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ISOLATION AND CHARACTERIZATION OF LIPASE-PRODUCING
THERMOPHILIC BACILLI FROM GEOTHERMAL SPRINGS IN
ARMENIA AND NAGORNO-KARABAKH

G.S. SHAHINYAN, A.A. MARGARYAN, H.H. PANOSYAN,
A.H. TRCHOUNIAN

Yerevan State University, Department of Microbiology and
Biotechnology of Plants and Microbes
grigorshah@gmail.com

Nine morphologically distinct lipase producing thermophilic aerobic endospore-forming
bacteria were isolated from geothermal springs distributed on the territory of Armenia and
Nagorno Karabakh. The phenotypic characteristics of the isolates were studied using standard
methods. The list of methods include isolation, enrichment and screening for lipase activity,
studies of morphological and physiological characteristics of the isolates, phylogenetic studies,
software analysis and reconstruction of the phylogenetic tree. The optimal temperature values of
studied isolates varied from 55°C-65°C. The phylogenetic diversity of isolates was studied based
on 16S rRNA gene analysis. The comparison of generated 16S rRNA gene sequences of the
isolates with the ones available in GenBank database indicates their relation to species of genera
Anoxybacillus, Bacillus, Brevibacillus and Geobacillus. Four strains identified as Geobacillus sp.,
three strains as Anoxybacillus flavithermus, one strain as Bacillus licheniformis and one strain as
Brevibacillus borstelensis.

Thermophilic bacilli — phylogenetic diversity — lipases — geothermal springs

hup &dLwpwlnpbUu wwppbp (hwywg wpunwnpnn, estpdwutp, wbpnp, uwynpwnwewglnn  pwy-
inbphwutp wugwwnyb) U 3wjwuinwuh Iwlpwwtnniejwl W LEnbwiht Ywpwpwnh Iwlpwwtunneejul
nwpwépltpnd gunbiynn Bpypwetndwihb winpjnipubphg: Stnwdutph uninhwywlywl hwnywlhubnu
nuntdUwuppdbl Bu unwlunwnun JGennutpnd: NwunwUwuhpwé nwdutph hwdwn  pwpBuwwun
stpUwunhswlwihl wwjdwllbpp nwnwlynd BU 55°C-65°C  uwhdwunud:  Utynuwgdwé Jwlntutph
PhingbUbnhy pwaUwquunieiniup nwunwdUwuhndt) £ 16S nNUG gBubph  hwenpnuwywunipinllltph
hhdwu ypw: NeuntdUwuppgwé pinwdubph 16S nNUG hwenpnuywunienitlutph hwdtdwwnnepniup
GenBank wnbnGlwwnjwywu pwquwih UnyGninhnwihb hwenpnwywuniejntubpnh hGin gnyg £ wndtb) wy
JwlunEuGph ywuinywub|nwpintup Anoxybacillus, Bacillus, Brevibacillus W Geobacillus gintiph inGuwubphu:
2npu 2nwdutn Unyuwywlwgdbl Bu npwBu Geobacillus sp. inGuwyutn, Bnbp 2nwd® nnwtu Anoxybacillus
Sflavithermus, UGY pnnwd® npwbu Bacillus licheniformis W UBY pnnwd* npwGu Brevibacillus borstelensis.

Lbndwubn pwghubn — $hinqtUEnply pwquwqulnienil — Epypwegbnduyhl wnpinupubn

JleBsaTb MOP(HOJIOTNUECKU Pa3HbIX JIUIA3MPOLYIHPYIOIINX, TEPMO(UIBHEIX a3pOOHBIX SHIO0-
cropooOpa3yIomux OakTepuid BBIIEICHBI M3 I'eOTepPMAalbHBIX MCTOYHHKOB, pacHpe/eNIeHHBIX Ha
teppuropun Apmennu u Haropaoro Kapabaxa. denotunudeckue Npu3Haky 3THX IITAMMOB H3Y-
YeHBI C TOMOIIbIO CTAHAAPTHBIX MeTOA0B. ONTUMAaNbHBIE 3HAYEHHSI TEMIEPATYPhI Ul UCCIEmye-
MBIX H30JSTOB BapbHUPYIOT B mpexaenax 55°C-65°C.DuoreHeTHYeCKOe pasHOOOpasue M30JSATOB
n3ydJad Ha ocHoBe aHanu3a reHoB 16S pPHK. CpaBHeHHe TeHEpUPOBAHHBIX MOCIEAOBATEIBHOC-
teit reHoB 16S pPHK H30114TOB ¢ HyKIICOTHIHBIME TIOCJICAOBATEIBHOCTIMHE B 0a3¢ TaHHBIX
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GenBank ykaspiBaeT Ha WX MPHHAIEKHOCTh K BHAaM poaoB Anoxybacillus, Bacillus,
Brevibacillus n Geobacillus. Yerslpe mramMa ObuM HACHTH(GHUIUPOBAHBI Kak BUABl Geo-
bacillussp., Tpu mTamma xak Anoxybacillus flavithermus, onua mramm kak Bacillus licheniformis
M OIMH IITaMM Kak Brevibacillus borstelensis.

Tepmoghunvnviebayunivl — Punozenemuyeckoe pasHooopasue — iunazol —
2eomepmanvHble UCTOYHUKU

Thermophilic microorganisms are gaining big industrial and biotechnological
interest due to their enzymes (thermozymes) remaining active in harsh industrial
processes [1]. The industrial demand for the thermozymes continues to stimulate the
search for novel thermophilic microorganisms from various unexplored regions of the
Earth, such as deep-sea hydrothermal vents, terrestrial geothermal springs and mud pots
[10].

One of the important groups of biotechnologically relevant enzymes is lipases,
which have found large applications in food, diary, detergent, and pharmaceutical
industries. Lipases derived from different microbes have been reported for their massive
applications, but with the development, the trend has shifted from mesophilic to
thermophilic lipases because of their unique attributes [14]. Only small numbers of
lipase producing thermophilic microbes have been reported in the last decade. Thus, the
screening for new thermostablie lipase producers has become a very important task [22].

Thermophilic microorganisms appear in a big list of taxonomic groups and are
located on different phylogenetic distances throughout the taxonomic trees of
microorganisms [4, 24]. Among the huge diversity of thermophilic bacteria mainly ba-
cilli have been reported as active thermostable lipase producers. Number of thermophilic
bacilli species belonging to the genera Bacillus, Geobacillusand Anoxybacillushave been
isolated from different geotherms and reported as thermostable lipase producers [3,
11-13, 16, 19, 22, 23, 27].

It is shown recently that Armenian geothermal springs harbored thermophilic
microbes from different taxonomic groups including thermophilic endospore-forming
bacteria [8, 17, 18]. Despite this progress very little is known about the diversity of
microorganisms with lipolytic activity thriving in Armenian geothermal springs.

The present study focuses on the enrichment and characterization of lipase-
producing thermophilic bacilli from geothermal springs of Armenia (Akhurik and Tatev)
and Nagorno-Karabakh (Karvachar).

Materials and methods. Sampling. Water temperature, pH, and conductivity were measured
in situ during the sampling using a portable combined pH/EC/TDS/Temperature tester (HANNA
HI98129/HI98130). The geothermal spring in Akhurik is located in northwest Armenia at N 40°
44' 34,04", E 43° 46' 53,95", 1490 m above sea level, with a temperature of ~ 30°C,pH 6.5 and a
conductivity 2490 uS/sm (fig. 1.1). ). The geothermal spring in Tatev is located in southeast
Armenia within the Syunik region at N 39°23.765", E 46°15. 482" with a temperature of ~ 27.5°C,
pH 6.0 and a conductivity 2490 1920 uS/cm (fig. 1.2). The spring in Karvachar is located in north
Nagorno-Karabakh at N 40°17.417", E 46°27.500" with a temperature of ~ 70°C, pH 7.3 and a
conductivity 4600 pS/cm (fig. 1.3). Water and sediment samples were aseptically collected from a
shallow part in the outlet of the spring using sterile glass flasks and were maintained on ice until
processing.

Isolation and enrichment. To isolate thermophile bacilli 1.0 g of sediment/water samples
was suspended in 10 ml of sterile water and mixed for 1 min. Supernatants were transferred to a
glass tube with a screw cup and pasteurized at 80°C for 10 min in a water bath. 1.0 ml aliquots
were placed on enrichment medium and incubated with shaking (150 rpm) overnight at 55 and
65°C.
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Nagornoz._....
Karabakh™

Fig. 1. Location of study sites. Maps of Armenia and Nagorno Karabakh showing
locations of studied geothermal springs. 1. Close up photograph of the source pool
of Akhurik geothermal spring. 2. Source pool of Tatev geothermal spring
3. Source pool of Karvacharge other mal spring.

Enrichment medium had following composition: 0.6% nutrient broth (NB) and 1 % Tween
80 or Olive oil as a substrate. Then 0.5 ml aliquots of appropriate dilution were placed on
enrichment medium containing 1.5 % agar and incubated overnight at 55 and 65°C. All colonies
obtained on plates were picked and purified by streaking on the same medium at least three times.
The purified microbial isolates were screened for lipolytic activity on agar plates with lipoidal
emulsion containing 6 % olive oil, 0.05 % Tween 80, 0.02 % Rhodamine-B (Alken-Murray).
Lipase producing isolates were screened on spread plates after incubation for 48 h at 55 and 65°C.
Isolates’ colonies exhibiting orange fluorescence zones under UV light at 312 nm were considered
as active lipase producers [21].

Phenotypic characteristics of the isolates. Microbial colonies were described by color, size,
shape, surface and margins on NB agar. The cell morphology, sporulation and motility were
determined by light microscope (Motic 10).

The temperature range for growth was determined after incubation of isolates at temperature
from 25 to 75°C with 10°C intervals. The pH dependence of growth was tested at pH range from 4
to 11. The anaerobic growth, catalase and oxidase activity, reduction of nitrate to nitrite,
VogesProskauer reaction, formation of dihydroxyacetone and indol were determined according to
[7]. The utilization of citrate and different substrates as carbon sources (D-glucose, L-arabinose
and D-mannitol) was determined using the Simmon’s and Hugh Leyfsona’s medium,
correspondingly. The casein and starch hydrolyses were tested by streak glass plate technique. The
ability to produce gelatinase was determined using the nutrient gelatin stab method [15].

16S rRNA gene (rDNA) analyses. Extraction of genomic DNA from pure cultures was
carried out following to Bacterial genomic DNA isolation using CTAB protocol (Zhou et al.,
1996). Extracted DNA was used as templates for amplification of the 27-1492 regions of 16S
rDNA  sequences by PCR. The “universal” oligonucleotide  primers 16SF
(5'-GAGTTTGATCCTGGCTCAG-3") and 16S R (5-GAAAGGAGGTGATCCAGCC-3') were
used for amplification of bacterial 16S rDNA. Amplification mixtures were used with a final
volume of 50 ul and contained 100 ng DNA, 5Sul 10x7agbuffer, 0.8 mM dNTP mix, 0.5 uM of
each primer, 0.5U DyNAzyme II DNA polymerase (Thermo Scientific). Amplification was
performed under conditions of an initial denaturation at 95°C for 5 min followed by 30 cycles of
denaturation at 95°C for 1 min, annealing at 54°C for 40 s, extension at 72°C for 1 min, with final
extension at 72°C for 10 min. The reactions were subsequently cooled to 4°C. The PCR product
was analysed on 1.0% agarose gels electrophoresis.PCR products were purified with GenElute™
PCR Clean-up Kit (Sigma).

Sequencing and Phylogeny. Sequencing of bacterial 16S rDNA amplicons were performed
on ABI PRISM capillary sequencer according to the protocol of the ABI Prism BigDye
Terminator kit (Perkin Elmer) using above mentioned primers. Raw data of DNA sequences were
analyzed with program Chromas and BioEdit. The 16S rDNA sequences were aligned and
compared with other 16S rRNA gene sequences in GenBank by using the NCBI Basic Local Align-
8




ISOLATION AND CHARACTERIZATION OF LIPASE-PRODUCING THERMOPHILIC BACILLI FROM GEOTHERMAL SPRINGS IN...

ment Search Tools, nucleotide (BLASTn) program (http:/www.ncbi.nlm.nih.gov/BLASTY/).
Alignment for phylogenetic analysis was made by using ClustalW (Thompson JD 1994).
Phylogenetic tree was constructed using the neighbor joining method with MEGA 6.06 software.
Bootstrapping analysis for 1000 replicates was performed to estimate the confidence of tree
topologies (Felsenstein, 1985).

Results and Discussion. Isolation and phenotypic characterization. Collected
water/sediment samples were analyzed to evaluate the potential lipase producing aerobic
thermophilic  endospore-forming  bacterial abundance. In total forty one
chemoorganotrophic thermophilic aerobic endospore-forming lipase-producer bacilli
were isolated from sediment/water samples of Akhurik, Tatev and Karvachar geothermal
springs on the enrichment media containing Tween 80 or olive oil. Then isolated bacilli
were screened for their lypolitic activity on the media with lipoidal emulsion containing
Rhodamine-B as an indicator. As a result nine active lipase producing isolates,
designated as Akhurik 106, Akhurik 107, Tatev 65-1, Tatev 65-2, Tatev 65-3, Tatev 65-
4, Karvachar QV-1, Karvachar QB-2 and Karvachar QS-1, were selected and further
characterized (tab. 1). Isolates were designated according to their geothermal origin, the
sample number taken from that origin and the number of the isolates obtained in that
sample.

Table 1. Number of bacilli isolates in the media containing Tween 80 or Olive oil

Gothermal spring

Number of isolates on
Tween 80 media

Number of isolates on
Olive oil media

Number of active lipa-
se producer isolates

Akhurik 10 — 2
Tatev 11 8 4
Karvachar 8 4 3

The screening of active lipase producers on spread plates containing olive oil and
Rhodamine-B is shown in fig. 2

The orange fluorescence around the colonies of isolates under UV light indicates
active lipase production. The orange fluorescence is a result of reaction of free fatty
acids with Rhodamine-B.

A bk 107

Fig. 2. Detection of lipase production by isolates on plates containing olive oil and Rhodamine-B

All of the isolates were routinely maintained at 4°C on NB agar slants.

Selected lipase-producing isolates were characterized by their phenotypic
properties. On solid NB medium isolates differ by colony form, color and surface, thus
they form light yellow, white or creamy, circular, smooth or transparent colonies with
0.5-2 mm diameter (tab. 2).
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The isolates were gram positive, endospore forming motile rods varying in length

between 1.8 to 7.8um and in width between 0.5 to 2.0 um (tab. 3). All isolates were
facultative anaerobic and have shown ability to grow in wide range of temperature and pH.

Table 2. Colonies’ characteristics of isolates

Isolates Colonies

Akhurik 106 | Irregular, white colored, opaque, flat, smooth surface, lobate margin, homogenous

Akhurik 107 | Circular, milky colored, opaque, umbonate, homogenous

Tatev 65-1 | Circular, milky colored, opaque, flat, smooth surface, undulate margin, homogenous

Tatev 65-2 | Circular, white colored, opaque, flat, smooth surface, undulate margin, homogenous

Tatev 65-3 | Circular, white, slightly translucent, flat, smooth surface, undulate margin, homogenous

Tatev 65-4 | Circular, white, slightly translucent, flat, smooth surface, undulate margin, homogenous

Karvachar QV-1 | Circular, light yellow, opaque, flat surface, entire margin, homogenous

Karvachar QB-2 | Circular, light yellow, opaque, umbonate surface, entire margin, homogenous

Karvachar QS-1 | Circular, white, opaque, flat, smooth surface, undulate margin, homogenous

The optimal temperature values of studied isolates varied from 55°C-65°C
(fig. 3). Isolates Akhurik geothermal springs (Akhurik 106 and Akhurik 107) are also
able to grow under 37°C which clearly shows the two strains to be thermostolerants. It is
particularly interesting that the isolates from Tatev and Akhurik geothermal springs are
optimally growing at temperature of 65°C, even though the native geothermal spring
temperature in outlet is around 28-30°C. A temperature >42°C was measured by chemi-
cal geothermometers in the deeper of several slim holes drilled up to 1000 m in the re-
gions of Akhurik and Tatev (Henneberger. et al., 2000). A comparison of the optimum
growth temperature of the isolates to the water temperature of geothermal spring in the
deep suggested that most of the detected microorganisms are likely able to grow at reser-
voir temperature and, therefore, should not be regarded as contaminants.

—_—ee— Xarvachar-Qv-1 — &5 Karvachar-Qv-1 — &7 Karvachar-Qv-1

_——— Karvachar-GS-1 —— —— Karvachar-Q5-1 ————— — Karvachar-O5-1

_— Karvachar-QB-2 ———&—— Karvachar-QB-2 ———— Karvachar-08-2
Tatev T-65-1 ————  TatevT#51 _— Tatew T-65-1

_— Tatev T-65-2 ————  TatevT#52 —_— Tatew T-65-2
Tatev T-65-2 ——— —  TatevT652 _ Tatev T-65-3

& Titev T-65-4 — e TatavT 654 = Tatev T.65-4

- — Ahurik107 D Akhutik 107 —_— — Ahuriki07
Achurik 205 _— Akhurik 106 _ Akhurik 106

T T T 1T T 1 T T T 1 T 11 1 T 1 T T 11

0 1 2 5 7 10 12 15 25 35 45 55 65 75 85 4 5 6 7 & 95 101

NaCl Concentration (%) Temperature (°C) pH

Fig. 3.Temperature (B) and pH (C) ranges of isolates and their growth in different
concentration of NaCl (A).

Bacterial isolates grow optimally at pH 7.0 except for Karvachar QV-1, Karvachar
QB-2 and Karvachar QS-1 strains, which grow pH optimum is 9.0.

The highest tolerance towards NaCl content in the media was measured on Akhurik
107 also it has the highest optimal concentration of sodium chloride (5%). Other isolates
have tolerated 3-5% of sodium chloride concentrations and have shown optimal growth
in 0-3% NaCl content in media.

The strain Akhurik 107 was positive according to Voges-Proskauer test, while
others were negative. The isolates of Akhurik 107, Tatev 65-1, Tatev 65-2 and Tatev
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65-3 formed dihydroxyacetone and reduced nitrate to nitrite. The isolates (except of iso-
lates Tatev 65-1, Tatev 65-2 and Tatev 65-4) hydrolyzed starch and gelatin, the isolate
Tatev 65-4 utilized citrate as a carbon source. A list of phenotypic characteristics of the
isolates is displayed in the tab 3.

Optimal growth ranges are shown with dashes.

Table 3 . Some phenotypic characteristics of the studied isolates

Phenotypic Akhurik |Akhurik 107 Tatev Tatev Tatev Tatev |Karvachar | Karvachar |Karvachar
characteristics 106 65-1 65-2 65-3 65-4 ov-1 0B-80-2 08-1
Cell size(um)
width 1.5-2.0 1.0-2.0 1.3-1.7 1.2-1.5 1.0-1.5 1.2 1.0 1.0 0.5-0.6
length 4.0-5.0 4.0-5.0 4.0-4.78 4.6-7.82 3.0-3.9 4.25 3.1 1.8 5-6
Endospore
Sform Ellipsoidal | Ellipsoidal | Ellipsoidal | Ellipsoidal | Ellipsoidal | Ellipsoi- | Ellipsoidal | Ellipsoidal | Ellipsoidal
location Central Central Terminal | Terminal | Terminal | Dal Sub-| Terminal Terminal | Terminal
terminal
Swell sporangia - - + + + + + + +
Voges- - + - - - - - - -
Proskauer test
Nitrate - + + + + + ¥ _ T

reduction  to
nitrite

Hydrolysis + + - - + _ T T T
of starch

Utilization - - - - _ + N N N
of citrate

Formation
of dihydro- - + + + + - - - -
Xxyacetone

Morphological, biochemical and physiological characteristics of isolates were sho-
wed their similarity to the Bacillus and related genera. Further molecular identification
of bacterial isolates using 16S rDNA sequencing method was carried out in order to re-
cover the phylogenetic relationship between the isolates.

Phylogenetic analyses of the isolates. For further identification of the strains,
genomic DNA was purified and 16S rDNA was amplified using 16SF and 16SR primers.
The near full-length 16S rDNA nucleotide sequences was aligned against the 16S rRNA
sequences in GenBank by using the NCBI BLASTn program. BLAST results for the
isolates based on 16S rDNA sequences for identification of the closest relatives in the
GenBank database are reported in tab. 4.

Table 4 . Closest phylogenetic affiliation of strains’ 16S rDNA based
On BLAST comparison to the GenBank database.

Closest phylogenetic match .
Isolate Sequence length (bp) arl: d}/,\(:%ession Identity %

Akhurik 106 1451 Brevibacillus borstelensis 99
strain AK2 [KC503891|

Akhurik 107 944 Bacillus licheniformis strain 99
HT-Z71-B2 |[KJ526873|

Tatev 65-1 1475 Geobacillus sp. WCH70 99
|CP001638|

Tatev65-2 1480 Geobacillus sp. 99
WCH70|DQ642093|

Tatev65-3 1477 Geobacillus sp. WCH70 99
|CP001638|

Tatev65-4 920 Uncultured compost bacterium 99
clone: 2123C1|AB555721]

Karvachar QS-1 1453 Anoxybacillus flavithermus 99
strain AK1 [KC503890|

Karvachar QV-1 839 Anoxybacillus flavithermus 98
strain AK1 [KC503890|

Karvachar QB-2 1443 Anoxybacillus flavithermus 99
strain AK1 [KC503890|

11
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The BLAST analysis of 16S rDNA sequences revealed close relationship of the
isolate Akhurik 106 to Brevibacillus borstelensis (99%), the isolate Akhurik 107 to
Bacillus licheniformis (100%), Tatev 65-1, Tatev 65-2 and Tatev 65-3 isolates to
Geobacillus sp. (99%), and isolates Karvachar QS-1, Karvachar QV-1 and Karvachar
QB-2to Anoxybacillus flavithermus (98-99%).The 16S rDNA sequence of Tatev 65-4
was shown to be similar (99%, 920 bp) with uncultured representative of the Domain
Bacteria (Un-cultured compost bacterium clone: 2123C1|AB555721]), even though
showing less than 99% similarity with strain Geobacillus sp. C170 |[FJ848022|. This
suggests that isolate Tatev 65-4 may appear to be a novel bacterial species. Additional
phylogenetic analyses are necessary to confirm taxonomic affiliation of the isolate.

The phylogenetic tree based on sequences of isolatesand reference strains of
belonging to genera Geobacillus, Anoxybacillus, Bacillis and Brevibacillus isdisplayed in
fig.4.

Karvachar QB-2

noypbacillus sp. |[KF 772607

g3 Hnoppbacilius flavitherras [KC503890)
arvachar QV-1

Karvachar Q5-1

Akhurik N107

weilus Heheniforngs| KIS26873|
09 Bacilus qerins [KFETR204
weilus sp. [KIT941 58]

Tater 65-4
—Fechaciiius caldoxplosilyficus | AV 608051|
— Tatev 652
Tatev 65-1
Feobacillus foebii EUT2146 22|
L —Tatev 65-3
Feobadlins sp. [EUIR1540
Jhurik N 106
revibaallus borstelenss |[KC 503801
100Brevibacilivssp. [F1520040|
acillales bacferium 12477204
schariciia coli [NCOOI913

—
0oz

Fig. 4. Phylogenetic tree obtained by distance matrix analysis showing the position of the isolates
The tree was generated by the Neighbour-Joining method using MEGA 6.06 software.
Scale bar represents 0.02 substitutions per site.

The phylogenetic tree confirms that isolates Tatev 65-1, Tatev 65-2 and Tatev
65-3 constitute a part of the cluster within one of the thermophilic groups of bacilli (ge-
nus Geobacillus). Another thermophilic bacilli cluster (with affiliation of species from
genus Anoxybacillus) contains isolates Karvachar QS-1, Karvachar QV-1 and Karvachar
QB-2. A separate clusters contain isolate Akhurik 106 and Akhurik 107, which was affi-
liated with genera Brevibacillus and Bacillus, respectivally.

Currently, thermophilic aerobic spore-forming bacteria are classified into one ge-
nus and seven genera, comprising majority of thermophilic bacilli, including
Geobacillus, Anoxybacillus, Bacillis and Brevibacillus [2]. which have been found in
Armenian and Nagorno Karabakh geothermal springs.

Perhaps BLAST analyses of the sequencing showed the similarity between
Geobacillus strains isolated from Tatev geothermal spring, in phylogenetic tree they
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have diffe rent positions (fig. 4). The distance location of the Geobacillus strain in the
phylogenetic tree could be the evidence for a presence new lipase-producing strain in
Tatev geothermal spring. The phylogenetic tree illustrates facts that were not visible on
the closest affiliation analysis (BLAST) results. Even though the BLAST has shown the
QS-1, QV-1 and QB-2 to be 98-99% similar to Anoxybacillus flavithermusstrain AK1,
the Neighbour-Joining method used has demonstrated the similarity of QS-1 and QV-1
isolates to Uncultured bacterium clone 15-B-30 and the QB-2 is relatively further located
on the tree and is much closer to Anoxybacillus flavithermusstrain AK1. The results
indicate the QS-1 and QV-1 isolates to be the same, but yet unstudied strain.

Number of thermophilic bacilli species belonging to the genera Bacillus, Geobacil-
lus and Anoxybacillushave been isolated from different geothermal springs and reported
as thermostable lipase producers [3, 11-13, 16, 20, 22, 23, 27]. Previous studies report
that Bacillus thermoamylovorans CH6B lipolytic enzyme-producing thermophilic micro-
organism have been isolated from a hot spring in Galicia (North Western Spain) [5].
Olusesan et al. isolated Anoxybacillus kamchatkensis strain KW 12 from Malaysian hot
spring and characterized as lipase producers [16]. It seems that the bacilli genera mentio-
ned are the dominating lipase-producing bacterial groups found in different hot springs.
Therefore, the potential of Bacillus, Geobacillus, Anoxybacillus and Brevibacillus species,
as candidates for commercial production of thermostable lipase remains to be explored.

Results show the importance of further investigation of the microbial community
structure inArmenian geothermal springs to discover and isolates new thermophilic
lipase producing species.

Several geothermal springs distributed on the territory of Armenia and Nagorno
Karabakh have been investigated as potential sources of lipolytic enzyme-producing
thermophilic bacteria. In the present study, nine thermophilic bacilli have been isolated
from Akhurik, Tatev and Karvachar geothermal springs. Certain differentiation
phenotypic characters and the ability of lipase production of these isolates were studied
and active lipase producing isolates were determined in order to use in further studies.
Phylogenetic diversity of isolates as studied based on the 16S rDNA sequence analysis.
The isolates showed a close affiliation to the genera Anoxybacillus, Bacillus,
Brevibacillus and Geobacillus, Four strains showed maximum similarity with
Geobacillus sp., three strains with Anoxybacillus flavithermus one strain with Bacillus
licheniformis and one strain with Brevibacillus borstelensis.

The present study extends the previous sphere of information regarding the
thermophilic bacterial diversity of geothermal springs in Armenia and Nagorno
Karabakh.
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Vwuptwpwlwywl hGwnwgnnnieniiubpny hwunwwndwé E, np hUswbu pwynbphwywl (BT
HM-17) b phdhwwl (uwyhuwnnp, wpnuintniu, tnwuww) wwnpwunnelutpny wnwudht gnnywé, wjuwtu
£l ggnnywé (unnighg) Shpwubune wyghutph hnnGpnud wdnuh$hyuwnnnpubph pwuwynieintup Jwjhuhg
ognuwnnu Ynnd £ nhtwdhy thnthnpunteiniu: Mwpqwé E, np ggnndwé inwppbpwyh  hwdtdwun gnndwé
BT HM-17 Unipinnipwp hennyp 3 wduny (Jwjhuhg hnihu) fupwunad £, huy wpnuntnwuh onwjhu
Ywhunypp 2 wduny (Jwjhuhg hntuhu) gupnid £ wigne hnnbph wdnuhdhywwnnputbph pwlwynieniup:
Shpwubunt  Juwuwwnubph W hhdwunniegnilbph nGd gnnnudhg  ¢hpu wdhu wlg  (ognuwnnu)
wwwnpwuwnntyubpnd  gnnywé W ggnnywd hnnbph wdnuh$hlwwnnpubph  pwwynipnilutph Jhol
hwywuwnh wnwppbpnienLl sh hwjinuwpbnywé:

WdnUuhdhlwiinnpubn — dhpwublne wyghutiph hnntnp — BT HM-17 Yncjwinnepwy hGnncly —
phuhwlwl wwwinpwuwnnLyubn

MuKpOoOHONIOTHIECKAMI HCCIEOBAHUSIMI YCTAHOBJIIEHO, YTO KaK B ONPBICHYTHIX B OT-
nensHOCTH OakTepuanbHeM (BT HM-17) u xuMudeckumu (CIIUHTOP, MPOTEYC, Tacha) mpenapara-
MH, TaK ¥ B HEONPHICHYTHIX (KOHTPOJIb) MOYBAaX aOPHKOCOBEIX CaZ0B YHUCIEHHOCTH aMMOHH(HKA-
TOPOB C Mas IT0 aBIyCT IpeTepIeBacT ANHAMIYECKIe N3MEHEeHNUs. BEIIBIICHO, YTO IO CPaBHEHHIO
C HEOIPBICHYTHIM BapHaHTOM KyJbTypanbHas xuakocts BT HM-17 B Teuenue 3-x Mecsues (¢
Masl 110 HIOJIb) CTHMYJIMPYET, a BOJIHAsI CYCIIEH3Ms IPOTEyca B TEUCHHE 2-X MecsIeB (Mal-HIOHb)
CHIDKAeT YHCICHHOCTh aMMOHU(HUKATOPOB B MO4Bax canoB. CiycTs 4 Mecsna (aBrycr) mocie om-
PBICKMBAHUS STUMH IIperapaTaMy B YUCIEHHOCTH aMMOHHM(HUKATOPOB B ONPBICHYTHIX U HEONpHIC-
HYTBIX MOYBaX JOCTOBEPHOU pa3HUIBI HE OOHAPYKEHO.

AMMOHUDUKAMOPb — NOUBLL ADPUKOCOBBIX CAO08 — KYJIbINYPATbHAS HCUOKOCHL
BT HM-17 — xumuueckue npenapamoi

Microbiological studies confirmed that the quantity of soil ammonificators in the apricot
orchard soils change dynamically both in the treated by bacterial (BT HN-17), and chemical
preparations (Spintor, Proteus, Taspa) in comparison with the untreated (control) variant. It has
been disclosed that the sprayed culture liquid of BT HN-17 stimulates while the aqueous suspen-
sion of Proteus depresses the quantity of orchard soil ammonificators during 2 months period from
May to June. No reliable difference is recorded in the quantity of soil ammonificators between the
treated against the apricot pests and untreated (control) variants.

Ammonificators — soil under the apricot trees — BT-HM-17 — culture liquid — chemical
preparations
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Ugnup pnyutbph wdt wwwhnynn phuhwywl Ywplenp tnwpp £, npp dinuncd £ uwh-
wnwynigutnh, uncyGhuwereniutnh, pinpndhih, $epdtunttnh, UWEd-h, huswbu bwle wbdp
furpwunn hnpdnultph Ywquh by [2, 6]:

nnnd hwunhwnn wgnunh twpwwnbuwly Jhwgniejntuutphg (opgwuwlwl W hwl-
pwjhu) pnyubpp hhdUwywunwd jnipuguncd GBU wgnnnh  hwupwihu  Jhwgnepniuutpp®
wunUupwywihu wnGpu nu UpwnpwwnuGpp [1, 12], wdhnubGpu no uwhdwUwthwy pw-
Lwynipjwdp wwpg wdhuwpeeniutnp [4]:

Udnuhdhywghwt hnnnwd ntuh unplenp Lpwbwynepintu W qquith swithnd wywydw-
Lwynpnud E hnnh pGpphneejncup [1, 31 Ywpjughbwh [7] Ynnuhg hwuwnwndwd £ npw-
Ywu pwnpép hwdwhwpwpBpwygwywu (YneEywghnt) Yww (r=0,89) hnudnuh W wdn-
Uuhdhywglnn Jwuptubph pwuwynipinctuutph vhole:

Ugnwnh opqwlwywl Jhwgniejntlubphg wnwytb) 2wwn wdnuhdhywgynid U uwh-
wnwlynigubpp, pwUh np yGpghuuGpu gunudnd G pninp pnuwyul W YEunwlwywl
pohoutGnnid W punipjwu JtGe ntuBU (wju tnwipwéned [1]:

Pwglwprhy ghnwywl thwuwintphg hGnlnd £, np pnyubph ywunwwunepjwlu
ninpunncd ywwnwpynn neuncdbwuhpnepynibuGpnd hwdwhe ywplnpdnud £ ogquwgnné-
dnn wywwnpwuwnntyubph YEuuwpwlwywl wpynibwybunneeniup b wunBudnd gnndwl
wpryntupnid hnn pwhywé pnilwphdhyuwnubph wgnbgnigntup hnnh pGpphneeyniup
wwjdwlwdnpnn Ywnplnp gnigwuhubnh ypw: Uhugntn  ybpghulbnhu niuntdbwuhpdwl
Swuwwwphny YuwpGh E Jwlpuwwnbub, 4hpwnynn wwnpwuwnnyubph  wgnbgniejwu
wugwuywih hGinlewlpubnp:

GluGind ybpp Upqwéhg, Uwywwnwy £ hGunwwunyt, pwgwhwjint, gnnywé dhpw-
nwuwwl W uljuwuwwl  wwwnpwunnlyubph  wgnbgnipynitup - ShpwublUne  wjghubph
hnnGph wJdnuhwy gnjugunn JwunkEuGph' wdnuhdhywwnnpubph pwlwynipjwu ypw:

Unip W dGpnn: IGnwgnunncenllutbph Ujnue BU hwunhuwgtb] wpllGywu wwnnwytph  puw-
Jwunpbl Jwhwgwé ppenipubphg Ubp Ynnuhg wuswwnwéd BT HM-17 pwywnbphwywl pwnwdh
hhdwu ypw wwinpwungwé Ynipinnepwy henneyp (inhunp® 600 Jiu. uwynp/dy), wnliinpwihu phuhwywu
wwwnpwuwnntyubphg uwhuwnnp (24% 4, éwhuuh Unpdwu® 0,25 /hw), wypnwnknwu (11% 37, dwhuuh
Unpdwt® 0,75 /hw) vhgwwnwuwwlltpp b wwuwyw (50 % hk, éwpuuh Unpdwl® 0,3 /hw)
ulwuwwup, gnnwé b sggnnywd (unnighy) Shpwutune wyghubph gnp2 Yhuwwbwwwnwihu hnntph
wunUuhwy gnjugunn Jwuptutnp:

Gwnwgnunnce)ntlutpp ywwnwnytbp Bu 2013-2014 pe. (wpenpwwnnp W nuunwihu (Upwnwunh
Jwng, Upqwywl hwdwjup) wywjdwlubpnid: ®npsdwwnbnwdwubpnd gnnnudubpp Ywwnwnpydtp Gu
wuhywdnp «50 T» dwyuh2h dninnpwjhu upuyhgny:

MEBuinhghnutpny gnnywéd W sggnnywé (unnighg) inbnwdwubnhg hnnwudnwubpp Ybpgdk) Gu
hnnwptpinh 0-20 ud punpniejntbhg:  Wdnuhdhywwnnpubph  pwlwynieintup npnpytp £ MGwnphh
rwutnnud, Juwwbtwwunnuwihu wawph (UMW) ypw 5-wywl ypyunnnrejwdp' hwdwawju Lkinnniungh
W wying [9]:

IGwnwgnunintejwl wpnyntuputbpp Bupwnyyt) U yhdwlwagpwywu yeninedniejwl [11]:

Upmyniupubn W pUubwpynid: Shinwthnpétph wpnyniuputbphg wwpayby £ Uy. 1),
nn  wunuhdhywwnnpubph pwlwyniejntll wnwubdhu gnnywé (BT HM-17, uwhUwnp,
wpnubnu, wnwuww) W sggnnywd Shpwublnt wyghubph gnn2  Yhuwwlwwwnwihu
hnntpnud  Jwjhuhg ognuwinnu Ypnud £ nhUuwdhy thnthnfunipyniu: Cun npnud, UpJwé
dwuptubph pwlwynieintup gnnywé W sggnnywd tnwipptpwyutpnud wybjwgt) £ dwjhuhg
(7,8-14,8 UjU/g hnnnt), wnwytGiwagniuh hwub| hnithuhu (19,2-23,0 Jiu/g hnnnud) W ujwigbi
ognuwnnuhl (13,2-16,4 Uju/g hnnntu):

Jhéwywgpwywu ybpineéniejwl wpryniupubpny hwuwnwwndwé E, np BT HM-17
ynrpinnipwy hennyny gnndwié inwppGpwynd wdnuh$dhywinnpubph pwuwyniejnitlubpp
ShpwuBunt wjghutph  gnn2 Yhuwwlwwwwmwihu  hnnGpnud Jwjhuhu (14,8 Jju/g hnnned),
hnituhupu (19,0 Jiu/q hnnnud) W hnihupu (23,0 Jiu/g hnnnud) wpdwlUwhwywwnnptu
gbpwqwugbl U wjn wdhuubpht uwnnghgnud  (sgnnywd) gnigwpbpywd  Ungyuwuniu
dwuptubph  pwUwynceynillbpp (10,4-20,6  Uju/g  hnnnwd)  (Poos W n=5-h nbwpenid
Uwnjntnuinh taugpuun-h UbpnUjup wdhuubph hw2dwpwihu hwdwwwwnwupuwl gnigw-
uhpubn 6,922; 3,272 W 2,600 > 2,571 UnjnnBunh tuwpwuny-h wngntuwywihu gnighshg):

BT HM-17 Untpinnipwy henniynd gnndwéd nwppBpwynd  wdnuhdhlwwnnputnh
pwlwynipjwl wybiwgndp unnighsh hwdGdwwn, hwjwluwpwn, wywjdwuwdnpwé £ Sw-
ntph gnnUwu wpryntupnd hnn pwhjwd wdnupwy gnjuglunn BT wnbuwyh pwyunnb-

npwutph W uwyhwnwynigwihu punyeh pjncpbnubph wnywniejwdp:
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LY. 1. UWnuhdhywwnnputiph pwlwyniejwl nhtwdhywl shpwutunt wyghubph gnpp
Yhuwwlwwwinwiht hnnbpnd Uhpwinwuwwuutpny gnnnidhg hGwnn (2013-2014pwr. Uhghlp):

UhgwunwuwwU pjncpbnh Yuquh hUgwtGu uyhnwynigp (npwbu ulunwuynie), wjl-
wbu b Ui pwnwnphgutpp® B fudph hinwdhlutpp (whphnogpuhl, phwdhl, hunghun,
phnuinhu, wwuwnnunBuwihu W Uhynnhuwihu rrenlutp) [5, 13], Jhypnunwpnptpp (Ni, Cr, Al,
Mo, Fe, Pb, Mn, Cu) [8] W wnipuhuutpp [10] punnibwly GU fupwUGL hnnwplwy
wunuhdhywinnpubph wal nL quipqugnedp:

LY. 2-nud Ubpywjwgywé £ BT HM-17 tnwpptpwynud wpdwlwgpywd  wdnuhdh-
Jwwnnputbph qunnieUEph pwlwynipintup MGwnphh pwuntd:

ULY.2. Udnuhphywinnputbph qunnieUtpp MGnphh pwuncd® UNU-h Yypw
(BT HM-17 Yntpinntpwy henniyny gnndwé tnwnptipwy):

Uwnjntntuinh tuwpuun-nd hwutnwndwé £, np wpnunbneund gnnywé tnwnptpwyncd

wdnuhdhywwnnputph pwlwyniejnilp Jwjhuhg hntuhu (hwdwwwwnwupiwUwpwn 7,8 L
14,0 J[U/g hnnnud) unnighsh  ((gnnywé) hwdbdwn  (hwdwwwwnwupuwlwpwnp 16,2 W
20,6 U|U/q hnnnud) wpdwlwhwywwnnpBu uwab) £ ((Poes W n=5-h nGwentd Unnntunnh
tawpuup-h  UGPNU2Jw wdhultnph hwdwnlwiht hwdwwwwnwuhuwl gnigwlihputn 4,655 W
3,086 > 2,571 UnjnLnbUuwinh taupuun-h wngntuwlwihu gnighshg):
Udnuhdhywwnnpubph pwlwyniejwlu ujwgndp  wpnnbniuh  tnwppGpwynd  unnighgh
hwutdwwn  hwjwlwpwn  wwdwuwdnpqwéd £ gnnywd  wwwnpwuwnniyh  dwhuuh
hwJdbdwwnwpwn  pwpép Unpdwng (0,75 /hw) W wagnnn Uniebph (inpwynw-
nhn+nbtnwdtinnhl) wnwuduwhwwnynpynluubpny:
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Ljwpubp 3 W 4-nud Uepjuywgywé BU hwdwwwnwuhiwuwpwp sggnnwé W wnn-
wntnuny  gnnwd  wnwppbpwyubphu  punpn?  wdnuhdhywnnpubph  quinniUGph  pw-
Uwyntpintup UNU-h Yynw:

LY.3. WUnuh$hywinnputph qunnieutpp MGwnphh pwuncd®
UNU-h Ypw (uinnighy® ggnnywd nnwpptipwly):

Qhwnwthnpébph wpnyntugutpny hwuwnwwndwé E, np hnihuht tnwuww (21,8 Uju/g
hnnnud),  wpnwtnw (20,4 Jiu/q hnnnud) W uwhuwnnp (19,2 Ju/g hnnnud) wnwppt-
pwyutpnud  npultnpywé  wdnupdhywnnpubph  ybpnlpjw  pwlwyneenilubpl - wpdw-
Uwhwywwnnptl s6U tnwpptpytp unnighsh Unuwunu gnigwuh2h pwuwynieintuhg (20,6
diu/g hnnnid)  (UunjnunBuinh twguun-h hwdwnyuwyht punhwUpwywl gnigwuhpubp 0,152-
1,150 < 2,571 Unjnnuinh typuuny-h wgneuwywihu gnighshg):

LY.4. WUnuh$hywwinnpubph qunnieUtpp MGwnphh pwuncd®
UNU-h ypw (wpnwnbntuny gnnywé tnwppbpwly):

®npadlwywl pninp twppBpwyutpnud (BT HM-17, wynnwbiniu, uwhlwnn, tnwuww)
W uwnnighsntd  ognuinnupl - wipéwbwgnywé  wdnuhdhywwnnpubph pwlwyniejwl  gnt-
gwuhubpl pun Entejwl Gnbp GU Unyuwywu (UnnnBunh  tguun-n  hw2dwnluihu
punhwunp  gnigwhpubp 0,196-1,906 < 2,571 UwnntnBunh  tuwguun-h - wgniuwywghu
gnLghghg):

Uj. Ypw ognuwnnuhlu uwnnighsh hwdGdwwn, thnpdlwlwl wwwnpwuwnntyubphg ng
JGUyp ShpwubUnt wjghubph gnn2 Yhuwwlwwwnwihu hnntph wdnuh$hywwnnpubph ypw
wanbgnipeintl sh gnigwpbint:

UNU utunwdhgwywph ypw wéwsé qgunniUbph dwupwnhunwywihu (fun). x1350)
neuntdUwuppniejwlu wpnyntuplbphg wwnqytbp £, np wdnupwy gnjwugunn Jwuptutph
gbpwypnnn pwlwynipintp Ywaqutp GU ng uwynpwynp (68,2%) W uwnpwdnp  (23,4%)
pwywintphwubpp: UWywnhundhgbGunuGph W Uhypnuynwhy uuytph pwuwyncpiniuutpp Gnb Gu
hwdwwwwnwupiwlwpwn 7,1 W 1,3%:

Ujuwhny, hGuwgnunipjwl wpnjntupbbpny hwuinnwwndwé £, np gnnnudhg hGwnn
pwywntphwywu BT HM-17 Yncpinnipwy henncyp dwjhuhg hnihu (3 wdhu) fupwuncd E, huy
phdhwywl wypnuntniup Jwjhuhg hntuhu (2 wdhu) sugnud £ ShpwutBUne wyghutph gnn2
Yhuwwuwwwinwihu hnntph wdnuh$hywwnnpubph pwlwyneeniup:
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COMPATIBILITY OF CHERRY VARIETIES AND TREE STOCKS
FROM THE ANATOMIC VIEWPOINT
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With the help of anatomical sections it is possible to prove the annual planting material
compatibility. According to the data of our experiments the best stock for cherry trees are Cerasus
mahaleb and C. microcarpa seedlings and plants of vegetative propagation. The best compatible
varieties are Lubskaya, Podbelskaya and Zhokovskaya.

