: Uwinnwghg
fudpnd wju gnigwupp Ewywlu thnthnpunipjwl sh Gupwnpyyned, hugp UGy wuqud Wu
Jywjnud £ $niuyghnuwy wwppbp huwugqwpndubph  dwdwlwy uswneniejwl  nhruh
huptwywd thnppwgdwl  JGpnnh  pwpép  wpryntbwybwnggjwt Jwupl: Wu  hbunw-
gnuinijwl - wpryntupnd wwpgqdbg, np pninp ncuwunnuGph Jnn jwywgb) £ huplw-
qqugnnneiniup, huy Yhuwdjwywihu gnigwupputpp thwuwnbghl, np pwpapwgt) £ uwl
ntudwl  wnwyewnhdnienLup:

(¢reywdlwihl wupwywpwnnipniup UGp Yuwuph wlpwdwl nintyhgu E: buy JGn
hwupwwtwnniejwl whuwnphwgpwywl pwpapwydwunwywihu nhpep (6nyh Jwytplinyehg
dhohup 1000 U pwpép) wwwhnynd £ Jhewdwynph swihwynp prwdlwhu  wl-
pwywnwpneRjwl npnpwyh $nl, npu wybih £ ndqupwgunid Jwpnyuwug dnwn y&pp Upywsd
wnwpwplnyp  hpwhpqwé  prywsdlwpwngwiht  hpwyhdwyp: Wn  wupwywpnipiniup
Jwupubnt ywd dendwglbine jwdwgnuu dGenn £ 2Uswnnipjul pnwbwywl  Swywih
huplwywd owwhdw] thnppwgnudp, nph dwdwlwy 2Uswnwlwlu ninhutph  JGnjw
nwnwdeh onh dSwywh wwywubgdwu hwpyhu wybiwunid £ Uswnwywl onh dwywip:
Qw Wwlwynwd E UJwq Eubpgbnpywywl  Swhuunwdutbpny, wjuhUpU  JUswnniejwl
hubwjnnniejwdp hwult] opgwuhqp prYwsUny wwwhnybint wnwytiwagniu wpnyncugh:

Uwywjl hugwbu £ unnwgyned, np tnwpwpunte hhdwunniejnluubpp huwpwynp £
hwnrwhwnpt] jwd ptrliwglt, Jhiunylu JGennny: Yhunwpynidubpp gnyg Gu iyt np
Eyninghwywl b wpwnwywpg  gnpdénUUbph  (uppbulbp, wnunly, gnipn,  huwdwp)
hGinliwlpny wnwewgwéd nwnptp  hhjwunnipintlubph (upnh rhpdh fuwugqwnnwdutn,
wiGpghwubn, wupdw, 2wpwpwiht nhwptn b wjl) qupgugdwl Jbe JG6 nbp nluh
rrYwsUh wupwywnwnpnienilp [1, 2]:
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Cun npnud opqwuhguh hjncujwéepubpnud wjl quipgwunwd £ Jhcungu upubdwgny:
Uygpnud thnthnpunipyndiutp BU yuwnwnpynud hwdwlwngbph Jwywpnwyny® wpunwghu
wlpwpbBUywuwnn wantgniejntuutph hnliwlend wywmhywunwd W gpgnynud BU puyw-
thsubpp, pwpépwunwd £ updwywehy Uwpnwhtu hwdwywpgh wnnunwup, wybwunwd £
ywuwnbhuniwdhuubph  (wnpBUwhu, UnpwnptUwihl) wpuwnpneeintup, pwpapwund £
Uhuhlwjhu W nEUhUWhU hhwynwBughy (@Upnwd hgtigunn) hwdwywngbph wywnhynieiniup,
wntnh £ nluGunwd Swjpwdwuwihu wunpUGph uwywaqu: WunthGunle fuwlguwpnudubp Gu
wnbnh nluGunwd peewihtu dwywpnwyned® Uywwnynwd £ Ephepnghinutnh, ppndpnghunutph,
uGjunpndhutph, dwypndwabnh pwjpwnd: Upjwl JwywpnGihnieniup pwpépwunwd E,
wntbnh E niuBund Upw poholubph wagnpGgwghw, JwqwunpUtpnid W wpjwu thnpp 2ngw-
LUwnniejwl  puwlgqwpnud, hjnwujwéepubpnud prywédlUh  pwlwyh Ujwanid, peheUtph
wjwnnig, dhinnpnunphnidubph pwjpwjnid: WjunchGnl whunwpwlwywl gnpdplpwgutnp
wnpniuwyynid GU UniGynywihu Jwywpnuwyned: Ljwnynd BU opuhnwgdwl W $nudbnnp-
(wgdwl wpngtulubph fuwuqwnpnidutn, Jwypnkpghy ywwtph bjwagnid, Na-K-wywu wnd-
wh gnpénluGnipjwu fuwugqupned, wqwwn nwnhywiutnh wnwewgdwl fupwuncd, wugnid
opuhnwgUwl wlwtpnp Gnwuwyh, JdGunwpnihy wghnng, wnnputuhw, hhwnkepghw: Wu
pninphg hGunlnwd £, np prywduwht wupwdwpwnniejniup, wuywh npw dwantduwpw-
Untpintlhg, wuhuinhp hwugbgunwd £ pphoubnpnid, Jwulwynpwwtu YULI-nLd opuhnwgdwl
wpngbulbph puwlqwpdwl, npp nwunwntgunwd £ Eubpgbwpy Yuwwtph wewgwgnidp'
heGgutiny pegh EUGpgGwnhywywu UGpndp W 6URGINY wwuwinhy  thnfjuwlwynipjwu
gnpéplpwgltpp:  CUswnwywu  Jwndnipiniuubph  2unphhy  htwpwygnp £ nununwd
pphoubphU  prJwoUny wwwhndbp, npu E Updwd gnpépUpwgltnh  hwlywnwy
ninnnLejwdp pwpGlwdnid £ opquuhquh $niuyghnuwy yhdwyn:

Wjuwhuny, 2Uswnnipjwl hwiwpunipjuwu huplwlywd owwnhdwy thnppwgdwl UG-
pnnh Yhpwnndp pwdwywl wpnynitbwytun £ wnnnpwywl yhdwyh pwnpbuydwl hwdwp:
Swpny £ UG Uh uwplnp hwuqwdwlp. pwgh wju, np wju JGennp Yhpwndwl wnndny
own  Jwwngblh E, wju  hGwmwgnndnnhg wwhwugnd £ Uwl  Ywdwihu  npnawyh
npulLnpnLuutp QUswnnipjwl puwywunu nhpup thnpubint hwdwp® UGy pnwtnd 6 Jusw-
nwywl pwpdnd 16-h thnpuwpbl), npp wwlwu Yuwplnp £ Gppunnwuwpnutph  nuu-
inhpwynipjwlu gnpénLd:
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BUOT'MAPOMETAJINIYPTHUYECKAS IIEPEPABOTKA XBOCTOB
OBOTI' AIIIEHUA OJIMMETAJIJIMYECKOM PY IbI INAYMSHA C
HEJIBIO U3BJIEYEHUA HEHHBIX METAJIJIOB

H.C. BAPJAHAH*, I'.I'. CEBOsIH**, C.B. HABACAP/JISIH***,
A.K. BAPJAHSH*, T.C. HABACAPIAH***

* HII " Apmbuomexnonocusn” HAH PA,
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** Hayuonanvhwlil nonumexnuieckull ynueepcumem Apmenuu,

*** 340 "Dundee Precious Metals Kapan", 3301 Kanawn, yx. I'opyapanaun 4.

V3y4anuch BO3MOXKHOCTH OHOTHIPOMETALTYPrHYECKOTO H3BICYCHUS LEHHBIX METAJLIOB
13 00pasioB XBOCTOB OOOTAICHHUsS MNOJNMMETAIMYeCKOd pyasl u3 IllayMsHCKOro pyaHHKA
(Kamaw). J[yis1 BBIIETauHBaHUS] XBOCTOB HCIIOJIB30BAIH BBIICICHHYIO HAMH KOJUICKIIHOHHYO KYJIb-
Typy kenes3o- U cepookucistomux Gakrepuit Acidithiobacillus sp. 13Zn, a Takxe npupoIHBIi
KOHCOPIIMYM BBILIEIaYNBAOIIHX OakTepuii pyaununoit Boasl (Kaapr). [Toka3aHo, 4TO HCIIBITaH-
HbIe IPOGBI XBOCTOB SIBIISIIOTCS BIIOJIHE MPUTOAHBIME M YIOOHBIMH 00BbEKTaMu [UTsl OHOBBIIIETAYH-
BaHWs. BrlenaunBanne 00pasmoB XBOCTOB MOXHO OCYIIECTBHTH C IPUMEHEHHEM IIPHUPOIHOTO
KOHCOpIMyMa pPYAHAYHON BOAbL. [l WHTEHCH(HKAINK IPOIECCOB M3BIECYCHHS [EHHBIX Me-
TaJUIOB MOYKHO COBMECTHO C MPHPOJHBIM KOHCOPIIMYMOM BBIIIETAUuMBAOIINX OaKTepHil mpuMe-
HSTh KYJIBTYpY XKene30- u cepookucisiomnieii 6akrepuun Acidithiobacillus sp. 13Zn.