Cambium — parenchyma cells — callus — xylem — phloem

Uuwwnndhwywl  Ywnpdwédeubph  Jhgngnd  huwpwynp B wwwgngtp Jhwdjw  wnuywunieh
hwdwwntbnGihnientup: Utp thnpdtph wdjwiubph  hwdwéwju  pwibunt hwdwnp npwbu  jwywagnu
wuwwnywunwywy hwunhuwunwd U Pwituh Jwupwwunnin W Pwibuh Jwhwibpjwl nbuwyubph
uGpduwpnyubpp W yGgGunwwnhy  dwuwwwnphnd  pwadwgnn  pnyutpp: Mwndwuinwywiubnph  hGwn
hwdwntbnGih jwdwagniu unpuntnu GU Lincpuluwyw, MnnpGuywjw, dnLynduyuww:

Ywidphnid — wwpbUphduyhl ppholbn — Yuyniu — pupyd — $ntd

C moMoIIpi0 aHaATOMUYECKHUX CPE30B MOXHO JI0Ka3aTh COBMECTHUMOCTh OJHOJETHETO Moca-
nogHoro mMarteprana. CoriacHO JaHHBIM HAIIMX JKCIIEPUMEHTOB, JIyUIINM MOABOEM IS BUIIHH
SIBIISTIOTCS CESTHLIBI M pACTEHHSI, Pa3MHOKAIOLINECS BETETaTHBHBIM criocoboMm, Crasus mahaleb (L.)
Mill. u C. microcarpa (Pall.) Spach.. Hamnyumue coBMecTHMBle copTa ¢ moaBosiMu — JIo6ckas,
[Mon6enbckas u XKykoBckas.

Kambuii — napenxummvie kiemxu — Kauiyc — Kcuiema — paosma

The concept of stock-graft compatibility generally implies the ability of plants for
mutual growth after grafting functioning as one integral organism providing the
interchange of nutrients. From this point of view the incompatible plants are those which
demonstrate short, incomplete joint growth or so-called co-growth (fusion) which is the
result of only callus mass intergrowth without connection of conducting elements.

The interrelation of engrafted variety and tree stock often appear to have strongly
express singularity. The species of Cerasus Mill. genus, including also the ones under
our study, have nearly similar wood which is typical of Prunus L. genus species
composition. The wood of these two genera differ only in insignificant quantitative traits
[1, 4].

Materials and methods. The experiments were conducted on 3 species: C. mahaleb (L.)
Mill., C. microcarpa (Pall.) Spach. and C. incana (C.A. May) Boiss. species served as a tree stock
and Sisiani, Zhukovskaya, Podbelskaya, Lubskaya varieties — as grafts. The anatomical sections

21



G.S. GABRIELYAN

from the grafted area were done with two replications, length-wise and width-wise. Before
sectioning the samples were softened in the water by heating for 20 min thereafter were kept them
for 10 days in 70.0 % ethyl alcohol, 40.0% formalin, 5.0% acetic acid mix (F44). The cuts were
done with M3-2 (1981) freezing microtome equipped with gas. Thereafter the segments were
treated with hematoxylin, eosin, 96% ethyl alcohol, carboxyl, xylol, the permanent preparations
were prepared using synthetic protein. Microscope photos were taken. The sections were made at
the end of the vegetation. To carry out anatomic sections there were 12 samples taken from
different stock-graft pairs. For each sample there were 8-30 permanent preparations prepared. The
photos of permanent preparations were taken by binocular microscope at 100 x magnification.
Anatomic investigations were carried out by Lotova method [2].

Results and Discussion. After scion budding the ingrowth and further fusion
takes place by passing the mentioned phases. At first, 4-5 hours after inoculation the
process of mutual growth of scion and stock takes place in the following way: the cells
of the stock injured tissues generate callus — an insulating layer which consists of
necrotic cells. The callus production takes place more intensive at the section lower part
and then at the cut edges. The important role in this process belongs to the cambium
cells [3].

The regeneration of the stock bark section depends on the state of the cells that
transfer the nutrients. The transversal cut made on the bark obstructs the nutrient
movement in the cut place forcing them to move bypassing the injured place. The
change in the nutrient flow direction generates the vascular fascicle curve (bend,
winding). The larger the transverse section, the more unfavorable conditions are created
for the wound healing. Callus production is also observed if the inoculated scion is alive.
Since in our experiments the scion budding was performed without wood (spade
budding) thus the callus mainly generated at the scion edges, at that, on its lower surface.
The callus generates also from nucleus rays, from the scion bark parenchyma. When the
graft callus and stock callus join, the fusion takes place. At first the so-called interstitial
tissue generates that consists of parenchyma cells. Thereafter the vascular fascicles start
developing. In the interstitial tissue area the so-called “window cleft” is formed due to
which the vascular elements conjoin. The interstitial tissue can be resolved completely
without leaving a trace or remain of big or small size. Complete resorption indicates the
complete fusion of the grafted components. The more layers of interstitial tissue remain,
the worse the process of fusion is going on. The growing cells tear the insulating layer
facilitating the latter decomposition, assimilation and formation of secondary cambium.
Connection is established between the conductive systems of the stock and the graft. The
cambium layer generates the secondary phloem and xylem. The formation of these
tissues indicates the completion of the stock and graft intergrowth (fusion) and free
nutrient interchange. The formation of callus is more active at the cut lower part
involving the grafted bud level. The fusion and production of new vascular elements of
the buds engrafted high goes on relatively slow. Sometimes the scion upper part fails in
adhesion irrespective of its lower part strong adhesiveness.

It happens because the scion upper part was drawn into the vascular joint by force
and later on it remains “separated, non-conducting” off the nutrient normal interchange,
badly provided with nourishment. Besides, the grafted bud, by the polar force, due to its
tissue development, activates in its lower part. For successful fusion of the stock and the
graft the scion should have not very long lower part (1-1.5 cm) and similar to it or a bit
longer upper part. In this case the bud is set in closer to the bark and lower part of the
section that provides it better intergrowth.
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Cambium layers in the stock

parenchymatissue in the mid

Cambium layers in the Lubskaya variety graft

Fig. 1. Cambium layers (with parenchyma tissue in the mid) of C. mahaleb stock - Lubskaya variety graft

Fibrovascular fascicles in Podbelskaya vanety graft

Fibrowascular fascicleein stock

Fig. 2. Joint of C. microcarpa stock and Podbelskaya variety graft and formation of fibrovascular fascicles

Fig.4. C. incana - Sisiani, the insulating layer is torn, the graft and stock drift apart
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The photo of incompatible pairs (fig. 4) reveal that in the stock callus there are
produced cambium and cork cambium which generates cork cover making impossible
the further growth.

The photos of the compatible pairs (fig. 1, 2, 3) reflect the integrated cambium of
stock and graft, the integrity of conducting vessels, mutual investing tissue, the insu-
lating layer disappeared.

With the help of anatomical sections it is possible to prove the annual planting
material compatibility. According to the data of our experiments the best stock for cherry
trees are Cerasus mahaleb and C. microcarpa seedlings and plants of vegetative propa-
gation. The best compatible varieties are Lubskaya, Podbelskaya and Zhokovskaya.
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Ochratoxin A (OTA) is a mycotoxin that contaminates food and feed and has been
classified as a possible human carcinogen. Human exposure to OTA is worldwide. Here the
genotoxic potential of OTA (4.375 pg/kg body weight/day for 15, 30, and 60 days) in the bone
marrow cells of adult Wistar rats exposed to mycotoxin through food consumption was described.
Level of DNA damage was measured by using standard alkaline single-cell gel electrophoresis
(comet assay). The tail intensity and tail moment of DNA-comets in bone marrow cells were
significantly higher in the groups treated for 15 and 60 days than in controls (p<0.05). These
parameters were also significantly higher in comparison to the group treated for 30 days (p<0.05).
The highest tail intensity and tail moment was observed in animals treated for 15 days, and it
differed significantly from animals treated for 60 days (p<0.05). Our results confirm the genotoxic
potential of OTA and demonstrate its activity in low concentrations in rat bone marrow cells by
comet assay.

Ochratoxin A — mycotoxins — genotoxicity — rat bone marrow cells — DNA comet assay

Otupwunnpuhtu A (OTA) Uhynwnnpuht k£, npu wnunwhwpnid £ uuncunU ne yenkpp, W nwuwyuwng-
ynud npwybu dwpnne hwdwn huwpwynp YwugbpngBu: Ubp Yuunwpwé wphuwnwpned Uspyujugywé b
OTA (4.375 Uya/yg/onpp) gtUwenuwihu wywnhynieintup Yhuinwnp wrubnutph nuypwéncéh pehpubnned,
npnUp unwgt) Gu Uhyninpuhup Y&nph dhgngny 15, 30 L 60 on: Yuf-h Juwuywépubnh Jwywnnwyp
quwhwwnyby £ wnwudhu pehelubnh dti-ElEYunnpwdnntgh (FLE-Yndbn) —unwlnwpun hhduwihu Jbennh
Uhpwndwdp: Mngh hUunBuuhynienitll nt wyngh Undtuwnp hwgwuwinhnptl (p<0.05) pwpan thu 15 W 60 op
Buwyjwsd Ytunwuhubph fudptpnud  hwdbdwwnwé  unnighsh  hGin: Yué-h Juwujwénipjul - wju
swihnpnohslbnp hwywuwinhnpbu (p<0.05) pwpén thu Lwl 30 onp Wwyjwd Yytunwuplubph fudph htwn
hwdtdwwnwé: Mngh huntUuhyniejwl W wngh UndBuinh wnwyb) pwpép dwywpnwyutpp nhingtp U 15
on Uhynwnpuhund dpwydwé yeunwuhlbnh fudpnd, npnup hwdwuwnhnpBu (p<0.05) wwppGndnid Ehu
60 on wyywdutbphg: Utp unwgwéd ndjuiubpp hwuinwwnnwd Bu OTA gtUwentlwihu EpLHinuEpp W
gnyg wnwihu npw wywnhynieintup gwép swithwpwdhuubpnd wnuGwnUGph nuypwénish pehelnnd
AYUl3-yndtun UGennh Yhpwndwdp:

Ohupuwinnguhl A — dpyninnpuplltin — qEUwenLlwyhU wlwnhynipinil —
wnlbwnh nulpwénidh ppholbn — Yue-Yndtin Ubenn

Oxparokcut A (OTA) siBIsieTcsl MUKOTOKCHHOM, SIBIISISICH PaclipOCTPaHEHHBIM KOHTaMHHAH-
TOM HPOAYKTOB ITHTaHHS M KOPMOB, KIACCU(QUIMPYETCs KaK NOTCHIMAJIbHBIA KaHIEpOreH i
yejgoBeka. B mpeacTaBneHHOW —paboTe M3yyeHa TEeHOTOKcHYeckas akTuBHOCTH OTA
(4.375 MKr/kr/meHp) B KJIeTKax KOCTHOTO MO3ra KpbIC JMHHU BHcTap, MONyYaBIIMX MHKOTOKCHH
BMecTe ¢ muier B Tedenue 15, 30 u 60 mueil. Yposens noBpexxaenuit JJHK onennBamm metogom
renpaiekTpodopesa B eauHuYHbIX KieTkax (JJHK-xomer). [locroBeproe (p<0.05) moBwimeHHe
YPOBHSI HHTEHCHBHOCTH ¥ MOMEHTa XBOCTa HAaOIIONANIN Yy KpPBIC, 00pabOTaHHBIX B TedeHue 15 u 60
JIHEH, I0 CPaBHEHUIO C KOHTpoJeM. JlaHHBIE mapameTps! ObUIH Takoke JoctoBepHo (p<0.05) Bbrmre
o cpaBHEHUIO ¢ 30-HEBHOM 00pabOTKOM. IHTEHCHBHOCTh U MOMEHT XBOCTA ObLITH Han0oJIee BbI-
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pakeHsl B TpymIne Kpeic, 00paboTanHOH B TeueHue 15 nuelt, u 6putn qoctoBepHO (p<0.05) BbImIE
o cpaBHeHUIO ¢ 60-1HEBHOM 00padoTKoil. [lomyueHHbIe pe3yIbTaThl HOATBEPKAAIOT T€HOTOKCH-
gyeckuil moreHnuan OTA ¥ MoKa3bIBAIOT €ro aKTHBHOCTh B HM3KMX KOHIEHTPAIMAX B KIETKax
KOCTHOT0 Mo3ra Kpbic MetoioM JJHK-komer.

Oxpamoxcun A — MUKOMOKCUHbL — 2eHOMOKCUYeCKAs AKMUGHOCHb —
KAemKu KOCMHO020 Mo32a Kpbic — memoo [JHK-komem

Ochratoxins are fungal secondary metabolites produced by several species of
Aspergillus and Penicillium. Most studies on ochratoxins have focused on ochratoxin A
(OTA) [1]. Though there are few studies of OTA genotoxicity in experimental animals
and the results obtained with cell cultures are inconsistent [2], nowadays it is known that
this mycotoxin possesses mutagenic, teratogenic and nephrotoxic activity [3]. The geno-
toxic status of OTA is still controversial because contradictory results were obtained in
various microbial and mammalian gene mutation assays [4].

Most people have detectable levels of OTA in the bloodstream (at least in certain
countries), though usually at very low levels. OTA was detected in 100% of human blood
samples (maximum 0.04 pg/L) and 58 % of human milk samples (maximum 0.9 pg/L) in
Norway [5]. The International Agency for Research on Cancer classified OTA as a 2B
group compound (possibly carcinogenic to humans and with sufficient evidence for
carcinogenicity in laboratory animals), though the mechanism of its carcinogenicity is not
understood completely [6].

The available reports on genotoxicity tested by the DNA-comet assay (single-cell gel
electrophoresis) in rat demonstrate the increase of the level of DNA damage in kidney and
liver cells, but animals were treated only with a high oral OTA doses (0.5 mg/kg body
weight, 10 mg/kg body weight) [2, 7, 8]. Comet assay is a sensitive and operative method
for determining DNA strand breaks and alkali labile sites at the cell level in vitro and in
vivo [9]. The method does not require cell cultivation, which makes easier analysis of
genotoxicity of different agents in the target tissue.

To our knowledge there is no data on genotoxicity of OTA chronic exposure in rat
bone marrow cells in low dose, so the aim of our research is to analyze these effects in vivo.

Materials and methods. Adult Wistar rats weighing 200+20g were kept in standard
environmental conditions with a 12-h light/dark cycle and at a constant temperature of 24°C, fed a
standard diet and had free access to water. The study was approved by the Ethical Committee of
the Institute of Molecular Biology of the NAS RA (IRB IORG0003427).

The rats were randomly assigned to four groups of 5 animals each receiving mycotoxin
OTA (4.375 pg/kg/day) or solvent only (control group) for 15, 30 and 60 days. The doses of
mycotoxins were selected on the base of literature data related to genotoxicity of OTA in rats [7,
8]. 5 rats for each variant were anesthetised by chloroform. For evaluation of genotoxic activity of
OTA the left femur was removed and the bone marrow at both ends was exposed with bone
cutters. Cells were flushed out with 3 mL PBS (pH 7.4) using a needle and syringe, and the cell
suspension was filtered through a three layer bolting cloth [10].

Comet assay. As an anticoagulant heparin was used in ratio 1ml/0.3ml (blood/anti-
coagulant). The level of DNA damage was evaluated by standard comet assay method [8]. 20ul of
cell suspensions mixed with 0.5% low-melting agarose (80ul) were added to slides pre-coated with
1% normal-melting agarose. After the solidification of gel layer the slides were immersed in a
lysis solution (2.5 mol/l NaCl, 100 mmol/l EDTA disodium salt (pH 8.0), 10 mmol/l Tris buffer
(pH 10.0) and 1% Triton X-100) at +4°C for 60 min. Slides were placed in electrophoresis buffer
(0.3 M NaOH, 1 mM Na,EDTA, pH 13) for 40 min to allow DNA to unwind. Electrophoresis was
performed for 20 min at 300 mA and 1 V/cm. Slides were neutralized with Tris-HCI buffer,
pH 7.5, and stained with 20 pg/mL ethidium-bromide.
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Slides were examined at 250x magnification on a fluorescent microscope (ZEISS,
Germany). At least 150 cells were scored per animal (50 cells scored per each of three replicate
slides). Images of comets were recorded with a video camera with high sensitivity (Variocam,
PCO, Germany) and processed on a computer program Comet Assay IV (Version 4.3). Tail
moment and tail intensity are used to evaluate the extent of DNA damage.

Statistical analysis of the results was performed using SPSS 19 software package with
application of non-parametric Mann-Whitney test (U test).

Results and Discussion. We assessed levels of DNA damage and the time course
of OTA genotoxicity in the bone marrow cells of animals. The main parameters of DNA
damage: tail intensity and tail moment have increased significantly (p<0.05) after 15 and
60 days treatment in comparison to control. These effects was not observed in the group
treated for 30 days (fig. 1).
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Fig. 1. Levels of DNA damage in rat bone marrow cells after chronic exposure
evaluated by comet assay. *p<0.05 - significant difference in comparison to control.

The highest levels of DNA damage were observed after 15 days of treatment.
Levels of tail intensity and tail moment are decreasing after 30 days and increasing
significantly (p<0.05) after 60 days treatment. These effects could be due to activation of
protective mechanisms of organism (e.g. binding and excretion of OTA and its
metabolites), which later (after 60 days treatment) failed to prevent genotoxicity of OTA
after long term exposure to low dose of mycotoxin. In addition, we showed that comet
assay is sensitive method to evaluate genotoxic effects of OTA in rat bone marrow cells
after chronic exposure.

Acknowledgements

The work was supported by State Committee of Science of RA (grant#l11-1f329). 1
also would like to express my gratitude to Dr. A. Karapetyan (YSU, Department of

Zoology) for support during conduction of experiments on rats, as well as to MetaSystems
GMBH company for their permanent technical support.

27



10.

11.

T.A. HARUTYUNYAN

REFERENCES

Bayman P., Baker J.L. Ochratoxins: a global perspective. Mycopathologia, 162, 3,
215-23, 2006.

Zeljezi¢ D., Domijan A.M., Peraica M. DNA damage by ochratoxin A in rat kidney
assessed by the alkaline comet assay. Braz. J. Med. Biol. Res., 39, 12, 1563-8, 2006.
Pfohl-Leszkowicz A., Manderville R.A. Ochratoxin A: an overview on toxicity and car-
cinogenicity in animals and humans. Mol. Nutr. Food Res, 51, 61-99, 2007.

Dopp E.,Miiller J.,Hahnel C.,Schiffmann D. Induction of genotoxic effects and modula-
lation of the intracellular calcium level in syrian hamster embryo (SHE) fibroblasts
caused by ochratoxin A. Food Chem Toxicol, 37, 7, 713-21, 1999.
Breitholtz-Emanuelsson A., Olsen M., Oskarsson A., Palminger 1., Hult K. Ochratoxin A
in cow’s milk and in human milk with corresponding human blood samples. J. Assoc. of
Offic. Analyt. Chem, 76, 842-846, 1993.

IPCS. WHO Food Additives Series. Safety evaluation of certain mycotoxins in food. Ge-
neva: World Health Organization, 2001.

Robbiano L., Baroni D., Carrozzino R., Mereto E., Brambilla G. DNA damage and mic-
ronuclei induced in rat and human kidney cells by six chemicals carcinogenic to the rat
kidney. Toxicology, 204, 187-195, 2004.

Aydin S., Palabiyik S.S., Erkekoglu P., Sahin G., Basaran N., Giray B.K. The carotenoid
lycopene protects rats against DNA damage induced by Ochratoxin A. Toxicon, 73, 96-
103, 2013.

Tice R.R., Agurell E., Anderson D., Burlinson B., Hartmann A., Kobayashi H, Miyamae Y.,
Rojas E., Ryu J.C., Sasaki YF. Single cell gel/comet assay: guidelines for in vitro and in vi-
vo genetic toxicology testing. Environ Mol Mutagen, 35, 3, 206-21, 2000.

Smith C.C., Adkins D.J., Martin E.A., O'Donovan M.R. Recommendation for design of
the rat comet assay. Mutagenesis, 23, 3, 233-40, 2008.

Received on 09.10.2014

28


http://www.ncbi.nlm.nih.gov/pubmed?term=Bayman%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16944288
http://www.ncbi.nlm.nih.gov/pubmed?term=Baker%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=16944288
http://www.ncbi.nlm.nih.gov/pubmed/16944288
http://www.ncbi.nlm.nih.gov/pubmed?term=Zeljezi%C4%87%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17160264
http://www.ncbi.nlm.nih.gov/pubmed?term=Domijan%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=17160264
http://www.ncbi.nlm.nih.gov/pubmed?term=Peraica%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17160264
http://www.ncbi.nlm.nih.gov/pubmed/17160264
http://www.ncbi.nlm.nih.gov/pubmed?term=Dopp%20E%5BAuthor%5D&cauthor=true&cauthor_uid=10496372
http://www.ncbi.nlm.nih.gov/pubmed?term=M%C3%BCller%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10496372
http://www.ncbi.nlm.nih.gov/pubmed?term=Hahnel%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10496372
http://www.ncbi.nlm.nih.gov/pubmed?term=Schiffmann%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10496372
http://www.ncbi.nlm.nih.gov/pubmed/?term=Induction+of+genotoxic+effects+and+modulation+of+the+intracellular+calcium+level+in+syrian+hamster+embryo+(SHE)+fibroblasts+caused+by+ochratoxin+A.
http://www.ncbi.nlm.nih.gov/pubmed?term=Aydin%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23867521
http://www.ncbi.nlm.nih.gov/pubmed?term=Palabiyik%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=23867521
http://www.ncbi.nlm.nih.gov/pubmed?term=Erkekoglu%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23867521
http://www.ncbi.nlm.nih.gov/pubmed?term=Sahin%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23867521
http://www.ncbi.nlm.nih.gov/pubmed?term=Ba%C5%9Faran%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23867521
http://www.ncbi.nlm.nih.gov/pubmed?term=Giray%20BK%5BAuthor%5D&cauthor=true&cauthor_uid=23867521
http://www.ncbi.nlm.nih.gov/pubmed/?term=The+carotenoid+lycopene+protects+rats+against+DNA+damage+induced+by+Ochratoxin+A
http://www.ncbi.nlm.nih.gov/pubmed?term=Smith%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=18326531
http://www.ncbi.nlm.nih.gov/pubmed?term=Adkins%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=18326531
http://www.ncbi.nlm.nih.gov/pubmed?term=Martin%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=18326531
http://www.ncbi.nlm.nih.gov/pubmed?term=O'Donovan%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=18326531
http://www.ncbi.nlm.nih.gov/pubmed/18326531

LwywuwnwOh Qhwnngnibitph Uggquyhl Ugwnbdhuw <wjwumwbh YEtuwpwliwlywh <wOnbu
HauuoHaAabHas AKkaaemus Hayk ApmeHuu BuoAoruueckuu XypHaa ApmeHuu

National Academy of Sciences of Armenia Biological Journal of Armenia

“@npéwpwpwlwl b nEuwlwl hnnywélbp «xcnepumenmansvhvie u meopemuyecKkue cmamopu®
*Experimental and theoretical articless

Biolog. Journal of Armenia, 2 (67), 2015

STUDY OF POLY(dA) STRUCTURE IN THE ACIDIC MEDIA

A.P. ANTONYAN, M.V. MINASYANTS, P.O. VARDEVANYAN

Yerevan State University, Department of Biophysics
biophys_dep@mail.ru

The study of EtBr (ethidium bromide) interaction with poly(dA) at different pH of solution
has been carried out. The obtained data revealed that poly(dA) depending on pH may be in
different structural states — double-stranded at 4.0 > pH > 3.0 and single-stranded in neutral
(pH~7.0), weak acidic (6.0 > pH > 5.5) and strong acidic (pH < 3.0) conditions. It was shown that
EtBr binds to poly(dA) by intercalation at pH=3.5 as well as semi-intercalation at pH=7.0 and
pH~5.5 modes. From the obtained data it was also revealed that EtBr binding mechanisms are
universal and practically do not depend on medium conditions.

Poly(dA) — ethidium bromide —absorption spectrum —intercalation —
semi-intercalation — electrostatic binding

Ppwywlwgyt] E poly(dA)-h htin ER-h (Eehnhnd hppndhn) thnhuwgnbgniejwl niuncdUwuh-
pniejnLl [nuényeh wwpptp pH-UGPH nGwpenwd: Unwgywé wngwiutpp gnyg Gu wnydtl, np poly(dA)-U,
Jwhuijwé pH-hg, Jupnn £ gyt tnwppbp Junnigwdpwihtu yhdwyubpnud® Gpipnew 4.0 > pH > 3.0 L
dhwpnrw sbagnp (pH~7.0), pnyj| rreywihl (6.0 > pH > 5.5) W ndtin prUwihu (pH < 3.0) ywjdwuutpnid:
Swjnbwpbnyby E, np ERU  poly(dA)-h hGin Ywwdnwd E  hunGpywpwghnu ), huswbu  Lwl
Yhuwhuwntpyuwywghnu (pH~7.0) W (pH~5.5) Gnuwuwyutpnd: Unwgywd indjwiubpp bwle gnyg BU tnwihu,
nn ER-h Juwwdwu JGhuwuhquubpp niuhdGpuwp B W gnpduwywunud Ywhudwé s6U Jhpwdwinh
wwjdwuubnhg:

Poly(dA) — Ephnhnid hppndpn — Yrwldwluwlunn — huinbplwywghw —
Yhuwhunbpwywghw — bGyinpwunwnply yuwnid

HUccnenoBanoce B3ammopeiictue BD (Gpomuctsiit stuamit) ¢ poly(dA) npu pasnuunsix pH
pactopa. [Tomyuennsle nanHble BbIsiBUIH, 4To poly(dA), B 3aBucuMmoctn ot pH pactBopa Moxer
HaXOJAUTCsSl B Pa3IMUHBIX CTPYKTYPHBIX COCTOSIHMAX — AByxuenoueuHoM mpu 4.0 > pH > 3.0 u
OJTHOIIEIIOYEeTHOM IpH HeHTpansHoM (pH=7.0), caboxuciom (6.0 > pH > 5.5) u crmsHOKHCIOM (pH <
3.0) ycnosmsix. O6Hapy»xkeHo, uto B ¢ poly(dA) ces3piBaeTcst mHTepKASIOHHEIM 1ipy pH=3.5 n
TIOJTyHHTepKasIMoHHbIM Tipu pH=7.0 u pH~5.5 ciocobamu. IlomyueHHBIE TaHHBIE CBUAETEIBCTBY-
10T O TOM, YTO MEXaHU3MBbI CBSI3bIBaHUA BD SBISIOTCS YHHBEPCATBHBIMA U MPAKTHYECKH HE 3aBHCSAT
OT yCIIOBUH CpeJbl.

Poly(dA) — 6pomucmeiii smuouii —cnekmp abcopobyuu —uHmepKaiayus —
NOLYUHMEPKANAYUSL — INEKMPOCIAMULECKOe CEA3bIGAHUE

The studies of interaction of different biological active low-molecular compounds —
ligands with canonic forms of nucleic acid are actual topics and they represent a big interest
since these compounds significantly effect on structural transitions and functional activity of

these macromolecules, particularly DNA. From this point of view some ligands including
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ethidium bromide (EtBr), proflavine (PF), acridine orange (AO) have a wide application.
The biological activity of these compounds is conditioned by intercalation mode of binding
with DNA which invokes structural reconstructions in DNA. Moreover these compounds
bind to DNA by several modes. It was revealed that EtBr may bind to single-stranded DNA
as well by more than one mode [2, 4, 10, 12, 14, 19, 20, 23, 25]. That is why many
theoretical and experimental works are dedicated to EtBr interaction with DNA [2, 4, 10,
12, 14, 19, 20, 23, 25], but the binding of this ligand with different non-canonic forms of
DNA is not entirely studied.

After the finding out of DNA structural organization, it becomes an object of
numerous investigations in consequence of which it has been revealed that besides canonic
Watson-Crick double helixes there are also double helixes consisted of one-type nucleotides
[7,16-18].Incidentally depending on the type of azotic bases, single-stranded ordered
structures may be formed. Furthermore from one-type polynucleotides in some cases
(depending on ionic strength, pH of solution or existence of different mixtures) double-,
three- or four-stranded structures are formed [1, 8, 11, 24]. From this point of view poly(dA)
represents a certain interest because its structure at acidic values of pH of solution is not
sufficiently studied [16]. In the solution it may be in both single-stranded (ss-) and double-
stranded (ds-) states depending on pH of solution.

The goal of the present work is to study EtBr binding to poly(dA) at different values of
pH of solution and to evaluate structural peculiarities of this polynucleotide as well as to
determine values of the binding constant K and the number of bases n per one binding site
for EtBr on this polynucleotide.

Materials and methods. Poly(dA) “Sigma” (USA), EtBr “Serva” (Germany), NaCl, Na-
citrate, ethylenediaminetetraacetate (EDTA) (ultrapure) were used in this work. All preparations
were used without further purification. Concentrations of used preparations were determined by
absorption spectroscopy method, using the following extinction coefficients:g,5=10.1-10° M 'ecm!
for poly(dA), £45=5800 M'cm™ for EtBr. The investigations were carried out in 0.1xSSC
(standard salt-citrate solution containing 0.015 M NaCl, 0.0015 M Na-citrate (three-substituted),
10° M EDTA),the ionic strength was equal to 0.02 M. All measurements were carried out at room
temperature 25°C and neutral (pH=7.0) and acidic (pH=5.5; pH=3.5; pH=2.5) values of solution
pH. The mentioned values of pH are chosen because poly(dA) at pH~7.0 and in alteration interval
6.0 >pH >5.5; 3.0 > pH > 2.5 was in ss-state, at alteration interval 4.0 > pH > 3.0 — at ds-state.

Compounds containing a group of aromatic chromophore rings, including EtBr, may form
dimers at high concentrations (>1.5-10-4 M). Taking into account this fact at investigation of EtBr
complexes with polynucleotides it is necessary to work with such concentrations of dye that make
the dimerization negligible. EtBr total concentration in our experiments was equal to 5-10-5 M,
and the concentration of dimers composes almost ~0.1% and it may be ignored.

Spectrophotometric measurements were carried out on spectrophotometer PYE UnicamSP8-
100 (England). For these measurements quartz cuvettes with 0.5 ml volume and 1 cm optic
pathway length were used. Titration of solutions of studying samples was carried out by
micropipette with 10 pl volume (“Hamilton”, USA). PH of solutions was measured by universal
ionomer EV-74 (USSR) with measuring electrode ESL 63-07.

To obtain the absorption spectra, EtBr concentration remains constant in the solution and
polynucleotide concentration enhances with titration. The spectra of EtBr complexes with
polynucleotides and pure EtBr were obtained in 400<A<600 nm wavelength interval. Maximum of
pure EtBr absorption corresponds to A=480 nm wavelength. With spectrophotometric titration of
poly(dA) solution the absorption maximum of EtBr solution decreases and is shifted to longer
wavelength interval. Moreover isosbestic point is observed at A=510 nm and pH=3.5, at other
values of pH isosbestic point is revealed at A=505 nm. From some value of C,/C,, where C, is
polynucleotide concentration in the solution, Cy — EtBr concentration when a maximum shifting to
longer wavelength interval stops (at 520-525 nm) and spectra deviate from isosbestic point which
indicates that EtBr is in thoroughly bound state.
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For determination of t/C; and r from the absorption spectra of DNA-EtBr complexes, the
concentration of non-bound ligand Cf was calculated:
Cf _ A*Ax
Co - Ao -4,
where A is complex absorption at certain ligand concentration, A0 and Ac — absorption of
fully free and bound ligands respectively, C,=C¢+C, — total concentration of EtBr in the solution,
=C,,/C,, Cy, — bound ligand concentration, C, — concentration of nucleotide phosphate groups.
To plot ligand binding curve with DNA the following equation is usually used:

U]

1—nr

r/C/»zK(l—nr)|:1(nl)r:| (2)

where K is binding constant, n — number of bases per one binding site [2]. For more precise
description of binding of ligands with nucleic acids and determination of K and n, in [2] there was
suggested a method which permits linearization of equation (2), and as a result the following
expression is obtained:

Lo K1-@n-1)r) 3)
c,

EtBr binding curves with poly(dA) were obtained by equation (3) at the above indicated pH
and the values of K and n were calculated as it is described in [21]. To receive the above
mentioned values of pH the solutions were titrated by 0.2 N HCI, adding 2 pl acid each time and
mixing on magnetic stirrer. Error of final values of pH of solutions does not exceed +0.02.
Experimental error does not exceed 10-15%.

Results and Discussion. Many theoretical and experimental works are devoted to
EtBr binding studies with DNA. It has been shown that this ligand forms different types of
complexes with DNA — intercalation, semi-intercalation, electrostatic etc. [10, 20, 23].
Moreover it was shown that EtBr binding mechanisms with DNA are universal and are
realized independently on different factors of medium (ionic strength, pH, nucleotide
sequence) [3, 15]. Based on this EtBr was chosen as an appropriate ligand for poly(dA)
structure investigation. This polynucleotide possesses several structural peculiarities. At
alkaline, neutral or strong acidic pH values of the solution poly(dA) is mainly in single-
stranded state but in 4.0 > pH > 3.0 interval this polynucleotide protonating transmits to
double-stranded state since separate chains form pairs in type of poly(dAH")-poly(dAH")
as in case of polyriboadenilic acids [7, 16-18]. At higher acidic solutions this
polynucleotide again transmits to single-stranded state. Consequently, EtBr binding
investigation with poly(dA) at different values of pH may allow to evaluate its structural
peculiarities in the solution.

EtBr complex-formation with poly(dA) was investigated by spectrophotometric
titration method in the following conditions: pH=7.0; pH~5.5; pH~3.5 and pH=2.5. The
absorption spectra of EtBr and its complexes at pH~3.5 (A) and pH~7.0 (B) are presented
on fig. 1. As it is obvious from fig. 1A, at pH=3.5 the absorption spectra of poly(dA)-EtBr
complexes decrease in maximums and are shifted to long wavelength interval. Besides, an
isosbestic point is formed on spectra at A=510 nm. These changes of the absorption spectra
of EtBr and its complexes with poly(dA) are similar with those of EtBr complexes with
double-stranded DNA at pH neutral values. Moreover, it is obvious from fig. 1B that
despite EtBr absorption spectra with poly(dA) at pH=7.0 are subjected to analogous
changes as in the case of pH=3.5, they differ from those since decreasing of maximums of
the absorption spectra of poly(dA)-EtBr complexes in this case is not big, the shifting to
the long wavelength interval is less as well than at pH=3.5. On the other hand, the
isosbestic point is formed at A=500 nm. The mentioned changes of the absorption spectra
of poly(dA)-EtBr complexes at pH=7 are analogous to those obtained for EtBr complexes
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with single-stranded DNA [20, 22]. The absorption spectra of poly(dA)-EtBr complexes at
pH=5.5 and pH=~2.5 are obtained as well. At pH~5.5 the absorption spectra of poly(dA)-
EtBr complexes coincide with those of these complexes obtained at pH~7.0 (spectra are

not presented), while the changes of spectra at pH=2.5 are insignificant.

A
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440 480 520 560 600 A ,nm

440 480 520 560 600 A .nm

Fig. 1. The absorption spectra of EtBr (1) and its complexes (2-11) with poly(dA) at pH=3.5 (A)
and pH~7.0 (2-10) (B). EtBr concentration was equal to 6.9-10° M/L at pH~3.5 and 5.2-10° M/L
at pH=7.0. Concentration ratio of C=poly(dA)/EtBr changes in 0 < C < 2 interval.

Based on the absorption spectra of EtBr and its complexes with poly(dA) the bin ding
curves are constructed in Scatchard’s coordinates. The binding curve of EtBr with
poly(dA) obtained at pH~3.5 is presented on fig. 2A, the curves at pH=7.0, pH~5.5 and
pH~2.5 — on fig. 2B. The experimental points obtained at pH~7.0 and pH=5.5 practically
coincide with each other.

It is obvious from presented figure that a slope on the binding curve obtained at
pH=~3.5 is bigger than on the other curves at the rest of pH. The binding curve at pH~2.5
practically does not have a slope. Most probably it is conditioned by the fact that at
pH < 3.0 all ionizing groups of not only poly(dA) but also EtBr are in totally protonated
state. This results in radical changes of charge density of polyadenilic acid, which has a
total electro-negative charge at neutral values of pH (is poly-anion in solutions).EtBr is in
cationic form in neutral solutions. At acidic values of pHan increasing of total
electropositive charge of EtBr takes place in consequence of protonation. Based on this it
may be assumed that EtBr interaction with poly(dA) at pH=~2.5 is insignificant or EtBr
molecules in these conditions do not bind to polydeoxiadenilic acid.

At neutral values of solution pH (pH~7.0) as well as at pH=~5.5,EtBr binds to
poly(dA) by weaker mode than at pH=~3.5. It is indicated by the binding constant value (K)
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obtained from EtBr binding curves with this polynucleotide. Particularly, at pH=3.5
K=9.2.10° M, at pH~7.0 and pH~5.5 — K=8.6-10* M. It is obvious that EtBr binding
constant value with poly(dA) at pH=3.5 is higher by one order than at pH~7.0 and pH=5.5.
Moreover the value of n is much higher at pH~3.5 — n=10.5-11.0 than at pH~7.0 and
pH=~5.5 — n=3.5-4.0. This value of n is higher at EtBr binding with double-stranded DNA
by strong mode (n=5-6) [20].
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Fig. 2. EtBr binding curves with double-stranded poly(dA) at pH~3.5 (A) and
single-stranded poly(dA) at pH=7.0, pH~5.5 and pH=2.5 (B).  corresponds to
experimental points obtained at pH~7.0; A— at pH=5.5, ¢ —pH=2.5.

It is known that at pH<4.0, when protonation of adenine bases takes place [16],
polyriboadenilic acid (poly(A)) transmits to double-stranded state due to formation of
hydrogen bonds and forms poly(AH")-poly(AH").Poly(dA) structure in acidic solutions is
studied less than poly(A), but it should not be excluded the fact that poly(dA) may transmit
to double-stranded state at protonation of adenilic bases. Taking into the consideration this
fact we assume that the obtained values of K and n for EtBr binding to poly(dA) differ
from those for DNA-EtBr complexes but at pH=3.5 correspond to intercalation binding
mode of this ligand. It is indicated also by strong confinement of binding site number on
this polynucleotide. The fact that the value of K at EtBr intercalation into poly(dAH")-
poly(dAH") differs from that obtained at this ligand binding to double-stranded DNA, most
probably, is conditioned by decreasing of electro-negative charge of poly(dAH")-
poly(dAH") due to protonation, in consequence of which non-canonic helix acquires more
embedded packing compared to DNA. On the other hand, EtBr molecules are also
protonated in these conditions (pKa~5.5 for EtBr) and their total electro-positive charge
increases (at neutral solutions EtBr is in cationic state) [9]. As a result of mentioned effects
at EtBr intercalation into poly(dAH")-poly(dAH") electrostatic interaction plays a
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significant role which at neutral solutions promotes an intercalation which in its turn is
realized by two phases: during the first phase positively charged ligand molecules bind
from external side of DNA (with negatively charged sugar-phosphate skeleton), during the
second phase these molecules intercalate into the plane between neighbor base pairs [6,
12]. From this point of view in the case of poly(dAH")-poly(dAH"), electrostatic
interaction obstructs intercalation process since the binding constant value decreases.
Incidentally it was shown that EtBr preferably intercalates into pyrimidine-purine
sequences compared to purine-pyrimidine sequences [5]. Poly(dAH')-poly(dAH") is
double-stranded helix consisted of purine bases in result of which, in all appearances,
intercalation sites for EtBr molecules become confined.

At pH~7.0 and pH=5.5 the value of K is less by one order than at pH~3.5. This fact
is conditioned by the fact that this polynucleotide in these conditions is in single-stranded
state and the entire intercalation of EtBr molecules is impossible. Nevertheless we assume
that EtBr binds to ss-poly(dA) as in the cases of ss-DNA and ss-poly[d(A-T)] by
semiintercalation mode. This fact is maintained by good coincidence of the values of K
with the same values obtained for semi-intercalation complexes of this ligand with ss-DNA
and ss-polynucleotides [20, 22, 23]. As it is obvious from fig. 2B, EtBr binds to
ss-poly(dA) by semi-intercalation mode with similar affinity in both neutral and weak
acidic conditions, despite at pH~5.5 ligand molecules are protonated.