Xeocmul promayuonnoco obocaujenus — OUOSUOPOMEMANLYPeULECcKds nepepabomrka —
u3gneyeHue YBemHuvIX U O1A20POOHBIX MEMALI08

NruncdUwuhpyb) U Swhnudjwuh (Mwwwl) pwgdwdtGnwnuwihu hwupwpwnph hwnpuwnwgdwu
wpryntupnud wnwewgwd wnswlplutnph Udnpubphg wpdGewynn JGwwnubph Yynpgquwl  huwpw-
Jnpnipjnillbpp: Mnswupubnph YeUuwwmwppwineddwu hwdwn ogquwgnpéyty £ Jbp Yynnuhg Lwfu-
yhunwd veynruwgywé Gpywre W &6nudp opuhnwgunn Acidithiobacillus sp. 13Zn-h Yncpinnipwl, huswGu
Lwl Ywywnwnh pnwlgpwenh wnwppwinténn pwynbphwubph puwywu Ynuunpghnudp: Snuyg E
wnnyb, np thnpéwpyywé wngwupltbph UdnUbpp whunwuh W hwpdwp GU YELuwnwppwnddwu
Gnwuwyny wnpdtpwynn JGunwnUGph Ynpguwl hwdwn: Mngwuplbph UdnUbph  YELuwwnwppw-
Indnudp Yupblh £ hwennnipjwdp hpwywlwgub) Yhpwebing Ywywpwnh pnwugewseph plwywu
Unuunpghnud: Updtpwdnp dtwnwnubph Ynpguwl huinbuuhyniginiup  pwpédpwgubint bwywwnwyny
puwywl Ynuunpghnwdh hGin  hwdwwnbn YwpGh E Yhpwnb, Gpwe W 66nudp  opuhnwglnn
pwywnbphwlubph Acidithiobacillus sp. 13Zn YncjnnnLpwl:

Sbininwghnl hwpuwnwgdwl wnswliplbn — YeLuwhhnpndGunwnipghwlywl Wwynid —
qniuwynp b pwllwndte daunwnutnh Ynpgnid

The possibilities for the recovery of valuable metals from the samples of tailings obtained
from the benefication of Shahumyan (Kapan) polymetallic ore were studied. Previously isolated
iron and sulphur oxidizing Acidithiobacillus sp. 13Zn, as well as natural consortium of leaching
bacteria of Kavart drainage water were used for bioleaching of tailings. It was shown that the
samples of tailings used were applicable and suitable for recovery of valuable metals by
bioleaching. Bioleaching of the samples of tainlings can be successfully performed using natural
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consortium of Kavart drainage water. To increase the intensity of the recovery of valuable metals,
the iron and sulphur oxidizing bacteria of Acidithiobacillus sp. 13Zn combined with natural
consortium can be applied.

Enrichment flotation tailings — biohydrometallurgical processing —
extraction of non-ferrous and precious metals

PasButie ropHOIOOBIBAIONIEH TPOMBINIICHHOCTH MPUBOIUT K CEPhE3HBIM KOJIO-
THYECKHM NPOOIIeMaM, CBSI3aHHBIM C HAKOIUIEHHEM OTPOMHBIX MacC TEXHOTCHHBIX OTXO-
JI0B, B TOM 4HCIie XBOCTOB. OJTHAKO 3TH OTXOABI COIEPIKAT ONpelelIeHHbIe KOJIMYeCTBa
LEHHBIX METaJUIOB, KOTOPbIe MOXHO 3()(EKTHBHO HM3BJIEYb THIPOMETAILTYPrHICCKUMH
MeTo[aMu. BaXKHBIMH MPEUMYIIIECTBAMH MUKPOOHOJIOTHYESCKOTO BhINICTaYNBAHUS SIBIIS-
FOTCSL €70 S9KOHOMUYHOCTH, BBICOKAst 3()(EKTHBHOCTD M HCKITIOYUTENbHAs 6e30MacHOCTD
JuIst OKpy>Karomieit cpemsi [10, 11].

Bo3Hukaer mpoGiiemMa palMOHAIBHOTO MPUPOJOIOIB30BAHUS, MOCKOIBKY IO
CKJIAIMPOBAHNE XBOCTOB BBIBE/ICHBI M3 3¢MJICTIONB30BaHHS 3HAUUTEIIHBIC TUIOMIAIH.

BeitieynomMsiHyThIe TIPOOIEMbI aKTyalbHBI TaKKe JI1 APMEHHUH, IJIe COTHU T'eK-
TapOB 3eMJIU B Pa3HBIX PETMOHAX MOKPBITH OTPOMHBIMH MacCaMH XBOCTOB M IPYTUX Me-
TAJUTypPrHYecKUX OTXOJ0B. Pa3paboTka 3(Q(eKTHBHOH HHTErPHPOBAHHOW TEXHOJOTUH
JUTS IepepadOTKU 3THX XBOCTOB C LIENIBEO W3BJICUCHUS LIBETHBIX M APArOOLCHHBIX METall-
JIOB BeCbMa aKTyaJbHa.

B mpakTike OMOOKHCIEHHE NTPUMEHSeTCs Ul IIepepadoTKU 30JI0TOHOCHBIX PYII,
B KOTODPBIX 30JIOTO HAXOMUTCS B KPHCTAIMYECKOH pelleTKe CyJIb(HIHBIX MHHEPAJOB,
takux kak muput (FeS,) u apcenomuput (FEASS). Cieayer OTMETUTb, YTO apCEHOIH-
PHUTHBIE PYIBI CYMTAIOTCSI HanOolsiee YIOOHBIMH OOBEKTaMH JJIsi OMOOKHCIICHHS, TOTIa
KaK MMUPHT SIBISIETCS TPYTHOOKHCIIIEMbIM MHHEPAIOM U COOTBETCTBEHHO 30JI0TOCOEP-
JKaIllKe TUPUTHBIC PYIIBI OTHOCSTCS K YIOPHBIM pyaam [2, 13].

DddexTrBHOCTH Mpoliecca OHOOKUCICHUSI BO MHOTOM OOYCIIOBI€Ha aKTHBHOC-
THIO HCIOJb3YEMBIX MHKPOOPraHH3MOB. broruapomeramyprudeckas nepepadboTka 30-
JIOTOCOJEPIKALINX APCCHOMUPHUTHBIX Py B OCHOBHOM OCYILIECTBIISIETCS C TOMOIIBIO Me-
30(MITBHBIX JKeNe30- M cepookucisomux Oaktepuit Acidithiobacillus ferrooxidans,
Acidithiobacillus thiooxidans u Leptospirillum ferrooxidans [7, 8, 9, 14]. Oxnako B
MocliefHee BpeMsl BO3pPOC HMHTEpeC K TeMO(WIBHBIM WIH TEPMOTOJICPAHTHBIM
MHKpOOpraHH3MaM, KOTOpBIE 00IanaroT Gojiee BBICOKOH OKHCIUTENBFHOH aKTHBHOCTBIO
W MOTYT BBIICPKHBATh BBICOKHE TEMIIEPATYphl B IIyJbIIC, BHI3BAHHBIC OKHCIICHHEM
cyabduanasix Mmunepano [4, 14, 16, 18]. Bmecre ¢ TeM YyCTaHOBJEHA BBICOKas
3 (HEeKTUBHOCT, KOHCOPIIUYMOB TEPMOTOJICPAHTHBIX JKEIe30- U CEPOOKHCIISIONINX
6akrepuit pogos Sulfobacillus, Leptospirillum, Acidithiobacillus u Acidimicronium B
OUOOKHUCIeHUH CYIb(OUAHBIX MuUHEpanoB [1, 2, 4, 5, 12, 17, 19].