Therefore, the obtained data indicate that poly(dA) depending on solution pH may be
in different structural states — double-stranded at pH=~3.5 and single-stranded at neutral
(pH~7.2), weak acidic (pH=5.5) and strong acidic (pH=2.5) conditions. It was also shown
that EtBr binds to poly(dA) by intercalation or semi-intercalation modes depending on
structural state of this polynucleotide. These data may become a fundament for evaluation
of structures of different polynucleotides that do not have canonic structure. From the
obtained data it is also revealed that EtBr binding mechanisms are universal and practically
do not depend on medium conditions as it was shown earlier in [15].
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HccnenoBany BIMsSHUE XPOHUYECKOTO TETPAXJIOMETAHOBOI'O IelaTHTa Ha a30TUCTBIA MeTa-
Gosu3M B cesie3éHKe. Y CTaHOBHIIM, YTO B mpolecce pa3Butus xpouuudeckoro CCly-renarura B ce-
Je3éHKe NPOMCXOAUT NATOJIOTMYECKOe HAKOIUICHHE aMMHaka Ha (OHe pasBUTHs apTepHalbHOI
THIepaMMOHNEMUH. [Ipy 3TOM CIUICHOLUTHI HE CIIOCOOHBI Uepe3 00pa3oBaHKe IIyTaMUHA TIPEIOT-
BPaTHTh HAKOIUICHHE B HUX aMMHaKa, MOCTYTAIONIETO U3 apTepHaIbHOI KPOBU B 00pa3yIomerocs
B pe3ylbTaTe aKTUBAllMM B HUX BHYTPUKJIETOYHOIO aMMOHHUOIEHe3a. B mporecce XpoHHYeCKOro
orpasienns opranusma CCl, cenesénka mproOpeTaeT cOCOOHOCTH K “‘aKTHBHOMY’ ITOTJIOLIEHHIO
CBOOOIHOIT MOYEBHHEBI U3 apTEPUAITBHON KPOBH, C JAIBHEUILNM IIEpEBOJIOM €€ B CBSI3aHHYIO (GopMy,
a IoClie TPEKpalieH:us] TOKCHYECKOro BIMSHUS Ha OpPraHM3M IOBBILIATH 00pPa30BaHHE MOYEBHHBI
cene3éHOYHBIMU MaKkpodaramu, KOTOpoe He MPeIoTBPAIlaeT HAKOTUIEHHs CeNe3EHKON aMMHaKa.

Cenezénka — ammuax — SNAYMaMUr — movesurHa — cenamum

Gwnwagnunyt) £ ppnuhy nbnpweinpubrwl hGwwwnhnh wanbgnieintup wnubkwnubph hwjéw-
nnd wgnunh UjnLpwthnpuwlwynijwl Ypw: IGtnwagnunncentulibnny wwpqyby £, np thwydwnnud ppnupy
CCly-hGywwnhnh qupgugdwl pupwgentd nbnh £ nlubunud wdnuhwyh wwpeninghy Ynunwyned®
qunyGpwywihtu hhwGpwdnubwJdhwih qupqugdwl $nuh ypw: Cun npned, uwtunghinubpp punnibwy
s6U Jwuhub) hptlg Ute* gininwdhup dlwdnpdwu dhgngny widnuhwyh Yniinwynedp, npp pwithwugned £
qupybpwywiht wpntuhg W dbwynpdnud hpbug Jte  Ubppgewihu wdnUhwagblbgh  wywnhywgdwl
wpnyniugnud: CCly-nd  opgwupguh ppnupy pnllwdnpdwt dwdwlwy, thwydwnp dbne £ popnud
qunpyEpwywiht wpntuhg wquwn dhqwiujnueh «wynhy» Yutudwl nibwyniens® hnwgquynd wiju
Jtpwihnpubint Yuwywsé auh, huy opquuhquh Ypw pniliwdnp wgnbgnipjwl wywnpunhg  hGunn®
nibwynipntt dbwynpbine dhquwiupnie  thwydwnh  Jwypndwagbnh dhgngnd, hugp sh - fungpunnunncd
wudnuhwyh Ynnwynedp thwydwnh dhgngny:

Suwybwn — wunupwly — qnuinwdhl — dhquilynte — hGuwiinpun

The effect of chronic tetrahlometanic hepatitis on nitrogen metabolism in the rat spleen
has been investigated. Studies have found that in the process of developing chronic CCl,-hepatitis
in the spleen the abnormal accumulation of ammonia in the background of arterial hyperammone-
mia occurs. Thus, splenocytes are not capable to prevent the accumulation of ammonia via
formation of glutamine which penetrates through the erterial blood and leads to activation of
intracellular ammoniogeneza therein. In the course of chronic poisoning organism by CCl, the
spleen acquires the ability to "active" free urea uptake of arterial blood, with the further transfer it
into a coherent form, and after the termination of the toxic effects on the body and increase the
formation of urea splenic macrophages, which does not prevent the accumulation of ammonia
spleen.

Spleen — ammonia — glutamine — urea — hepatitis

36



A30TUCTBIA METABOJIM3M B CEJIE3EHKE TP XPOHUYECKOM TETPAXJIOPMETAHOBOM T'ENTATUTE

B Hacrosiiiee BpeMsi yCTaHOBJIEHO, YTO OJHUM M3 OPraHOB, NPUHHMAIONINX aK-
TUBHOE Y4acTHe B XpPOHM3AI[MH BOCHAIUTENBLHOTO Ipoliecca B IEYCHH, SBISIETCS celle-
3éHKa [26]. B yacTHOCTH ycTaHOBIIEHA €€ CHOCOOHOCTh MPOJYLMPOBATh AyTOAHTUTENA K
MeYEHOYHBIM aHTHTCHAM B OTBET Ha Bo3feicTBue Terpaxiopmerana (CCly) [27]. [pu
3TOM IJIABHOM MUIIEHBIO CeNIe3€HOUHBIX aHTuTen mpu xpoHumueckom CCly- remarure
CTaHOBATCSI MUTOXOHAPHUH rematonntos [24]. Hecnywaitno cruierskromust npu CCly-1mo-
pakeHHnHU abopTUpPYyeT 00pa3oBaHKe ayTOAHTUTEN K KieTkam redeHu [26]. Bmecre ¢ Tem
pu xpoandeckoM CCly-rematuTe CIUIEHOUUTHI HAYMHAIOT BBIACNATE (PAKTOPHI, CTHMY-
mupyromue cuate3 JJHK B remaromnmrax, a Takke B KJIETKaX PETHKYIOIHIOTEIHAIBHOMN
CHUCTEMBI, HaXOAALINXCs B NeueHH [15], mpuHnMas yyactue B pereHepalu HopakEéHHO-
ro oprana [13]. Ciaenyet otMeTuTh, 4To 90 % KIETOK MEeUeHU Ha BBHICOTE pernapaTuBHON
AKTHBHOCTH BKJIIOYAIOT B CBOM XpOMOCOMHBIH Habop xpoMocoMy T CIUICHOIIMTOB J10-
Hopa [19]. ITomrmo yyacTust B ayTOMMMYHHBIX IIpolieccax, cejae3éHoYHble Makpodary B
YCIIOBUSIX XpPOHHYECKOTO U] Py3HOTro MopakeHus eyeHn 6epyT Ha ceOst OTJIOTHTEIb-
HyI0 (QYHKIHIO KyN(epoBCKUX KJIETOK, KOTOpas HapylIlaeTcs NPH JaHHOH IaTOJIIOTHH
[23]. Ho npu 3TOM yBeJIMYMBAETCS MTOCTYIUICHHE U3 CETIE3EHKH B KPOBH CBOOOHOTO XKe-
ne3a [5], KOTOpoe SBISETCS KaTalu3aTOpPOM CBOOOIHO-paTMKANBHBIX IpoIlieccoB [4].
Mexny TeM U3MEHEHHE CIIeUaTN3UPOBAaHHBIX (DYHKIIMH KIETKH HEBO3MOXKHO 0€3 ompe-
JIENEHHBIX TEPECTPOEK €€ BHYTPHUKIETOYHOrO MeTaboIn3Ma, M3ydeHHEe KOTOPOTro AAcT
KJIFOY K TIOHMMaHHUIO IPUYHH, JISKAIIUX B OCHOBE HapyIICHUS WM OBICTPOTO HCTOIIE-
Hus e€ criennuueckoil pyHKINHM B yCIOBUSX TMaTojoruu. He sBisieTcst CKIIIOYEHHEM
A30TUCTBIA METa0O0JIM3M CIUICHOLMTOB KAaK aKTHBHBIM yYaCTHHK BHEMEYEHOYHBIX peak-
LM KOMIICHCALMKM HapyIIEHHs aMMHUaKoOe3Bpex HBarolieil (yHKIMH reraToUTOB, YTO
00HAPY)KEHO TOCIIE PE3CKIMHU 370poBoi rieueHu [11].

Llenbto HacTOsIIEH pabOTHI IBUIIOCH H3yUSHHE a30TUCTOIO MeTabosM3Ma B cesle-
3énke npu xponndeckom CCl,- renarute.

Mamepuan u memoouka. OTIBITE IPOBECHBI Ha 57 0ECIOPOIHBIX MOJIOBO3PENIBIX OEIBIX
Kpeicax (camkax) maccoil 180-220 r. XpoHHYECKHI I'elaTHT BOCIPOM3BOIMIN MYTEM IOAKOX-
Horo BeBeaeHus 50 %-uoro pactsopa CCl, Ha omukoBom Macie (0,1 mia/100 r Maccer) depes cyT-
KH C IByMs JIByXHEIEJIbHBIMH TepepbiBamMu (Mexay 6-7 u 13-14 uabsekuusamu) [13]. Ha 65-e cyt
moznenuposanust CCly-rematura cpasy mocne nociefHeld HHbEKIIMU TOKCHHA NOA 3()UPHBIM Hap-
KO30M JIeJIali JIAapOTOMHUIO I OLIEHKH COCTOSIHUS IedeHu. JKMBOTHBIE OB pa3jiesieHbl Ha
S cepwuii ONBITOB: 1 cepusi — MHTaKTHBIC )KUBOTHBIE (HOpMa), 2 cepusi — )KUBOTHBIE, UCCIICI0BaH-
Hble Ha 65-¢ cyT BBeaeHus: CCl, (koHen 3aTpaBkH), 3, 4, 5 cepun — JKUBOTHBIE C XPOHUYECKHM
CCl, —renaTtuToM, UCCIeI0BaHHbIC COOTBETCTBEHHO Ha 3-H, 7-¢ U 14-e CyT mociie JanapoToOMUH U
ormensl CCly. 3a00i JKMBOTHBIX MPOBOAMIICS Ha (hOHE ITAMUHATIOBOr0 Hapko3a (40 Mr/Kr Maccer).
Jlns ompeneneHus: a30THCTBIX META0OJIMTOB TKAaHb CENE3EHKH 3aMOPAKUBATH B JKHIKOM a30Te U
pacTHpann A0 TOPOIIKA, KOTOPHIM NCTIONB30BaIH sl mpurotosieHus 10 %-Horo romorenara B
60 %-HOM pacTBOpE TPUXJIOPYKCYCHOH KHCIOTHL. |'OMOTreHaT SKCTparupoBai Ha XOJIOJE B Tede-
uue 30 MuH, 3aTeM neHTpudyruposanu B reuerne 10 mun npu 3000 06/mun. IomyuenHsIi cymep-
HATaHT KCIOJIB30BAIM JUIS ONpENeeHHs aMMHaKa, IN[yTaMHHA M MOYEBHHBI. ApPTepHaNbHYIO
kpoBb (AK) s mccnenoBanust Opayiv MpeABapUTENILHO TeNapHHU3UPOBAHHBIMU HHCYJIMHOBBIMU
HIMPUIIAMH 13 a0pThl. OOBEKTOM HCCIEA0BAHMS CIy>KUJIA JEPOTEMHU3UPOBAHHAS I1a3Ma KPOBU.
ConepxkaHue aMMHaka B TKaHH ceJe3€HKH onpenesuin MukpoauddysnonssiM metomom [14], B
KpOBU — (heHHITUNOXIOPUAHEIM MeToaoM [22]. ConeprkaHue ITyTaMHHA B TOYKAaX M KPOBHU OII-
peneNnsim METOJOM KHCIOTHOTO ruaponusa [20], comepxaHne MOYECBHHBI B CENE3E€HKE M KPOBU —
Al THIIMOHOKCUMOBBIM MeTozoM [25]. ConepskaHue METa0OJIMTOB B Cele3&HKE BRIpaXKalu B
MMOJIB/KT BIIQXKHOW TKaHH, B KPOBH — B MMOJB/JI. Pe3ynpraTel 00pabOTaHBI CTATHCTHYECKH C
yuéTroM mapamerpudeckoro t-kputrepusi CTbloieHTa.

Pesynomamut u obcysycoenue. JurensHOE TPEPHIBUCTOE ICHCTBHE HA OPTaHU3M
Maiteix 7103 CCly BhI3bIBAJIO YBENIMUEHHUE KOHIIEHTparuu ammuaka B AK. [Ipu atom apre-
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pHabHAS TUIIEPAMMOHHEMUS COXpaHsIIach K 14-M cyT mocie OTMEHBI TOKcHHa (Tadm.l).
OpnHo#t U3 mpU4nH €€ pa3BUTHSA SABIAETCS (OPMHUPOBAHHWE NP JAHHOW MATOJIOTHH TIOp-
TAJIBHON runepTeHsu [2, 19], 4To MPUBOIUT K OTKPHITHIO MOPTOKABAIBHBIX aHACTOMO30B
1 cOpocy 6oraToii aMMHraKkoM KPOBH BOPOTHOH BEHBI B IIEHTPATIBHBIA KPOBOTOK, MUHYS TIe-
yens [8]. [pyroit nprumHOi siBIsieTcst HapyiueHue mpu xponudeckom CCly-remarure oc-
HOBHBIX ITyTel 00e3BpeKMBaHU aMMHuaKa (00pa3oBaHME TIIyTaMHUHA M CHHTE3 MOYECBUHBI)
B camoi nieuenu [9, 10].

Taéanna 1. Conepxanne a30THCTHIX META0OIHUTOB B Celle3¢HKe (MMOJIB/KT BIaXKHOH TKaHH)
1 apTepuainbHON KpoBH (MMOIIB/J) ripu xpoHmdeckoM CCly-renmatute, M + m

MeTtabonuTsl Hopwma, 65-cyt BBenenus CCly, Cytku nocie ormenst CCly 1 1anapoToMuu
n=15 KOHEI 3aTPaBKH, 3 7 14
n=10 n=12 n=10 n=10
Cene3éHka

AmMuak 1,67+0,12 2,91+0,15%* 2,01+0,24 2,98+0,25% 2,78+0,29%
Tnyramun | 2,17 +0,13 1,99+0,23 1,67 +£0,14* 1,83+0,15 2,33+0,23
Mouesuna | 3,31+0,16 3,96+0,25 5,19£0,37*% [2,95+0,08% | 5,93+0,51*4

ApTepuainbpHas KpOBb

AmMuak 0,098+0,006 0,186+0,008* 0,166+0,01* 0,145£0,011* | 0,128+0,007*4
Tnyramun | 0,710+0,021 0,585+0,023* 0,660+0,021 0,810+0,02*4 | 0,785+0,044*
MoueBrHa 3,4+0,12 7,11+£0,36* 6,17+0,31* 4,17+0,18*% | 3,97+0,18*4

* (p<0,05) — 1OCTOBEPHOCTH PA3NIMUMIA 110 CPABHEHHIO ¢ HOPMOIA; 4 (p<0,05) — 0cTOBEPHOCT
pa3Iu4nii 0 CPAaBHEHHUIO C KOHLIOM 3aTPABKH. N- YHCIIO )KHUBOTHBIX IO CEPHSAM OIBITOB

Hecmotps Ha 10 uto xpoHudeckuid CCly-renaTuT BBI3BIBAET CTOMKOE HapyIICHHE
IIIyTaMMHOOpa3oBaTelbHOl QyHKIMK renaroruToB [10], koHneHTpamwms rioyramuHa B AK
camkanack (Ha 18 %) Tonpko B KOHIE 3aTpaBku (Tabi.1). Mexny Tem Ha 3-u u 14-e cyt
nocite otMeHbl CCl, oHA HaxowiIack B Mpeaenax HOPMEL, a Ha 7-€ CYT JaXKe TpeBhIIaia
e€ Ha 13% (Tabn.1). DTO MO3BOMSAET TOBOPUTH 00 AKTHBAIIMHA BHETICYEHOYHBIX MEXaHM3-
MOB 00pa30BaHUA INIyTaMHHA, HAIIpUMep, B pe3yJbTaTe 00pa3oBaHMs IIyTaMHHa Hedpo-
IIUTaMH C ero JaIbHEHIIel HHKpenre B KpOBOTOK [6]. B cBoIo ouepens, yBenmdeHne pe-
abcopOIi MOYEBHHBI B TOYKaX, BBLBICHHOE MpH xpoHndeckoM CCly-remarure [6],
CJICAyeT pacCMaTpPUBATh KaK OJHY W3 NPUUKH yBenuueHus e conepxanust B AK (tabim.1),
HECMOTpsI Ha BBIBIEHHOE NPpH JaHHOHW maTonoruu [9, 10] HapymieHne MOYeBUHCUHTETH-
Yyeckol (DyHKIMHM I'eraToHTOB.

CormocraBiieHHe TPUPOCTa KOHIEHTpAIii aMMHaka B cenesénke U AK rpu xpoHu-
yeckoM CCly-remaTuTe mokasano, YTo B KOHIIE 3aTpaBKH KOHLEHTpauust ammuaka B AK
npeBbimana Hopmy Ha 90%, Torma xak B cene3éHke Ha 74% (1abmn.l). Ecim ydects, uto
i dy3ust aMmMuaka depe3 OMONOrHIecKre MeMOpPaHbl MPOUCXOANT IO TPAIUEHTY KOH-
HeHTpamuy [3], a MPOHMUIAEMOCTh TMCTOTEMAaTHYECKOro Oapbepa BO BCEX OpraHax INpH
CCly-renarure yBenuuuBaeTcsi [7], TO MOXXHO TOBOPUTh O HEWTpanHM3allMy 4acTH ‘‘apre-
pHuanpHOrO” amMmmmaka cruieHorramu. Ha 3-u cyT mocite ormensl CCly aTa peakmus ycu-
JIMBaJach, YTO MPHBOIMWIO K HOPMAITM3AIMK KOHLCHTPAIlMK aMMHUaKa B celie3éHKe Ha oHe
aprepuanbHOi runepaMMmonueMud (Tadi.l). OmHako Ha 7-¢ U 14-¢ CyT mocjae OTMCHBI
CCl, KOHIEHTpalMsl aMMHaKa B CeJIe36HKE BHOBb YBEJIMYMBAJIACh, CTAHOBSCH COOTBETCT-
BeHHO Ha 78 % u 66 % BbIIIe HOpPMBL, Torga kak B AK mpupoct copepkaHusi aMMuaka
cocrasisit 48 % u 31 % coorBercTBeHHO (Tabi.1). Takoe HECOOTBETCTBHE yKa3bIBacT Ha
AKTHBALMIO B CINICHOLMTAaX K 7-M cyT nociie otMeHsl CCl, BHYTPHUKIETOUHOTO aMMOHHO-
reHesa, KoTopasi coxpaHsercsi K 14-M cyT BOCCTaHOBUTENBHOTO Ireprona. [IpnunHoii aTo-
T0, BO3MOXHO, oOHapyxeHHoe Tipu xpoHmdeckoM CCly-renarure [23] ycunerne Horio-
IIEHUS U TIepepabOTKH CeNe3EHOUYHBIMI Makpo(araMu MaTOJIOTHIECKHX UMMYHHBIX KOMII-
JIEKCOB B OTBET Ha TOPMOKEHHUE 3TOT'0 IpoIiecca B KyN(epOBCKUX KJIETKaxX redeHu [23].
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[TockonbKy KOHEYHBIM 3TallOM pacluerieHus: OeKOB B KJIETKe, KaK M3BECTHO [3],
SIBJIICTCS IE3aMUHUPOBAHNE BXO/ISIIUX B MX COCTaB aMUHOKHCIIOT, TO U TTOBBILIEHHOE JIe-
3aMHMHHpOBaHue OyZeT AeTepMHUHUPOBATH HAKOIUICHUE aMMHaKa CIUICHOLUTaMH Ha 7-€ U
14-e cyt nocne ormeHs1 CCly.

OnHOM M3 yHHBEpCATBbHBIX PEaKIUi HEWTpaau3aliyd aMMHaKa B KIETKE SIBIISETCS
obpasoBanue rimytamuHa. Kak BuiHO 13 12611, hopMupoBanne apTepuaabHON THIOTITY-
TamMuHeMHHN Ha 65-¢ cyT BBenerns: CCl,; He compoBOXIaIOCh U3MEHEHHEM KOHIICHTPAIHN
IIyTaMHHA B Celle36HKe, KOTOpasi OCTaBalach B MPEeiaXx HOPMBI. JTO HMO3BOJISET TOBO-
puTh 00 yBEIWYEHUH O0pa30BaHMs IIyTaMHHA B CIUICHOIUTAX, YTO MOXKHO PaccCMaTpH-
BaTh KaK OJIHY M3 NPUYMH HOPMAaJM3alluK CO/ICpKaHMsI aMMHUaKa B cele3€HKe Ha 3-H CyT
rocse OTMeHbI TOKCHHA. [Ipu 3ToM cHibkeHue (Ha 23%) B 3TOT mepuoj KOHLICHTPAIH
IIIyTaMHHa B CIDICHOIUTAX, MPOUCXO/sIee Ha (OHE HOPMAJIM3ALMU €ro COAEpXKaHHsS B
AK, mo3BoJIS€T TOBOPUTH O MOBBIIIEHHOM MOCTYIUIEHUH “‘CENe3EHOYHOr0” IIyTaMUHA B
TIOpTaJIbHBIN KPOBOTOK (Tabi.1). B cBoto ouepens oTpunarensHas koppemsous (r = - 0,83,
p<0,05) Mexy conepskaHHEM aMMHUaKa M TIIyTaMHHa B ceJIe3EHKE, BEIIBJICHHAS Ha 7-€ CYT
niocnie otmensl CCly, nmponcxoasimas Ha oHEe BOCCTAHOBIICHHS COJIEp)KaHUs B HEH TiTyTa-
MHHA ¥ HaKOIUICHUsI aMMHaKa, CBUACTENBCTBYET O TOPMOXKCHUH 00pa30BaHMs TITyTaMUHA
CIJICHOLIUTAMH K YKa3aHHOMY CPOKY.

B oTnuuue oT riyTaMuHa, MOUEBHHA HE PACHICIUISIETCS] KIIETKaMH COMaTHUYECKHX Op-
raHoB, HO, Kak W amMMuak [1], nerko auddyHaupyer uepe3 OHONOrHUECKHEe MEMOPAHBI O
rpaarieHTy KOHIeHTparmu. Kak mokasanu uccienosanus, Ha 65-¢ cyt Beenenust CCly koH-
LeHTparys MoueBrHbI B AK mpeBbiiiaga HopMy B 2 pasa, Torza Kak B cele3¢Hke e€ couep-
JKaHUE OCTaBaJIOCh B Ipezenax HopMbl (Tabi.1). [IpudauHO# TakOro HECOOTBETCTBHUS SIBJIS-
ercst oOHapy»eHHast paHee [1] crTocOOHOCTh MOYEBHHBI MIEPEXOIUTH U3 CBOOOHOTO B CBSI-
3aHHOE (C OesKaMu, JTMIUAAMU ¥ JIMIONPOTEHIAMH) COCTOSIHUE. DTO OTpakaeTcsl He TOJIb-
KO Ha TPOHUIIAEMOCTH BHYTPHKIICTOYHBIX MeMOpaH [18], HO 1 Ha (YHKIHOHAILHOM COC-
TosHIA OenKOB [4]. Help3st HCKIIFOUNTh U TPAaH3UT YacTH “‘apTepHaIbHON MOUYCBHHBI Ye-
pe3 CIUICHOLMTHI B TIOPTAIBHBIN KPOBOTOK, KyJla OHa IIOCTYIAaeT BMECTEe C 00pa30BaHHBIM
WMH TITyTaMHHOM. Ha mmpaBOMOYHOCTH Takoro MperoiIosKeHHs yKa3biBaeT (OpMUpPOBaHHUE
Ha 65-e¢ cyr BBemeHmst CCly; monmoxwurensHOM KoppemswonHon cesiu (1=0,81, p<0,05)
MEXy KOHIIeHTpanuel MoueBuHbl B AK 1 cozepikaHieM IIIyTaMHHA B CENIE3EHKE, TIPOHC-
xoJsiiee Ha (pOHEe M3MEHEHHH KOHIEHTPAIMU yKa3aHHBIX METa0OJMTOB B CIUICHOLUTAX W
AK (tabm.1).

Ecin Ha 3-u, 7-e u 14-e cyt mocne ormensl CCly copepxanue MoueBuHbl B AK
IIPEBBIIAN0 HOPMY COOTBETCTBEHHO Ha 83 %, 23 % u 17 %, To B cene3EHKe €€ MOBBIIIEH-
Has KOHLICHTpalMs COXpPaHsUIach TOJBKO Ha 3-U W 14-e cyT mccienoBaHUs, NpeBbImIas
HOpMY cOOTBeTCTBEHHO Ha 53 % u 73 % (tabn.1). ComocraBieHue JaHHBIX MOKa3bIBAET,
YTO XapakTep HapYIICHWS KUHETHKH MOYEBHMHBI B CIUICHOLMTaX KPbHIC IIOCIE OTMEHBI
CCl, HE TOJBKO 3aBHUCHT OT CPOKOB BOCCTAaHOBUTEIBHOTO MEPUOa, HO M ONpEIEIsIeT K-
HETHKY B HHMX APYTHX a30THCTBIX METa0onuToB. Tak, oTpuiartenbHas Koppemsus (1=-
0,87, p<0,05) mexxmy conep>kaHHEM MOUEBHHBI M aMMHaKa B celle3¢HKe, BRISIBIICHHAS Ha 3-
u cyT nocne orMeHsl CCly, yka3pIBaeT Ha OIPeneNEHHYIO CBA3b MEXKLy HOpMAlIM3aluel B
3TOT MEPHOJ], COJEPIKaHUsI aMMHaKa B CIUICHOLIUTAaX M yBEIM4IEHHEM B MoueBuHE. OJHAKO
CBsI3bIBaHME aMMHUaKa uepe3 CHHTE3 MOUEBHHBI Y MIICKOIUTAIOIINX BO3MOXKHO TOJBKO B
MeYeHH ¥ TOHKOM KHINEYHUKE, TJie MMEETCs MOJHbIA Habop (pepMEHTOB OPHUTHHOBOTO
mukia Kpebca-Xencensiita [3]. B cene3énke, noMrMO apruHasbl, JIOKJIM30BaHHOM B Ce-
ne3éHOuHbIX Makpodarax [17], cBeneHnsT 0 HAIMYMK JPYTUX (HEPMEHTOB OPHUTHHOBOTO
LUKJIa B JJOCTYITHOM JIMTEpaType OTCYTCTBYIOT. [loaTOMy B JaHHOM ciydae pedb MOXKET
WATH O BIUSIHUY “‘apTepUaIbHOM MOYEBUHBI HA HEUTPaAIM3aLUI0 aMMHAKa CITICHOLUTaMHU
yepe3 00pa3oBaHKe B HUX IIIyTaMUHA.
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W3BecTHO, YTO MOYEBHHA, CBA3BIBASICH C INIyTaMaTACIUAPOTCHA30M, KaTal3UpyIo-
el 1e3aMIHUpOBaHue TiTyTaMara [3], CHIKaeT cposcTBO (pepMeHTa K JaHHOMY METabo-
muty [28]. B pesynprare co3maroTCsl YCIOBHSA ISl HAKOIUICHWS KJICTKOW IUTyTamara, siB-
JISFOILIETOCS, HApAAy C aMMHaKOM, CyOcTpaToM Ut oOpa3zoBanus riryramuHa [3]. Kaxercs
BIIOJIHE OYEBUAHBIM, YTO 3TOT MEXAHU3M NIPUHUMAET y4acTHe B HOPMAIM3aIUU COEpKa-
HUS aMMHaKa B celie3€HKe Ha 3-H CyT IOCJIe OTMEHBI TOKCHHA. B cBOIO 0uepens HopMau-
3arus Ha 7-e cyT nocie orMenbl CCly conepikaHuss MOUYEBHHBI B cele3EHKE NPH COXpaHe-
HUM € MOBBIIICHHON KOHIeHTpalu B AK (Ta0i.1) He uCKIII0oYaeT CoXpaHeHHs Iepexo/ia
B CIUICHOIMTAX “‘apTepHaibHOI” MOYEBHMHBI M3 CBOOOJIHOIO B CBA3aHHOE cocrosiHue. Ha
14-e cyT BOCCTaHOBHTENIHHOTO INEpHOJa JAHHBIN TPOIIECC, BEPOSTHO, MPEKPAIIACTCs, a B
CIUICHOIIMTAaX aKTHBUpYETCs 00pa3oBaHHE COOCTBEHHOH MOYEBMHBEL. B pesynbrare mpu-
pocT e€ KoHLeHTpauuy B cenésenke Ha 14-e cyT nocne ormensl CCl, B 4 pasa npeBblaet
aHAJIOTMYHBIC M3MEHEeHNUs conepykanms Metadbonura B AK (Tabim.1).

CkopocTh 00pa30BaHMsI MOUCBHHBI HAXOJHUTCS B MPSAMOH 3aBUCHMOCTH OT aKTHB-
HOCTH apruHasbl [16], Mexmy TeM B Makpodarax HOBBIILICHHE apTHHA3HON aKTUBHOCTH CO-
MPSOHKEHO C YBEIMYEHHEM HMX IUTOTOKCHMYHOCTH [21]. TloaToMy yBenmmueHne KOHIICHTpa-
IIMM MOYEBUHEI B cene3énke Ha 14-e cyT mocie ortmensl CCly MOXKET CITy>KUTh KOCBEHHBIM
NPU3HAKOM YBEIMYECHHSA (YHKIMOHATGHOW aKTHBHOCTH CEle3EHOYHBIX MakpodaroB B
YKa3aHHbBIN MEPUOJ] HAOTIOICHUIA.

Takum o0Opa3om, B npolecce pa3BUTHS XPOHHYECKOTO TETPaXJIOPMETAaHOBOTO Tera-
TUTa ceNe3¢HKa BOBJICKAETCS BO BHENCYEHOUHBIE MEXaHWU3MbI KOMIICHCAIIMH HapYILICHUS
00e3BpeKMBaHUsI aMMHaKa B TEUYCHH. DTO MPHBOJHUT K IATOJIOTMYECKOMY HAaKOILICHHIO
CIJICHOIIUTAMH aMMHMaKa, 4TO CBSI3aHO KaK ¢ HECIIOCOOHOCTBIO CIUICHOLIUTOB HEWTPaIH30-
BaTh uepe3 00pa3oBaHUE TIyTaMHHa aMMHAK, TTocTymnatomuid u3 AK, a Taioke aMmuak, 00-
pasyroluiics B HUX NPH BHYTPHUKIETOYHOM aMMOHHOTeHe3e. B mpomecce XpoHHIECKOro
orpasnenust oprannzma CCl, cene3éHka mpruoOpeTaeT cnocoOHOCTh K “aKTUBHOMY ™ TIO-
TJIOMIEHUIO CBOOOTHOI MOUYEBHHBI U3 apTePHATbHONU KPOBH, C JATFHEHIIINM TIEPEBOIOM €&
B cBsi3aHHy0 (opmy. [locne npekpatenus Tokcudeckoro Biusiausi CCly Ha opraHusm Ha-
Omromaercst orcpoyeHHas (Ha 14-e cyT) CTHUMyJSIus 0Opa30BaHHUS MOYCBHHBI B CENE3EH-
Ke, He MPEe0TBpallarolias HAKOIUICHUE B Hell aMMHUaKa.

bnazooapnocms. Cuwraio CBOUM JONTOM BEIPA3UTh TIIyOOKYIO IPH3HATENHHOCTH 3a-
BeyronieMy Kadenpold HOpMAIBHOW (H3HOIOTHH BOpOHEKCKOI TOCyIapCTBEHHON MEIUIIMHCKON
akamemun uM. H.H. Bypnenko mpodeccopy Bukropy Hukonaepudy SIkoBieBy 3a BO3MOMXHOCTH
NPOBEJICHNST HCCIICAOBaHUH B sabopatopuu ero kadeapbl U LEHHBIE COBETHI IPU OOCYKICHHN
MIOJTyYCHHBIX PE3YJIbTATOB.
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B pabote mpuBeneHB! JaHHBIE O BHJIOBOM COCTaBe racTepoMIHbIX O6asuanomuieTon IIu-
Ka0XCKOT'0 TOCYAapCTBEHHOTO 3all0BeJHHKA. BrisiBiaeHo 18 BUmOB TprOOB, U3 KOTOPHIX 4 BUAA pa-
Hee He OTMEYalllCh Ha TEPPUTOPHH 3aMOBETHNKA, a 3 BUAA U | pox SABIAIOTCS HOBBIMHU ISt Ap-
MEHUH.

Lluxaoxcxuii 2ocyoapcmeenubill 3an08eOHUK —
2acmepoudnvie bazuouomMuyensvl —uoeHmupuKayus

Whuwwnwupnid Uepywjwgywé BU indjuiubn Shywhnn wwnwywl wngbingh quuwntnnhn pw-
ghnhnuhgbunutph wnGuwywihtu uquh dwuhl: Pugwhwjinyby £ ulytph 18 wnkuwly, npnughg 4 Jhus wjn
hwjnbwptpdwé sehU wpgbingh nwpwéend, huy 3 wnbuwy W 1 gbn 3wjwuwnwuh hwdwn gnwugyt) 6u
wnwehu wugwd:

Chiywhnn wGwnwywl wnpqbing — quuwntnnpn pwghnpndhgbunubn — unylwlwlwgned

In the work data of species composition of gasteroid basidiomycetes of Shikahogh State
Reserve are presented. 18 species of fungi were identified, of which 4 species were not observed in
the reserve previously, and 3 species and 1 genus are registered in Armenia for the first time.

Shikahogh State Reserve — gasteroid basidiomycetes — identification

Bronornyeckoe pazHooOpasue Mupa — 3TO MOIIHBIM MCTOYHHK pecypcoB. OHO
OXBaTBIBACT BCE (DOPMBI JKU3HU — OT KPOIICYHBIX MHUKPOOPTAaHH3MOB J0 KPYITHBIX JKU-
BOTHBIX W 9KOCHCTEMBI, K KOTOPBIM OHH TPUHAIUICKAT. B pe3ynpTare nesaTeIbHOCTH Ye-
JIOBEKA SKOCHCTEMBI ACTPaINpYIOT, Pa3pyIIaloTCs eCTECTBEHHBIC MecTa OOMTaHUH, a BU-
Il BEIMHPAIOT WM COKPAIIACTCS WX YMCICHHOCTh. B CBs3M ¢ 3TUM mueHTH(HUKAINSA U
MOHHUTOPHHT OHOPa3HOOOpa3us C METbI0 COXPAHCHUS OTAENBHBIX PETHOHOB, B TOM YHC-
yie 0c000 OXpaHIEMBIX TEPPUTOPHH, SBISIOTCS IEPBOOUEPETHON 3aaueii M 3aI0TOM YC-
TOWYMBOTO pa3BUTHUs yesioBeuecTna [1].

Apmenus uMeeT 6oraroe OnopasHooOpasue, 4TO CBSI3aHO C Pa3HOOOpa3HeM KITH-
MaTHYECKHUX YCJIOBHUIl, TOYBEHHBIM U PACTUTEIHHBIM MOKPOBOM. J[JIs1 pemeHunst MHOTHX
9KOJIOTMYECKUX MPOOJIEM U C LEJIBI0 COXPAaHEHHs M M3y4eHHs Onopa3sHooOpasus HalleH
IUTAHETHI OBLIM CO3JIaHbI 0c000 oxpaHsembie npupoansie Tepputopuu (OOIIT). Coxpa-
HeHue OuopasHooOpasust in situ Haubosee 3(PPEKTUBHO MPOBOAMTCS UMEHHO Ha ATHUX
teppurtopusix. [lepsas cucrema OOIIT Apmenun Havana gopmupoBathes ¢ 1958 rona,
Korma ObuTH co3maHsbl “XocpoBckuii nec”, “Jlummxanckuit” u “Inkaoxckwii” 3amoBeI-
HUKH U OTJICJIbHBIE 3aKa3HUKH [7].
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[Inkaoxckuil 3aN0BEIHUK PACIONaraeTcs B I0r0-BOCTOYHON 4acTh CIOHHKCKOTO
Map3a B 6acceiinax pek Llas n [llnkaox Ha ceBepHOM MaKpOCKJIOHE MErpHHCKOTro Xpeo-
Ta Ha BeIcoTe 700-2400M Han ypoBHeM Mops. B 3amoBegHHKE OCHOBHBIMH OOBEKTAMH
OXpaHBI SBISIOTCS JINCTBEHHBIC, B YaCTHOCTH TyOOBHBIE, rpabOBBIe U TyOOBO-TPabOBEIC
Jeca, a TaKKe y4acTKH ¢ HauOoJiee MHTEPECHBIMU M PEAKMMH pPacTUTEIBHBIMU COO0-
mecTBamH [3].

J1719 HEKOTOPBIX PErMOHOB ApMEHHMH JaHHBIE O BUAOBOM COCTaBe IPUOOB HOCAT
OTPBIBOUHBIN XapakTep. OO0bACHIETCA TO [2] YaCTUYHO OTCYTCTBHEM IUTAHOMEPHBIX UC-
CJIe/IOBAaHU MUKOOHOTBHI OTAENBHBIX TPYAHOJOCTYITHBIX TEPPUTOPHIA, a TAKKe TeM 00C-
TOSITENILCTBOM, YTO IOSIBJIEHUE Kapno(opoB MakporpuOOB B OCHOBHOM JIMMHTHPYETCS
BBIMNAJICHUEM OCaAKOB, KOTOpPBIE HOCAT CE30HHBIN XapakTep.

B nanHoO# paboTe mpecTaBiieHbl Pe3yNIbTaThl CIEIHAIBHBIX HCCIEIOBAHUN Tac-
TeponaHbIX OasuauomunieToB I1IMKaoXcKoro 3amoBeAHUKA, KOTOPHIM IO CPaBHEHHUIO C
JPYTHMH 0C000 OXPaHSIEMBIMH ITPUPOAHBIMHI TEPPUTOPHIMH B MUKOJIOTHYECKOM acIeK-
T€ HEAOCTATOYHO M3YUECH.

Mamepuan u memoouxa. OObEKTOM HCCIICAOBAHUI MOCITYKWIN KaK cOOCTBEHHBIE COOPBI
racTepoHIHbIX OasumuoMuneToB IIIMKaOXCKOro 3amoBeHUKA, TAK M MaTepual, XpaHsmuiics B
repbapun Kagenpsl OOTaHMKM M MHUKOJOTHHM EpeBaHCKOro rocyJapcTBEHHOTO YHHBEPCHTETa
(ERHM).

C6op MakporprbOB OCYLIECTBILUICS MapIIpyTHO-IKCIIEANIIMOHHBIM METOJIOM B TEYCHHE
2009-2014 rr. KamepanbHast 06paboTka repbapHOro Marepuaia MpoBOIUIACH TI0 OOIICTTPUHATOM
METOAUKE MUKOJIOTHYECKUX UccienoBaHui [S5, 16]. Bo BpeMs onpenencHus BUAOBON MPUHAIIIEHK-
HOCTH MCCJIlyeMBIX I'PHOOB HCIIOJIB30BAINCH MHOTOYHMCICHHBIE MOHOTpAa(UY, ONPENCIUTENH U
atnacsl [10, 12, 13, 17]. 3a ocHOBY pacIipefielIeHUs] IPUBEIEHHBIX IPUOOB MO TAKCOHOMUYECKUM
rpynnaM IpHHATa CUCTeMa, IpUBEeHHAs B X ToMe ciioBaps DitHcBopTa u bucbu [15], ¢ HekoTo-
PBHIMH U3MEHEHUSIMH COTJIACHO JaHHBIM UHTEPHET — pecypcoB Index Fungorum [19, 20].

Pesynomamut u oocyycoenue. I'acreporHbie 0a3UIMOMHUIICTHI B CUCTEMATHYEC-
KOM OTHOILICHUH MPEJCTABISIFOT COOOM JIOBOJBHO CIOMKHYIO TPYIITy Oa3uualibHbIX TPH-
00B, XapaKTEePU3YIOLIUXCS HATMYMEM aHTHOKAPITHBIX IUIOJOBBIX TEl, B KOTOPBIX 00pasy-
10TCsl 0a3uauu ¢ 0asuaUOCIOpaMH. Y TacTepOMHIIETOB PA3JIMYalOTCS BHIbI C TOJ3EMHbI-
MH, TTOJTYTIOA3EMHBIMHU U HaJI3¢MHBIMH Kapriodopamu. Yalne BCTpedaroTcst BUIBI C Ha/13eM-
HBIMU CHU/ITYMMH WA CHAOKEHHBIMU HOXKKOH TUIOIOBBIMH TeJIaMH. Y HEKOTOPBIX Mpe/cTa-
BUTeJIEH 00pasyeTcss 0coOBIi MIOIOHOCEI-PEENTaKyll, Ha KOTOPOM pacroliaraercs Iio-
JoHocHseI cioi [10]. [actepouHbie TpuObI BCTPEUaroTCs B CaMbIX Pa3HBIX AKOCHUCTEMAX,
BO BCEX KJIMMATHYECKUX 30HAX 3eMHOro mapa. OHH MMEIOT BOXXHOE 3HAYCHHE B KU3HH
OUOTeOICHO30B, T.K. CIIOCOOCTBYIOT YaCTUYHON MUHEPAIU3AIUN PACTUTEIBHBIX OCTATKOB.
ITo cpaBHEHHMIO C IPYrHMH MaKpOMHMIIETAMH 3Ta IPYIIa TPUOOB OTHOCHTENIHLHO MaJo H3Y-
YeHa BO BCEM MHpE.

CucreMariyeckoe MOJIOKEHUE TaCTEPOMHIIETOB, MPU3HAHHE UX CAMOCTOSITEIILHON
Tpymmnoi 6a3uIuaIbHBIX TPUOOB 10 HACTOAIIIETO BPEMEHH OCTaeTcs CiopHeIM. Erie B KoH-
1€ MPOLIIOTO CTOJIETHSI HEKOTOPBIE aBTOPhI OTMEYANH, YTO MPUYMHOM MOBBIIICHHOTO HH-
Tepeca Kk ¢uiorennn Agaricales, Gasteromycetes sIBIsS€TCSl IIMPOKHIA crieKTp (HopM 00erx
TPYIII, KOTOPBIi J]aeT BO3MOXXKHOCTh CPABHEHHS U BBISBICHHUS CXOJCTBA U pasnuuus [6].
ABTOpPBI TOAJEPKHUBAITM THIIOTE3y I'ACTPAJIBHOTO MPOUCXOXKICHHS arapiKalbHBIX TPUOOB
BBUAY TOIO, YTO K HACTOAIIEMY BPCMECHHU I'aCTPAJIbHBIC MPEAKU YCTAaHOBJICHBI JI1 BCEX CC-
MEHCTB TPyOYaThIX M IUIACTUHYATHIX TpuOoB. He ObUIO eAMHOTO MHEHHMS O HAIPABICHUSIX
9BOJIIOLIMH ATUX IPYII TpruOoB [9]. BHeapeHune MOIeKyIsIpHBIX METO/IOB B CHCTEMATHKY,

a TaKKe aHaJIM3 SBOJIIOIIMOHHBIX CBSI3el IPHOOB U UX KIIaCCU(HKALIMN, OCHOBaHHBIE HA MO-
JIEKYJISIPHO-TEHETHYECKUX HCCIIEOBAHMSX, C KOHIA IPOIILIOTO CTOJIETHS IPUBEIIH K Iiepe-

43



JL.B. MAPKAPSH

CMOTpPY 00BEMOB TaKCOHOMHYECKHX TPYII. B pesynerare moTepsuii cBOM TaKCOHOMUYEC-
KHAH CTaTyC Takue Kiacchl rpuOoB, kak Homobasidiomycetes, Gasteromycetes, mopsmok
Aphyllophorales [4, 8, 11, 14, 18].

B pesynbrare HccienoBaHHS BHIOBOTO COCTaBa TacTEPOMIHBIX Oa3MAMOMHLIETOB
[IInkaoXCcKoro 3aloBeIHHKA, HA OCHOBE COOCTBEHHOIO Marepuaia, IepecMoTpa repodap-
HBIX 00pa3noB 1 00pabOTKH JINTEPATYPHBIX JaHHBIX BEISIBICHO 18 BUmOB rpubdoB. JlaHHEIE
Tab1. 1 CBUICTENBCTBYIOT O TOM, UYTO OOHAPY)KCHHBIC TPUOBI MPEACTABICHBI OJJHUM KjIac-
coMm Agaricomycetes, 3 mopsiakamu, 4 ceMeicTBaMHu, 8 POIaMH.

Taomuua 1. KonndecTBeHHOE pacTpeeieHIe BUIOB FACTEPOUIHBIX 0A3UIMOMHUIICTOB IT0 TAKCOHAM

Kiacc/mopsinok

CewmeiicTBo

Pon

Bun

Agaricomycetes
Agaricales

Agaricaceae

Bovista

B. nigrescens

B. plumbea

Calvatia C. craniiformis
Lycoperdon L. echinatum

L. pusillum

L. pyriforme

L. perlatum

L. spadiceum

L. umbrinum
Vascellum V. pratense
Phelloriniaceae Phellorinia* Ph. herculeana*
Boletales Sclerodermataceae Scleroderma S. bovista

S. verrucosum
S. aerolatum™
G. indicum**
G. triplex*

G. fimbriatum**
Sphaerobulus S. stellatus
HWroro:  1/3 4 8 18

Geastrales Geastraceae Geastrum

* - B TaOnMIEe 0003HAYEHBI HOBBIE BUBI ISl [IIMKAOXCKOTO 3aMOBEIHMUKA.
** - B Tabnuiie 0003HAYCHBI HOBBIC BUIIBI M POJIBI TSI APMCHHUH.

[To BrmoBOMY pa3HOOOPa3WIO BEIyIINM HOPSIKOM SBISIETCS MOpsAAOK Agaricales,
KOTOpBIN TIpezcTaBlieH 2 cemeiicTBamMu Agaricaceac u Phelloriniaceae. IlepBoe mecto B
nopsinke Agaricales 1o KoJm4YecTBY BUIOB 3aHUMAaET ceMercTBo Agaricaceae ¢ 10 Bumamu
u 4 ponamu. CemeiictBo Phelloriniaceae npeacraBieHO OJHUM POIOM M OIHHUM BHIOM,
npudeM Kak pox Phellorinia, Tak v Bun Ph. herculeana ormedarotcsi B ApMEHUH BIICPBBIC.

B KoNM4ecTBEHHOM OTHOIIEHHH BTOPOE MECTO 3aHMMaeT nopsiok Geastrales, ko-
TOPBIA BKJIIOYAET OJHO ceMeiicTBO, 2 pona W 4 BHIa, U3 KOTOPBHIX 3 BUaa TpuOOB
(G. indicum, G. triplex, G. fimbriatum) siBIsFOTCSA HOBBIMU It 11IMKA0XCKOTO 3aMOBEIHH-
ka u onuH BUA (G. triplex) — nins ApMmeHnH.

Mo xonuuecTBy ceMeiCTB U POAOB CaMBbIM MAJIOUMCIIEHHBIM SIBIISICTCSI OPSIOK Bo-
letales ¢ 1 cemeiictBom, 1 pogom u 3 Bugamu. 13 oOHapyxeHHBIX 3 BuioB Kak jurst [1lnka-
OXCKOT0 3aITOBETHHKA, TaK U 115t ApMEHUH OAWH BHI (S. aerolatum) oTMeyaeTcs BUEPBBIE.

Takum 00pa3zoM, B pe3ysbTaTe TAKCOHOMHYECKOTO aHaln3a TacTepOMIHBIX 0a3u-
JroMuneToB [1Inkaoxckoro 3amoBeHNKa OBUIO BBISIBICHO 18 BHIOB, KOTOPBIE MOXKHO OT-
HECTH K GOpMaIBHO PEAKUM BHIAM, T.K. OOJBIIMHCTBO M3 HUX HPEACTABICHBI ANHUYHBI-
MU Haxonkamu. Cpenu OOHapyKEHHBIX TPHOOB 5 BHIOB paHee HE OTMEYAJCh HA TeppH-
TOPUH 3aIIOBEIHHKA, a 3 BUA U 1 POJ SBISIOTCSA HOBBIMH JUIT ApPMEHHUH.

Paboma evinonnena npu wacmuunoti gunancoeoi nodoepicke I'ockomumema no
Hayke Munucmepcmea evicuteco obpazosanusi Apmenuu (epanm N 13-1F 183 ).
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Immunosupression is the most common toxic side-effect elicited by treatment with cisplatin.
To improve cytotoxic effect of cisplatin, nowadays poly(ADP-ribose)polymerase 1 (PARP 1) inhibi-
tors are employed in cancer treatment. Driven with the knowledge that age-related thymic involution
is a part of immune system degeneration, the enzyme inhibition in thymocyte nuclei of different age
rats treated with cisplatin is investigated in the present study. Presented data show that treatment of
intact rats with cisplatin had no appreciable effect on pubertal age (4 week old) male thymocyte,
whilst elicited elevation of PARP 1 activity by 40% in female counterparts. Administration of cispla-
tin to young adult females (10 week old) enhanced PARP-1 activity nearly by 60%. It was revealed
that administration of cisplatin to rats displayed age-dependent modulation in PARP 1 inhibition by
benzamide and ATP in thymocyte. The data presented herein demonstrate that treatment with cispla-
tin can modulate efficiency of PARP 1 inhibitors in age-and sex-dependent manner.

Cisplatin treatment — PARP 1 inhibition — thymocyte — age-dependent difference
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ghuwwwnhth  wanbgnientup  dbpdGuinh - wywnhdnipjwl - wpgGwydwl  Ypw  wnwnppbp  hwuwyh
wnutwutnh rhunghwltnh Ynphqubpni:

Syjw whuwwnwlipnid Ubpyuwjwgywé hGunwagnunnieintubph wpnyntupltnp gniyg GU wtwihu, np
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MmMyHocynpeccust siBiIsieTcst Haubosiee 4acTo HaOMNI0NAaeMbIM TOKCHYECKHM IMOOOYHBIM
JeicTBHEeM HUcIulaTUHA. sl yCHIEHUS] MUTOTOKCHYECKOTO IEHCTBHUS CaMOro IMCIUIATHHA IPU
JICYCHNH OHKOJIOTHYECKUX 3a00NeBaHUI B HACTOAIIEE BpeMsl IMPUMEHSIOT HHTUOMTOPHI IIO-
mu(AlP-pubozo)mommmepasbl 1 (ITAPII 1). Mcxoas u3 Toro, 94to BO3pacTHAs MHBOIIOLUS TUMYyCa
SIBISIETCS.  9acThIO JeTeHepalil MIMMYHHOH CHCTEMBI, B TaHHOI paboTe MBI HCCIE0BaIH JCHCT-
BHE IUCIUIATHHA Ha 3 (HEeKTUBHOCTS HHTUOMINH (pepMEHTA B Spax TUMOLUTOB KPBIC Pa3INIHOTO
Bo3pacra. [IpencraBineHHble B HacTOsIIEH paboTe pe3yIbTaThl CBUACTEIBCTBYIOT O TOM, YTO LIUC-
TUIATHH HE MMEET 3aMETHOr0 ieiicTBHs Ha akTUBHOCTD [TAPII 1 simep THMOLIMTOB CaMIIOB MOAPOCTKO-
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BOTO BO3pacTa (4 HeIemn), B TO BpeMs KaK aKTUBHOCTH (hepMEHTa B THMOIIUTAX CAMOK YBEIIMYHBA-
ercst Ha 40%. B THMoIMTaX MONOABIX B3pOCibIX caMok (10 Hemenb) IUCIUIATHH BBI3BIBACT OOJIb-
IIyl0 akTuBaluio epMenTa (okono 60%). ITokazaHo, YTO MHBEKLMS LHUCIUIATHHA BIUSACT Ha 3¢-
¢extuBHOCTh MHrHOMIHK [TAPII 1 6enzamunom n AT®. Pe3ynbratsl, pecTaBIeHHBIE B HACTOS-
mei paboTe, yKa3plBalOT HAa TO, YTO JCUCTBHE HUCIUIATHHA HA 3(PQPEKTHBHOCTh HHTHOMIIUH
ITAPII 1 B THMOLIMTAX 3aBHCHUT OT BO3pacTa U IOJIa KPHIC.

Heiicmeue yucnnamuna — uneubuposanue I11APII 1 — mumoyumol — 803pacmmuvle pasnuius

Thymus is responsible for differentiation and production of immunocompetent
thymocytes, playing a crucial role in generation of proper immunological defense in
vertebrates. However, this organ undergoes decrease in size along with life span and this is
termed as age-related thymic involution. Amounting evidence come to show that age-
dependent thymic involution manifest sexual dimorphism [5]. To generate effective immune
response and improve therapeutic outcomes in treatment of many diseases age and sex-
related peculiarities should be considered. It is recognized that regulation of immune
mechanisms that are responsible for inflammatory reactions depends on poly(ADP-ribose)
polymerase 1 (PARP 1). PARP 1 is abundant chromatin associated enzyme involved in
DNA repair, maintenance of genomic stability, transcription control, cell death and
proliferation [1]. Binding of PARP 1 at DNA breaks or regions comprising altered DNA
conformation [15] activates the enzyme to create linear or branched polymers of ADP-
ribose attached to PARP 1 itself and chromatin proteins at the vicinity of enzyme
localization, marking the point to the repair machinery [8]. Nowadays, PARP 1 inhibitors
are entering clinical trials to improve curative potential of DNA damaging agents in cancer
chemotherapy and benefits therapeutic outcomes in ischemic insults treatment [2, 4].

Driven by the fact that thymus undergo age-related involution, which accelerates
when rodents proceed from pubertal age to adulthood, the PARP 1 activity and inhibition in
thymocytes after treatment of pubertal age (4 week old) and young adult (10 week old) rats
with cisplatin were studied herein.

Materials and methods. All reagents were purchased from Sigma.

Albino inbreeded male and female rats (4 week and 10 week old) were used throughout
experiments. Cisplatin was injected abdominal (10mg/1000g wt). Animals were killed in 48 h
under light ether anesthesia by decapitation. Nuclei were isolated according to Hewish and
Burgoyne [6]. All sucrose solutions utilized throughout liver nuclei isolation procedures were
buffered with 20 mM Tris containing 15 mM NaCl, 60 mM KClI, 0,15 mM spermine, and 0,5mM
spermidine at pH 7,4.

The enzymatic assay for PARP 1 activity relies on chemical quantitation of NAD* in
PARP assay buffer [14]. The assay was adapted to quantification of NAD* consumed by isolated
nuclei.

Briefly, nuclei gently resuspend in 900 ul PARP assay buffer (20 mM Tris, 6mM MgCl,,
1 mM CaCl,, at pH 7.4). PARP reaction was initiated by addition of NAD" stock solution to nuc-
lear suspension in PARP assay buffer to 0,5 mM NAD™ final concentration. The reaction procee-
ded for 10 min (37°C) and was stopped by removal of nuclei from reaction mixture by centrifuga-
tion at 13 000 g for 2 min. The supernatants were transferred to the wells of Nunc plane-bottom
96-well plate. NAD" quantification was performed in 50 pl of supernatant probes by sequential
addition of 2 M KOH and 20% acetophenone (in EtOH), yielding final concentrations of KOH,
acetophenone and formic acid in accordance with original assay. The absorbance of PARP assay
buffer containing 0.5 mM NAD"* was determined at 378 nm alongside the samples derived from
nuclear suspensions and was set as standard. The amount of NAD" present in samples of nuclear
suspensions in PARP assay buffer was determined by subtraction of test sample absorbance from
the standard.

47



1.G. ARTSRUNI, A.L. ASATRYAN, K.S. MATINYAN, E.S. GEVORGYAN

Results and Discussion. It is well recognized that age-related thymic involution
is responsible for greater susceptibility to infections in aging organisms [12]. On the
other hand, immunosupression is the most common toxic side-effect elicited by treat-
ment with cisplatin. Thus, the impact of cisplatin on PARP 1 activity of the cells which
constitute the first line in immune defense e.g. thymocytes, derived from the glands of
rats of different age and sex was examined in this study. It was reported previously that
resistance of cancer cells to cisplatin is associated with PARP1 hyperactivation which
predicts therapeutic benefits of pharmacologic interventions with PARP 1 inhibitors
[11]. However, little is known about the impact of cisplatin administration on PARP1
activity and kinetics of enzyme inhibition by PARP 1 with pharmacologic inhibitors in
context of drug-drug interaction. Taking into account age-dependent modulations in
PARP 1 activity in peripheral blood lymphocytes [10], we were interested to examine
impact of the in vivo treatment with cisplatin on PARP 1 inhibition in thymocyte nuclei
by benzamide and allosteric inhibitor ATP after administration of drug to rats of dif-
ferent age. Benzamide is well recognized NAD*-competing inhibitor of first generation
and ample of its derivatives nowadays are employed in clinical trials [3]. It was shown,
that ATP binds to autoribosylation domain of PARP 1, thereby influencing DNA-
binding route of enzyme control in vitro and thus, is recognized as PARP 1 allosteric
inhibitor [9]. Coming from this, and to discriminate non-specific effects which arise
from Bam impact on glucose metabolism, DNA synthesis and cell viability from kinetic
inhibition of PARP 1, we examine PARP 1 inhibition in isolated thymocyte nuclei [13].

In vivo treatment with cisplatin had no appreciable effect on pubertal age
(4 week) male thymocyte, whilst elicited elevation of PARP 1 activity by 40% in female
counterparts. Administration of cisplatin to young adult females caused more significant
PARP 1 activation in thymocyte (nearly by 60%) (figl).
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Fig. 1. PARP 1 activity in thymocyte nuclei of rats treated with cisplatin. p<0.05

In general, these results come to show that female thymocyte in regard to PARP 1
activity modulation is more susceptible to chemical insult exerted by intervention with
cisplatin.

Our data show that PARP 1 inhibition by Bam depends on age and is more
effective in thymocyte of 10 week old rats (fig.2, 3).

The results show that there was no difference in PARP 1 inhibition by 1 mM ATP
in thymocytes of cisplatin treated 4 week old rats (fig 4, 5). However, thymocytes from
10 week old rats exhibited elevated susceptibility to inhibition by ATP. It was revealed
that inhibitory efficiency of 1 mM ATP significantly increased (fig. 6).

The data presented herein demonstrate that treatment with cisplatin can modulate
efficiency of the PARP 1 inhibitors in age-dependent manner and in general they are in
good agreement with results reported earlier by other authors demonstrating that
efficiency of PARP 1 inhibition depends on initial activity of the enzyme [7].
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Fig. 2. Inhibition of PARP 1 by Bam in thymocyte nuclei of pubertal age rats injected with cisplatin.

Nuclei were isolated in 48 h drug treatment. Bam was added into nuclei incubation media. p<0.05.
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Fig. 3. Inhibition of PARP 1 by Bam in thymocyte nuclei of young adult rats injected with cisplatin.

Nuclei were isolated in 48 h drug treatment. Bam was added into nuclei incubation media. p<0.05.
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Fig. 4. PARP 1 inhibition by ATP in thymocyte nuclei isolated
from pubertal age rats after treatment with cisplatin. p<0.05.
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Fig.5. PARP 1 inhibition by ATP in thymocyte nuclei isolated
from young adult rats treated with cisplatin. p<0.05.
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Fig.5. PARP 1 inhibition by 1 mM ATP in thymocyte nuclei isolated
from different age rats of control and cisplatin treated groups. p<0.05.

Coming from aforementioned, we suggest that age-dependent difference in PARP

1 inhibition after intervention with cisplatin should be considered while designing
chemotherapeutic regimen for cancer treatment.
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W3ydeHsl HEKOTOpBIE CBOWCTBA MMMOOMIM30BAHHOM HHYJIHMHA3bl B YCIOBHAX BBICOKOH
KOHIIEHTpPaUH cyOcTpaTa ¢ HEebio MOTydeHUs] PPYKTOOIUTOCaXapuI0B U3 KpaxMalla ¥ HHYJIHHA.
C ucnonp30BaHNEeM HUKIOAEKCcTpUHIITIOKo3unTpancdepassl (LI Taza, EC 2.4.1.19) u ummobuin-
30BaHHOM wHynuHa3bl (2,1-B-D-dpykran-¢ppykranorugponaza, EC 3.2.1.7) momydeHa cmech
¢dpyxroonurocaxapunos ¢ koHedHbIM CB=76%. C nomomnpio BBICOKO3()(EKTUBHON KHUAKOCTHOM
xpomarorpapun (BOXKX) u tonkocnoiinoit xpomarorpapun (TX) onpeneneH coctaB IMoJTydeH-
HBIX OJIUTOCaXapHIOB.

Hmmobunuzosannvle pepmenmol — Kpaxman — UHYIUH — GPYKMOOIUSOCAXAPUObL

NruntdUwuhnyt) U hunphihqugwd hunhuwgh npn hwwnyniginllutn untpuinpwinh pwpan
ynugGuinpwghwih  wwjdwuubpnud® oujwjhg W hunthuhg  $pnyninothgnpwipwnutph  unwgdwu
Uwwwwyny: 8hynntpunphugyniynghiinpwudbpuagh (8QSwgq, EC 2.4.1.19) L hdnphihqugywd
hunthtwagh  (2,1-B-D-$pnLywnwu-ppnLyunnwunhpnpnug, EC  3.2.1.7) Uhpwndwdp unwgdb] E
PpnLyinnothgnaupwnutbph fuwnunipn, nph gnp Wniebph epplwywu pwlwyp 76% E: Unwgdwéd
olhgmawepwputph Yugdp npnpytg E pwnép wpnyntbwdGunnigjwu hennly ppndwnngpwdbhwih (RUIL) W
Uppwtinunn ppnduwinngnwdhuwgh (LR) uhgngnd:

hdnphihquigywé pbputlnlbn — oujw — hun hl — $pnelwnnoihgnpwewnutn

Some properties of immobilized inulinase in high concentrations of the substrate for
obtaining of fructooligosaccharides from starch and inulin have been studied. With application of
highly active Cyclodextringlucosyltransferase (CGTase, EC 2.4.1.19) and immobilized inulinase
(2,1-B—D—fructan—fructanhydrolase, EC 3.2.1.7) a mixture of fructooligosaccharides with final
DM equal to 76% has been obtained. The composition of obtained oligosaccharides has been
revealed by use of high performance liquid chromatography (HPLC) and thin layer
chromatography (TLC).

Immobilized enzymes — starch — inulin — fructooligosaccharides
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B Hacrosiiee BpeMst B CBA3M C 3aMETHOM HEJJOCTATOYHOCTBIO PA3IMYHBIX CaXxapyc-
TBIX MPOJYKTOB BO3HHKIA HEOOXOJUMOCTh ITOMCKA KAYeCTBEHHO HOBBIX UCTOYHHKOB U
MeToJI0B ux monyueHusi. OcoOblif HHTEpeC MPEACTABISIOT KpaxMail U uHynuH [3, 4, 7,
9]. U3 HUX 1O OTAEIBHOCTH U COBMECTHO MOYHO MOJYYUTh TaKHE MOJCIACTUTEIH KaK
¢pykro3okonnessie onurocaxapuasl (OKO), ¢pykroomurocaxapumasr (POC), umymno-
onmurocaxapuasl (MOC) u ux npomussBognsie [1, 2, 5, 6, 10, 16]. IIponsBoacTBo BeIIIeyKa-
3aHHBIX TOJCIACTUTENICH AaCT BO3MOXKHOCTh YaCTUYHO YJOBJICTBOPUTH MOTPEOHOCTH B
caxape, a TaK)kKe MCIOJIb30BaTh X B KAUECTBE caxapo3aMeHHTeEleH sl TNaOeTHKOB.

Llenpro Haleil paboOTHI SIBISIOCH H3YUEHHE Mpoliecca CUHTe3a (ppyKTooarrocaxa-
PHUIIOB M3 KpaxMaia u uHyyuHa ¢ momoibto LI ' Ta3er Bacillus stearothermophilus v uMm-
MOOWIN30BaHHOM UHYIUHA3EI Aspergillus flavus.

Mamepuan u memoouka. B pabore ucnonp3oBaiu rpudHYI0 KyiIeTypy 4. flavus u3 xon-
nexnun KynsTyp Llentpa nenonupoBanust mukpoopranusmos HIILL ,,Apmbuorexnonorus,, HAH
PA. Kynerypy BEIpamuBainy B TITyOHHHBIX YCIIOBHSX Ha Kadalke cO CKOPOCThIO BpareHust 200-
220 06/muH mipu Temmeparype 32°C Ha MoaM(HUIMPOBAaHHOI cpesie Yaneka Cleayonero cocrtaBa:
unyiuH — 2 %; NaNO;-0,2 %; KH,PO4 — 0,1 %; MgSO4 x 7 H,O — 0,05 %; KCI — 0,05 %;
FeSO4-—-0,001 % ( pH 5,0 ).

WnynuHa3Hy!o 1 MHBEPTa3HYI0 aKTUBHOCTh OMPEIEISIM COTJIACHO OMHCAHHBIM paHee Me-
Tozmam [12,14]. dpykrozuntpancdepasHyo aKTUBHOCTh ONPEACIISIIN IO METOAY, IPEIIOKCHHOMY
3un4eHko [4], 6emok — o metoay Jloypu [15], uaymuH — o metony Epmakosa [§8]. KomuuectBo
THIPOJIN30BaHHOTO WHYJIMHA OTIPENEIsUIN C HCIOIb30BaHHeM THOOapOuTypoBoit kucioTsl (TEK),
penymmpyronue BemectBa — MetonoM llomomxn-Hembcona [17, 18], raroko3y u gppykTo3y — o
Beprmaiiepy [11]. DkcTpakiuo HU3KOMOJIEKYJISIPHBIX yIJIE€BOMOB IPOBOAMWIN 82 %-HBIM 3TaHO-
nom nipu 45°C B Teuenne 15 MuH. IMMOOWIM3AIUIO HHYJIMHA3I OCYILECTBIISAIA METOIOM, ITPEJ-
noxkeHHbIM AGensiHoM [1]. s aHann3a KOMIIOHEHTHOTO COCTaBa MOHO- M OJIMTOCAaXapuIoB HC-
nonb3oBanu Meroa BOXKX. AHanus yrineBoAaHBIX SKCTPAKTOB MPOBOAMIN Ha )KUAKOCTHOM XpoMa-
torpade pupmsl “Laboratorni pfistroje Praha”, paboraromieM B H30KpaTHIECKOM PEeXKHMME Ha KO-
JIOHKE, 3aloJHEHHOH copOeHToM “Separon SGX NH,”. B kadecTBe MOABIXHOHN (a3bl UCTIONb-
30BAJIM CMECH AIlETOHUTPHI — BOJIA, B3ATHIE B OOBEMHBIX COOTHOIICHHUAX 75 : 25. neHTnaHOCTh
OTHENBHBIX YIIEBOJOB ITOATBEPXKIAIH IOCPEICTBOM CPaBHEHHS XPOMATOTPAaQHUIECKHX Xapak-
TEPUCTHK (BPEMEHH yJeP>KHBAHMs) CTAHAAPTHEIX 00pa3IOB ¢ UCCIEAYEMBIMHA | BBEJICHUEM CTaH-
JIapTHBIX PacTBOPOB B HCCileAyeMyto cMech. KonndecTBeHHOE onpeiesieHue IPOBOAUIM METOAO0M
BHYTpEHHEH HOpMaIu3aluy, T.c. Ha OCHOBE IUIOIAAU OTACIbHBIX IMKOB XpOMATOrpaMM, a TaKKe
6511 HcTIOIBb30BaH MeTon TX.

Pesynomamul u o6cyncoenue. B nocnenHue roapl OJHUM U3 BaKHEMIIMX JTOCTH-
JKEHHH B OMOTEXHOJIOTHH SIBISETCS MOMyYEeHHE OPTraHMIECKUX COSAUHEHUH ¢ IPIMEHEHH-
eM (epMEHTHOro Karanusa 1 OuoTpanchopmanyy. B ocHOBe 3THX pa3paboToK Jexar cre-
muyaeckre cBoicTBa ()epMEHTOB, KOTOPBIE JAIOT BO3MOXKHOCTh B JECATKH M COTHHU Pa3
YCKOPUTB pa3iNyHbIC B3aUMOJCHCTBYS, YTO 3aMETHO YIPOIIACT H YJICUIEBISCT TEXHOJIOTH-
yeckue npouecchl. Kpome Toro, crnerupuyHocTh (PepMEHTHOTO Karain3a 00ecreurBaeT
BBICOKHIA BBIXOJI 1I€JIEBOTO MPOJAYKTA U JIA€T BO3MOXKHOCTh OPraHHU30BaTh 0E30TXOMHOE U
9KOJIOTMUECKH YMCTOE MPONU3BOACTBO. OJIHAKO NPHUMEHEHHE HHTAKTHBIX KIIETOK U epMeH-
TOB OTPAaHUYEHO WX HU3KOW OMOCTaOMIBHOCTBIO. DTOT HEIOCTATOK ObLI YCTpaHEH C MpH-
MEHEHHEM UMMOOMIIM30BaHHBIX ()OpM (PepMEHTa 1 KIIETOK €ro IPOIYLIEHTOB.

[TpuHNMas BO BHUMaHHE 3TO 00CTOSTENHCTBO 1 ITPOBEICHHBIC HAMH HCCIICIOBaHUS,
MMMOOWIIM3AINIO MHYJINHA3Bl OCYIIECTBISUIM METOJIOM KOBAJICHTHOTO CBS3BIBAHUS, HC-
TIOJTB3YS! IPH ATOM B KaueCTBE HOCHTENSI Kpaxmali + B~ IIMKIOIEKCTPHH.

Nzyueno BrmustHMe pH 1 TemmepaTypsl Ha aKTHBHOCTh IMMOOWIIM30BAHHON MHYJIH-
Hasbl. BersiBiieHo, uT0 B mpucyTcTBHUM 45 %-0T0 CyOCcTpara OMoKaTaan3aTop MOXeT pabo-
Tarh B npeznenax remneparyp 60-65°C u pH 4,5-5,5 ( puc.1,2).
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Puc. 1, 2. Bmusaue pH (1) u TemmnepaTypsl (2) Ha aKTHBHOCTh MMMOOMIIN30BaHHON HHYITHHA3E

C 1uenpr0 M3ydYeHHs Tpolecca CHHTe3a (PYKTOONUIOCaXapHAOB U3 Kpaxmaia U
nnynuHa K 20 T kpaxmana godasmsut 20 mi auctiiuiipoBanHoi Boasl (pH 6,5), 25 en
depmenra LI Ta3p1. Peakiuro nposommm mpu Temmeparype 70°C B Tederne 24 4 ¢ ocTo-
SHHBIM IlepeMeIrBaHueM. 3aTeM (epMEHT MHAKTHBUPOBAIN HAIPEBAHMEM PEAKLIMOHHON
cMecr 10 Temmeparypsl 80-85°C i 06paGaThIBAM AKTHBHPOBAHHBIM YITIEM B TCUCHHE
30 muH. PeakuimoHHyt0 cMech (DHIBTPOBAIIH O] BAKYyMOM, TIOJIy4EHHBIH PacTBOp OXJIaXkK-
nam j1o Temneparypst 60°C (pH 4,5), 3arem no6assmu 10 r uaymuHa 1 10 e IMMOGHTH-
30BaHHON MHYJIMHA3HL.

Jnst BeISIBNICHHST ONTUMANIBHBIX pH 1 Temrieparypsl TpaHCIIIMKO3UPOBAHHS PEAKIIHIO
TIPOBOIMIIM B PA3IIMYHBIX YCIOBHSX B TeUeHUE 24 4 ¢ HENPEPBIBHBIM IlepeMenmBanieM. Ha
puc. 3 1 4 nokasaHo BiusiHAE pH 1 TemIiepaTyphl Ha CHHTE3 (PPYKTOOIUroCcaXapuIoB.

FEERVIERE-N
(=2 =)
T 1 7

301
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0 J
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Puc. 3. Bmusane pH Ha cunres ¢pyxroonurocaxapuaos
1-pH4,0;2—-pH4,5;3-pH 5,0; 4—pH 5,5
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40

OtHacHTeNbHAS AKTHBHOCT, %o
w
(=1

Bpewms, yac

Puc. 4. Biusane TeMnepatypsl Ha CHHTE3 (PpyKTOOIUTOCaxaprumaoB
1 —40°C; 2 -50°C; 3 —55°C; 4 —60°C; 5 —70°C

IIpoBeneHHBIE HCCIEAOBAHNS OKA3AIM, YTO A TPAHCIIMKO3UINPOBAHMUS BAXKHOE
3HadueHue umeroT pH u Temneparypa peakiiMoHHO# cpensl. Harnmydinmii Berxoa onurocaxa-
puoB HaGmonaercs B npenenax pH 5,0-5,5 u temneparype 70°C. TIpy OnTHMATbHBIX 3Ha-
yeHnsIX pH u Temmeparypsl ¢ MOBBIIIEHHEM KOJTMYECTBa ()epMEHTa 3HAYUTEIHHO YBEINYH-
BAETCsl CKOPOCTh peakuuu. Tak, eciu npu 25 ex (Ha Ir MHyNMHA) peaknys MPaKTUIECKH
3aBepaercs B Tedenue 4 4, To npu 20 ex HeoOXomuMo 8 9, a IPH MEHbBLIEM KOJIMYECTBE
(epMeHTa CTENEeHb TPAHCIIIMKO3UIIMPOBAHMS 3HAUMTENIHHO TTafaet (puc.S).
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Puc. 5. CreneHp TpaHCTIIMKO3WIMPOBAHHS B 3aBUCUMOCTH OT KOJHMYECTBA HHYTHHA3BI
1- 25 ex; 2-20em; 3-10exm:

C 1eJ1bI0 BbIICNICHUSI U UIICHTH(UKAIIMK KOHEYHBIX poaykToB K 100 r kaprodens-
HOro Kpaxmasia jo6asisim 100 mn quctrinmposanHo# Boasl (pH 6,5), 25 en (Ha 1 r kpax-
mana) LI Ta3el u peakiuo mpoBOAUIN TIPU TeMIepaType 70°C B TedeHue 6 4 ¢ MOCTOSH-
HBIM repeMelnuBaHueM. [10 ucTedeHHH BpeMEHH PEaKIMOHHYIO CMECh OXJIaXIAIH JI0
temneparypst 60°C, pH noBommmu z1o 5,0-5,5, 3arem no6apmsum 50 T uHymMHa, 25 €1 UM-
MOOWJIM30BAaHHOM WHYNWHA3bl (M3 pacuyeTa Ha IT WHYJIMHA) M peakuuio MpOAODKAM B
TeyeHue 5 4. 3areM (epMEeHTHl MHAKTUBHPOBAIN HarpeBaHUEM pPEaKIMOHHOW CMECH JI0
temmneparyps 80-85°C 1 06pabaThiBaM aKTHBHPOBAHHEIM yriieM (B kommdecTse 0,1% or
00bema) B TeueHnue 30MHH, TOCIIe Yero OTQHUIBTPOBEIBAH IO BAKYYMOM.

OuncTKa OIUrocaxapuI0B ObUIa MPOBEJIEHA C TIOMOIIBIO CHEUAIBHO NepepaboTaH-
HOTO aKTUBHUPOBAHHOTO yriisl. i1 3Toro | Mi1 peakiMOHHON CMECH BHOCHIIM Ha 3aIlOTHEH-
HYIO aKTHBHPOBAaHHBIM YIJIEM KOJIOHKY (2,5-25 CM) U MOCIIEN0BATENbHO TIOMPOBAITH HC-
TUIMpoBaHHON Bomoi (1 mur), 3arem 5%-ubM (5 M), 10%-EIM (500 MIT), 15,0 %-HBIM
(500 M) 1 20 %-ubM (200 MIT) pacTBOpOM ATUIIOBOTO criipTa. COOTBETCTBYIOINIHME OTACIb-
Hble (pakiuy ObUTH COOpaHbBI, KOHLEHTPHPOBAHBI 10 CHPOIIOOOPAa3HOTO COCTOSIHUSI W
BBICYIIICHBI TI0J] ITyOOKHM BaKyyMoM npu Temmeparype 50-60°C.

[To manaeiM BOXXX u TOHKOCHOHHOW Xpomarorpaduu, BopHas (pakuus couep-
’KaJia TOJIBKO ITI0K03y M (hpykTo3y (155 Mr), pacTBop 5%-HOTO 3TUIIOBOTO CIIUPTA - TOJIBKO
MaJIbTO3Y, a OCTalIbHbIC (PPAKIUH COAEPM AN MPOIYKTHl TPAHC(HOPMAIMH, KOTOPBIC HyMe-
poBaimch Kak omurocaxapuast 1 (135 mr), 2 (130 mr) u 3 (60 mr).

JI71st BBISIBJICHUS COCTaBa OJIMTOCAXapya0B MIPUMEHSIIN U3BECTHBIE METOBI KHCIIOT-
HOTO THAPONIN3a, METHIMPOBAHMSI M MeTaHonu3a. 110 MaHHBIM KHCIOTHOTO THIPOJIN3a,
onurocaxapuasl 1, 2 M 3 cOCTOSIIN U3 OCTAaTKOB IITIOKO3HI M PPYKTO3BI B MOJIIPHOM COOT-
Homennn 1:2, 1:3 u 1:4, cooTBETCTBEHHO. [ TMKO3UIBI, TIOTyYeHHBIE B Pe3yIIbTaTe METaHO-
JU3a, MPEACTAaBIUIN co0oil MeTmi-2.3.4.6-terpa-O-metun-D-rmoko3na, metui-1.3.4.6-
terpa-O-meTun- u Metui-3.4.6-tpu-O-Metni-D-ppykro3us B pazinnuHOM MOJSIPHOM COOT-
HOIIICHUH.

[Mony4yennast cMech (PYKTOONMIOCaXapuI0B COCTOSUIA M3 IIIIOKO3bI M (DPYKTO3BI
(mo 30%), manero3sl (10 15%), 1 — xecto3bl (10 22%), Hucto3sl (10 20%) U GPYKTO3MI-
HHCTO3HI (10 13%) 1 1o cBOE# CTPYKType Majlo OTIMYanachk ot mozcnacturens “Neosugar
G”, KOTOPBIi B POU3BOJCTBCHHOM MacITade MoIyJaroT B SmoHnn.

Takum 06pa3oM, MOITyHIEHHBIH HAMH ITOJICITACTUTENh HMEET HU3KYIO KaJIOPUIHOCTD,
HE KPUCTAJUTU3YETCS M MOXKET yIOTPEOISATECST OOMBHBIMU CaXapHBIM THa0eToOM, IIPH COX-
paHEeHWH aJeKBaTHOTO YpoBHA moTpednenus 2,0-5,0r B CyTKH, 4TO MTOATBEPKIACT JaHHBIE
aBtopos [13].
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@npdwnwpwlwl b inbuwlwl hnpywdlbn «xcnepumenmanvuvie u meopemuueckue Cmampus
*Experimental and theoretical articless

3wjwuwnwlhp YEuuwp. hwunbu, 2(67), 2015

u3onrnELhL SALIX cf. CAPREA (SALICACEAE) LN U2LURGNMYH
(3U3UUSUL) Uh2hUL MLE3USNSGLL SPUYGPShLLEGMRS

0.9. ULGRUULS3UL', h.Q. QURMrhEL3UL? @.4. fUGN3UL®

. Upnyjwuh wiy. 3wjuwlwl wybnwlwl dwbuduwndwwl hwdwjuwpwl,
tsovinaraleksanyan@gmail.com
233 qUU Pnruwpwlntpjuwl hUunpwnnin, ivangabrielyanl00@gmail.com
33 Quu Juwqpwnnipywl b wqquagnpnipwl huutnpnncn, t.bagoyan2@yahoo.com

Unp Uquwptpn-1 wnGnwdwinph Jdhght wGjunngtuh hwuwyh wnpwytpunhuutph ypw npnpd-
Jwsé wbpuutph  Jnpdninghwywl  hwwnywuppubph hhdwu Jdpw Uywpwgnpqwéd £ unp  inbuwy
Swjwunwuh inpwydbnpnhuwiht $inpwih hwdwn® Salix cf. caprea L.:

Salix cf. Caprea — Unp UqUwptbnn-1 — wnpwybnunhl — dhght wytjuinngbl — wwtnlyjhdw

Ha TpaBepTHHaX CpeIHEIUICHCTOLIGHOBOIO BO3pacTa M3 MecToHaxoxjeHun Hop-AsHa-
6epa-1 mo Mop¢oIOriuK OTIEYAaTKOB JIUCTHEB OMMCAH HOBBIN BU ISl TPaBEPTUHOBBIX (GIIOpbI Ap-
menuu Salix cf. caprea L.

Salix ct. Caprea — Hop-A3nabepo-1 — mpasepmun — cpeonuil nieiicmoyen — Naieokaumam

On the basis of leaf morphology of fossil material from Nor Aznaberd-1 locality a new
willow species — Salix cf. caprea L. for travertine flora of Armenia was identified. The travertine
was dated as Middle Pleistocene.