Lenpto HaIIEro UCceI0BaHus SBISIOCH H3yUeHHE BOBMOXKHOCTEH 3 (PeKTHBHO-
T'O M3BJICYCHHS [ICHHBIX KOMIIOHCHTOB M3 XBOCTOB ()JIOTAIHOHHOTO O0OTaIIeHHs [IMHKO-
BOTI'0 KOHIICHTpaTa ¢ TIOMOLIBIO JKeJNIe30- U CEPOOKUCIIONINX OAaKTepUil. YUUThIBas Crie-
nudUYECKUil COCTaB XBOCTOB, B YaCTHOCTH, NMPEBAIUPOBAHHE MMPUTA HAJ APYTUMH MH-
HepaJaMH, JUI UX IepepaboTKH mpeyiaraeTcs UCIoNb30BaTh TEPMOTONIECPAHTHbIE Oak-
TEPUH U UX KOHCOPLUUYMBL. DTH 0aKTEPHU MOT'YT YCIEIIHO MPUMEHSTHCS KaK JUIsl BBILIe-
JaYMBaHUS M OMOOKHCIICHUSI XBOCTOB, TaK M Ul pereHepandd OMOpPacTBOPOB, SBISIO-
[IMXCS CHIBHBIMU OKHCIMTENSMHE JIJISL CYIb(MUIHBIX MUHEPAIOB [3, 6, 20].

Mamepuan u memoouxa. OGbEKTOM 1151 OMOBBIIIETAYNBAHUS CITYXKIIN YCIOBHO 0003Ha-
uenHble ipodsr M1705 (pH 5.0), M1703 (pH 7.0), M1701 (pH 9.0) u M1699 (pH 11.8) koHueHT-
PHpPOBaHHBIX XBOCTOB KamaHckoil ropHo-oGorarurensHoit (abpuku 340 «Dundee Precious
Metals Kapany. Xumuueckuii coctaB mpob XBOCTOB mpejcTaBieH B Ta0u. 1.
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Tabauna 1.Xumuueckui cocTaB npod 00OraleHHBIX XBOCTOB

IIpo6st Coaeprxanue, %

Au, 1/t Cu Pb Zn Fe Cd S
M1699 4.45 0.201 0.04 0.7 40.49 49.26 37.4
M1701 4,26 0,194 0,063 0,598 39,015 39,409 37,980
M1703 4,30 0,295 0,047 0,748 43,202 49,261 36,540
M1705 5.42 0.408 0.074 | 1.157 41.62 78.43 38.64

Jlnst BIIIENauMBaHUA IPOO XBOCTOB HCIOJIB30BANIM BEIJICTICHHYIO HAMH paHee jKele30- U
cepookucisirontyio 6akreputo Acidithiobacillus sp. 13Zn [15, 21], a takke pyxuuunyio Boxy Ka-
Bapra (Kaman). Ilepen ucnonszoBanuem pH pyanmdaHo# Boms! ycraHoBwian pH 2.0 ¢ momorrsro
10 N H,SO,, BrimenaunBanue OCyHIECTBISUIOCH B 250-MHJUTUMETPOBBIX KOJ0AX, COAEPIKAIIUX
50 mu cpenst 9K [1] uitn pyAHHYHO#M BO/IBI, H3MENBbUCHHBIX KOHICHTpaToB (0T 10 10 20 % ) 1 *xe-
nesookucmsomeii Gakrepun Acidithiobacillus 13Zn B xomnuectse 10°—108 ki/min. Ipu uenons3o-
BaHMHU PYJHUYHOH BOABI BBIIIENTAYNBAIOIINM areHTOM SBJISJICS HPUPOAHBIN KOHCOPIUYM KEJe30-
1 CEPOOKUCIIAIONINX OaKTEepUH.

OneITHl IPOBOMMIM B MNEPHOAWIECKOM pEXHMME KyJbTHBHDOBAaHMS Ha KadajKe
(180-240 06/mun) npu 30-37°C. IlnorHocTs mysnbibl (ITI1) paccUnThIBaAIM KaK COOTHOIICHHE
Macchl MUHEpasia K 00beMy BBIIIEIauyMBaIOIIETO pacTBOPA.