Salix cf. Caprea — Nor Aznaberd-1 — travertine — middle pleistocene — paleoclimate

Swjwuwnwuh uengBU-snppnpnwywu LundwépwtpintGpnd pwjwywuhlu JE6 nw-
nwénd nLuBU Ypwghu wninedbpp® inpuytpunpultpp: Spwytpunpultp Ywptbih £ hwunhwby
hwupwwbBwnipjwlu  wnwpptp  Jwpgbpnud:  Ynwlghg  wwpwéeny W Lundwédputnh
hgnpnipjwdp  wdtUwdbsép Upwpwuwh Jwpgh wpwyGpunhuubph wnbnwdwypu £, npp
gunuynwd £ Nepgh (Bruwpnrepwih hwpwywihu (wugtph unnpnuninwd: 33 hjnuhu-wnpllGywu
2ngwubnnd  wpwybpinhbwihu  gnjugnudubpn Ywu Swynigzh  Jwpgnud® LnjGupbnjwl,
hollwl, YhithgwlU pwnwpeltph, féGnnin, Unnwl, Ynnp W wy gnnGph 2npswlwjencu:
Spwytpwnhuutph hwupwywnptn Ywu Lnnne Jwpgnud® Uwhunwyh, Ywlwénph hwpwyhg
wnwpwépubpnud, Chpwyh Jwpgh Qynudph pwnweh gnquhnyunnd, Fwunhywl gjninh
onpwywipnid: UGS Getp Ywu YUnwnwiph Jdwpgnud® Uwpdwphy W UnyGpwl, Uquwn
gbwnbph wjwqwuutpnud® Iwtpwywl, Unytpwl, Upquywl, Anidwlwl, Qwnlh gjnintph
onpwywipnid: UGS BU Ynunwynwdubpp bwle QGnwpeniuhph dwpgnd® Ulwbw  [6h
wdwqwuh Jh wpe dwptpned: ungnp Ynenwynwdubp ywu dwing Qnph Jdwpgh
fubanpnun W LUnp Uquwptnn gjnntph 2npwywigncd, Uintuhgh dwpgnid® Qnphu pwnwgh
hwpwy-wnpllEywl Jwunwd, Swele gjninh 2npwlwiened, Ywwwuncd, Unnphu Ghpwpwn
gnnh Unwn [1, 2] Wn Yninwynwdubphg wnbGplluGph npnadutph hunnwynipjudp JGé
hGunwepppniejntl £ UGpYwjwgunud  dwyng énph Jdwpgh ULnp  UqUwpGpn  gjninp
2npwywpnid gunuynn inpwytpunpulutph LUnp Uquwptpn-1 tnGnwydw)pp: Wu hwjunuw-
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USBNMNELNL SALIX CF. CAPREA (SALICACEAE) LNM UQLURGMh (RUBUUSUL) UKL MLESUSNSELP SPUMENShLLEMhS

pbnpyt| W wynuinbnhg wnwghu wugwd ppwén Uinie £ hwywedt) b.Q. QupphGywuh L L.G.
U Geuwljwuh Yynnuhg 1998p. wwphihu: Lpwug Ynnuhg hwywedt) £ 51 Udnwy' pnyutph
wnwpptn opqwuutph 93 npnpdubpny: IGnwagwynid  ppwén  pnyutph Udnubp Bl
hwywedt) U.Q dhihuh W h.Q. QupphGywuh, L.G. UjGepuwljwlh (1998p." ognuwnu),
U.U. Pwpubnwuh, N.U Inubthwuh L h.Q. Qupphtywuh (2001R.), U.U. Lwhw-
wtwjwuh, M. Nnpnup, 9. Othdhtph W h.Q. QuwpphGywuh (2006, 2007ppE.) Ynnuhg:
Cunhwuncp wndwdp wnpwytpunphuutph Lnp Uquwptpn-1 wnwywiphg hwjwpeyt) £ 299
udn' pnyubph 522 npnpdutpnd:  pnpdubpnud pwgwnéwy  Jedwdwulniejntl B
Jwqunwd wnbpluGpp: hg pwlwyny hwunhwnd U Uwl wwnnuGph W uGpdGph
npnadutn:  Spwytpwhuutph  wbnwdwiph  2ppwwwwnh  hhduwywl  dwdwuwywyhg
pniuwywl  hwdwybgniejntulbpu U ghhnt W uwnwprwynp  Swnwethwwnbuwyutnh
(wpnutUh, ehYh, gwhiwybnwu, 6énptuh, JwuptUh W wyl) snp  [puwygnp  Unu-
pwuwnwnutpp, [GRUwhU nwthwunwulbpp W gblwdBpd Swnwpethnunwihu  pnLuw-
ywuncpncup:

Lnp Uquwpbpn-1 wnGnwdwpp pwjwywuhu hwpniunn £ ninBUhuGph Salix gbinh
Caprea utlghwjh wnGplluGph npnauutbpny: 3wny £ UG, np Iwjwuwnwuh Uepywihu nw-
pwépnd  hwunhwynud £ dwdwuwywyhg wyéninBUpU (Salix caprea L.), npu  nluh pw-
Jwywupu wu tnwpwénd W hwunhwynud £ vbGppu Wpunepjwh, Lnene, bolwlh, Www-
nwuh, Uliwluh, QGnwdw, Gplwuh, “Ywpbtgbgh, 2wugbgniph W UGnpne $nphuwinhy
onpwililtnnud, hUswbu Lwl Ungywunwd, GYpnww)nwd, Wuhwih Uté Jwunwd [4, 5]: WU
Uhghu Uténiejwl dwn £ 6-15 U pwpapnipjwdp, hwunhwnd £ wunwnlbpnid® dhwjuwy,
thnpp hudpGpnd Ywd wncpwyutpnd® éngh JwytGplnyehg vhugle 3300 J pwpépnipnil-
utpnd:

Swyh wnlbiny yGpngpjwip W wilu, np Uhbg wjdd ¢6U ncuncduwuhpyty Lnp UqUuwi-
ptpn-1 wbenwywipnud  hwyinbwpbpywéd  wydnintune ppwén Juwgnpnubpp, Jbp wnel
fuunhp Gup npGp nuuncdUwuppb, UYwpwagpb, bW hwdGdwng, npwle  dwdwlwywyhg
wjéninEUnL wkplluGph hGwn, Uwwwnwy nluEuwing npnwyhwguty Salix genh Caprea
ulghwih ppwén intplltph Yungupwlwywl nhpgp:

Ui W d&pnn: Utn Ynnuhg ntuncdUwuhpdwl Ujnee GU hwunhuwgt) tnpwytGnpunpulGph Lnp
UqUwptbpn-1 wbnwdwiphg 1998-2007 pp. hwjwpdwd Udnipubpp: Spwybpwnhuubph Ywd wnpw-
JEpunhuwjhu wnincdtph Lnp Uquwptpn-1 wbnuwdwipp gunugnud £ 33 Jdwing 2nph Jwpgh Lnp
Uquwptpn gninp 2ppwywienid” dwiph (Grubph wpllbywl Jwuh hwpwdwihu dwynpniwlgtph,
fuudnpnun gbinh wewynndjwl thnephy Jwnwyh hndunwiwlgbphl® «Gnuphyh Qnp» Yngdnn Jupned:
Spwybpunhuwjhu nntdbph hwupwtnnh tnGuwubih hwndwép gpuntgunid £ Unn 1,5 uu2 nwpwée'
winbn-ntn hwuutiny Jvhugle wwwputph 20-30U hgnpniejwu: SpwytGnpunhulutph tnwphep pwanpdt) £
npwtu JhehU wGjuinngtl, nipwl/enphnudh (U%%Th*?) nwnhnwlwnhy hgninnwUubph dbennny [9],
pUwanpybiny unnphlu 26puntpnud 335.4+3.4 hwg. tnwnpjwlhg Uhugl 327.7+12.5 hwg.wnwph' yephu
2tpinkpnud:

Utp Ynnuhg npnpybp Bu 23 Udnubph ypw wwhwwudwd wydninBunt wnbplubph 35
npnadutn: Ppwédn inbpllubph npnadutpp wwhwwuytb) GU $pwgdtunwn dlny: Stpllutph UGd Jwuh
Swiptpp W Ynpniuutpp s6U wywhwwuytl: Stpllubph hhdpbpp pwgwywynud BU, pwgwnnipjwdp Azn-
2006/2b Udniph: 2nuynpniejwl wybih Jwupwdwul neuncdUwuhpneejwl bwwwnwyny wnwuduwgyby
E wnwyb] (wy wwhwywuywsé hhug Udne' Azn-1998/34, Azn-2006/85, Azn-2006/3, Azn-2006/2a, Azn-
2006/2b:

Ludnwpubpp wywhynwd Bu 33 QUU Anuwpwunijwl huuinpunncinh hubwpniuwpwlwywl ww-
hngnwd (ERE-PB): Ppwén yhdwynd gunuwé inbuwyh d2gphin npnuwt bwywwnwyny ybp BU hwuybg
dwdwluwywyhg W ppwédn wnbuwyubph wbplluGph Udwunipynilubpp W wwippbBpnieyniultpp:
pnaduGpp hwdGdwundt) B 33 QUU Pnruwpwluniejwl huunhwnnwinh hGppwphnwdh (ERE) ninBuh
gbnh dwdwuwywyhg nbuwyubph nbpllubph hbn dlwpwlwhwdbdwnwywl dtennh hhdwu ypw:
Pnijubph ywpgwpwlunipjwl s2ndwl Uwwwnwyny ogunwgnpdt Gup 2Qbptwwunyh wnbnEywwnniu [6]:
StpluGph UYwpwapnejwl W swihwgpdwl hwdwp ogundt) Bup YGUuwpwuniejwl UGy (wjunptu
oglnwgnpédynn Ubennutiphg [7]: SYwiutpp dawyyt) B yhdéwywgnpnptu [3]:

Cluwn.” Salicaceae Mirb.
8tn" Salix L.
Utlyghw' Caprea Bluff et Fingerh.
Stuwy' Salix cf. caprea L.

UpnynLupltip W puliwupyncd: Ldnplbn: Azn-1998/34, Azn-1998/12b, Azn-1998/18a,b,c,
Azn-2001/16a,b,c, Azn-2001/31a, Azn-2001/37a,b,c, Azn-2001/38a, Azn-2001/42b, Azn-
2001/44a,b,c Azn-2006/2a,b Azn-2006/3, Azn-2006/9a,b, Azn-2006/10, Azn-2006/32, Azn-2006/35,
Azn-2007/3a,b, Azn-2007/5b, Azn-2007/6, Azn-2007/10, Azn-2007/14b, Azn-2007/19, Azn-
2007/27a,b, Azn-2007/70:
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Pnwén wnbpllubph punhwuncp Ugwpwagpnieynilp: Stplllbpp wwng Bu, djwale,
Elhyuwaél,, (wju Ehyuwaél, jwjunieintup 2,8-4 ud, dhghup 3,6 ud t, yGpwywuqujwsd
Gpywnnieintup® 6,6-8,5 ud, Uhghup' 7,7 ud: QuquwpeUbpp upwéw)n Bu: SGpliwphrebnh
Ganpbpp wihpwaél Ywud enyyp wnwduwbgp Gu: nwynpnipiniup nudbn wnpunwhwynywé E:
Snypnpnwjhu enGpp hhduwywunwd hppwnhn Gu, lnGplwrhrebnh jnLpwewugnp Ynnunud
8-10 hww, hhduwlwl gnhg htnwunwd GU 50-69°, Uhghup® 59,05° wuyjwl wnwy, Uhgonwjhu
nwpwénLpntlutpp hhuphg nbwh dwjpp uygphg Utdwunwd G, wjunthGnl' thngpwiuind:
Spynpnpnwhu entph wuyntuubpp Wu hhuph Unn UG GU, quagwehU dnin® thnpp: 4wl
Uhgwiiyjwy (huinbpYuigwn) gntip: Sppnpn Ywngh gntipp gntpt ninnwhwjwg U glluwdnnp
onhUu Ywd Ywaqunud BU pnie wuyntb® 85-151°, vhghup' 113,9°, wnwywgunid BU funpnp
pohubn (wytniukn), npnugnud Gpptdu Lpdwpynd BU Juin ywhwwudwé snppnpn Ywngh
gntipp (LY 1):

1-5 — Salix cf. caprea L., Lnp Uquwpbpnh tnenwdwn® 33 GUU Antuwpwlnipjwl huunhwntinh
wwhng (ERE-PB), UUniputn. 1- Azn-06/85a, Ta —unijup* x 3; 2 — Azn-01/31a, 2a — Unijup’ x 3;
3 — Azn-1998/34; 4 — Azn-01/30a; 5 - Azn-01/38a; 6 - Salix caprea L., 33 QUU PnLuwpwlntpjwl
huuwinhwnntinh heppwphnud® (ERE), 6a — Unijup® x 3:

Swdtdwinwlwlt npunnnnipntllbn: Puswbu dwdwuwywyhg Salix caprea, wjuwtu
£l ppwén Salix cf. caprea Unin Uywwnynd BU hGnljw) punhwUpwywl hwnywuhputbnp.
wbpllbpp wwng Bu, htppwnhn, ntplwehretnp' dqwalthg Uhtsl Lpunwnwél, Ehwyuwéal
Jwd wiu Elhwyuwél, nbpllubpp hwdwswit B, nbpllwpehpetnh wdblwiwju hwndwép
Jhohu Jwunwd E: SGpllwphrbnh hhdpp Yinp £ Ywd wju uGwwal, hhdph wulyniup®
Udhghup 95°, wjpp upwgnn E, wuynup® dhghup 75°: Stpliwtgpp hwpe £ Ywd wihpwdnn,
GppGUu hhdphg nGwh dwypp’ enyp wwnwdlwbgn, win nGwpenud wnwdhyubpp wuywunu
&U, winwduwéngbnp (upunwulbpp)' gngwynp:
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Anuynpnipintup thewnpwédl £, onbpp' wpnwhwjndws: Ysunpnuwywu ghnp
hwuwn E* 1-1,5 JJ, wjwpunynud £ wudhpwwtu quawpenid: Gpynnpnwihu gntpp hhduwyw-
Unud hGppwnhp GU ywd ng Yuwunuwynp, s$6U Jdnuncd wwnwdhyutph JGe W wnGpllwtgphu
Unin wnwowgund Gu Yhuwonwyutp: Stpllutph dhgonwhu twnwéniejnllutpp hhuphg
nGwh éwjpp uygphg dtdwund GU, wjunthGnl' thnppwunwd: Ipdphg nGwh Swjnpp
thnppwunwd BU Uwl Gpypnpnuwghu entph wuyntuubpp: Ywu Jhowuywy (hunbpyupgwn)
ontn: Enpnpn Ywnagh ontpp hGlnwagw Ywngh ontph hGn JhwuhU wnwewgunid U fun2nn
pohgutin (wiytn(utn):

Wjuwhunyd, wyénintune ppwén b dwdwlwywyhg wnbpllubph  dnpdninghwywu
hwnywuhuGpp punhwunp wnrdwdp hwdpuyuncd GU: Uwywiu Uywwnygned GU bwle npn-
2wyh Jdhtwywapnptl hwdwuwnh wnwpptBpneeiniultp: Wuwbu, S. caprea Gpypnpnwihu
onGnp wmbpliwphrtnh jnLpwewlgnip ynndnwd 6-9 hwwn Bu, hhduwywu gnhg hGnwuntd Gu
50-82°, Uhghup' 65° wuywlu wnwy, huy S. cf. caprea Unn 8-10 hww, hhudlwywlu 9nhg
hGnwuntd U 50-69°, Uhghup' 59,05° wlljwu wwy (wn.1): ®npphy, uwywiu ng Ewywlu
wnwppbpnienllutp nhndnwd GU bwle Gppnpn Ywingh gntph wuynluuGph UGénie)nllltph
dhpl: Wuwbu, suwjwé Gpyniuh Unwn £ Gppnpn Yunpgh ontGpp gpbet nunnwhwjwg Gu
glhuwydnp 9onhu, uwywil S. caprea Unin npwlg wuyntup tnwwnwuynid £ 96-130°, dhghup®
107,2°, huy ppwénihup* 85-151°, dhghup' 113,85°: Uhwdwdwlwy S. caprea wnGplluGpu
ntuBU (7)11-18 ud Gpywpniejntu W (3)5-8 ud (wjunieiniu, huy S. cf. caprea wnBplllbnu
nlubu 7,7 ud Gpywpnegintu W 3,6 ud pwjuncenit (wn. 1), hugp pwgwwnpdnid £ ppudn
udnpubph Jwn ywhwwujwénipjwdp:

Glutiny dtpngnjwihg, Yuwnbih £ GgnwlwgUt], np Utp Ynndhg Lywpwanywséd
npnauubnu  nlUBU  Salix caprea wnGuwyhu punpn? hwwnywuhubp, hugp wywwndwn E
hwunhuwgt, np JGUp ppwén inbuwyp wujwlblp Salix cf. caprea L.:

Unyniuwly 1. Salix cf. caprea L. W Salix caprea L. nGpllUGph 9ntiph
wuyjniuuph hwdtdwwnnie)ntup

Swwnywuh? Salix cf. caprea L. Salix caprea L.
M £m Lim (min-max)| n M+ m Lim (min-max) | n
ll-wyjhu 9nbiph 59,05+1,32 50-69 20 65,00+2,05 50-82 18
wuyniup
lll-wjhu gntnh 113,85+4,12 88-143 20 107,2£2,9 96-130 15
wuyniup

Salix cf. caprea mGuwyp Iwjwuinwuncd ppwén Jhdwyned hwunhwnud £ Uwle Npn-
wnwl gbnh wjwqwund® UhuhwUh Jwn wGuwnngtuh hwuwyh nhwwnndwihu wytph
pwngpwhwd [Gwjhtu unywdpwtpntpnd® Swdp-1, NY6-2, Sninpu-2 nbnwiduwinptpne:
pwlg hwuwyp pwanyned £ 1,3-0,9 Jju wtnwph [8]:

Cunhwuntp wrdwdp Lnp Uquwptbpn-1 wnGnwywiph ppwén pnyubph hwdwihpp
gnyg £ wwihu dhghu wiGunngtuh nunwUwuhpywé dwdwuwywhwngwsdh (Unn 300
hwqg. wnwph wnwye) pniuwywuntpjwu wydbih funbwyjwubp W gnunwubn punyep: 3w-
Jwwwunwuhiwlwpwn wwitnyhdwl unyuwbu wytbih gnipn ne hwdGdwwnwpwn funbwy
E GnG, nph JwuhU E Jywnud bwle Salix gbnh wj wbuwyutnh, huwybu Lwl phuynt,
hwgtunt, pbnnt, YGine W wy gbnbph wGpWUGph nu wwninubph npnpuubph wn-
wynejnLup:

Utp Gpwhunnwghuinnieinill Gup hwjinuncd wypndtunnp U.lu. Mhwnjwuhu, ghinwywu
hwpgbph JGpwpbpwp Wunwywu ogunipjuwu W funphpnwwnynipjwu  hwdwp:  Sunp-
hwlwiniejntu Eup  hwjnunwd  Lwl  RU&npnun gyninh pbwyhg®  npunpn [GwEnLy
U Gepuwljwuhtu nGnwywph Jwuhu wnGnGynipiniuutn hwnnpnbine hwdwn, huswtu bwl
Lwaghy UGpuwlywuhu W Pnphu Quuwwpwuhu  nw2nwhlt  wuwnwupltnhu
odwunwytnt hwdwp:
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POJIb I'AJTIAPMUHA B UBMEHEHUU KOHUEHTPAIIUU
THUPEOTPOIIHOI'O U TUPEOUJHBIX 'TOPMOHOB B KPOBU
Y KPBIC 1P CYBKJIMHUYECKOM I'HIIOTUPEO3E

T.C. XAYATPSH

Huemumym npuknaouvix npobaem ¢usuxu HAH PA
pharmatica@mail.ru

HccnenoBannuch KOHIEHTpalWH THPEOTPOIIHOTO TOPMOHA THIO(GH3a U THUPEOHTHBIX
TOPMOHOB B KPOBH Y KpBIC IpU CyOKIMHHYECKOM THIOTHPEO3e JIO0 M MOCIe BO3JEHCTBUS
CBEPXMAJIbIX J[03 TUIIOTAIAMUYECKOT0 HelporenTraa raapmuHa. [lokasaHo, 9To B yCIOBHAX CyO-
KJIMHMYECKOTO THIIOTHPE03a y KPBIC HAOMIOAANOCh PE3KOe YBEIMYEHHE YPOBHS KOHLEHTPALIMU
THUPEOTPOITHOI'0 TOPMOHA THITO(H3a U PE3KOEe CHIDKEHHE YPOBHSI KOHIIEHTPAI[MN THPEOUIHBIX TOP-
MOHOB B kpoBu. Ilocie Bo3zaeiicTBHs cBEpXMabIX J03 rajJapMHUHA B KPOBU y KPBIC HAOII0AAIOCH
pe3Koe CHI)KCHUE YPOBHS TUPEOTPOIIHOTO TOPMOHA THNO(GH3a U NOBBIILICHHE YPOBHS THPEOUTHBIX
TOPMOHOB B KPOBH, C JOCTI)KEHHEM TaKOBOTO Y HHTAKTHBIX )KUBOTHBIX.

Tupeomponnuiii 20pmMoH 2unou3a — MUpoKCuH — MpUtLOOMUPOHUH — 2aNAPMUH —
CYOKMUHUYECKULl 2UNOMUpeo3 — 20Meonamuieckue 003bvl

3Gwnwanunt) £ hhwyndhgh rhptnunpnw hnpdnuh W Jwhwuwgbnadh hnpdnuutnh ynugbuwnpwgh-
wjh wunhdwUup wnlGwnutph wnwl Jtp, Gupwyhuhjwywu hhwnehptngh wwjdwuutpnd, hhwnew-
lwJhy ubpnwtwwnhn quiwpdhuh gbpgwép swithwpwdhuutph Yhpwnenidhg wnwse W hGunn: NLunduw-
uhpnipintlltpp gnyg Gu wndb|, np wnuGwnutph Unin Bupwyhuhywywl hhwnrehnptngh wwjdwuuGnpnid
Uywwnyb] £ wpjwl Jbp hhwyndhgh rhpGnunpnw hnpdnuh Ynugbuinpwghwih Yupnly wé W Jwhwuw-
gbinéh hnpunulGnph Ynugbuwnpwghwih Yunpney bjwgnid: QGujwnuhuh gbpgwén swihwpwdhuubph want-
gnLpjwl nwy YEunwuhubph wpjwl Jtp wntnh Ep ntuBuntd hhwyndhah rhpGnunpnw hnpdnuh ynugtuun-
nwghwih Yunpnwy bjwanud W Jwhwlwagbnah hnpdnUubph pwnwnpnugjwu Yupniy ws, npp punpn £
Unndw) YEunwuputphu:

3hwndhah phntinupnuy hnpdnb — phpnpupl — wipfynnhpnUl —
quiwnupl - GUupwlhUplwlwl hhunphptng

The aim of this study was to investigate the features of thyroid-stimulating hormone and
thyroid hormones concentrations in the blood of rats with subclinical hypothyroidism before and
after injection of ultra-low doses of hypothalamic neuropeptide galarmin. Studies have shown that
in case of rats with subclinical hypothyroidism a sharp increase in solution of thyroid-stimulating
hormone level and a sharp drop in the level of thyroid hormones in the blood occured. Ultra-low
doses of galarmin in the blood of rats leads to the decrease in the concentration of thyroid-
stimulating hormone and increase in the level of thyroid hormones, which reached their values in
intact animals.

Thyroid-stimulating hormone — thyroxin — triiodthyronine — galarmin —
subclinical hypothyroidism

I/I3BeCTHO, YTO HEOTJIOXKHAsA 3aliUuTa OT MATOIMCHHLIX MUKPOOPraHU3MOB Yy 4€JI0-
BEKa U KUBOTHBIX 00€CIICUMBAETCS MEXaHU3MAaMK BPOXJACHHOTO UMMYHUTCTA B XO€
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peaknuii BocnaieHus, GparoyuTosa, CeKpeun CIM3M U aHTUMHUKPOOHBIX (DaKTOPOB 3ITH-
TeMUAMA OaphepHBIX OpraHoB [25]. MoneKymspHON OCHOBOW CHCTEMBI BPOXKICHHOTO
NMMYHHTETA CITY’)KUT KOMIUIEKC BEIIECTB, PACIIO3HAIOIIMX ITATOT€HBI M PeaT3yIOMNX
UX SMUMUHALNIO; CPEIN HUX BaKHYIO POJIb UTPAIOT KATHOHHBIC AaHTUMUKPOOHBIE METITH-
el (AMI]) u Genku, comeprkamuecss B HEUTpohuiiax, MOHOIIUTaX, MaKkpodarax, KIeTKax
6aprepHbIX sruTenueB. AMII o0magaroT pa3nmuyHON TIEPBUYIHON CTPYKTYpPOU U KOH(OP-
MaIe MOJEKyJl, IPEeICTaBIIAA HECKOJIBKO CTPYKTYPHBIX CEMEHCTB, OTIMYAOLINXCS 10
CHEKTPY aHTUMHKPOOHOW aKTUBHOCTHM M MEXaHW3MaM JIEHCTBHS HAa MHUKPOOPTaHU3MBI.
Hapsiny ¢ antubnornueckumu covictBamu, AMIT nposiBisitoT pasHooOpasubie 3P QeKTs
B OTHOILIICHUU M COOCTBEHHBIX KJIETOK opranusMa. Hanbonee pacnpoctpaHeHo ¥ XOpOIIO
H3y4YeHO ceMeicTBO JedeHcHHOB. JIpyruM OOIIMPHBIM CTPYKTYPHBIM CEMEHCTBOM
AMII, XOTs 1 3HAYUTEIILHO MEHEE MCCIIEI0BAaHHBIM, SIBIISIOTCSI 000TraléHHbBIE TPOJIMHOM
nenrtuzel, TIBI1 (wmm nponmu-Oorareie nentuasl — Proline-Rich Peptides, PRP). Otn
TIeTITU/IBI OOHAPYKEHBI Y KUBOTHBIX Pa3IMYHBIX TAKCOHOMHYECKHUX TPYHIT — OT Oecrios-
BOHOUHBIX 10 mitekoruratomux. [IBI1 obnagaroT BrICOKOH aHTUMHUKPOOHOH aKTHBHO-
CTBIO MPEHMYIIECTBCHHO B OTHOMICHWH I'PaMOTPHLATENbHBIX OakTepuil. OTinnanTens-
HBIM HX SBJIIE€TCS HU3Kasi TOKCHYHOCTD AJISI KJIETOK MiIeKonmTaomux. Hamnane B cTpyk-
type I1bI1 Gonpuioro Konm4ecTsa aMMHOKUCIOTHBIX OCTaTKOB mpoiuHa (10 50 %) o0yc-
JIOBJIMBAET UX CBOMCTBO JIETKO BCTYIaTh BO B3aUMO/IEIHCTBIE C Pa3INUHBIMU OCIIKOBBIMHU
MOJIEKYJIaMH, B TOM YHCJIE yYacTBYIOUIMMH B KIIFOYEBBIX OMOXMMHYECKHX KacKaaax
peakuuii, KoTopble obecneunBaloT (yHKIMOHMPOBAHHE MMMYHHOH cuctemsbl. [lpu Ta-
KOM B3aWMOZEHCTBUU TENTHIBl MOTYT MOIYJIMPOBaTh (DYHKIHOHAJIBHYIO aKTUBHOCTh
9THX OEJKOB, UTO U 00YCIIOBIMBAET MPOsIBIEHHE MHOT000pasHbix s dexros [1BI1 B oT-
HOLIEHUH COOCTBEHHBIX KJIETOK opraHu3Ma. Tak, PR-39 u3 j1elKkonnTOB CBUHBN OKa3bl-
BaeT NPOTHUBOBOCHAIIMTENILHOE JecTBHE, HHTHOUpys akTuBHOCTH NADPH-okcnaasHoi
cucteMbl HelTpoduinos [24]; yckopsieT 3a)KUBJICHUE paH, CTUMYJIHUPYs CUHTE3 CHHJICKa-
HOB [ 13]; BmIsieT Ha pocT cocyaoB [23].

B03MOXXHOCTh perysiini akKTHBHOCTH KJIETOK, 3KCIPECCHPYIOIINX Pa3IHIHbIE
IIUTOKMHBI, MOXKET PACCMATPUBATHCS KaK d(PPEKTUBHBIA ITyTh KOPPEKIIUH ITaTOIOTHIEC-
Koro mporecca [1]. 3Has Ha MPOTYKIMIO KAKUX HUTOKHHOB BIHMAET KOMIIOHEHT KOMII-
JIEKCHOTO TIperiapaTa, MOXHO C YBEPEHHOCTHIO TOBOPHUTH, 32 CUET KaKMX MEXaHH3MOB
peanm3yeTcsi TO WM WHOE CBOMCTBO mpemapara [2]. CiexyeT OTMETUTh, 9TO TPOIyIeH-
TaMH [IUTOKWHOB MOTYT BBICTYIaTh HE TOJBKO KIETKM UMMYHHOH cHCTeMBbI (JIMM(OLH-
ThI, MaKpo(daru, MOHOIIMTBI), HO ¥ CTPOMAJIbHBIE COSIMHUTENLHOTKaHHbIE KiIeTKH. [103-
TOMY TOJIKO’)KHOE BBE/ICHHE BBI3bIBACT 3HAUUMBIH 10 CBOEH CHile OMOIOTMYECKUIl OTBET
(myTeM aKkTHUBHM3alMM CHHTE3a IIUTOKMHOB). Takum 00pa3oM, UCIIONb3Ysl HIUTOKUHUHY-
LUPYIOIIXN METO U ONpeAessis Kak pa3InyHble KOHIEHTpaluu cBepxmanbix 103 (CM/I)
O6uonorndyeckn akTHBHBIX BemiecTB (BAB) mo aHamoruu ¢ romMeonaTuuecKHMMHU I03aMH
CBepXpa30aBICHHBIX PACTBOPOB BO3/IEHCTBYIOT Ha INTOKWHOBBIN MPOQHIH, BO3MOXKHO!

® MHCTPYMEHTAJIBHO MOATBEPAUTH papMakoornieckyro aktusHocts CMJ] BAB;

® OOBSICHUTD OJIMH M3 MEXaHW3MOB UX JICHCTBUS;

® 000cHOBaTh MOAOOP CXEMBI JICUCHHSI B TOW MIIM WHOM KIMHUYECKON CHUTyalnuu
[15].

Jlnst TTO3HAHUS LIEHTPATIBHBIX HEHPOTYMOPAIbHBIX MEXaHU3MOB PETYISALUH BCEH
MMMYHHOH CHCTEMBI OOJBIIOE 3HaUE€HHE NMEIOT BHISIBIICHHBIC HOBBIE HMMYHOMO/IYJISITO-
pel Mo3ra — IIBII, nponynupyemble HEMPOCEKPETOPHBIMHU KJIETKAMM TMIIOTalamyca, U
YCTaHOBJIEHUE UX XUMUYECKOU CTPYKTYphl. B mociieqHue roasl onpenenéHHblil HHTEpec
MpeICTaBIsIeT U3YUCHHE MOJIEKYJISIPHBIX MEXaHHU3MOB M OIpeJle/IeHHe MecTa B MHOTO-
YPOBHEBOH CHUCTEME HEpPapXUM HEHPOrOPMOHOB TUIIOTajamyca IMENTUIHOW MIPUPOJBIL.
PerynsiTopHble enTHAbI U CONPSDKEHHBIE ¢ UX (QyHKIMEH (GepMEHTHI CIeayeT paccMaT-
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pHUBATh Kak CIOXHYIO aJallTHBHYIO CHCTEMY OpPraHHW3Ma, OPraHH3YIOIIYI0 PEeaTH3aIHio
MIPUCTIOCOOMTENBHBIX PEAKIMH Ha BCEX YPOBHAX ero mHTerpanuu. K momobHoi rpymme
JKM3HEHHO Ba)KHBIX METTHIOB C HEBBISICHEHHBIM JI0 KOHIIA MOJICKYJISIPHBIM MEXaHH3MOM
JEUCTBHSA OTHOCSITCSI M OOTaThIe MPOJIMHOM HENTH/BI, BBIICIICHHBIE [ alOSHOM | COTp. U3
HelipocekpeTopHBIX aaep runoranamyca (N. paraventricularis m N. Supraopticus) xpymn-
HOTO pOraToro ckora. BriociencTsuu Oblia BBISICHEHA NEPBUYHAS CTPYKTYpa 3THUX IICH-
THJIOB, YTO IMO3BOJIWJIO MX CHUHTe3upoBatTh [16]. M3 BbIIENEHHBIX NENTHIOB Haubolee
usydeH rajgapmut (I'AJI), cocrosimuit u3 15 aMUHOKHUCIIOT CO CIeAYIONIeH MepBUIHON
crpykrypoit:  Ala-Gly-Ala-Pro-Glu-Pro-Ala-Glu-Pro-Ala-GIn-Pro-Gly-Val-Tyr  [18].
BozneiictBue I'AJI Ha UMMYHHYIO U HEPBHYIO CUCTEMY COIIPOBOXKIAETCS 3aMETHOM CTH-
MYyJISIMel OeTKOBOTO, JIMITUIHOTO M YIJIEBOIHOTO 0OMEHOB. B mociiesHeM BaXkHOE Mec-
TO 3aHUMACT IUKIMYCCKHUI aJIeHO3MHMOHO(ochaT-3aBrcuMas cucteMa (hepMEHTOB, 3a-
IycKaemasi aJeHHIaTIHKIa301, TIOCPEICTBOM aKTUBAlMH KOTOPOH TOPMOHBI (BO3MOX-
Ho, Takke u ['AJI) perynupyioT kineTtounsiii ooMeH. OTKpBIThIE akageMuKoM [ 'anosiHoM
IIBII, x yucny kotopeix U oTHocutcsi ['AJL, BbAEIEHHBIE U3 HEHPOCEKPETOPHBIX SAEP
THIIOTAJIaMyCa, MIPEACTABISIIOT HOBYIO CEMBIO TMITOTAIAMUYECKUX HEHpPONENTHAOB. DTN
MEeNTHIBl CHHTE3UPYIOTCS B Qopme oOlmiero Oenka-TpenniecTBeHHNKa (HeHpopu3nH-
Ba30INPECCHH ACCOIMMPOBAHHOTO TJIMKOIIPOTEHHA) W TEHETHUYECKU JIETEPMHUHUPOBAHHO
pa3zesiloTcs MPOTEOJIU30M BO BpEMs aKCOHAIBHOTO TpaHcmopra. OOGHapyXeHo, 4To
JIaHHBIE TENTHIBI 00JaJal0T IMIMPOKUM CIIEKTpOM Omojorudeckor aktuBHOCTH (BA),
BKJIIOYasi UMMYHOMOYJIUPYIOIINE U HEMPOIIPOTEKTUBHbBIE CBOMCTBA, U MOTYT SBISATHCA
peryJsaTopaMu ryMOpPalIbHOTO U KIIETOYHOI'O HMMYHHTETA, MHUENION033a, quddepeHnna-
oy TUMOoIUTOB. IToka3zano, 4yTo ofguH MX 3TUX nentuaoB — ['AJI, o0nagaeT cBolicTBaMM
IIUTOKMHA U CTUMYJIMPYET aHTHIeH-TIPEJICTABIAIONIYIO (DYHKIHIO Makpo(haros, MpoayK-
MO ATUMHU KieTKkamu Qakropa Hekposa onyxoisei (TNF-®) n cekperyro HHTEpIeHKH-
HOB (IL-1 u IL-6) acTporuramu [17].

Ha cerognsmnanii nens cyoknuangeckuit runotupeos (CI'T) sBnserca nanbomee
4acTO BCTPEYacMbIM M HanOoJiee N3ydeHHBIM CHHAPOMOM B 3HAOKPHUHONOTHH. TeMm He
MEHee, B JMarHOCTHKE U JICYEHUH 3TOT0 MAaTOJIOTWYECKOTO COCTOSIHUSI OCTAETCsi MHOTO
BOIIPOCOB, HE MMEIOIIMX OJHO3HA4YHOM TpakToBKHU. [loaTOMy cpenu y4y€HBIX pasHBIX
CTpaH He ociabeBaeT HHTEpeC K M3yUeHUIO pa3nnuHbIX actektoB CI'T, cuaapoma, oOyc-
JIOBJICHHOTO CTOWKHUM AeduituToM Tupeonnsasix ropmoHoB (TI7) B opranmsme [10].

B nocienHue rojpl HaMeTHIIACh TEHICHIMS K CONMIKEHHIO M CHHTE3y JBYX, N0
HeJlaBHEr0 BPEMEHHM aHTAarOHUCTUYECKUX, o0iacTell MEIMUMHBI — (hapMakoTepanuu U
TOMEOIaTHH, IPEXK/IE BCETO, B CBS3U C IIMPOKUM IMPUMEHEHHEM KOMITJICKCHBIX FOMeoIa-
TH4eckux cperacts [5, 8]. HecmoTps Ha TO YTO MeXaHM3MBI TOMEOTEPANUU HE MOTYT
OBITH B MOJTHOI Mepe 0OBSICHEHBI B paMKax COBPEMEHHOH OMOJIOTMYECKOW TapaJurMebl,
0a3upyloleiics: MPenMyIIeCTBEHHO Ha MOJIEKYJISIPHBIX MPEICTaBICHUSIX, UMEHHO MpaK-
THYECKHE apryMEHTHI 3((EeKTUBHOCTH M O€30MaCHOCTH CITy’KaT OCHOBOM /sl BHEIPEHUS
TOMEOTNIATHUECKUX CPEACTB B IIUPOKYIO MPAKTUKY [3, 4].

BwMmecTe ¢ TeM B MPOBOAMMBIX B HACTOAIIEE BPEMS HCCIIEIOBAHHUAX MPOJOIDKAIOT
OTCYTCTBOBAThH CBEACHHS OTHOCHTEJIFHO H30JIMPOBAHHOTO TPUMEHEHHS CBEPXMAJIBIX 103
(CMJT) 10™°~10""7 M AMII, B 4aCTHOCTH, HCIIOIB30BAHHOTO B JAHHBIX CEPUAX UCCIIEI0-
BaHuil I'AJI npu CI'T B u3y4eHUU NpoLeccoB U3MEHEHUS! KOHLIEHTPAlUH TUPEOTPOITHO-
ro ropmona runogusa (TTI), cBobognoro Tpuitoaruponuna (T3), cBoboHOTO THPOK-
cuna (T4) B CBIBOPOTKE KPOBH y KPBIC.

Mamepuan u memooduka. Vccnenosanus nposeneHs! Ha 80 12-Mecs4HBIX KpbICax-camLax
IMHUE BHcTap B yCIOBHSX MOJNYXPOHHYECKOTO SKCIICPHMEHTA, PasleICHHBIX HA 7 MOAONBITHBIX

TpyHIL:
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KOHTPOJIbHBIE JKUBOTHBIEC — 10 9K3.;
2. xwuBotHble ¢ CI'T, He nomyuaBuie CMJI I'AJI — 20 5k3.;
3. xwuBotHble ¢ CI'T, noiryuasmue B TedeHue 14 nocneonepanuoHusx qaeid CMJ] 103 M

T'AJI—103k3.;

4. xusotHble ¢ CI'T, nomyuaBmue B Teuenue 14 nociaeonepauuoHusix aueir CM/] 104 M
T'AJI- 10 3xk3.;

5. xusotubie ¢ CI'T, monmy4aBmme B TedeHne 14 mocaeonepanuonnbix gueit CMJ[ 107° M
T'AJI- 10 3k3.;

6. xusotHble ¢ CI'T, monydyaBmie B TedeHne 14 mocaeonepannonHbx gueit CMJ[ 1076 M
T'AJI- 10 3x3.;

7. xusotusie ¢ CI'T, monyuapmue B TeueHne 14 nocneonepauuonsbx ueit CMJ 1077 M
T'AJI— 10 3k3.;

B sKcnepuMeHTaNbHBIX HMCCIENOBAaHUAX HCIOIb30Banach xupyprudeckas mozens CI'T.
[TaTonoruueckoe cocrosnue muToBUAHON *)ene3nl (LK) xpeic OblI0 momyyeHo myTéM mpoBesae-
Hus onepauun tupeoumdkromun (TOK). TOK ocymecTBisiace mo cienyromeMy anroputmy. o
MIPOBEACHHUS ONIEPALINH KPBICH 10 3GUPHBIM HApKO30M (PUKCHPOBAINCH B ITOJIOKEHUH HA CIIUHE.
Hoctyn k LXK ocymmecTBisuics 4yepe3 pa3pe3 KOKU B 00JIACTH IIEH JUTUHOM OKouo 2,5 cM. 3ateM
obnaxanacs 1K, mpousBoxuiack ornpenapoBka 2/3 e€ 4acTH ¢ COXpaHEHHEM MapaniuTOBHIHEIX
KeJE3 U C IIOMOIIBIO OCTPBIX HOXKHUIL JOIU OTCEKAJIUCh, IIOCIE Yero MO KaXKAy U3 HUX HOJBO-
JIVITKCH JIMraTypbl. PaHbl mociioliHo 3ammBaiichk. JKUBOTHBIE XOPOIIO HEPEHOCHIIN ONEpaLyio U
coycts 0,5-1 9 mocie Hero NOAXOAWIM K KopMy H Boae. Beero 6bu1o noaseprayto TOK 70 kpeic.

B nmaHHBIX cepusx HCCIeIOBaHHN MPUMEHSJICS cBepxpa3z0aBieHHbIN pacTBop ['AJl, mox-
Bepriuiica ocobomy mporeccy — noTeHuupoBanuto. Ilocnennee npeacrasnser coboif mocuenosa-
TEJIBHOE Pa3BEICHNE HCXOTHOTO PACTBOpPA B COYETAHHM C BHEUIHUM (DH3HIESCKHM BO3ICHCTBHEM
(MexaHHYECKOe BCTpAXHBaHHE, 00paboTKa ¢ MOMOIIBIO 3BYKOBOTO TeHepaTopa u ap.). He mon-
BEpruIMecs INpoleccy IMOTEHIUPOBAHUS PacTBOPEI, conepskamme CMJl ekapCTBEHHBIX CPEICTB
(ipu pasbasnenun BeIme uynucia ABoranpo) BA me obmamator [6, 11]. [Ipouenypy pa3seneHus u
MOJTyYeHUs] ToMeonaTH4eckux JneneHuid ['AJ] BBIIOMHSIM ¢ COONIOAEHHEM TeXHOJIOTHYECKHX TIpa-
BWJI, M3JIO)KEHHBIX B PYKOBOACTBAaX I10 roMeonatuu [7, 9], mOTEHIMpPOBaHUE MTPOBOIIM MHOTO-
CTaKaHHBIM (B HECKOJBKHUX eMKOCTsAX) MeTonoM C. 'anemana. McxXomHbIM pacTBOpPOM (YPTHHKTY-
poii, MaTEPUHCKOW THHKTYPOI) ISl NPUTOTOBJICHUS BBICOKOIIOTEHIIMPOBAHHBIX JEJICHUNA XUMH-
geckux ["AJI ciryui ero MaTO4HBII PacTBOP, MOTyUCHHBIH CTOKPATHBIM Pa3BeACHHEM HATHBHOTO
obOpaszna abCOMOTH3UPOBAHHEIM CIIUPTOM M colepXammid 9,2 Mr/Mi JeHCTBYIONIET0 Havajia
(3,4% 107 M). Ilpu nocnenyronmx pa3BeeHNIX B Ka4eCTBE HHAU((EPEeHTHOTO BelecTBa-HOCUTe-
JIS1 ICIOJIB30BANIN TUCTHJUTMPOBAHHYIO BOIy. B cooTBeTcTBHM CO CXeMOH, onpenenéHHOH MeTo-
JoM noteHipoBanus o C. 'anemaHy, JUIs OJy4eHHs KQ)XI0T0 AEIEHHs MCIONb30BaIN OT/elb-
HYI0 €MKOCTb — I'€pPMETHYECKH 3aKpBIBABLIYIOCS CKJISHKY TEMHOrO cTekia. [IepeHoc anmkBOTHI
MPEeABIIYIIETO pa3BeACHNs B CKISHKY C MOCIETYIOINM OCYIIECTBIISUIN CTEPUIBHBIMU OJHOPa30-
BBIMH WHCYJHHOBBIMH IIMPUIIAMH, PACTAKOBBIBABIIMMHUCS HETOCPEACTBEHHO IEPE]] MPOLEAypOit
MepeHoca U MEHSBIIMMIUCS Ha KaXI0H cTyneHH pa3BeneHus. [lepeHoc 3aBeprany quHaAMU3anUCH.
Bce MaHUITYISIMH BEIOTHSUTH B TOMEIIEHHH, 3aIIUIIEHHOM OT HEMOCPECTBEHHOTO BO3/ICHCTBHS
COJIHEYHOTO CBeTa. B mporiecce MpuroToBiIeHus MPUMEHSIIH JECATHIHYIO (IEIUMATIbHYIO) KAy
pa3BeneHHs, TPaJUIOHHO UCIIONIB3YIONIUXCS B TOMEOIIaTHIECKON IIPaKTHUKe U MPUHATYIO [ omMeo-
narnueckoi kuuro nexapers (I'KJT). TIpu monp3oBaHuM 9TOH IIKaIONH Ha KaXIOH CTYNEHH pas-
BEJICHMS JIOCTUT'AJIH JECSTUKPATHOTO pa30aBiieHUs] “OCHOBBI”. B COOTBETCTBUH C yCTaHOBHUBIIM-
MHCsI IPaBUJIaMU JIeCATHYHBIE [eeHus 00o3Havanu Oyksoii D (decim — necsits). B urore onucan-
HBIM IIyTeM OBIJIO MOJTY4EHO 5 MOTeHIUPOBAaHHBIX AermMaibHbIx aeieHnit X0/ u [AJI (D13 ~10™"
M; D14 10 M; D15-10"° M; D16 -107'° M; D17-10""7 M).

Hocne TOK u oxonvanust BHyTpuMBbIIIeYHbIX HHBeKIHH CM/] D13 — D17 M T'AJI B Teue-
HHe 14 mocieonepanvoHHbIX THEH y HCCIeIyeMbIX KHUBOTHBIX ObUIA NMpOBEIEHa AEKAINTALM U
OCyIIEeCTBIEH cOOp KPOBH. B3siTHe KpOBHU y )KUBOTHBIX BCEX HCCIICyEMbIX TPYIIH IIPOBOMAT JIeKa-
MUTAIMEH TOJIOBBI )KUBOTHOTO. JKUBOTHBIX MPEABAPUTENBHO BBIACPKHBAIN B TEPMOCTATE B TeUe-
Hue 2-5 muH npu temreparype 40-42°C (IpoMCXOAUT MOBBIIEHHE 0OMEHa BELIECTB U pa3iKiKe-
HHE KPOBH), 3aT€M C IIOMOIIbIO UHIEeTa (HUKCUPOBAIIM 32 CKJIA/IKy KOXKH Ha 3arPUBKE U OTCEKAIIH
TOJIOBY CTEPUIBHBIMU HOKHMIIAMH. KpoBb cOOMpanu ¢ MOMOIIBI0 BOPOHKH B TOHKHE MPOOUPKU
VYeHryTa 1o npeICMEPTHBIX CyJOPOKHBIX KOHBYIIbCHI Tea. KpoBb mopuusiMu BeIOpacsiBanach B
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BOopoHKY. KpoBb mocne B3stusa 25-30 MuH BeigepkuBaiu B Tepmoctare (35-37°C), 3aTeM crycTok
ee 00BOIMIN TOHKOH CTEKJITHHOM NMAJIOYKOH (OTJeTIeHHe CTYCTKa OT CTEHOK COCY/la) U CTaBMIIM Ha
16-18 u B xonoaunbHUK. CHIBOPOTKY OTCACHIBAIU ITUIETKOM C MOMOILBIO IPYIIH, IIEPEHOCHIU B CTe-
PWIBHBIN COCYJI, 3aKPBIBAIM KPBIIIKON M XPaHWIH B XOJOIWIbHHKe. TakuM 00pa3oM Moydain 10
1,5-2 mi kpoBH ¥ = 0,5 M1 CBIBOPOTKH. OTIUUUTEIBHBIM IIPEUMYIIIECTBOM IPEIaraeMoro criocoda
B3STHS KPOBH y KPBIC SBJIACTCS €€ JOCTYITHOCTb, YTO MO3BOJISIET TIOBBICUTH BBIXOJI COOMPAEMOii Kpo-
BHU M CBIBOPOTKH, HE M3MEHsS MPH 3TOM €€ KayeCTBEHHBIX MOKa3aTesIeil U U3ydnTh BIUSIHHE HCCIIe-
JIyeMBIX IIPETIapaToB Ha OPTaHN3M >KHBOTHOTO.

B ceBopoTke ¢ momomipio MeToaa ummyHohepmerTHoro ananmza (UDA) ompenensiacs
koHnentpanust TTI, cBoboxuoro T3 u cBoboxuoro T4 mocpencTBOM MMMYHO(DEPMEHTHOTO aHa-
m3aropa RISER 8793 ¢ mabopom “Elisa neokcunusaneHona (W81115)”. B naHHEIX cepusx uc-
ClIeIOBaHMI NPHUHIMN paboThl Habopa 3aKiIIovYalics B TOM, 4To onpenenenue yposHs TTT (wim
TT') ocHOBaHO Ha KCIOJIB30BAaHWY KOHKYPEHTHOIO BapuaHTa TBepo(ha3HOro UMMYyHO(GEPMEHTHO-
ro ananusa. Ha BHyTpeHHel MOBEpXHOCTH JIYHOK IUTAHIIETa UMMOOUIN30BaHbl MAIIMHHBIE MOHO-
kioHaneHble aHTHTeNna K TTT (wm TT). B nyHKy miaHimera BHOCHIM MCCIIEAyeMbId oOpaser u
koHbiorat (T4, KOHBIOTUPOBAaHHBIN ¢ Mepokcuaa3oif). Bo Bpems uakyo6anun TTIT (wmm TI') oOpas-
a KOHKypHpyeT ¢ KoHbtorupoBaHHbIM TTI (mwm TT') 3a cBsI3pIBaHHME C aHTHTEIAMH Ha MTOBEPX-
HOCTH JIyHKH. B pe3ynbrate oOpa3yercsi CBI3aHHBIN C IUTACTUKOM “‘COHABHY”, COJEpIKalUil Ie-
pokcuiasy. Bo Bpems unkyOanun ¢ pacTBOpoM cyOcTpaTa TeTpaMeTINIOCH3UANHA B JIyHKAX IIpoO-
HCXOAUT OKpalIMBaHHWE PAcTBOPOB. MHTEHCHBHOCTH OKpacKH OOpaTHO HPONOPIHOHAIBHA KOH-
nerrpamun TTI (wnu TT) B uccnenyemom oopasue. Konnentpanuto TTI (unmu TT) onpenensitu
0 KanuOpOBOYHOMY IpadMKy 3aBHCHMOCTU ONTHYECKON IUIOTHOCTH OT coiepkanus TTI (mmu
TT') B kanuOpoBOUHBIX pobax.

JIOCTOBEpPHOCTh pa3iM4Mii OLCHUBAIM Ha OCHOBE MAPAaMETPUUECKOro OAHO(AKTOPHOTO
TIUCTIEPCHOHHOTO aHan3a (one-way Anova) i IOCTIUCIIEPCHOHHOTO aHanmm3a XonM-Cuaka ¢ mo-
MoImIpo maketa mporpamm Sigma Plot 3.5 for Windows.

Pezynomamut u o6cyscoenue. B ipeicTaBICHHON CepUM UCCIICIOBAHUI HAMK ObI-
710 m3yueHo no303aBucumoe Biusaie CMJI 107° M-10""7 TAJT Ha n3MeHeHue YpOBHS KOH-
uentpanuu TTI B chiBOpOTKE KpoBH 12-MecsuHbIX Oeibix Kpbic-camiioB mpu CI'T (puc.

).

TTI

weME TT /mx

Puc. 1. [lo303aBrucumoe BiusiHue ragapmuna (I'AJ]) Ha KOHIEHTPALMIO THPEOTPOITHOTO
ropmoHa (TTI') B ceIBOpoTKE KPOBH 12-MeCSIYHBIX OEJIBIX KPBIC-CAMIIOB IIPH
cyOxnmuHnueckoM runotupeose. [loctaucnepcuonnstii ananus Xonm-Crumgaxa

npu cpaBHeHnu Beex rpynm: F=86.29, p <0.001.

B mpoBeneHHBIX HCCIIEIOBAHUAX Yy THUIIOTUPEOWAHBIX KPBIC HAOMIOmaeTcs peskoe
NOBBIICHNE ypOBHA KoHIeHTpanuu TTI B ceiBopoTke KpoBH Ha 499,2 % 110 cCpaBHEHUIO C
KOHTPOJBHBIMU KUBOTHEIMU. [locne Bo3nmeiictBust CM/] 107 TAJI HaOMIONAN0OCh pe3Koe
cHIDKeHHe ypoBHSA KoHueHTpauuu TTI" B ceiBopoTke kpoBH y Kpbic ¢ CI'T, cocraBnsromee
98,4 %. B ciysae CMJT 10 TAJT—97,9%; CMJT 10™° TAJT— 96,1 %; CMJI 10 TAJT -
97,8 % CMJ1 10™° TAJT - 96,1 %; CMJT 10" TAJT— 97,8 % u CMJT 10" M TAJI — 99,6 %.
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ITonBons UTOrM 1aHHOM CEpUM MCCIENOBAHUM, MOXKHO CHIENaTh BBIBOJ O TOM, YTO
Bce rcnonbzoBanHbie CMJ[ ITAJI iposiBIsiiM POTEKTOPHOE ISHCTBHE B OTHOIIICHUH H3Me-
HEHUsI pe(PEHCHBIX Anana3zoHoB KoHIeHTpanuu TTI B CHIBOPOTKE KPOBH Y KPBIC.

B cremyromeit cepun nccnenoBaHuid HaMu OBIIIO HM3YYEHO J10303aBUCHMOE BIMSTHUE
I'AJI Ha xoHIEHTpanuio cBoO6oaHOTO T3 B CHIBOPOTKE KPOBH |2-MECSYHBIX OENBIX KpBIC-
cammos mpu CI'T (puc. 2).
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Puc. 2. JTozo3aBucumoe Biusinue I'AJI Ha coneprkanue cBodoaHoro Tpuitoaruponunna (T3)
B CBIBOPOTKE KPOBHU 12-MecsuHBIX OenbIx Kpbic-camuos mpu CI'T.
Hoctaucnepcnonnsiii ananms Xonm-Cuiaka npy cpaBHeHHH Beex rpymn: F=14.9, p <0.001.

B npoBezneHHBIX HCCIEn0BaHUAX HAOIIONATIOCH CTOMKOE TUIABHOE CHIDKEHHE yPOB-
HSl KOHIEHTpPAIMH CBOOOAHOTO T3 B CBHIBOPOTKE KPOBM Y THIIOTHPEOMIHBIX KpBIC Ha
11,4 % mo cpaBHEHHUIO C KOHTPOJIBHBIMH JKUBOTHBIMU. B CHIBOPOTKE KpPOBH y KPBIC TOCHE
BoznerictBus CMJL 107* M TAJI Ha6monaeTcs IaBHOE MOBBILICHHE YPOBHS KOHIICHTpPA-
1 cBoGomEoro T3 ma 12,1 %; B ciysae CMJT 10™* M TAJI - 10,4 %; CMJT 10 M TAJT
—9,7%; CMJ] 10" MTAJI-10,9 % u CMJT 10" MTAJT—-2.1 %

ITonBons UTOrM NaHHOM CEpUM UCCIIENOBAHUM, MOXHO CIENaTh BBIBOJ O TOM, YTO
Bce ucronssopanusie CMJ] TAJL, 3a uckmouenmem CMJ] TAJI 1077 M, MIPOSIBIISLITN
MPOTEKTOPHOE JEHCTBHE B OTHOIICHWH W3MEHEHHs PEPPEHCHBIX JHMANa3oHOB KOH-
neHTpanuu cBo6oHoro T3 B CHIBOPOTKE KPOBH.

Ha crnenyromem stane uccneoBaHiid HaMH ObLIO M3y4YEHO J10303aBUCHMOE BIIHS-
nue ['AJ] Ha xoHneHTparuo cBoboxHOro T4 B CHIBOPOTKE KPOBH 12-MECSYHBIX OEIBIX
kpoic-cammioB mipu CI'T (puc. 3). B chiBOpoTke KpoBH y KpBIC mociie Bo3aeiicTust CMJL
107"* M TAJI HaGmroganoch MIaBHOE MOBBIMIEHHE YPOBHS KOHIICHTpAIUK cBoOOmHOTO T4
Ha 7,3 %; B ciaysae CMJT 10" M TAJI — 3,8 %; CMJT 10> M TAJI — 9,2 %; B ciyuae
CM/T 10" MTAJI— 9,7 % u CMJT 10" MTAJI— 3,6 %.

IlonBozast UTOTH, MOJKHO CAENATh BBIBOJ O TOM, Y THIIOTHPEOUIHBIX KPBIC BCE HC-
nonb3oBanHble CMJ] TAJI TposIBISIIM MMPOTEKTOPHOE ISHCTBHE B OTHOIICHUH M3MEHEHHS
pedpeHCHBIX Mana3oHOB KOHIEHTpAlMu cBoOoqHoro T4 B chiBOpoTKe KpoBH. [IposiBie-
Hue BA y 12-mecsaunsix kpeic ¢ CI'T npu n3onmupoBannoi ammukarmu CMJI T'AJT corna-
CyeTcsl C JaHHBIMU JIUTEepaTypsl [27]. DT nposBieHus 00yCIOBIEHEI, BEPOATHO, CPOACT-
BOM paccMaTpHBacMOro XMMHUYECKOTO COeJMHEHUs K Bo3Oyxnaromiemy HM AX, a Taxxe
¢denomenom BosneiictBusi CMJI BAB Ha mponecchl MeTaboin3Ma y MIIEKONHMTAIOMINX U
YeJioBeKa, MPOMCXOSIIEM Ha BHYTPUKIETOYHOM YypoBHE. M3BecTHO, 4TO OBICTpO pas-
BHUBAIOIIMECS, OCTPBIE N XpoHHUecKkue 3aboneBanns [IDK 6e3 xaknx-mbo knuHI4Iec-
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KUX TIPOSIBIICHUH THPEOUAHOM MATOIOTUH CBS3aHbI C MTOHIKEHUEM CHIBOPOTOYHOTO YPOBHS
cBoOomubIX T3 u T4 u noBeimmenueM TTI. 310 9acTo TpakTyeTcs Kak HETHPEOHTHOE COC-
TostHME. BpIcokast pacripocTpaHEHHOCTh HETHPEOUTHBIX 3a00eBaHM, 00yCIOBICHHAS He-
JIOCTATOYHBIM MUTAHUEM U HAJIMIUEM XPOHHUYECKUX 3a00I€BaHIMN, 3aTPyIHSCT aJICKBaTHYIO
ouenky ¢ynkmmm DK B crapmmx rpynmax nmanuenTtoB [14]. B uccrmenoBanmsix [21] y 63
UCTIBITYeMBbIX OOHApY)KEHBI TPU3HAKN HETUPEOUAHBIX 3a00JIEBaHUH, 00yCIOBIECHHBIE HU3-
kuM ypoBHeM TI" 1 BbICOKOH KOHLeHTpanuel cbiBoporoyHoro TTIN ¥V 3Tux nanueHToB yac-
TO BBIIBJIUIMCH TUIIEPTEH3US, aTePOCKIIEPO3, HEBBIPAKEHHBIE TIPHU3HAKU CEPICYHON Heloc-
TaTOYHOCTH, XPOHUUECKHE OOCTPYKTUBHBIE 3a00JIEBaHNUS JIETKUX, TUA0ET 1/UITH apTPUT.

Tupokcun

WET THPOK CHHY/MI

Puc. 3. [lozo3aBucumoe BiusHue ratapmuna (I'AJI) Ha conepxanue cBOOOJHOTO
tupokcuHa (T4) B CBIBOPOTKE KpoBU 12-MeCIYHBIX OENBIX KPBIC-CAMIIOB IIPH
cyboxmuangeckoM runotupeose (CI'T). [locTaucnepcnoHHbIH aHaTH3
Xonm-Cupaka npu cpaBHeHuu Beex rpynm: F=8.55, p <0.001.

[IpumMegaTenpHO, YTO HE 3aBUCAIIMN OT 3aboseBaHM BeICOKHA ypoBeHb TTI ac-
COLIMMPOBAJICS C HE3HAYNTEIBHBIMU KIIMHNYECKUMH TIPOSIBICHUSMH NAaTOJIOTHH. BeposiT-
HO, 3TO MOKET OBITh 00YCIIOBJICHO XapaKTepOM IMHTaHUS MAlUCHTA, TaK KaK HEJOCTaTOK
KaJIOPHH IPUBOJIUT K POCTy ypoBHS cbiBopoTouHoro TTI [19]. Takxke BakHyI0 pojib B
9TOM IIpoIiecce UrpaeT NOoTpeOIeHne CeJieHa U psijia IpyTuX BellecTB (HanpuMep, Hoxa),
MIOCKOJIbKY CEJIeH SIBJISIETCSI HEOTHEMIIEMBIM MHKPODJIEMEHTOM, HEOOXOIUMBIM JUIs
neiionuposanus TI'. Kak yxe oTMeuanock BbIlIe, Ha Pe3yJbTaThl TECTOB (PyHKIMOHAIb-
Ho#t aktuBHOCTH LXK y mOXmibIxX mrozeit MOTyT BIMATH HETIOJHOIIEHHOE MUTAHWE, Ha-
JIMYHE ONPEICIEHHbIX 3a00IeBaHUI 1 MPUEM MEJUKaMEHTOB. XOpOIIO U3BECTHO, YTO
CYIIECTBYET YeTKas IMpsiMasi 3aBUCUMOCTh MEXJy BO3pacTOM M NpHEeMOM (apMarieBTH-
YyecKux mpenapatos [20].

JlexapcTBeHHBIE cpeacTBa MoryT Be3bIBaTh [ 11T (suTwHit); runepTapeos (amuoma-
POH); M3MEHSTh MoKa3arenu TectoB (yHKipoHanpHOU aktuBHOCTH LK 6e3 mpsimoro
BJIMSIHUS Ha (DYHKIMIO JKeJIe3bl yTeM BO3JEHCTBHS Ha THPOKCHHCBSI3BIBAIOIINI TI00Y-
JMH (TJIIOKOKOPTUKOUBI, ICTPOTEHBI) WM MyTeM CBS3bIBaHUS T4 THPOKCHHCBS3BIBAIO-
IIMM TJI00yTHMHOM (TenapHH), a TakKe yepe3 cynpeccuro kouBeptauu T4 B T3 (rioko-
KOPTHKOMJIBI, aMUOJJapOH, MpOMaHoio). VIMEHHO MOITOMY NpH OIEHKE Pe3yJbTaToOB
¢dyukponansHol akTuBHOCTH 11K y MOXKHMIIBIX MAalMEeHTOB CIEayeT yYUTHIBaTh BO3-
MOYKHOE BJIMSIHHE YKa3aHHBIX (akTopoB. Kpome TOro, B MOXKHMJIOM BO3pacTe Ha 3TH I10-
Ka3aTesy MOTYT BIUATBH M JPYyTHE apaMeTphl — TeHETHYECKHE U3MEHEHHS U TICHXO0JIOTH-
yeckne (akTopsl. Tak, B MCCIENOBAaHMUAX HECKONBKHX IOCIEIHMX JIET ObUIa BBISBICHA
POJIb TEHETHYECKOTO TTOJIMMOpP(hU3Ma B TeHe3€ THPEOUIHBIX HapyIICHHH, a TaKkke ObLUIO
YCTaHOBJIEHO, YTO TCHETHUYECKNE (PAKTOPHI SIBISIOTCS OCHOBHBIMH NPHUYMHAMH Pa3IUIUH
B pe3ynbTaTax TectoB pyHKImoHansHOH akTuBHOCTH 1K v pasHbix mamuenTos [26].
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B sKCcepIMEHTABHBIX UCCIICAOBAHMSX [22] YCTAaHOBJIECHO, YTO Y KPBIC CTapIIeH
BO3PACTHON TPyMIbl TEHETHYECKUH MOIMMOPGHU3M B TeHE3€ TUPEOUAHBIX HapyIICHHH
CBSI3aH C YPOBHEM CHIBOPOTOYHOTO CBOOOAHOTO T3, TENOCIOKEHNEM W MHCYJIHHPE3UC-
TeHTHOCTBI0. CyOxnmHmdeckoe TedeHue 3abonmeBanmii IIDK BcTpewaercss moBoibHO
gacto, a amutensbHbIil CITIT MokeT nmpuBeCTH K KIIMHNYECKH 3HAYUMBIM 3a00JICBaHUSM.
Bonee Toro, pazaM4YHOro pojia OCIOXKHEHHS MOTYT Pa3BHUTBCS Jake B JIATEHTHOM
nepuoze 3abosieBaHus. B cBs3M ¢ ATUM, BEpPOSTHO, paHHEE BBISBICHHE CYOKIMHUYECKUX
¢dbopm Hapymenuit DK cmocoOCTByeT yiIydIIeHHIO MPOTHO3a ¥ BBIPAOOTKU
ONTHUMAJIBHOW CTpaTEerHH JEUeHHs MOCpeaCTBOM npuMeHeHust BAB y miexonuTaromux
[12].

IlonBonsg MTOTM NMPOBENEHHBIX CEPUH HCCIENOBAHUI, MOXKHO CHENATh BBIBOJ O
ToM, uTo y 12-Mecsunbix kpeic ¢ CI'T Habnronmaercs msmenenue nokaszarenein TTI u
cBoboxubix TT. Hanbomnpmmii mHTEpEC BBI3BIBACT yCTAHOBJICHHBIH HaMH ()aKT OTHOCH-
TENBHO MPOTEKTOPHOrO BO3ACHCTBHS B OTHOIIEHUM ypoBHsA KoHueHTpamuu TTI, cBo-
6oxur0r0 T3 1 cBoOOHOTO T4 ¥ runotupeonaubx kpsic ['AJI B CM/] 10%- 10" M, sB-
JISIOLLErocsl TMIOTaIaMUYECKUM HeliporienTuaoM. JlaHHOE BO3AeCTBUE XapaKTepUu3yeT-
cs Hopmanm3aruet korueHTpauu TTT u TI' B ceiBopoTKe KpoBH y 12-MeCSIHBIX KPHIC,
BBIPQ)XCHHOH B IOBBIIICHUN PEPPEHCHBIX AUANIa30HOB KOHIIEHTPALMH IOCIEe BO3AEHCT-
Bus CM/J] 'AJL
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K.B. YN TYSIH, M.A. KHHOCSIH, H.JI. KASAHYSIH, H.C. XAYATYPSIH, C.A. TEBOPT'STH, A.I'. AKOIISIH,
T.C. JABUJISTH

Llenmp 0enonuposanus muxpo6os HIIL “Apmouomexnonocun” HAH PA
microbio@sci.am

IpencTaBieHsl NaHHBIE O CPABHUTENBHON A3()(EKTHBHOCTH HCHOIB30BAHUS METOJOB IOJ-ACpPKaHHs KH3HECIIOCOOHOCTH
Pa3NIUYHBIX MUKPOOPTaHM3MOB Ha IUTATENbHBIX CPEax C HCIOIb30BaHUEM IIIHIEPHHA, Ba3eNUHA U APYTHX KOHCEPBAHTOB.

VYcraHosieHa 3(peKTUBHOCTh COXPAHEHHUS MX PENPOIYKTUBHBIX CBOMCTB PH XPaHEHUH Ha MPUPOJHBIX cybcTparax. Ocoboe
BHHMaHHUE Y/IeNIeHO XPAaHEHNIO KyJITyp MOJOYHOKHUCIIBIX OaKTepHii, JposioKel, a Takke TPUOHBIX OPTaHU3MOB.

Konnexyuu kynsmyp Mukpoopeanuzmos — MOIOYHOKUCTbIE ODAKMeEPUL — PUMONAMO2eHbl — OPOAHCHCU — 2pUbbL — PenpoOyKyus

Sqjuutip ko pipymud nwpplp uitinudhpwyuwyptph dpu dwipkukph YEuuntbwlnipyut wwhwywidwi dkpanitph Yhpundwi
hudbdwinuluh wpynbudbnngput tuuht' ogunwgnpsting gthghpht, quqbiht by Yniubpduinnitp:

Zuunwwnyk) £ ophwlwb  unmpunpuwnibph  dpuw tpubg  Jhpuljubqunnpujut hwnlmpniiikph - wwhwywdwi
wpynibwdbnnipmip: Zwnnly npwunpoipni £ hunlugyl) juptwppdughtt  pulunbphwitph, swpwpwutltph, huywbu bwub
ulijtiph wwhywdwp:

Uwlpkikph §nijpunnipubbph hunjupwénibbp — uplwppyuyhl palnkphublp —ppunnywpngkibbp — pupupuubbp — ublkp -
Yepupunugpnyulminyent

The data on application of glycerol, vaseline and other conservants for long-term maintenance of various microorganisms are
presented.

Efficiency in use of natural substrates for maintenance of their viability on natural substrates has been established. Special
emphasis was put to the maintenance of lactobacteria, yeast and fungi.

Microbial Culture Collection — lactic acid bacteria — phytopathogens —
yeast — fungi — reproductivity

B Lentpe nenonupoBanust mukpo6oB HIIL] “ApmoOuorexnonorus” HAH Apme-aun (IIJIM)
nojzepxxkuBaercst obmupHas (oxosio 13000 mTaMMOB) KOJUICKIIMS KYJIBTYP MHUKPOOPTaHH3MOB:
a’poOHbIe cropooOpa3zytomniue Oakrepun — 8550 mTamMmoB, MoOJIOYHOKHCIbIE Oaktepun — 500
ITAMMOB, HecmopooOpasyrone Oakrepun — 1000 mTam-MoB, TpuObl (MUTOCIOpUYECKHE U

6a31/IJII/IaJ'II>HI>Ie) — Oonee 1200 ITaMMOB, JPOXOKH U akTuHOMHULETH — Oosiee 700 mrammoB. Komnexnus
SIBJISIETCS. OCHOBHBIM PecnyOMMKaHCKHM XpaHUIHUIIEM IeHO(OHIa MHKPOOPTaHU3MOB, HPEICTABISIONINX HHTEPEC Kak
JUTSL IPOBENICHHST HAYYHO-HCCIIEIOBATEIBCKUX Pa3paOd0TOK, TaK U JIJIsl CO3/IaHMsI HOBBIX OMOTEXHOJIOTHIA.

Oco0yI0 IIEHHOCTh TMPEACTABISIOT MHKPOOPTaHU3MBI - TMPOAYLUEHTHI Pa3JIMYHBIX OHOJOTMYECKH aKTUBHBIX
COCIIMHEHHH, OMOACTPaaHThl MOJMMEPHBIX MaTepHaaoB W Japyrue. KoJIEeKIHOHHBIH (OHA MHKPOOPTaHH3MOB
MOJICP)KUBACTCS.  METOJaMU  JTHOQUIN3AINKA, KPUOKOHCEPBAIMU, TOJ[ CII0OEM Ba3elIMHOBOIO Macia, a TakxkKe
MEPUOJNUECKIMHU NIEPECEBaMU KYJIbTYP Ha COOTBETCTBYIOIINE MUTATEIbHbIE CPEIbI.

I'maBHO¥ 3amadell KOJUICKIIMW SIBIISCTCS TapaHTHHHOE XpPaHEHHE KYJIBTYp B JKU3HECIIOCOOHOM COCTOSIHUH C
XapaKTepHbIMU CBOMCTBaMHM, a TakKe NPEyIpeKIeHHEe U3-MEHEHUH U MyTalui, T.e. COXpaHEHHEe MHKPOOpraHu3Ma B
COCTOSIHUH, MAaKCHMAJTBHO OJIM3KOM K HCXOJIHO BhINIeNIeHHOMY utammy [1, 4, 7, 10, 11, 18].



TpaaulIMOHHBIC METOMBI NOAJCPKAHUS KYJIBTYP MHUKPOOPIaHM3MOB CBOJSTCS K MX BBIPALIMBAHHIO Ha OOraThIX
MUTATENBHBIX CPe/laX ¢ YaCTHIMH IepeceBaMH. [Ipr 3TOM HMEIOT MECTO MyTAllIOHHBIC M3MEHCHUS H aBTOCEIICKIIHS, YTO
4acTO MPUBOJUT K MOTEPE Y IITAMMOB BaXKHBIX (PU3MOTIOr0-OMOXMMUYECKUX CBOMCTB [2-5,11,12].

Henpro cratem sBIsSETCS BBIABICHHE J(P(OEKTHBHOCTH TPAIWIHMOHHBIX METOAOB XPaHEHHS KYIbTYp
MPUMEHHUTENIFHO K OTIEIBHBIM IPYIIaM MUKPOOPTaHU3MOB C COXPa-HEHUEM HX XapaKTEPHBIX CBOWCTB.

Mamepuan u memoouxa. OObEKTOM HCCIEAOBAHUS  CIIY)KWIU (MKB),
MHUTOCIIOPHYECKHE TPUOBI U HECIIOPOHOCHBIE OAKTEPHH Pa3HBIX BUJIOB.

[lepuoauueckue nepeceBbl: TPAIAUIMOHHBIM METOJOM XPAaHEHHUS! KYJbTYp SIBISIETCS MX NEPHOAUYECKHUH NEpeceB Ha CBEXHE
COOTBETCTBYIOIIUE Cpelbl. MIHTepBan Mexay MepeceBaMi 3aBU-CHT OT MUKPOOPraHU3Ma, HCIIOIb3YEMOM Cpebl U YCIOBHIA XpaHEHHS
(ot 15 nmueit no onHoro ro-xaa) [1,4,15].

XpaHeHHe N0/ Ba3eJIMHOBBIM MAcJIOM: KyJIbTYpbl BHIPAIIMBAIM Ha arapu30BaHHbIX Kocskax. [locie MHKyOauuu B mpoOUpKU
3aJIMBaJIM CJIOH Ba3eJIMHOBOro Macia He meHee lcm [1, 4,7, 11].

Kpuokoncepsarwst B runepune: 40%-Hblil pacTBOp MIMLEPHHA Pa3IHBAIN B IPOOHPKHU 110 3 MJI U CTEPHIIM30BAIH IIpH 1 at™

MOJIOUHOKHCIIBIE ~ OaKTepuu JIPOSKOKH,

0 0
30 muH, 3aTeM BHOCWIM 1o 0,1 MJI I'yCTO CycnieH3Mu IITaMMOB U 3aKJIAbIBAIM B XOJIOIMWIbHYI0 Kamepy nipu -20 C, -40 C, -60 C [1,
3,4].

KprokoHcepBauust B KHUIKOM a30Te: KpHONpoTeKTop — 10%-HbIH IIMIepuH pa3auBaiy Mo 2 M U CTEPUIM30BAIIM IPH 1 aT™
15 muH. B moarortoBneHHbIE NPOOHPKH BHOCHIIM TYCTYIO CYC-TIEH3HIO HCIBITYEeMBIX INTaMMOB, B30aiNTHIBAIM M IEPEHOCHIH B

0

crieMaNbHble TPYOOUKH C IMOCIEAYIOIIUM NIEPEHOCOM B KOHTEHHEpHI JUIsl XpaHEeHUs! B xKUIKOM azote npH -196 C [1, 4].

KoHcepBamusi Ha NMPUPOIHBIX cyOcTparax: MECOK, IT0YBa-IIECOK, IIEONUT. KBapueBBIil IMECOK M LEOJNUT B TEYCHHE 3 CYyT

0

MPOMBIBAJIH MO MPOTOYHON BOZOM, NEPUOANYECKH pa3MeninBas. Beicymupanu B cymmibHoM mkady npu 100-150 C. IpocesHHbIi
MIECOK, CMeCh Iecka ¢ nouysoit (10:1), neonut nmoMemanyu no 3r B NpoOUpKH U IBaxkabl crepuiuzoBany npu 120 C B reuenue yaca. B
KaXIyr MpoOupKy 3akanbiBanu 0,1Mi1 rycToi BOAHOM CyCHEH3UH UCIIBITYeMOro mramma. [IpoOupKH BCTPSIXUBAIU M OCTABIISLIN IPH
KOMHATHOH TeMIepaType Ha JIiTelabHoe XpaneHue [ 1, 4].

JInopunuzanys: JMOGHIN3UPOBAM KYJIbTYphl MHKPOOPTaHHU3MOB, HAaXOISIIMECs B OKCIIOHGHIMaNbHOW (haze pocTa,

BBIpAIllCHHBIE Ha CPENaX, COOTBETCTBYIOIIMX WX (H3MOIOTHYECKHM IOTpeOHOCTSAM. BakTepum cMbIBanmu B 3alIMTHBIE CPEIbl H
9 10
BHOCWJIM B CTE€pWIbHBIE amIlyJibl i Jnopuiuzanuu no 0,3mi rycroit cycnensuu. Mexoausiid Tutp B ammyse cocrasisut 10 -10
0
kie-Tok/mi1. CyclieH3ud B aMITyJiax 3aMOpakuBayid B criupre npu -50 - 60 C, BeIASp)KUBAIU TIPH TOI Temneparype B TeueHue 15-20
MHUH C MOCJIEYIOIIUM BBICYIIMBAHUEM IO/ BAKyyMOM JI0 OCTaTO4-HOH BiaxkHocTu okoino 1% [1, 2, 4-8, 11, 13, 17].

Jnst mopnepkaHusl KOJUIEKIIMH MHTOCHOPHYECKUX TPHOOB HCIOJIB30BAIM CIEIYIOIIHE YCIOBHS M CyOCTpaThl XpaHEHUS U
KOHCEpBAIlUM INTAMMOB: IIMTAaTEeNbHBIC CpeAbl (CHCTEMAaTHYECKU-MH IIepeceBaMM), IPUPOAHBIE cyOcTpaTsl (TIECOK, CMech
necok/mousa 10:1, neonur), KPHOKOHCEPBAUs B JKHIKOM a30Te M B PasHBIX KOHIEHTpamwsx rimuepuna (20, 40, 60, 100%) u npu

0 0 0
pasnoii remniepatype (-10 C, -40 C, -60 C). dns xpaHeHus 6a3uauaIbHBIX TPUOOB UCIIOJIB30BAJICS METO
0
MEPHOIUIECKHX IepeceBoB. ONTUMaNbHas cpelia Ul XpaHEeHHs — CyCllo-arap, TeMieparypa KyibTuBanuu 24 C, ¢ NepHoIHYHOCTHIO
nepeceBoB 6 mecsues. s MKB ucnonbs3oBanu nurarensayio cpexy MPC [16], wis aposxokeit — cpeny I'TIA (riroko30-nenToHHbIR
arap), a Juis Oakrepuii — MITA (Msico-eNTOHHBIN arap).

PenponykTHBHBIC CBOMCTBA IITAMMOB IPOBEPsUIH cleayronmM obpasom. [IpensaputensHo Obum pa3nutsl B gamky [letpu
COOTBETCTBYIOIUE CPelbl: I TPHOOB — arapu3oBaHHas cpena Yameka u cycio-arap, A APOXOKeH — INIIOKO30-TIENTOHHBIH arap,
it MKB-MPC, nna 6akrepuii — pproo-nentoHHsli arap. Ha nmoacymennsie yamku nepeHocut o 0,05M1 CycrieH3uH U CTaBIIN Ha

0

0
nHKyOanuio — apoxoxu u rpudst mpu 28 C, 6akrepuu mpu 30-37 C. Yepes 3-14 cyT npoBOAK-TIH TOACYET BHIPOCIINX KOTOHUH.

Pesynomamosl u obcysycoenue. PenpomyKTHBHBIC CBOMCTBA HEKOTOPBIX KYJNBTYP MHTOCIIOPHYECKHX TPHOOB
(Brirouasi OMoJerpaJaHTOB KOCMHYECKOH TEXHHMKH) MPH pa3-HbIX YCIOBHAX KOHCEpBAIlMM NpeACTaBieHbl B Tabi. 1.
BrIsiBIIEHO, 4TO GOJIBIIMHCTBO IITAMMOB IPHOOB, XPAaHUMBIX Ha ECTECTBCHHBIX CyOCTpaTax B TEUEHHE 3-X JIET, CoXpa-
HIJIA BBICOKHE PENPONyKTUBHBEIE CBONCTBA, 32 UCKIIIOUCHUEM HEKOTOPHBIX: Aspergillus terreus 1JIM 8114, Penicillium
Sfuniculosum 1JIM 8120, Trichoderma viride UJM 8125, Penicillium melinii 1JIM 12035, Ulocladium botrytis
LIJIM12037.

VYCTaHOBIICHBI ONPENENEeHHBIE PAa3INYUs B BEDKHBAEMOCTH M PEHNPOIYKIHH KyIbTYp Pa3sHBIX BUAOB IPHOOB MpH
TMo(UIM3AlNY ¥ XPAaHEHUH B KUAKOM a3zoTe. CpaBHUTENbHAS OLICHKA UCIBITAHHBIX METOJIOB IIO3BOJISIET 3aK/IIOUUTH O
6O0JIBIINX MPENMYIECTBAX HCIOIb30BAHMS XKUAKOTO a30Ta (Tabm.1).

Taomuna 1. CpaBHUTeNIbHAS XapaKTEPUCTUKA >KU3HECIIOCOOHOCTU U
PenpoayKIMU IPHOOB MIPU PA3IMYHBIX YCIOBHAX KOHCEPBAaLUH

HaumenoBanus u
HOMepa ITaMMOB

mo LIJIM

PCHpO,E[yKL[H}{ LITaMMOB CITYCTSA

3 roma

Kpuokon-
cepBalus B
JKHIKOM a30T€ B
TeueHHe

KoHcepsanus B
TJIMIEPUHE NPU
PasHBIX
KOHIICHTPALUSIX U
TeMIeparypax
cnyctst 3 rozga, %

|20

40 60 20

40|60|20|40|60|




Ile-
COK

TTousa/
ecoK

Ieo-

JIAT

3-x

4-x
net

picT

-10°C

| 40°C | 60°C |

Uspergillus niger
8133

+

+ +

+ | + -

. flavus 8134

. terreus 8114

. fumigatus
12036

Paecilomyces
variotii 8135

enicillium
aurantio-
riseum 8119

P.
aurantiogriseu
12040

P.
aurantiogriseu
12050

|P. chrysogenum
8128

P. chrysogenum
12039

. funiculosum
8120

. melinii 12035

[richoderma viri
8125

"haetomium

globosum 8117

locladium
botrytis
12037

Ipumeuanue: (-) — OTCyTCTBUE pOCTa.

BrisiBIeHBI aHAJIOTUYHBIE JaHHBIC IIPpU KPHOKOHCEPBAIIUM B TJIHMLECPHHE.

XapaKTCPU3ycCTCsa BBICOKO BBI)KMBAaEMOCTBIO U perOHyKHHCfI Ipyu HCIBITAHHBIX

riunepuHa. CpaBHUTEIHHO HEOMArONPHUATHBIM sBisieTcsl ipuMeHenue 100%-Horo raumnepuHa.
PesynbTaThl HMcCIeNOBaHMS JKH3HECTIOCOOHOCTH 32-X 0a3MIMabHBIX T'PUOOB, XPaHUMBIX IMOJI Ba3EIHMHOBBIM
MAacllOM B TEYCHHUE T0J1a, IOKa3aJIl OTCYTCTBUE PEMPOJTYKTHB-HOCTH Y OOJBITUHCTBA MITAMMOB, TOJBKO y 3-X IITAMMOB
Pleorotus ostreatus nadbmoganu cnaOwlii poct. Takum 00pa3oM, sl ONACpKaHUS KOJUICKIIMKA 0a3uualibHBIX TPHOOB
MIPUEMIIEM METO]I IEPUOTUIECKUX TIEPECEBOB.
H3BecTHO HECcKONBKO croco0oB xpaHeHHs KynabTyp MKB: meprmogmueckne nepeceBsl, B 20%-HOM pacTBOpe

BonpmmHCTBO mITaMMOB TpuOOB
TeMIeparypax ¥ KOHIIEHTpPaLHsIX

0
riunepuHa npu -20 C, moa cioeM Ba3eJIMHOBOTO Macja Ha arapu30BaHHOH cpejie M B JIMOQWIBHOM COCTOSHUM. B

JUTEPAType YacTO BCTPEUAIOTCS (PaKThI, CBUACTEILCTBYIOIINE O HecTaOmIbHOCTH psina cBoiictB y MKGB [5, 11, 15].

C nenpro umuTensHOM koHcepBarmu 110 mrTammoB MKB m gpoxoxeil pa3sHBIX BHIOB OBUTH 3aJ0XKEHBI HA

00
XpaHeHue Noj crepuiibHoe BazenuHoBoe macio (4 -8 C). Ilocne 5-T JieT XpaHeHHUs! ObUIO YCTaHOBJEHO, YTO TOJIBKO
30% manoukoBuAHEIX popM MKB coxpaHmim »KH3HECTIOCOOHOCTD, @ KOKKOBUIHBIX — 60% (Tabdu. 2).

Ta6anma 2. PenpoayKTHBHEIE CBOMCTBA MOJIOYHOKHUCIIBIX KYJIBTYpP H JIPOXKIKEH
P XPaHEHUN IO/ CII0EM Ba3eJIMHOBOTO Maca

HaumenoBanus 1 HoMepa
mramMmoB 1o LJIM u zip.
Komnekunsim

Penpomykimst
mTaMMOB
CITyCTSt

HaumenoBanus u Homepa
mrammoB 1o IJIM u ap.
Komnnexumsim

Penpomykims]
IITaMMOB
CITyCTst

1roxn

5 mer

rom IS nc‘[i

Lactobacillus brevis NCDO
477

L. buchneri VKM 1599

L. casei subsp. Casei NCDO
161

L. delbrueckii subsp.
Delbrueckii VKM 1596
Enterococcus faecalis CCM
1875

Candida bogoriensis 10007
C.aaseri 10001, C. diffluens
10019

Rhodotorula javanica 10029
aKluyveromyces lactis
10087

K. lodderae 10086,
K.delphensis 10082
Arxiozyma telluris 10112

++

++

Lactobacillus acidophilus
MDC 10883, 10889, 10897
L. casei subsp. Rhamnosus
MDC 10849

L. plantarum MDC 10882
L. lactis subsp. Lactis CCM
1877

Enterococcus durans NCDO
596

++




Filobasidiella neoformans
10159

Debaryomyces venrijiae
10072

Lactobacillus casei ++ ++ | Lactobacillus paracasei + -
subsp.rhamnosus VKM 535 subsp.  Paracasei MDC
L. plantarum NCDO 82 10898

Candida pintolopesii 10137 Candida blankii 10006

C. famata 10119, C. sake Pichia delftensis 10167
10053

Rhodotorula muscorum
10044

Kluyveromyces marxianus
10081

Yarrovia lipolytica 10033
Clavispora lusitaniae 10034

Lactobacillus acidophilus ++ + Lactobacillus acidophilus + -
VKM 1660 MDC 9602, 9604, 9606,

L. casei subsp. rhamnosus 9609, 9610, 9611, 10878,

VKM 574 10881

Pichia burtonii 10197 10883, 10884, 10885,

10887, 10889, 10892,
10893, 10894, 10895

L. delbrueckii subsp. lactis
VKPM 7640

L. fermentum NCDO 215

L. helveticus VKM 842
L.lactis MDC 10881
Streptococcus  thermophilus
MDC 9608

Ipumeuanue: penpoayKTUBHOCTh OLIEHUBAJIACK 110 3-X OaNbHOII cucTeMe: (-) — OTCYTCTBHE POCTa,
*NCDO - National Collection of Dairy Organisms

VKM - All-Russian Collection of Microorganisms

VKPM - Russian National Collection of Industrial Microorganisms

CCM - Czechoslavak Collection of Microorganisms

MHUKpPOCKOIIMPOBAHUE MIOKA3aJI0, YTO BO BPEMs JUIMTEIILHOIO XPAaHEHUs M10J Ba3eIUHOBBIM MacioM kietku MKDB
HO/IBEpraroTcs Ae(OpMaIMH, TEPsii CBOM €CTECTBEHHBIC (JOPMBI, YTOJIIAIOTCS, YTO HEJb3s CKa3aTh O XPAHEHHU HX B
rmnepune (tadi. 3).