OO0 MHTEHCHBHOCTH BEIIIETAYNBAHUS IPOO XBOCTOB CYAMIIH IO KOJIWYECTBY METAJLIOB, I1e-
peLIeIINX B PACTBOP, a TAKXKE MO CHIKeHH0 pH pacTBopa (006pa3oBanuio cepHOi KUCIoThI). Ile-
puoxuyecku ¢ uHTepBauoM 48 wian 72 4 Gpanu npoOsl i GUIMKO-XUMHIECKUX U MHUKPOOHOIIO-
TMYECKUX aHauu30B. ONBITH MPOBOAMIN B TPEXKPATHOH MOBTOPHOCTH. J[aHHBIE SKCHEPHMEHTOB
00paboTaHbl CTATUCTUYECKH.

Peszynomamul u 0ocyycoenue. Jlnnamuika BeIenadnBanus mpod M1705, M1703,
M1701 u M1699 koHLIEHTpUPOBAHHBIX XBOCTOB C UCHONb30BaHueM cpeabl 9K u xeneso-
u cepookucisromux G6akrepuit Acidithiobacillus sp.13Zn npusenena Ha puc. 1. Kak mo-
Ka3plBAaIOT IIPE/ICTABICHHBIC [aHHBIC, IPUMEHEHHE €r0 II03BOIMIO YBEIUYUTH
BEIIIIETAYMBaHAE Kelle3a U3 mpod B cpemHeM 15-20 pa3 1mo CpaBHEHHIO ¢ XMMHUYECKIM
koHTposieM (puc.la). IIpu 3TOM BhINIETauUMBaHKUE XKejeza u3 npod M1703, M1701 u
M1699 mpoTekago MOYTH C ONMHAKOBOW 3()()EKTHBHOCTHIO, TOrAAa KakK KOJHUYECTBO
BBIIIEJIOUEHHOTO KeJie3a u3 mpoosl M1705 ObLI0 3HAYUTETBHO HIKE.

7 -

——M1705(K)
—E=—-N1705

M1703 (K)
M1703

—m—M1701(K)
M1701

—m—NM1699 (K)
—=—M1699

6

h

Fe, r/n

0 2 5 7 9 12 Cyrem

Puc.1l.a /Ilunamuka BrlIenaunBanus jxenesa u3 mpod xsocros M1699, M1701, M1703 u M1705
¢ nomouikto Acidithiobacillus sp.13Zn (cpena 9K, ITI1- 10%, pH=2,0, t-35, 18006/Mux) M1699
(K), M1701 (K), M1703 (K) u M1705 (K)- xumu4eckoe BbIlieauHBaHIe
(koHTpOIB 6€3 GakTepu)

W3Bneuenne menu mpu BbimenadnBanuu mpod M1703, M1701 u M1699 c
ucnoib3oBanueM Acidithiobacillus sp.13 Bo3pacTano B 4-5 pas, a B ciydae mpoosr M1705
B 2,3 pasa (puc. 16). Huxe npencTaBieHbl pe3ybTaThl BHINICIAYHBAHUS JKeJIe3a U MEJIH
U3 o0 KOHIIEH TPUPOBAHHBIX XBOCTOB C MPUMEHEHHEM PYAHUYHON BO bl KaBapra (puc.
2).
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——MI1705(K)
—B—M1705
—a—M1703 (K)
—m—M1703
——M1701 (K)
——M1701
M1699 (K)
—=—M1699

Cu, /1

o 2 5 7 9 Cyman
Puc.1.6. lunamuka BBIIIETaYUBaHUSA Mean U3 Ipod xBoctoB M1699, M1701, M1703 u M1705
¢ momomnrsio Acidithiobacillus sp.13Zn (cpena 9K, ITIT-10%, pH=2,0, t-35, 18006/Mun) M1699

(K), M1701 (K), M1703 (K) 1 M1705 (K)- xiMu4eckoe BbllIeIadyiBaHIe
(xoHTpOITH 63 GakTepun)

CoryacHO TIpeACTaBICHHBIM JaHHBIM, KOJIMYECTBO BBIIIEIOYEHHOTO C TIOMOIIBIO
PYAHUYHOW BOJBI XKeJle3a U MEIM COOTBETCTBEHHO B 2-2.5 U 1.5 pa3a ycTynaer TakOBBIM
Ha dKcniepuMenTe ¢ ucnoinbzopanueM Acidithiobacillus sp. 13Zn. 31o MOXHO 0OBSICHUTB
HU3KAM THTPOM BBIIIeTaunBarommx Oakrepuii (10* k1/Mir), 0GHAPYIKEHHBIX B Py/IHIY-
HOM BOJIE M3-32 HEIOCTATOYHOTO KOJINYECTBA B HEHl 3JIEMEHTOB, HEOOXOAUMBIX VISl POC-
Ta OaKTepHil.