Jns BeisiBieHus 3()(EKTHBHOCTH METONOB XPAHEHHs KYJIBTYpPhl MOJIOYHOKHCIBIX OaKTepuil M APOXOKEH B
0
TeueHne 3-x set noanepxusany npu — 20 C B 20%-HoM rimne-puHe (Tadn.3).
K.B. YUTYIH, M.A. KUHOCSIH, H.JI. KASAHYSIH, H.C. XAUYATVYPSIH, C.A. TEBOPI'SIH, A.I'. AKOILIH, T.C. JABU/ISIH

Ta6auna 3. PenpoayKTHBHBIE CBOIICTBA MOJIOYHOKHCIIBIX OAKTEPHA U JPONOKEH

0
pu XxpaneHuu noj riuuepuHom (-20 C)

Haumenoanus u Homepa mramMmmoB | Pempomykigus Penpogykmms
no LI/IM ITAMMOB, HaunmenoBanus u ITAMMOB,
crycTst HOMepa IITaMMOB 10 | CITyCTs
LM
1 ron 3 roma mIFTO;[al

Lactobacillus sp. 10951 +++ -+ | Streptococcus sp. + +
Streptococcus sp. 10850, 10857, 10854, 10856,
10864, 10865, 10867, 10868, 10869, 10861, 10872
10870, 10871, 10957, 10960, 10962, Saccharomyces
10964, 10965, 10968, 10970, 10976 cerevisiae 9703

Rodotorula

mucilaginosa 9768

Cryptococcus

humicolus 10223
Streptococcus sp. 10859, 10860, +++ H+ | Lactobacillus sp. - -
10963, 10966, 10967, 10969, 10971, 10873,10874,
10972 10950,

10952, 10954,10961

Candida albicans

10032

Pichia anomala

10074

Kluyveromyces

marxianus 10085




Streptococcus sp. 10851, 10852, ++ H+
10853, 10855, 10858, 10862, 10853,
10866, 10953, 10955, 10956, 10958,
10959, 10973, 10974, 10975

Tpumeuanue: penpoIyKTUBHOCTB OLICHUBANACH 1O 3-X OalbHOIT cucTeMe: (-) — OTCYTCTBHE pOCTa.

W3 nuTepaTypHBIX [JaHHBIX W3BECTHO O COXPAaHEHHH PENPORYKTHBHBIX CBOMCTB HEKOTOPBIX KYyIBTYP
HECIIOPOHOCHBIX OaKTepHi, XpaHUMBIX 0€3 IIepeceBOB IO/ CIIOEM Ba3eIMHOBOTO Macia B TedeHue 14 yet [7]. B cBs3m ¢
3THUM, HPEACTABII HWHTEPEC NPOBEPHUTH KU3HECIIOCOOHOCTh M PENPOLYKIHIO KYJIbTYP MHKPOOPTaHH3MOB pPa3HBIX
ponoB
U BHIOB IIpH OoJyiee MPOJOIKUTENHEHOM XpaHeHmH. IIpoBepmnu penpoxyknmio 399 mTaMMOB (HTONATOTCHHBIX
OakTepuid Mmociie XpaHEHHsI B T€UYCHUE 25 JIeT MO/ Ba3eIMHO-BBIM MAaciioM. AHalIU3 JaHHBIX MOKa3all, 4To OKojo 25%
U3YYCHHBIX [ITAMMOB COXPaHWIH >KM3HECIOCOOHOCTh. OTHOCHTEIBHO BBICOKAs PEMPOAYKTUBHOCTH OTMEUYEHA Y IITaM-
MOB poJoB Agrobacterium, Erwinia, Pseudomonas (1abm.4).

Ta6auua 4. Penpoaykiys GUTONATOreHHBIX OAKTEPHiA OCIIEe
XpaHEHUs B TeYEeHHUE 25 JIeT M0J] Ba3eIMHOBBIM MaciIoM

HaumeHnoBanue BuioB Ob1iiee 4uciIo Yucio mraMMoB
13y4eHHBIX ITAMMOB| TMOCIIE PENPOLYKIHH
Agrobacterium tumifaciens 56 36
A. radiobacter 1 1
Erwinia carotovora 84 8
E. herbicola 1 1
Pseudomonas tabaci 10 3
P. lachrymans 14 5
P.agrobacters 4 4
Pseudomonas sp. 21 8
Rhodococcus fascians 29 19
Clavibacter michiganense subsp. michiganense 11 0
Xantomonas campestris 3 0
X. malvacearum 4 0
X. campestris pv.beticola 140 2
X. campestris pv.vesicatoria 20 4
X. phaseoli 1 1

Kak Buano u3 Tabnuiel, Tonbko 3 Buaa Clavibacter michiganense subsp. Michi-ganense, Xantomonas campestris,
Xantomonas malvacearum He penpoLylUPOBAIUCE. VICX0/s M3 3TOr0, MOXKHO CAENATh BBIBOJ, YTO METOJ AJIUTEIHHOTO
XpaHEeHHUs TI0J] Ba3eJIMHOBBIM MAaCJIOM HE TMPHUTOJICH JJIsl BHIIIIEYKA3aHHBIX BHJIOB.

OreHKa PEenpOAyKTHBHOCTH CIIOPOOOPa3YIONMX W HECIOPOOOPa3yIOMMX OaKTepHid NpH pasiHYHBIX METolax
KOHCepBanuy (JIHO(QUIN3AIMS, O] CIOEM Ba3elMHOIO Macia, B XKUAKOM a30Te U B 20%-HOM IIIHIEpUHE) Mocie 5 JIeT
XpaHEHHs YCTaHOBWJA, 4YTO >KU3HECHOCOOHBIMH oOKkazaimuch 90-95%, a Ha mnpupomHeix cybcrparax 60-75%.
JKuznecmocobHocTs  apoxokeil  coxpansiercs 70-85% (tabm.3), meron nuodwiIM3anMHM Ui JAHHOW TPYIIBI
MHKPOOPTraHU3MOB HE ObLT UCIIBITAH.

Ha ocHOBaHMM CpaBHUTENBHON OLCHKH HCHBITAHHBIX METOJOB MOXKHO 3aKIIOYATh O IPEHMYIIECTBE
HCIIONIb30BAHUS CICIYIOMINX METOIOB KOHCEPBALMKU: JHOPHIM3ALMS — JKUAKAN a30T — TJHLEPUH — Ba3eIHHOBOC
MacJo.

[IpoBeneHHbIE HCCIENOBAaHMS ITOKA3alIHd TaKke OYCBHAHBIC DPA3IWYMA B PENPOAYKIHH MHKPOOPTaHHW3MOB,
OTHOCSIIIMXCS K Pa3IMYHBIM POJIaM U BUIAM.

Aemopul guipadicarom 6nazodaprocms O. APpuxany 3a codeticmaue.
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HPEJACTABJEHHOCTbDB PEJKUX S9HAEMHWYHBIX BUJOB
PACTEHUM APMEHWM B TEPBAPUH
NHCTUTYTA BOTAHUKU HAH PA (ERE).

YACTSD II. ”THOOPMALUA 11O OTAEJBbHBIM BUJAM
(cem. ALLIACEAE - ASTERACEAE)

AM. AUPATIETSH, .M. ®PAUBYII, A.I'. MYPAISIH

HUnemumym 6omanuxu HAH PA
alla.hayrapetyan.63@gmail.com, gfayvush@yahoo.com

CraTbs ABIISICTCS BTOPOH M3 CEPHU CTATEil, MOCBSIICHHBIX U3YYCHHUIO NPEACTABICHHOCTH
PEeIKHX SHAEMHYHBIX, BKIIOUCHHBIX B KpacHylo kuury pacrennii Apmenun (Tamanyan & al.,
2010) Bunos B repbapun Wucruryra 6oranuku HAH PA (ERE). ITogpoOHo oxapakTepr30BaHBI
OTJIeNbHBIC BHIBI pacTeHHi, OTHOcsmuecs Kk cemeiictBam Alliaceae Borkh., Apiaceae Lindl. u
Asteraceae Bercht. & J. Presl.

Onoemux — Kpacnas knuea pacmenuii Apmenuu — Alliaceae — Apiaceae — Asteraceae

Lenpywjwgywd hnnywédp 33 GUU Antuwpwunipjwl huunpunninh hGppwphnudnud (ERE) 3w-
jwuwnwluh pnyubph Ywpdhp gpenud (Tamanyan & al.,, 2010) pUwpydwé Euntdhy wnbuwyutph ubp-
Jujwgywénipjwl niuncduwuhpdwup udhpywd hnnwsltph pwneh Gpypnpnu £ Uwupwdwul punt-
rwagpyntd GU Alliaceaec Borkh., Apiaceae Lindl. L Asteraceae Bercht. & J. Presl. puinwUhpUGphu wwwn-
Jwunn wnwuahu inbuwyutpp:

Euntuhly — 3wywuwnwlp pnyubph Ywnpdpn ghpe — Alliaceae — Apiaceae — Asteraceae

This is the second article in the series of articles devoted to investigation of representation
of endemic plant species included in the Red Data Book of plants of Armenia (Tamanyan & al.,
2010) taxa deposited in the Herbarium of the Institute of Botany NAS RA. Detailed
characterizations of representatives of Alliaceae Borkh., Apiaceae Lindl. and Asteraceae Bercht.
& J. Presl. families are given.

Endemics — Red Data Book of plants of Armenia — Alliaceae — Apiaceae — Asteraceae

Cem. Alliaceae Borkh.

1. Allium struzlianum Ogan. Pacupoctpanenue': npouspactaer B Llupakckom
(oxpectHOCTH JIXKaHKypCKOTO TIiepeBaiia U B okpecTHOCTsX cen llamakacap n Kpamen) u
EpeBanckom (okpecTHocTH cena Epacx) ¢uiopucTHueckux paiioHax. Apean Buaa
JIM3BIOHKTHBHBIN, W3BECTHBI JIBE CYOIOMYISIIIMU, PACCTOSHHUE MEXKIY KOTOphIMH Oolee

1 .
30ecwb u danee — oannvie 3smul uz Kpacrou Knueu Apmenuu [4]
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100 xm. B Kpachyto kuury pacrenuii Apmenun [4] BUI BKIIIOUEH KaK ysS3BUMBIN (KaTero-
pust VU).

[PEJICTABJIEHHOCTb PEJIKUX SHJIEMUYHBIX BUJIOB PACTEHUIA APMEHUU B TEPBAPUU UHCTUTYTA BOTAHUKU HAH PA...

B repbapun ERE naunnsiii Bug npeacrasnen 14 oOpasuamu, cpey KOTOPBIX OT-
MedeHo 9 THIOBBIX k3eMmuisipos’: romorur (ERE 11618), 2 usoruna (ERE 116184 u
116186) n 6 maparunos (ERE 125229, 146501, 146502, 146503, 146504, 116187).

IlepBrie 00pa3mpl Mo JaHHOMY BHAY ObutH coOpanbl A.A. AxsepmoBsiM, H.B.
Mup3zoesoii, IL.II. I'ambapssHom 25.05.1960r. (ApasgasH, o0ouMHa IIOcCE), a TaKXKe
3.10. Tabpmamsta 26.05.1960r. ma Capaii-bymarckom (Yprickom) xpedte. B mocnenauit
pa3 coopsl nposoxwuck B 2004 rony (kosutektopsl: E. Vitek, K. Tamanyan, G. Fay-
vush, M. Oganesyan, A. Ter-Voskanyan).

CyOnonynsnus Buna B okpecTHocTsX cena Kpamen na Illupakckom xpebte B
paiione J[)amKypcKoro mepeBaia pacojiokeHa Ha oqHoi 3 KiroueBbIx 60TaHHIECKUX
Tepputopuil Apmenuu [1, 2].

Jlnst coxpaHeHus! BUaa HEOOXOANMO MPOBOIUTH PETyJIsIpHbIC HAOTIOACHUS C Iie-
JIbIO MOHUTOPUHTA COCTOSIHUSI BCEX CYOTOIYJISIIMI U CO3JaHne 0000 OXpaHsIeMOH Mpu-
pozHoiit TeppuTtopun Ha LllnpakckoMm xpedTe B OKpEeCTHOCTSX J[KaKypCcKoTo mepesasa.

Cem. Apiaceae Lindl.

2. Bupleurum koso-poljanskyi Grossh. Pactipoctpanenue: mpou3pacrtaet B IBYX
(Teramckuit u WmxeBanckuii) ¢uiopuctuueckux paidonax. B KpacHyro kHury pacreHuit
Apmennu [4] BUI BKITIOYEH Kak ysa3BUMEIHA (kaTteropus VU). Apean Buga gpparmMeHTHPO-
BaH, He 00pa3yeT KPYIHBIX TYCTBIX HOMYJISIHHA.

B repbapun ERE manubii Bun mpexncraBieH 24 oOpasmamu. CaMblidi TIepBBIH
coop B repbapun ERE npunamnexur A.A. I'poccreiimy, aBropy HOoBoro Buzaa (Bupleu-
rum koso-poljanskyi sp.n. 14.07.1919) (Isotypus) (ERE 24118). 13 Haubosee paHHHX
otMeTuM Takxke coopbl A.B. IllenkoBHukoBa (29.08.1922). B nanbHeiiniemM cOOpbI mpo-
BOJWINCH PEryJIsipHO BIIOTH 0 2007 T.

Onna w3 cyOmomyyisinuid BHAA NpOU3pacTaeT Ha Teppuropun HanmoHanesHOTO
nmapka “Jlmmmkan”, ¢ HEeNbI0 COXpaHCHHS BUAAa HEOOXOMUM PETYISPHBIA MOHUTOPHHT
COCTOSIHHSA €T0 CyOIOIy TSI,

3. Seseli leptocladum Woronow. Pactipoctpanenne: [lapenerucckuii ¢iopucTu-
YecKUi palioH (OKpecTHOCTH cenl ApeHH W Xauuk). M3BecTHa BCEro ojHa MOMYJISIHUS
BHIa BOMM3M rpanunbsl ¢ HaxmdaeBaHckoil pecryOnmkoit. B KpacHyro kHUTY pacTeHmid
Apmennu [4] Bua BKITIOYEH KaK HaXOIAIIMIACS Mo yrpo3oif (kateropus EN).

B rep6apun ERE no nanHomy Buay ormeueno 10 oOpa3nos, THIIOBBIX 00pa3LoB
He uMeeTcs. [lepBrie 3K3eMIUIIpHI 10 JaHHOMY BHAY ObUTH coOpanbl A.A. @emopoBbIM
01.08.1940r. (In collibus aridis inter r. Chaczik et Ausch in distr. Daralagez (ERE
28258)), a B manpHEUIIIEM COOPHI MPOBOIMIINCH JIWIIH 10 Hadana §0-x rogoB XX croe-
TUs. VI3BecTHas MOIMyJsiusl Pacloiio’keHa Ha TEPPUTOPHUU OXpaHseMoro jaHamadra
“I'HMmuK”, HeOOXOMM MOHUTOPHHT €€ COCTOSTHUSI.

4. Smyrniopsis armena Schischk. ITpouspacraer Tosbko B Japenerucckom dio-
puctudeckoM paitone (CenmMckuii mepesan, [xepmyk, ['etukBank, AxaBHamg3op, Cru-
takaBop, Llaxar Kap). boapmuHCTBO cyOmomynsiiuii BUAa CBSI3aHO C UCTOPHYECKUMHU
MaMATHUKaMH (LIEPKBU, MOHACTHIPH, KapaBaHcapaii). B Kpacuyto kuury pacrenuit Ap-
MeHuH [4] BHI BKITFOUCH KaK HaXOISIIUCS Mo yrpo3oi (kareropus EN).

% B cessu c mem, umo ¢ 2014 2o0a 6 Omoene cucmemamuru u 2eozpaguu svicuux pacmenuii Mncmumyma 60-
manuku HAH PA nauamer pabomsl no ungenmapusayuu munoguix o6pasyos 6 cepoapuu ERE (pykoeoou-
menb 0.0.n. Ozcanecan M.D.), 6 nacmosweli u nOCIEOYIOWUX CMAMbAX JMOU ceputt 6YOym npueooumvcs 06-
HOBNIEHHbIE OAHHbLE NO YUCTY MUNOBLIX 0OPA3YOB UCCIEOYEMBIX 6UAOB.
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B rep6apun ERE nansblii BUI npeacTaBiieH 32 5K3eMIUIIpaMH, TUIIOBBIX 00pa3-
1oB He umeercs. [lepsbie 00pa3ip! Obun cobpans! 1. HOBOIOKPOBCKMM B OKPECTHOCTSIX
Cemumckoro mepeBana (ERE 25155, 25156), a mnocnexanue cOOpsl NPOBOJMINCH
N.I'. ApeBmatsn, A.A. Hepcecsia 19.08.2011 (ERE 183206).

[IpakTHUECKH €XETOJHO MPOBOSTCS HAOTIOACHNUS 38 COCTOSHUEM MOIYJISIUHN B
OKpECTHOCTSIX “KapaBaHcapas’” Ha CeIMMCKOM IepeBaiie (OCIeAHNe HaOII0IECHHS MPO-
BezeHsl B 2014r.). B mienmoM GONBIIMHCTBO CyOIOMYIISANINN HaXOIATCS B XOPOIIEM COC-
TOSIHUH.

Heo6xoaumMo npogomKeHne MOHUTOPUHTA COCTOSIHHUS TTOITYJISIIAN.

Cem. Asteraceae Bercht. & J.Presl

5. Centaurea alexandrii Bordz. ITponspacraer Tonpko B MerpuHckoM ¢iropuc-
THYECKOM paifoHe B jonmHe p. Apakc (Merpu, Anpapa, IlIBanunzop, Hpruanzop). B
Kpacayto kaury pactennit ApMmeHnu [4] B BKITIOUCH KaK HAXOMSAIIUICS IO YTPO30H
(xateropus EN).

B rep6apun ERE nmannbnii Bug npencraBineH 14 oOpasmamu, cpeau KOTOPBIX OT-
MeueHO 2 TUMOBbIX 3k3eMIurapa: ronotur (ERE 8361) u usotun (ERE 8362).

ITepssrit coop B repdapun ERE npunagnexur A.b. lllenkosaukoBy u 3.H. Kapa-
Mypze (07.07.1929), u B ToM xe roxy 0sut onpeaencH E.J. Bopa3nioBckuM Kak HOBBIH
Bup (Centaurea alexandri Bordz.). Bun HeogHOKpaTHO coOupalicsi BIUIOTh A0 90-x
TOJIOB MPOIIIOTO CTOJICTHS, Oojiee mo3auue coopsl B repoapuu ERE otcyrerByrot. D10,
OUYEBHJIHO, CBSI3aHO C TEM, YTO MOIYJISIMS MPOM3pAcTacT B IIOTPaHUYHOI 30HE, B KO-
TOpOH B HacTosiIiee BpeMs OoTaHWYeckas paboTa OYeHb OrpaHWYEHa IPaBUIaMHU M HOP-
MaMH.

B 2009 r. B MerpunckoM paiioHe ObLT opranu3oBad HarmoHansHBIH apk “Ape-
BUK”, OJHAKO €ro TEPPUTOPHS HE OXBAaTHIBAET MECTa NPOM3PACTAHMS ITAHHOTO BHJA.
Bbuio OBl KenmaTenbHO pacUIMpHTh TeppuTopuio HammoHanmbHOTO Hapka ¢ TeM, YTOOBI
XOTsI OBl B HECKOJIBKHX MECTaX OH OXBATBIBAJI MPUOPEXKHYIO MOJIOCY peku Apakc. Takxe
HEOOXOJMMO BBISICHEHHE COBPEMEHHOT'O COCTOSHHS MOMYJISALNH BHIA, @ B AalbHEHIIIEM
PETYIISPHBIA MOHUTOPHHT €€ COCTOSHHS.

6. C. arpensis (Czer.) Wagenitz (=Sosnovskya arpensis Czer.). [lpouspacraet B
nByX (nopuctnueckux paiionax — EpeBanckom (Beam, Turpanamien, ymense xannam
Hapa) u Hapenerucckom (oxpectHoct Exernamzopa). B Kpacuyto kuury pacrenuit Ap-
MeHUH [4] BUI BKIIFOUCH KaK HaXOJSIIUICS Mo yrpo3oi (kareropus EN).

B repoapuu ERE Bun npezacrasnen 11 oOpasnamu, cpenu KOTOpPBIX OTMeueH 1
TUIIOBOM 3K3eMIUIIp (M30THII), IE€PBOHAYAIBHO OIpECICHHBI aBTopamMu cOopa
H.H. Ligenessim n C.K. UepenanoBsiM kak Sosnovskya arpensis Czer. (07.08.1957), a
cycts 11 ner 611 nepeonpenenen J.11. 'abpuansan (ERE 81842).

IlepBeie 0Opa3upl 1Mo AaHHOMY BHIY ObuiM coOpaHbl A.A. AXBEpIOBBIM H
H.B. Mupzoesoii B [lapeneruce B 1950-¢ roxer (ERE 130508, 130509, 130510, 130511,
130512), a mocmegHue — COTPYOHHKAMH OTAeTa CHcTeMaTnku MHcTUTyTa OOTaHHWKH
HAH PA B 1977 rony.

@DaKTUYECKH COBPEMEHHOE COCTOSIHHME CyONOMyNALMHA 3TOr0 BHAA HEU3BECTHO,
HEOOXOAMMBI CIEIHATIbHbIC MONEBbIC UCCIEIOBAHUS C IIETbI0 OLEHKH MX COCTOSHUS H
opraHm3anys JajipHenero Monutopunra. Heo0xoanmo yuecrts, 4To ojiHa U3 CyOrorny-
JISIIMH TTOTafiaeT Ha TEPPUTOPHIO OXpaHseMoro JaHamadTa «[ HUIIUKY, 9TO MOXKET 1103~
BOJIUTh OPTraHNU30BaTh ee 0oJiee NEeHCTBEHHYIO OXpaHy.

7. C. takhtajanii Gabrielian & Tonjan. Y3KOJIOKaJIbHBINA 3HICMHUK APMEHUH, W3-
BECTHA BCEro OJHAa HEMHOTro4McieHHas momyisiuus B Illupakckom ¢uopuctryeckom
paiione B okpecTHOCTsIX cen Akko, Kapakepr, 3apunmxa, [{lamakacap, AuaiieH u Ha ro-
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TPEJICTABJIEHHOCTb PEJIKMX DHJIEMAYHBIX BUJIOB PACTEHHI APMEHNU B TEPBAPUY MHCTUTYTA BOTAHUKY HAH PA...

pe ApTeHH, IIpH 5TOM ILIONIaAb OOUTAHMs BIa MeHee 8 kM. B KpacHyio kHury pacTe-
Hull ApMeHnH [4] BUI BKIIFOYCH KaK HAXOMALIMICSA B KPUTUICCKOM COCTOSHUH (KaTero-
pus CR).

B rep6apuu ERE Bun npencrasien 20 obpa3maMu, cpeay KOTOPBHIX 8 THUIIOBBIX
sx3emiuripoB: ronotunt (ERE 142820), 3 m3otuna (ERE 14282, 142822, 148714) u 4
napatuna (ERE 12178, 125359, 125414, 125416).

[epBbie 00pa3upl 66U codpansl A.K. Maraksaom B 1934r. (Anares, 103 ckion,
r. 3apuHka) U nepBoHayanpHO ObutH ompeneneHsl .M. CocHoBckuM B 1935r. kak
Centaurea boissieri D. Sosn. (ERE 12178). Bug omucan B 1984 r. xak Centaurea
takhtajanii Gabrielian & Tonjan. B nocnennuii pa3 coopsl nposoammucs B 1995r. (ERE
143279).

T'opa Aptenu BoiienseTcs B kadecTBe KimroueBoil botaHmueckon Tepputopui [2],
HeoOxoanmo opranuzoBath 371ech OOIIT ¢ menpio coxpaHeHHs LEJIOro KOMITIEKca pel-
KnX BuoB M 3kocucteM. Konkperno no Buny C. fakhtadjanii Heo6xoauMo yToYHEHHE
COBPEMEHHOTO COCTOSIHUS MTOITYJISIINY 1 NAIBHEHIINIT MOHUTOPHHT.

8. C. vavilovii Takht. et Gabrielian. Y3K0oIOKaIbHBINA YHIEMUK APMEHUH, U3BECT-
Ha onxHa momymsmus B EpeBanckom ¢uopuctmdeckoM paifone (Ypuckmii xpeber). B
Kpacuyto xaury pacrenuii ApmeHun [4] BUA BKIIOYCH KaK HAXOMISAIIMKACS B KPUTHIEC-
koM coctosiaum (kareropust CR).

B rep6apun ERE nannsiii Bug npeacrasinex 11 obpasnamu, cpean KOTOPBIX OT-
MeueHbl cienytomue TunoBbie sx3emMisipsl: rosorun (ERE 132091a, 132091b), uzorun
(ERE 157006a, 157006b) u 5 maparunoB (ERE 132091, 132092, 132184, 132185,
132186). Coopsl o manaomy Buy B repoapuu ERE npescrasiensr 1985-1986 romamu,
B nocnenHue rojsl (2013-2014) B xo1e MONEBBIX pabOT OLEHWBAIOCH COCTOSIHUE HEKO-
TOPBIX CYOIOITYJISIIMI 1 TPOBOJAMIIOCH UX (oTorpadupoBanue.

Heobxoaum nanpHeRInii MOHUTOPUHT COCTOSTHUS TOIYJISIIIHH.

9. Cousinia fedorovii Takht. Dunemnk CeBaHCKOTO (HIOPHCTHYECKOTO paiioHa,
BCTpEUYaeTCsl B OCHOBHOM Ha AperyHHiicKoM moOepekbe o3epa CeBaH, BKIIIOYAsh MBIC
Apnaanm. Eme oxna cyOmomyinsimmst Oblia 3aperncTpupoBaHa Ha Mbice Hopamys B
1923 r., ogHako mo3xHee 37ech BUI He cobupancs. B KpacHyro kaury pacrenmii Apme-
HUM [4] BUA BKIIFOUEH KaK HAXOSAIIMINCS 1o yrpo3oii (kateropust EN).

B rep6apun ERE nmannsbnii Bug npenacraeier 20 oOpasnamu, cpeau KOTOPBIX OT-
MedeHo 7 THIOBBIX 3k3eMmIuisipoB: rojgotun (ERE 25767) u 6 mapatunoB (ERE 3162,
3163, 22518, 22523, 25764, 25765). I1pu 3TOM NEpBbIii napaTHIl — 3K3eMIUIp, cOOpaH-
el A.A. I'poccreiimom BriepBbie B Apmenun (25.07.1919). Cpenn nepBbIX KOJUIEKTO-
poB cienyer otmetuth Takxke O.M. 3enmenbmeiiep (A. Grossheim et O. Zedelmejer,
26.07.1923), A.b. llenkoBuukoBa u 3.H. Kapa-Myp3y (02.07.1927), A.K. Maraksna
(05.07.1934). Xots nocieanue cOOpHI MO BUILy OCYIIECTBICHHBI B cepenuHe 90-X roos
MPOIUIOTO CTOJIETHS, PETYJIIPHBIE HAOMIONCHUS TTOCIEIHHUX JIET TIOKa3alld, YTO COCTOS-
HHE TONYJISIUK YIOBJIETBOpUTEIbHOE. Bua npouspacraer Ha Teppuropun HanmoHams-
Horo mapka “CeBaH”, B TOM YHCIIE M Ha 3aII0BEHON TEPPUTOPUH A pIaHMUIII.

Heobxoanmo npomomkeHne peryasipHOro MOHUTOPUHTA COCTOSTHHS BCEX YacTel
MOMYJISIIAH.

10. Grossheimia caroli-henrici (Gabrielian et Dittr.) Gabrielian (=Centaurea ca-
roli-henrici Gabrileian & Dittrich). Y3konokasnbHbiii suneMuk Japenerucckoro ¢iopuc-
THUYECKOTO paiioHa, N3BECTHA TOJBKO OJJHA OYEHb MaJICHbKas MOMYIALHS B OKPECTHOC-
Tax [Dxepmyka. B KpacHyto kHury pactenuit Apmenuu [4] BUI BKIIOUEH Kak HaxXo[s-
IIUICST B KpUTUYECKOM cocTosiHuU (Kateropust CR).

B repoapuu ERE nanneiii Bun npescTapieH 3 oOpa3namu, Cpeiy KOTOPBIX OTMe-
yeH 1 rtunoBoit (Centaurea caroli-henrici Gabrileian & Dittrich) (Isotypus) (ERE
142812). O6pa3us! Buga codupanuck B TeueHue 1989-1997 ronos, no3nuee (MoCeTHMMA
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pa3 B 2013r.) npoBoauiIMCh 00CIE0BAaHNS COCTOSIHUS NOMYJISLMHK ¢ oTorpadupoBaHu-
em 0e3 cOopa repbapHOro Marepuaia, YToObl HE yrpoXKaTh ¥ TaK OYEHb MaJIOUHCIICHHON
TOITYJISIIN Y.

Heob6xoaumMo npoomKeHne peryJsipHoro MOHUTOPUHTA COCTOSIHUS MOITYJISIIIHH.

11. Gundelia aragatsi Vitek & al. TTonpoOHBIe CBECHUS OTHOCHTEIHHO JAHHOTO
BHJA MIPEJICTABIICHEI B IEPBOH cTaThe 3TOH ceprn [1].

11a. G. aragatsi ssp. aragatsi. JlaHHBI{ TUTIOBOW TIOJBU B ApMEHUHU BCTpEUaeT-
Cs1 Ha FOT0-BOCTOYHBIX CKJIOHAX ropbl Aparall B OKpecTHOCTsX cena baiicus. CocrosiHe
MOMYJISIIUY yI0BIeTBOpUTENbHOE. He00X0MMM MOHUTOPHUHT €€ COCTOSTHHUS.

Jo mocnennero BpeMeHu 3ToT noasua B repbapun ERE 6bu1 ipeacrasnen 7 -
noBbiMu oOpasuamu (Paratypus), u3 Hux 4 sk3. cobpansl 05.06.2006r. (ERE 188284,
188285, 188286, 188287) wu ogmu — 10.06.2009r. (ERE 185094). Nmeetcs Takxe 2
OTJETBHBIX 00pa3lia JIMCTOBOTO Marepualia, IIOMEIIEHHOTO B CHIIMKArelb ¢ LENbI0 Mpo-
BeIeHHs MoJIeKy IsipHO-TeHeTHueckux nccaenoannii (ERE 188283, 185095).

B konte 2014r. repbapuii o JaHHOMY BHIY OBLI TOIIOJIHEH emie 8 oOpasmamu,
orpeensieMbIMU paHee Kak Bun G. tournefortii L., mpu 3ToM 1epBble cOOpbI OBIIH MPO-
BereHbl A.A. I'poccretimom, a Taxke A.b. IllenkoBHukoBeM 1 O.H. Kapa-Myp3oii B
20-x rogax mporwioro Beka (ERE 3424, 6507). COopsI ocTanpHBIX mIecTH 00pas3IoB Ja-
tupytorcst 50-80 rogamu XX Beka.

11b. G. aragatsi ssp. steineri Vitek & al. B ApMeHnr W3BeCTHA OIHA MTOITYJISIIUS
aToro nojsuaa B JlapenerrucckoM (IOpHCTHUECKOM paiioHe B OKPECTHOCTSIX cenia ApITH.
[Momyssiuus npou3pacTaeT Ha HEOOJIBIIOW TEPPUTOPUH, HO OUYEHb IUIOTHASI U MPOSIBIISET
TEHACHINIO K pAaCIIUPCHUTIO CcBOCH Iomiaau. HeO6XOI[l/lM MOHHTOPUHI" €€ COCTOAHUS.

B repbapuu oH mpezacraBieH 3 THHOBBIMHU SK3EMIUISIpaMHU, U3 HUX OJHMH — I'OJIO-
tun (ERE 185092) u na m3otumna (ERE 185090, 185091), nata cbopa — 01.06.2009r.

12. Psephellus debedicus (Gabriclian) Gabrielian (=Centaurea debetica Gabrie-
lian). Danemux CeBepHOU ApMEHHH, H3BECTHBIA TONBKO U3 M mkeBaHCKOTO (hIOpHCTH-
geckoro paiioHa (okpectHocTn WmxeBana, CeBaHckuii mepesan, [lebet, [I3oparer,
Jlcex). Apean BuIa AN3BIOHKTUBHBIA, OCHOBHAs YacTh MOITYJISIIUH IPOU3pacTaeT B Oac-
ceitae p. [eben. B Kpacuyto kuury pacrenuii Apmennn [4] Bua BKIIOYEH KaK HAXOIs-
mmiics o yrpo3oii (kateropus EN).

B rep6apun ERE Bua npezncrasnen 18 oOpasuamu, THITIOBBIX 00pa3oB HeT (yTe-
psubi?). [epBbie 00pasisl Obuin codpansl D.10. ['adpuansu u B.E. Asetucsn B 1960 r.
(ERE 148863, 148982), a mocnexnue cOopsl ocymecTsieHsl M.D. Oranecss B 1990 r.
(ERE 148937).

Heo0x0auM MOHUTOPHHT COCTOSIHUS MTOITYJISIIIUH.

13. Psephellus zangezuri Sosn. DHIeMuK 3aHre3ypckoro (IIOPHCTHYECKOTO
paiioHa, mpouspacTaromuii B 6acceiinax pexk Boporan n Boxuu. B Kpacnyro xuury pac-
TeHU ApMeHun [4] BUI BKIIFOYEH KaK HAXOJSIIUICS Mo yrpo3oi (kareropus EN).

B repoapun ERE Bun npencrasnen 13 oOpasnamu, cpeny KOTOPHIX 2 THITOBBIX
sx3emrnrsapa: romotun (ERE 149552) u tonotun (ERE 149553). IepBbie 00pa3imbl ObLTH
cobpansr 10.08.1944r. I1.J. SApomenko (Holotypus), a takxke I1.J]. Spomenko u A.B.
Usanosoii (ERE 31090), xotopsie B 1945 1. 6bumn onpexnenenst .M. CocHOBCKIM Kak
HOBBIN BUA (Psephellus zangezuri D. Sosn.). IIpu 3TOM mepBbIil IK3eMIUIIp TPUHIMAET-
csl B Ka4ecTBe rojoTuna. B nmampHeiimem cOOpbl MPOBOAMINCH PETYIAPHO BIUIOTH JIO
1987 roga. B 2010 r. Bux Opu1 0OHapyskeH Takke u Ha Tepputopuu Haropao-Kapabax-
ckoil pecnyonuku (Kamaraxckuii paiioH, Okp. YpekaH, Ha TPaBSHHUCTBIX CKJIOHaX, c0.
banasu K.B.) (ERE 180955), uto o3HauaeT pacummpeHue apeajia BHaa 3a Mpenens Ap-
MCHUHU.

CocrosiHMEe TOMYJSIUH YAOBJIETBOPUTEIbHOE, HEOOXOJMMO MPOJOIDKEHUE HC-
CJIEZIOBaHUH MO YTOYHEHHMIO €T0 apeasa.
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14. Rhaponticoides hajastana (Tzvelev) Agababian et Greuter (=Centaurea ha-
jastana Tzvelev). Dunemuk Illupaxkckoro (hropucTHYECKOTo paioHa, MPOM3PACTACT B
okpectHOCTIX cen Jkamkyp, Anu, barpasan, Capakarn, [lamakacap, Amamen u ap. Bua
MIPUYPOYEH B OCHOBHOM K CTEHHBIM MECTOOOMTAHHSIM, KOTOPHIE B HACTOSAIIES BPEMs
OUYCHb CHJIBHO TPaHC(HOPMHUPOBAHBI (pacraxaHbl O] CEITbCKOXO3SMCTBEHHBIE KYIbTYPBI,
MOJBEPTaOTCs MHTCHCUBHOMY BBINAcy). B pesysbTare, 3aHMMasi TOBOJILHO OOJBIIYIO
IUIONIA/Tb, apeall BU/Ia CHJIBHO (hparMEeHTHPOBaH, CyONOMYIIALUH PEACTaBICHbBI HE0O0Ib-
IIMM YHCIIOM 3K3eMIUIIPOB, pacroyiarasch Ha MeXax M CHJIBHO KaMEHHCTBIX y4acTKax.
B Kpachyio kHury pacreHuii ApmeHuu [4] BuA BKIIOYEH KaK HaXOAALIMHCA TIOX
yrpo3o# (kateropust EN).

[To yucity 06pa3uoB (38) oMH U3 CaMBIX XOPOIIO MPEICTABICHHBIX BHJIOB B I'ep-
6apun ERE. Cawmblii nepseiii ax3emiursip B repbapun ERE, coOpannbiii B [[xamxype
23.07.1931r. (Holotypus), npunamnexur JI.11. CocroBckomy (ERE 40533). [Tocnenyro-
mue o6pasusl o6t cobpansl L1.B. Acnansu aums 20 ner ciyetst, B 1950 rogy (ERE
55708, 55709, 55710). [ocneanue c6opsl Mo nanHOMy BHAY nposeaeHs 03.07.2007r.
(ERE 180418). [To3nHEee MpOBOIUINCH PETYISAPHBIC HAOIIOJCHHS 32 COCTOSTHAEM IIOITY-
JSIIAH.

Heo6xoaum peryssipHbIii MOHUTOPHHT COCTOSIHHS ITOITYJISIIAN.

15. Rhaponticoides tamanianae (Agababian) Agababian et Greuter (=Centaurea
tamanianae Agababian). Bua npencraieH AByMs CyOHOMYJSLUSIMH, pa3AeieHHbBIMA
OonbimM paccrosueM — onHa B [llupakckom, Bropas B [lapenerucckoM diopucruyec-
koM paiionax. [Tonymsinus B IllupakckoM ¢uioprucTHUECKOM paiioHe 04eHb HEMHOTOYHC-
JeHHa, npouspactaeT Ha lllupakckoMm xpedTe B OKpecTHOCTAX [IKaKypCcKoro repesana.
DTOT y4acToK BblAENAETCS Kak oqHa 3 KimodyeBbIXx O0TaHWYECKUX TEppUTOpH Apme-
Huu [1, 2]. B lapenerucckom QopucTHYecKoM paiioHe BHJ ObLI M3BECTEH TOJIBKO U3
OKPECTHOCTEH cena XauWk, a B mocieanue roasl (2012-2014) 6su10 00HApYKEHO erie
HECKOJIBKO MECT ITPOM3PAcTaHMs BU/IA B OKpecTHOCTsIX cesl Mo3pos u ['anmmk. B Kpac-
HYIO KHUTY pacTeHud ApMmeHuu [4] BUA BKIIIOUEH KaK HAXOSIIMHUCA B KPUTHUYECKOM
cocrostany (kateropusi CR).

B rep6apun ERE mannsiit Bux npencrasieH 24 obOpasnamu, Cpeau HUX 8 THIO-
BeIx oOpasmoB: romotunt (ERE 134045), msotun (ERE 150333), 2 maparuna (ERE
134047, 134046) u 4 nzonapatuna (ERE 150618, 150620, 150621, 150622). OcHoBHOE
yucino c6opoB oTHocuTcs K 80-90-M rojgaM MpOLUIOrO CTOJETHS, @ TPU OTMEYEHBI
2012-m rogom (ERE 186847, 186848, 186849).

Hapenerucckas cyOmomynasiiusl NpoM3pacTaeT Ha TEPPUTOPUU OXPaHAEMOTO
naamadra “THUIMK” W HyXAaeTcs B MOHHMTOPHHIE COCTOSIHUS ITOIYJISIIUU.
Heo0xoanmo BblieneHre 0c000 0XpaHseMOol TEPPUTOPHH M OPTaHU3aLUsl €€ OXPaHbI.

16. Sonchus araraticus Nazarova et Barsegian. Y3K0JIOKaJIbHBIA 3HIECMHK, TIPO-
M3pacTaloUIMi Ha 3aCOJIEHHBIX 00JI0Tax B OKPECTHOCTSX mocenka Apapar. B Kpachyro
KHUTY pacTeHuil ApmeHuu [4] BuA BKIIOUEH KaK HAXOASIIUICA B KPUTUIECKOM COCTOSI-
Huu (kareropust CR).

B rep6apun ERE nmanssri Bug npencraBieH 15 oOpasmaMu, cpeu KOTOPBIX OT-
MeueHo 10 tumoBsix 3x3emruisipoB: rojotun (ERE 116863), usotun (ERE 117190) u 8
naparunoB (ERE 116864, 116865, 116866, 116869, 116901, 116910, 116911, 116927).
IlepBrie 00Opa3upl mo Bumy Obutn cobOpanel A.M. bapcerssHom B 1961 romy (ERE
116865). Iomapmnsromee OONMBIIIMHCTBO TepOapHBIX 00pasioB matupyercs 60-80 rogammu
MPOIIJIOTO BeKa, a B MOCIeAHui pa3 coopsl mporoawinck B 2007 1. (ERE 185075).
MecTto npouspacTaHusl BUa BBIIENEHO KaK MaMATHUK IPUPOJBI, OJHAKO PEalTbHOM OX-
paHbl IKOCHUCTEMBI 3aCOJEHHBIX OOJOT He cymecTByeT. HeoOxomumo opraHu3oBaTh
JEHCTBEHHYIO OXpaHy 3TOH TEppUTOpPUH, IJ€ MPOU3PACTaeT LEIbI KOMIUIEKC OY€Hb
PEIKUX BUJIOB.
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17. Tragopogon armeniacus Kutath. Danemuk [lupakckoro (GIopuCTHYECKOTO
paiioHa, U3BECTHBI JOKUIUTETH B OKPECTHOCTAX J[Kamkypckoro nepeBana u cen Cran-
napsH, AruH, barpamsaa. B KpacHyro kaury pactennit Apmenun [4] BUI BKITFOUEH Kak
HaXOAAIIIACS 1o yrpo3oii (kateropus EN).

B rep6apun ERE nmanusiit Bux npencrasieH 13 o6pasnamu, THIOBBIX 00pa3lioB
He umeercs. [lepBrie oOpasuer ObuTH codpansl M.I'. Apepmatsa B 1978 1. B oOKkpecTHOC-
Tsix cena Arun Anuiickoro paiiona (ERE 132918), a B nocneanuii pa3 cOopbl IpoBoIu-
nuck B 2006 roxy (ERE 180628).

Heo0xoauM MOHUTOPUHT COCTOSIHUS MTOITYJISIIIAH.