—4—M1705
——M1703

M1701
——M1699

Fe, r/n

of : . . . .
0 2 5 7 9 12 Cymkn

Puc. 2 a. BermenaunBanue xenes3a u3 npod M1699, M1701, M1703 u M1705 xBocToB ¢
MOMOIIBIO IPUPOIHOMN aCCONMAIMHK BhINeIaunBaronuX 0akTepuil (pyqunuHas Boga Kasapra,
ITIT - 10 %, pH 2,0, t 35, 180 06/ mun) M1699 (K), M1701 (K), M1703 (K) u M1705 (K)-
XMMHYECKOE BhIlIeTaunBanne (KOHTPOJb 0e3 OaKTepUH)

180 -
160 - =—=NM 1705
| —a=-M 1703
= 140 M 1701
= 120 4 =M 1699
- _
=.~ 100 -
“ 80
60
40
20
0 T T T 1
0 2 5 7 9 CyTkHn

Puc. 2 6. Beimenaunsanue Meau u3 mpo6d M1699, M1701, M1703 u M1705 ¢ moMoripto
HPHUPOJIHOM acCONMAIMH BhIIEIaunBaONINX GakTepuii (pyaHnuHas Boga Kasapra, I1IT — 10%,
pH 2,0, t 35, 180 06/ mun) M1699 (K), M1701 (K), M1703 (K) u M1705 (K)- xumMideckoe
BhILIENAaYMBaHue (KOHTPOJIb Oe3 Gakrepun)
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Ha puc. 3 mpencraBieHbl pe3yiabTaThl MUKPOOHOIOTHIECKOTO BEIMIEIIAYHBAHUS
mpo6 M1705 u M1699 KOHIICHTPHPOBAHHBIX XBOCTOB IPH 00Jiee BEICOKUX IUTOTHOCTSIX
mynsnsl (ITT1) — 15 u 20%. B niemom BrImenaunBanme xene3a u3 mpod M1705 u M1699
3a 12 cyt coctaBmsuo 11.5-12 % u 10 % coorBerctBenHo mpu 15 %-noii II1. IIpn
20 %-wnoii I1I1 creneHb BhINETAYUBAHUS JKelle3a 3HAYUTENbHO HIKe — —8 %. [Ipu aToM
u3Bjiedenue meau u3 npod M1705 u M1699 cocrasmsiio 33.3 % u 34 — 40 % coot-
BeTCTBeHHO (30).
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Puc. 3a. Dxcrpakius xenesa u3 mpod M1699 u M1705 ¢ moMoIb0 NpUPOIHONA aCCOIUAIIN
JKEJIE30- U CePOOKHCIIONX OakTepuii (pyqHu4Has Boxa Kasapra,
M1 -15, pH 2,0, t 35, u 20 %, 180 06 /MuH)
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Puc.3 6. Dxcrpakiust Mean u3 mpod M1699 u M1705 ¢ momoIipio NpupoIHOH acCOAIUN

BBIIETaYMBAIONIMX GakTepuil (pyHuuHas Boaa Kasapra,
IIT - 15% u 20%, pH = 2,0, t-35, 180 06/ MuH)

Takum 06pa3oM, MOXKHO 3aKJITIOUYUTh, YTO UCIIBITAHHBIC TPOObI KOHIICHTPHUPOBAH-
HBIX XBOCTOB SIBIISIOTCS YAOOHBIMH OOBEKTaMH AJis OHOBBINIENaunBaHus. [Ipu 3TOM
OWOBBIIIEIAYMBAHAE MOYKHO OCYIIECTBUTH MPUPOTHOM acCOLMAIMeH BhIETaqHBAFOLINX
OakTepuil ¢ UCHONB30BaHUEM pyAHHMYHOW Boabl KaBapra. s MHTEHCH(HKALMU MPO-
necca OMOBBILIENAYMBAHMA XBOCTOB MOKHO mpuMeHsTs Acidithiobacillus sp. 13Zn ¢
TIPUPOTHON accoUUaIel BRIIIENaYNBAONINX OaKTepHii.
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