Hccneoosanue evinonneno npu ¢unancosou noooepoicxke I'KH MOH PA ¢
pamkax Hayynozo npoekma Ne SCS “13-1F093”.
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The aim of this assessment was to detect the deviations from standards of the hematological
parameters for Swiss, Simmental and Holstein cows, imported from Germany and Austria to
Armenia. The results of our research showed that blood hematological parameters in all tree
breeds of cows was in reference ranges, which justifies normal adaptation process.

Blood — erythrocytes — hemoglobin — leucocytes — new climate conditions

NrunlUwuhpnyjwl Uwwwnwyu £ Bng Ujunphwihg W QEpdwuhwihg 3wjwunwuh 3wlnpw-
wEwnLentl Uepyndwé hnpwnhl, 2dhg W uhdtUpw) géntnh Yndtph hEdwwnninghwywu gnigwuhpubnh
hwJtdwwnwywl nuuncdUwhpnuegniup’ puwyhdwjwywl unp wwydwlutpnid: 3Gnwgnuiniejwl hwdwp
dlwynpwé 3 thnpdlwywu fudpbph YndGpp punpdtp BU hwdwudwu JGpnnny: IGwnwgnunniejwu
wnryntugutinp Gnti U hGwnlywip. pninp Bpte gbntnh Unin hEdwwnninghwywu gnigwuhputnp gunuytg Gu
Unpdwjh uwhdwuutpned, npp thwuwnnud £ ubpypwé yeunwuhutbph  hwpdwpynnwywuntejwl Unpuwy
plrewgpn:

UpynL — Eppannghin — htidngynphl — (Giinghwn — hdwywlwl Unp wwydwllbn

N3yyanuce u3MeHEHHs1 reMaTOJOIMYECKUX II0Ka3aTenaei KOPOB IOJIUTHHCKOM, CUMMEHTallb-
CKOH U IIBULIKON MOPOJ B HOBBIX KJIMMAaTUYECKUX YCJIOBUSX, 3aBE3EHHBIX U3 ABCTpHUHU U [ 'epMaHuu B
ApMeHHI0.

Jlnst mccnenoBaHust TpEX OMBITHBIX IPYTI KOPOBBI TOMIITHHCKOH, CHMMEHTANBCKONW M ILIBHII-
KO TopoJ1 ObLTM BHIOpaHB! AaHAIOTUYHBIM METOJOM. Pe3ysbTaThl nccneioBanuit ObIIN CIIEAYIOIIHE:
reMaTOJIOTHYECKHE TTOKA3aTeM y BCEX TPeX MOpoJ ObUIM B MpEesiax HOPMBI, YTO CBUAETENBCTBYET
0 HOPMAaJIbHOH aJJaTally JAHHBIX TIOPOJ K MECTHBIM KIIMMAaTHIECKUM YCIOBHUSIM.

Kpoeb — pumpoyumaul — .aeﬁkouumhl — 2eM027100UH — KIUMAMUYECKUEe HOBbLEe ycuoeus

The present study aim’s at investigating various hematological values of Holstein,
Swiss and Simmental cows breed, which are imported from Germany and Austria to
Armenia.

Some essential blood parameters can be indicators of the physiological, nutritional,
metabolic, clinical and adaptation status of farm animals. Blood has a very important role
for life nutritional processes and gives opportunity to estimate animals adaptation process in
anew climate conditions.

At the same time laboratory testing is an important tool that helps practitioners monitor
the changes of cows’ health both: individual and herd levels.
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The knowledge of hematological values is useful in diagnosing various pathological
and metabolic disorders.

In clinical diagnostics, information about changes of white blood cell count is very
important. White cells are the basic cells of the immune system, which determines normal
body function. If erythrocytes and leucocytes are high in blood, this is an evidence for good
adaptation abilities of animals [2]. For observing animals adaptation process many scientists
have investigated animal blood hematological parameters [3-5, 7].

The norms of blood hematological parameters are: Hemoglobin (HGB) 90-150 g/l,
erythrocytes (RBC) 5-10 x 10'%/L, leucocytes (WBC) 4-12 x 10%/1 [4], mean corpuscular
volume (MCV) 40-60 fl, mean corpuscular hemoglobin (MCH)11-17 pg., mean
corpuscular hemoglobin concentration (MCHC) 30-36 g/l [6]. Blood hematological
parameters of cows depends on many factors and can be differ depends on breed, sex, age,
feeding and keeping conditions and animal’s physiological situation.

Materials and methods. The study was carried out in third lactation ages at Holstein,
Simmental and Swiss cows imported from Europe (Austria and Germany) to the “Agroholding
Armenia” LLC in Spitak, Armenia. This animals was imported within “Cattle breeding development
program in Republic of Armenia in 2007-2015”. Estimated animals were kept in a free stall barn
under the same keeping and feeding conditions in whole estimated periods. The animals are chosen
using analog method.

Blood samples were taken from jugular vein in vacuum tubes, the heads number of estimated
animals was fifteen. Cows blood hematological parameters were analyzed with “ABX Pentra 60”
devices in “HELLIOS” medicine center and we determined the following parameters: Hemoglobin
(HGB) g/, erythrocytes or red blood cell (RBC), leucocytes or white blood cell (WBC) 109/1, mean
corpuscular volume (MCV) fl, mean corpuscular hemoglobin (MCH) pg., mean corpuscular
hemoglobin concentration (MCHC) g/l .

Results and Discussion. The results of our research are presented in the tab. 1. It is
clear from table one that erythrocytes (RBC) count in Holstein and Simmental cows is
7,2 x 10'%/1. By comparing this parameter with that of Holstein and Simmental with Swiss
cows, the result is as follows: red blood cells count in Holstein and Simmental cows’ blood
samples exceeds the Swiss cows’ by 0.9 x 10'%/1 or by 14.3 %: There were significant
differences (P>0,98) between the results of RBC in Holstein and Simmental cows. The
next parameter that has estimated is hemoglobin, which is the highest in Simmental cows
(89.0 g/1), which exceeds Simmental’s hemoglobin count by 7.8 g/l and by 12.3 g/l
Holstein’s hemoglobin count. If compare Holstein and Swiss cows’ hemoglobin count, we
will see that Swiss cows exceed Holstein cows’ by 4.5 g/1 (5.5 %).

As for MCHC, the highest content of MCHC is observed in Swiss cows blood
making up 24,6 g/l, which exceeds Holstein’s by 0.8 g/l (3.25 %) and Simmental’s by
0.3 g/l (1,2 %). MCH parameter is relatively higher in Swiss cows by 17 % or by 2.2 pg.
than Holstein MCH parameter and by 4.6 % or by 0.6 pg than Simmental’s MCH
parameter. In this parameters no significant differences are observed.

What about white blood cells or leucocytes, it needs to mention that Holstein cows
are leader comparing with coeval Swiss and Simmental cows. As it is mentioned the
Holstein WBC count is the highest and exceeds the Swiss cows by 31.5 % or by
3.4 x 10°/1 and and by 15.7 % or by 1.7 x 10° from Simmental. In this parameter there is
no significant differences observed. According to the results of our research the highest
level of hematocrit has been in Simmental cows’ blood (36.5 %), which is by 3.5 higher
than Swiss and by 4.3 higher than Holstein’s. In this parameter medium level belongs
Swiss cows (33 %), which is only by 0,8 more than Simmental cows’ blood hematocrit. In
this parameter there is no significant differences observed.
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Table 1. Hematological parameters in third lactation Holstein, Swiss
and Simmental cows

Hematological parameters Biological parameters Holstein Swiss Simmental
Lim 6,9-7,3 5,87-6,53 6,28-8,22
Red blood cell (RBC), M=£m 7,2+0,1 6,3+0,2 7,2340,56
10"/1 Cv% 2,9 53 13,42
c 0,2 0,3 0,97
Lim 67-89 70-92 78,0-102,0
Hemoglobin M+m 76,7+6,5 81,2454 89+7
(HGB), g/l Cv % 14,7 134 13,6
° 11,2 10,9 12,1
Lim 23,5-24,1 23,8-25,3 23,7,1-24,9
Mean corpuscular hemoglobin M=+m 23,840,2 24,6+0,3 24,3+0,3
concentration, (MCHC),g/1 Cv % 1,3 2,8 2,5
° 0,3 0,7 0,6
Lim 5,8-18,8 4,8-9,8 9,1
White blood cell (WBC), 1071 ?fj;;; 1051:2,0 7’;; })’1 9’?:2’4
c 7,0 2,1 0,8
Lim 27,8-37,5 29,4-36,9 32-42.8
. M+m 32,2428 33,0+2,1 36,5£3,2
Hematocrit (Het), % v % 152 125 153
° 4,9 4,1 5,6
Lim 38-54 38-54 48-52
Mean corpuscular volume M=+m 45+4,7 52,5+3,2 50,3+1,2
(MCV), fl Cv % 18,2 12,3 4,1
c 8,2 6,4 2,1
Lim 9,2-12,9 10,7-14,6 12,1-12,5
Mean corpuscular hemoglobin M+m 10,7+1,1 12,9+0,9 12,3+0,11
(MCH), pg Cv % 18,0 134 1,6
c 1,9 1,7 0,2

According to the results of our research the highest level of hematocrit has been in
Simmental cows’ blood (36.5 %), which is by 3.5 higher than Swiss and by 4.3 higher
than Holstein’s. In this parameter medium level belongs Swiss cows (33 %), which is only
by 0,8 more than Simmental cows’ blood hematocrit. In this parameter there is no
significant differences observed.

Comparing analysis of three breeds of Holstein, Swiss and Simmental cows’ blood
parameters show that MCV is higher in Swiss cows, followed by Simmental and then
Holstein cows.

The results of our research that are carried out in “Agroholding Armenia” LLC,
show Holstein and Simmental cows have higher RBC count in blood than in Swiss cows.
The hemoglobin count comparatively is higher in Swiss cows’ blood and WBC is higher
cows’. Higher hematocrit parameters are observed in Swiss cows’ blood. MCH and
MCHC parameters are higher in Swiss cows.

According to the results of our study we can say that hematological parameters in
Holstein, Swiss and Simmental cows are within norm limits, which justifies that three
breeds of cows demonstrate sufficient adaptation in new climate and keeping conditions.
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Upwagwdéninuh Jwnpgh Upwgwéwywuh «Ugpnhninhug» UNC-h nghuwnpwpnibwywl tnbnbunt-
pintuncd  nuuntdbwuhpdt]  hwywywu  Yhuwynwwwpenipn b endwunuu génGph - nghuwiputiph
npwldwpiwgndhg  unwgyws 8, 10 wduwywl W 1,5 wnwpbywu fuwnUwéhllubph wpwl npnp
gnLgwuhpubn (huntunginpnihu 1gG, Ephppnghwnutn, (GUnghwnutn, heunginpht): Unwgywé wp-
nntupltpp Jywynd GU puwnUwéhu Ytunwuhubph pwnép hwpdwpynnuywuntpjwl, Ywnt hdnt-
Uwjhu hwdwywngh W Ujntpwihnfuwbwyniejwu wnwyb) hunBuuhy gnpépupwgutnh Jwuhl:

Spwlwhuwgsnid — dwppwglbin — fuwnbwéhl —htdwwnninghwlwl gniguwuppubn

B oBueBogueckom xoszsiictee OOO “Arpoxonauar” c. AparanaBaH o0JacTé AparaloTH
OBUTH M3yYeHBI HEKOTOPBIC TeMATOJIOTHYECKHE MoKa3aTenu (MMMYHOTI00ymuH IgG, spuTpouuTHI,
JICHKOIUTHL, TeMOrfIo0nH) 8-, 10-MecIYHBIX U 1,5-rOAMYHBIX TOMeCei, TOTyYeHHbBIX CKpEIIUBaHU-
€M POMaHOBCKHUX U apMSHCKHUX MOJIyrpy0OoLIepcTHbIX oBell. [ToyueHHbIe JaHHbIC CBUACTENBCTBY-
I0T O BBICOKOH MPUCHOCOOSEMOCTH, CTAOMIIBHON MMMYHHOMH cucTeMe U O 0ojiee MHTCHCHBHBIX
nporieccax 0OMeHa BEleCTB TOMECHBIX JKMBOTHBIX.

CerWM@aHM@ - ’-lquOnOpO@HbllJ — nomecos — cemaniojiocuvecKue nokasameniu

In sheep-breeding farm of “Agroholding” LLC in the village of Aragatsavan, Aragatsotn
marz, some hematologic indicators (IgG immunoglobulin, an erythrocyte (red blood cell), a
leukocyte (white blood cell), hemoglobin) of 8, 10 monthly and 1.5 year-old hybrids obtained by
crossing of the Romanovs and Armenian semi-coarse-haired sheep have been studied. The
obtained data testify to high fitness, stable immune system and more intensive processes of a
metabolism of local animals.

Crossings — thoroughbred — hybrid — hematologic indicators

dwdwuwywyhg wwjdwuutpnd puwysnieinillu nlup nghuwph Juh ogunwgnpédwl
U6 wwhwlswny, npp dwpnnt utunh hwpytypenud wnwuduwluncd £ hp pwpép ullnw-
pwpniejwdp, [hwpdtpnipjudp W hhduwywunwd wuthnfuwphuGihnyggudp [1: Wu JG6
pwlwyny bwl. wpunwhwuyned E: dwuny £ wywjdwuwdnpdwé (wywaniu hwdwihu hwwn-
Jwuhubpny odnywé nghuwpwduh wnpunwnpnnuyuwuniwl pwpapugdwl wlhpwdt)-
wnnLpintup: Nshuwputph Juwjhb wpunwnpnnwywunceiniup npnayned £ 2w gnpénuutnny,
npnugnid hp nupnyu npu nluh YeunwuhuGph pwpéan yebunctbwynipjwt wwywhnynidp:
LEunwuhubph YEuuntuwynieintlp Ywhujwsé £ dhewdwynh, Yspwynpdwl ne pulwdeh wwyj-
dwuubphg, huswbu Uwl dunnutphg unwgwéd dwnwuqwywlu hhdphg nu UnLpwtnhuw-
Lwynrejwu gnpdplurwgltph wywnhynieintuhg: Un wntuwlyntuhg opgwuhquh YEuuntuw-
yniejwl wwwhnyuwl gnpénid hp wnwudUwhwwnney nbpu nlup yEunwune wpyncup, npp
Jwulwygnud E QUswnwywl W Unipwithnuwbwynipjwl gnpépupwglbphl W pwagnid wyg
dnLuyghwutinh htwn dEYwntn ntuh wwunwwlwywl Lpwlwynieinit: Wu ywwnwwuned £
onpqwuhqup Jwunkutphg, yhpniuubphg W npwtg eniubphg, huswtu bwl opgwuhquh hw-
Jwpn ownwnwéhu Unebphg: Wu gnpéwnnypl hpwywlwgynud £ wiwqdwih JwupEw-
uwwl hwnyniejwdp, [Elynghinutph $wagnghinwiht wynhynpjwdp, husgwbu Uwle hune-

87


mailto:tatev.sargsyan@yahoo.com

S.U. uurqusuu

Lwyndwtwntbuwn pgheutph® (hu$nghwnltnh unphhy, npnup hpwywlwglnd Bu peewjhu
JGUwhwwnnty hdntuhwntwnp [2]: Opqwuhguh Ubpphu Uhgwdwinph, Upw wwunwwlwywl
hwdwywngh wynhynipjwl W Untpwihnfuwbwyniejwl gnpéplupwgltnh qguwhwwndwlu
hwdwp Ywpnn U hhdp dwnwjtp wpntuwpwbwywl gnigwuhputpp: Ypwuny b wwydw-
Uwynpwd JGp hGwnwgnnnienlultph hGnwepepnieniup endwungjuwt W hwyyuiywu
Uhuwynw-winwpnipn RYUR) gbntph nshuwnutph npwdwpwgnidhg unwgywsé fuwnUw-
Shuutnph wpnllwpwlwywl gnigwuhputph nhuwdhywgh thnthnpuniejwu UJwndwdp:

Nuinh uniu wphuwwnwuph bwywwnwyu E GnGp ntuntdUwuhptp npwdwhuwsdwu wp-
nntupnd  unwgywd  fuwnbwéhu  Yeunwupubph wpwUu npnp  gnigwuhubp, npnugny
wwjdwuwynpwé GBu yGghuubphu hwnpdwpjwénieinilp, YGuundbwynepniup W ujne-
rpwhnfuwlwynLejnlup:

Unip U dEpnn: I6nwgnuninenillbpp juwwnybp Bu Upwguwénnuh Jwpgh «Ugpnhni-
nhug» UNC nguwpwpnidwlwl nunbunceiniuncd, npuntbn wnweht wugwd Iwjwunwuh Iwlnw-
wEwnieintunid 201 1p-hg wnphGunwywl uGpuuwynpdwl Gnwuwyny hpwywuwgyned £ nndwlndgjwu
U 3YYUR nshuwpubnph tnpwdwhiwgned: IGnwgnunncentutpp Ywunwpdb) Gu «djwnhdhp Uwagwuh
wujwl pdoywywu yeuinpnuy UNC W «A.B.MED» |wpnpwwnnphwutpnud: NunwdUwuhnt) Gup 8, 10
wduwywu W 1,5 nwpBywu yeunwuhubph wnjuwu npn gnigwuppubn W hwdGdwwnt ungu tnwphgh
inbnwywl Jwepwgbn YEunwuhubph wnjwu gnigwuhpubph hGwn: Sncpwpwlgnip tudphg yGpgutb) £ 5-
wywlu Udn: Cunhwunip wndwdp nwnwUwuppdtp £ 30 giniu Jwppwgbn W puwnUwéhu
ysunwuhutph wnwu Udnutbn: IGnwgnnt Bup hGnlw) gnigwuhputpp’ huncungnpniipu 19G-h
wwnpniuwynee)niup, Ephrepnghinutph pwlwyp, hGunginphuh wwpnibwynipintup W |Gynghwnutnh
pwlwyp: Ephppnghwnutnh, hGunginphuh W [Gynghwnutph npn2nedu unwpdty £ $ninndbuinphy, huy
huntunginpniihl IgG-hu* huncuninnLpphnhdtunphy Gnwuwyubpny:

Upnyniupubip W puliupyned: Unintbwpwlwywl gnigwuhpubph hGunwagnunniejniu-
utph nyjwutpp UEpYwywgywé Bu wn. 1-nwd: YEUNWUHUGPU NLunLUUwuhpdwU nne dw-
Jwlwywhwwnywénud gunlytbp U YGpwypdwl, hubwdph ni wwhywéeh Jhlunogu wwj-
dwuutGpnd: Upnibwpwuwywu gnigwupputpp (Ephepnghwnutp, (G)unghwnubp, hGdngin-
phu, huntungnpniht) npn2y b BU Uhugle YEpwypnudp:

Unynruwy 1. Upjwlu npn2 gnigwlhutph hGunwgnundwl wpnyniupubpp puin YEunwuhuGph wwphgh

Uwppwgtn luwnuwéhu
Swuwywihu fundp (344pr) (NnU. X 344yp)
M:=£m | c Mzm | [J
hunLlnginpniih IgG (q/)
8 wJuwlywu 7,63+ 0.24 0.55 8,01+£0.06 0.14
10 wduwywu 8,05+ 0.39 0.87 8,88+0.32 0.72
1,5 nwpGywu 8,83+0.19 0.43 9,69+0.38 0.86
Enhpnnghunlibnh pwliwln 1 Ui wpywl Ut
8 wJduwywu 7,6+ 0.34 0.78 8,7+0.29 0.65
10 wduwywu 8,2+ 0.19 0.43 9,4+0.39 0.87
1,5 nwpbywu 9,8+0.35 0.79 10,6+0.34 0.77
36unginphl, %
8 wJduwywlu 98+3.48 7.77 103+3.68 8.21
10 wduwywu 106+ 2.74 6.12 111+2.12 4.74
1,5 nwpbywu 119+ 1.52 3.39 126+1.30 291
LEjnghinUbnh pwlwlpn 1 Ul wppwl Uk
8 wJduwywlu 7,3+0.22 0.50 8,1+0.37 0.84
10 wduwywu 7,9+0.28 0.64 8,8+0.26 0.58
1,5 nwpbywu 8,01+0.14 0.33 9,0+0.20 0.45

YGUnwuhutph YGuuntuwynepintup, $hghninghwywu ypdwyp W dpbpwunynientup
JGdwwbu Ywwywd Gu hdniungnpnihblbph pwuwyh W wywhyniejwl hGwn: bdne-
UngnpniihuuGpp hwunhuwunwd GU opquuhgquh hhduwlwu wwunwwuhs uyhwnwynigutnp
L yGunwuhubph hnwnpwp hdntupinbnh  glhuwdnp ne gnpdwpyynn - UniGyncutpp:
Shancywihu huntunginpniihb IgG-U Yuaqunwd E pninp uwyhwnwynigutnh 75-80%-p W wpjwl
pninn uwhwnwynigubph 10-20%-p  [3]: Lpw giuwynp W hhduwywu gnpdwnnypp $wagn-
ghwnngh pjupwuncJu E:

Gwnwgnunnieinllutpp gnyg Bu b, np Jwpepwgbn W huwnUwéhu Yeunwuhutph
dnwin huncung|npniht 1gG-h Jwywpnwyp wwnpheh hGn wénwd £, Jwenpwgtnh Unin 8-1,5
nwpbywund Yuquty £ 13,6%, huy pjuwnUwshup unin® 17,3%: hugwtu Gplnd £ wn. 1-hg
huniunginpniipl IgG-h wé £ LUJwwnynd puwnUuwdéhu  Yeunwuhubph wwnhpwihu  pninp
fudpGpnLd h tnwpptnnie)ntu Jwenpwgtin yGunwuhubph hwdwwwwnwuhuwU hwuwyubph:
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Wuwbu. 8 wduwywu dJwpenpwgtn dwwnwph dnin wju Ywaqutb, £ 7,63 g/ unyu
hwuwyh puwnuwéhuh dnin 8,01 g/, 10 wduwywl Jwepwgtnh dnin 8,05 Unuu hwuwyh
fuwnuwéhuh Unwn 8,88 gf,huy 1,5 nwpbywund® 8,83-hg wék| £ Uhlgle 9,69 gfi: Udp puwn
wnwnhph hwdwwwwnwupuwlwpwnp Ywaqut) £ 4,7%, 9,3%, 8,9%:

Unjwu dlwynp tnwpptph wwpniuwynieiniup puncgwapnud £ wpjntuwuinkné op-
qwllbph b wwpunwwuwywlu JGhuwuhquubph $niuyghwubpp: Iwjnuh £, np Ephp-
pnghwnutph Ywplnp $nuyghwutphg Utyp' prywsduh wntnwihnfundu £ pnetphg hjnu-
Jwéputn W opgwuubn: NunidUwuhpnieinilubpp gnyg Gu wndGl, np Unugyu twiphpwjhu
hudpnud fuwnuwéhu Yeunwuhubph dnin Ephepnghinubnh pwlwyp wytih pwpép £, pwl
hwjywywu Yhuwynwuwwpnipn®  Jwpepwgtn ubUr}thUbnh Jnwn: Usp 8 wduwywu huwn-
LUwéhuh Unwn 8,7x1012/L E, dwppwgbnh 7,6x10' /I-h hwJutdwwn: 10 wduwlwl huwnUw-
6huubph W Jwpepwgbnh Jnin hwdwwwwnwuhuwlwpwn 10,6x1012/L b 9,8 x10 2/L: Wju-
whuny’ pun wwphpwjht fudptiph Ephepnghinltnh pwlwyh wép Jwepwgtin ytunwuh-
utph hwdtdwwn Yuagut] ' 8 wduwywuutph unin 12,6%, 10 wduwywlutph Unin 12,8%,
huy 1,5 wmwpBywlutph Unin® 7,5%: huswtu huncungnpnehuh, wjuwtu £p Enhepnghwnutph
BUJULUHE Gnynt pudptGpnud | wwphphUu gnigpUpwg  wéb] £ puwnuwéhuubph dnwn
8,7x10 “/|-hg hwulkny 10,6x1012/L, huy Jwepwgtnh unwn 7,6x1012/[-hg 9,8 x1012/L:

IGunwgnunnieiniulpnh - wpnntugned  hGudngnphuph - wnwybiwagnyu  Jwywpnwyp
Uywuwnyb] £ puwnuwéhu dwwnnwubph W 2hpwyutph dnwin: Wuwtu, 8 wduwywlu huwn-
LUwéhu Jwwnnwph Unin 103 ¢/, 10 wduwywunwd 111 g/l 1,5 wwpBywund 126 g/
dwpnwgbnh hGnljw) gnigwuputph Uywwndwdp' 8 wduwywu 98 g/, 10 wduwywu 106
g/, 1,5 mwnptywu 2hpwyutph Unin 119qg/;: Ywnbih £ Bupwnntl, np uwnUwshuubph Unun
Ephepnghwinutph W hGdngnphuph wnwyb), 66 wwpniuwyneeyntup yywynud £ wngyuig
ytunwuhutph pwnép pRYwWsUwhU twpnnniejwl, Upwund opuhnwgdwl W hGnliwpwnp
Unipwihnfuwlwyniejwl  wnwyb] huwnGUuhy wpngbultph JwupU: LGlp Uwl, np
Enhepnghwnutph wnwytbp pwnénp pwuwyp W hGungnphuny Upwug wnwytGwagniu hwgbg-
Jwoénipntup dwwnnuh  yuwunwwuwlywu wninbUughwih wnwybp pwpép Jwywpnwyh
gnigwuhpuGpu U [4]: Opqwupgund ng wwlwu Ywplenp  Lpwlwynieintt nlutu
lG)lynghwnutpp, Upwup Jwulbwygnd Gu opqwuhgquh  wwpunwwluwlywl (wgnghinng,
hunctupwintin) U JGpuwywugunnuywl gnpéplupwglbpht (hwlywdwnpdhuubph wpunwnpned,
enuutnph pwjpwind W hGnwgnid): Gpyne fudpbph dwwnnwputph Unwin E) [Gynghwinltnh
pwlwyp Gntl E $hghninghwywu Unpdtph uwhdwlubGpnud: 8 wduwywl Jwppwgbn
ytunwuputn dnwnn 7,3 x109/[, huwnuwshuutph Unuin® 8,1 x]Og/[, 10 wduwywu dwepwgtnh
dnin 7,9x109/[, fuwnUwséhuuGph Jnin 8,8 x 109/[ L 1,5 wmwptywu Jwepwgbnhup
8,01x109/[, huy puwnUwéhuutphup 9,0 x109/[: Swphgh hGwn Gpynt fudpbph Yeunwuhutph
Jdnwn £ inbnh E nlubgl) wpjwl uwhwnwy qunhyubph pwuwyh wybiwgnid, uwlwiu wnwyby
pwpén Jwywpnwy E gpwugdt] fuwnUwéhu YGunwuhubph pninp Gpbe  wwphpwihu
hudpGpnud: Yw, punn Gplnyeht, wywjdwuwynpwd £ puwnuwéhuubph jwy hwpdwp-
dnnwywuntejwdp W hhdwunnienibutph Uwwndwdp  nluGgwd  pwnép  nhdwnpnnw-
ywuntpjwdp:

Swny E UG, np dGp ynnudhg nuntduwuhpdwd Yeunwuhubph wpntbwpwlwywl
gnigwlhpuGpp guugnud 6L $hghninghwywl Unpdh  uwhdwuUGpnud:  8nigwlihpubph
wnwyb] pwpap Jwywpnwy nhunynwd £ puwnbwéhUubph pninp tnwphpwjhtu fudptpnid,
npnup unnwgyt| Gu nndwundjul W 3uue gbintph nghuwpubph wpwJdwhuwsdwl wpryncu-
pnud:

Uunwgywé wpryntuplubpp yywynd U fjuwnUwéhu yGunwuhubph pwnén hwpdwp-
Jnnwywuncpjwl, Ywntu hunibwihu hwdwywpgh W Unipwihnfuwlwynipjwl wnwyb)
huwnBuuhy wpngtGulutph Jwuhpu:

Wuwhuny® hGinwgnuniginluubph wpnyntugltnp yuinwhtgunid Gu, np Unp uwnwg-
Jwé ubpniunp wnwu Ywqguny ng Jhwju sh ghgnd Jwepwgbnhu, wy punhwywnwyp'
3uupe gtnh Uywwndwdp ntuh Yebuntbwyniejwl wnwybinipincu:

qaruuuvniE@3ntu

Uwpdwpwl 3nt. Q. Uuwulwpncdnipywl hhdntuplbinhp. Uunnhy, Epluwl, kg 433, 2001:
Stpuinbpwt 6.6., 3wdpwpénidjwt Q. N. Uplwuwt U. U., Ulppwnwt N.U. Cutnwuh
Yeunwupubiph $hghninghw, hp.3UWU3 &n., k9 577,
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ZEOLITE NANOPARTICLES - NANOCONTAINERS OF PORPHYRINS

A.G. GYULKHANDANYAN

Institute of Biochemistry NAS of RA
anna.g_yan@yahoo.fr

The sorption of five cationic porphyrins and metalloporphyrins as well as well-known
anionic photosensitizers (chlorin e6 and Al-phthalocyanine) was investigated with zeolite nano-
particles. It is shown that the percentage of adsorption of porphyrins with zeolite nanoparticles is
more than 90 and that the predominant mechanism of binding is electrostatic binding of cationic
porphyrins with the negatively charged zeolite nanoparticles.

Zeolite nanoparticles — cationic porphyrins — electrostatic binding

8tnihinh  Uwundwuuhyubph hGn nwunwluwuhpdtp £ hhug  YwunhnUwihu  wnphphuubph W
dGuinwnwwnndhphlutph, huswbu Uwle hwjinuph wuhnUwihu $ninnubuuhphihquinnputph (RlNphu e6 W
Al-buinwnghwuhl) unppghwl: 8nyg £ wnnpytp, np wnunppghwih wninynup génthinh LwundwulhyuGph hGwn
pninp wnpdhphututph hwdwp wytih pwt 90 E W np JuwJdwl gbpwnwunn JGhuwUhguu £ YwwnhnUwjhu
wnndhphultnh EGYnpnuinwnhy juwp pwgwuwywl thgewynnjwé gtnihinh bwundwulhyutnh htwn:

8tnjhinh bwlndwulplubn — GuiinhnUwhl wnpdhphulbn — bEGunpnunwnply Yuw

C HaHOYACTHLIAMH IICOJIUTA MCCIIEJOBAaHA COPOLUS MSATH KATHOHHBIX MOPQUPHHOB 1 METAILIO-
NOpGUPUHOB, a TAKXKE N3BECTHBIX aHUOHHBIX (POTOCCHCHOMIN3ATOPOB (XJIOpHH €6 n Al-¢pranonua-
uuH). [TokaszaHo, 9To MpOIEHT ancopOIuHK UL BceX MOPGHPHUHOB ¢ HAHOYACTHINIMHU IIeosnTa Oosee
90 ¥ 9TO MPeoOIANAIONIMM MEXaHU3MOM CBS3BIBAHUS SBISIETCS JIEKTPOCTATUYECKOE CBS3bIBAHHE
KaTHOHHBIX MOP(GHUPUHOB C OTPULIATENILHO 3apsHKEHHBIMU HAHOYACTHIIAMH LIEOJIUTA.

Hanoqacmuubz yeoauma — KamuoHHble I’lOpd?Mpqul — JJleKmpocmamu4ecKkoe Ces3bleaHue

Currently, photodynamic inactivation of microorganisms by photosensitizers is one of
the most promising areas for the destruction of the antibiotic resistant microorganisms [1-3].
Photosensitizers (PS), mainly porphyrins, under action of light promote generation of
reactive oxygen species [4], which effectively inhibit growth and kill microorganisms [1-3].
In recent years in order to improve efficiency of porphyrins against microorganisms actively
used nanocontainers [5]. Among the many types of nanoparticles-nanocontainers used to
enhance the effectiveness and targeted delivery of photosensitizers, nanoparticles of zeolites
occupy a special place due to the high biological activity, and unique sorption possibilities
of microorganisms [6], as well of ligands - porphyrins [7]. The above presented background
of use of zeolites and their advantages are strong argument of the need for detailed and
careful study of porphyrin complexes with nanoparticles of zeolite. These tasks of
interaction of various cationic porphyrins and zeolite nanoparticles comprise the aim of the
present work.
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Materials and methods. Study of processes sorption and quantitative description of the
binding of porphyrin molecules with the zeolite nanoparticles was carried out in vitro in the
spectral quartz cuvettes on the spectrophotometer "Shimadzu" UV-VIS 2100 (Japan) in the range
0f 200-800 nm.

Porphyrins and metalloporphyrins. Photosensitizers — water-soluble porphyrins with various
side-chain substituents and the central metal atom were synthesized at the Department of Organic
Chemistry, Yerevan State Medical University [8, 9] and have been provided for researches. For
investigation of sorption on/in nanoparticles of zeolite the following five cationic porphyrins and
metalloporphyrins we used: i) meso-tetra (4-N-oxyethyl pyridyl) porphyrin (TOEt4PyP), ii) Zn-
TOEt4PyP, iii) meso-tetra (3-N-oxyethyl pyridyl) porphyrin (TOEt3PyP), iv) Zn-meso-tetra (4-N-
butyl pyridyl) porphyrin (Zn-TBut4PyP) and v) Ag-TBut4PyP, as well as known anionic photo-
sensitizers: chlorin e6 and Al-phthalocyanine.

Zeolite nanoparticles. Nanoparticles of natural zeolite mineral — clinoptilolite of nanometric
sizes were obtained by mechanical crushing and subsequent sedimentation in aqueous solution [10].
The size of nanoparticles by laser analyzer type IG-1000 (Shimadzu, Japan), range 0.5-200 nm, or
electron microscopy was monitored.

Statistical analysis. The statistical parameters (average values, standard deviation) used in
the experiments were calculated using the program Excel.

Results and Discussion. To the solution of porphyrin with volume 2 ml and the final
concentration of 10° M successively 0.2, 0.3, 0.5, 0.6, 0.7 and 0.8 ml of zeolite
nanoparticles was added (initial concentration of 0.66 mg/ml). By successively increasing
of concentrations of the added zeolite nanoparticles (from 0.2 ml = 0.06 mg/ml to 0.6 ml =
0.15 mg/ml) into a solution of metalloporphyrin Zn-TBut4PyP was shown directly
proportional dependence of the increase of its sorption ability (first 4 points on fig.1),
whereas adding nanoparticles 0.7 ml = 0.17 mg/ml and 0.8 ml = 0.19 mg/ml saturation of
adsorption ability of zeolite occurs (fig. 1).

Binding, %
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Fig. 1. Percent of binding of metalloporphyrin Zn-TBut4PyP
at various concentrations of zeolite nanoparticles in solution

Thus the addition to a solution of porphyrin of zeolite nanoparticles can be carried out
to a concentration of 0.15 mg/mL (addition of 0.6 ml zeolite nanoparticles from the stock
solution with the zeolite concentration 0.66 mg/ml). Based on the obtained results for all
other cationic porphyrins to 2 ml solution of a porphyrin 0.6 mL zeolite was added so that
the final concentration of the porphyrin is in solution 10° M and then counted the sorption
after centrifugation of this solution (15 thousand rpm, 15 min) and determining the residual
porphyrin (Soret absorption band at 420-440 nm). The results of the sorption by zeolite
nanoparticles of 5 different cationic porphyrins as well as the anionic porphyrin chlorin e6
and neutral photosensitizer Al-phthalocyanine are shown in tab. 1.
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Table 1. % sorption of porphyrins (10” M) by adding to a solution of 0.6 ml of zeolite

nanoparticles (0.15 mg/ml)

Porphy- | TOEt4PyP TOEt3PyP Zn- Zn- Ag- chlori Al-phthalo-
rins TOEt4PyP TBut4PyP| TBut4PyP| neg cyanine
% sorption 97.1 98.5 98.3 98.7 95.0 24.4 0%
+3.6% +3.9% +3.9% +4.0% +3.4% +1.1%

Analysis of the dynamics of change in the absorption spectra for porphyrins and
metalloporphyrins (10° M) by adding of nanoparticles leads to the conclusions: i) that the
percentage of adsorption on nanoparticles is for all cationic porphyrins more than 90 %, ii)
that the predominant mechanism of binding is the electrostatic binding of cationic
porphyrins and metalloporphyrins (charge +4) on the negatively charged surface or internal
cavities of the zeolite nanoparticles.

Acknowledgements. The author thanks R. K. Ghazaryan and H. H. Sargsyan for
kindly providing porphyrins and nanoparticles of zeolite.
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[IpuBoxAsTCS NaHHBIE UCCIIEIOBAHMI MO BBISBICHHIO TelIbMUHTO(MAYHBI PBIO p. Meuamop.
O6cnenoBano 108 5k3. 9-Tu BuoB pbi0. MHBa3upoBaHHOCTH PO cocTaBmia 41,7 % (45 ak3.). 3a-
PErucTpupoBaHoO 6 BUIOB resibMUHTOB. OHM OOHApY)KEHBI B IOJOCTH TeJld, KUILEYHHUKE, XPyCTa-
JIMKax I7a3 1 Ha jkabpax pe10. OnpeneneHsl 9KCTEHCUBHOCTL MHBA3uM (D) 1 HHTEHCUBHOCTh MH-
Bazuu (M) prIO rensMUHTaMHU.

Tenomunmocgpayna pvi6 — p. Meyamop — s5xcmencusHOCmMb U UHMEHCUBHOCMb UHBA3UU

Snynwd BU Ukdwdnp gbwinh dyubph htdhupndwniwih pwgwhwjindwl hGwnwagnunnieintuubnh
nwiutpp: IGnwgnunygty £ 9 wnbuwy dyubph 108 Udnwy: dwpwyqwsd tp dyutph 41,7 %-p: Spwugyty £
hGuhupUGnh 6 wbuwly: Ywlp hwjnuwptndb, Bu dyuGph Jwpduh funengnud, wnhUuGpnud, wgeh
nuwUjwyned W funhyubpnud: Npnpdt; BU dyutph' hbdhuputpny Jwpwyywsdnipiwl tpuntluhynipniup
W huinBuuhyntejniup:

QuUtnh hEdpupndwniuw — UGSwUnn qbin —Jwnpwlywéntpjul
Eeuintuupynienitt L hunbuuhynieniu

Data on helminth fauna of fishes from the Metsamor river are presented. 108 specimens of
9 fish species have been investigated. 41,7 % of fishes (45 specimens) were infected. 6 species of
helminths have been recorded. They were found out in the body cavity, intestine, crystalline lenses
and on the gills of fishes. Extensiveness and intensity of invasion by helminths have been
calculated.

Fish helminth fauna — river Metsamor — extensiveness and intensity of invasion

Pexa Memamop (CeBmxyp) SIBIISIETCS KPYIHBIM JIEBOOSPEKHBIM TIPUTOKOM PEKH
Apaxc, IMeeT BaxKHOE XO3SIMCTBEHHOE 3HadeHHe it ApMmennd. OHa OepeT Havyalo w3
03. AKHaIM4 1 6IM3IeKanmx 00I0T, MEUICHHO TEUET MO TOJTyITyCTHIHHOW PaBHUHE, ITH-
TasiCh TPYHTOBBIMH BOJIaMH, IIPEBPAIIAsCh BCKOPE B IUPOKYI0, 10 100 M mmpuHOii mos-
HOBOJIHYIO PEKY, M3BHBAIOIYIOCS B IUIOCKHX Oeperax. ITomoBoabe p. Menamop mpouc-
xomut 6maromapst OypHbIM BogaM p. Kacax, Bagaromieil B Hee.

I'enbmunTOdayHa peid p. Meuamop He uzydena. Oxnako B 1980-x rr. n3yyanack
napasutrodayHa pbpl0 HEKOTOPBIX €CTECTBEHHBIX M MCKYCCTBEHHBIX BOJOEMOB Apapar-
CKOW paBHUHBI, B T. 4. BOJI0OEMOB ApMaBHpcKoro map3a [2-7]. Bo Bcex Bojoemax y pbiO
OBUTH IIMPOKO paclipocTpaHEeHbl MeTaliepkapuu Tpemaros poaa Diplostomum [2, 3, 6], a
TakXKe OBLIM 3apETUCTPUPOBAHKI IECTOABI Bothriocephalus gowkongensis [4] w Ligula
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[4, 6, 7]. BriepBrie B renmsMuUHTO(AYHE PBIO BOTOEMOB APMEHHH y ca3aHa u3 03. AKHa-
4 OpiTa oOHapyxeHa tpeMatona Clinostomum complanatum, a y KypUHCKOHN YKIICHKU
1 TIOTBHI 13 OKTEeMOepsSHCKUX 03ep — TpeMatona Posthodiplostomum cuticola [2]. Day-
Ha JAKTWIOTUPYCOB BOJOEMOB ApMEHHH ObUIa IPEICTABICHA CICAYIOIIUMH BUAAMHU:
Dactylogyrus sphyrna (y rycrepsl), D. cornu u D. jamansajensis (y mnotsel), D. Exten-
sus (y xapma) [5]. laH cpaBHHUTENbHBIA (hayHUCTHYECKHH aHAIN3 Iapa3shToOB pPHIO ec-
TECTBEHHBIX BOJOEMOB ApapaTcKoil paBHUHBI [4]. BrIABICeH BUIOBOIl cOCTaB reIbMHH-
TOB PBIO KapHOBBIX XO3HCTB ApapaTCKON paBHHUHBI, JaHA FeIbMHHTOIOTHYECKAs OLICH-
Ka 9THX XO35CTB, U3y4YeHa CE30HHAas IMHAMUKA WHBAa3WPOBAHHOCTH PBIO TeIbMHUHTAMU
1 YCTaHOBJICHbI OCHOBHBIE I'€JIbMUHTO3BI PbIO ATHX X034HCTB [6]. 13 12-T 0OHapyxeH-
HBIX BUJOB TEJBMHHTOB PbI0 4 OTMEuUeHbI BIEpBHIE B TelbMUHTO(ayHE ApMEHUH:
Eudiplozoon nipponicum, Diplostomum rutili, D. mergi, Caryophyllaeus fimbriceps, B T.
4. 1 Bun (Eudiplozoon nipponicum) — B ¢ayne 3akaBkasbs [7].

HccnenoBanne BHAOBOTO COCTaBa IeIbMUHTOB pbIO p. MemaMmop mpeacraBiser
Hay4YHBIH ¥ TIPAaKTUYECKUH MHTEpeC, TeM 0ojiee B COBPEMEHHBIX YCIOBHSAX TTOBBIIICHHO-
TO HETaTUBHOTO aHTPOIIOT€HHOTO TIpecca.

B Hactosmiee BpeMst B p. Memamop oburatot 60mee 30-Ti BUIOB phIO: apMSHCKas
TUTOTBa, KypUHCKAsl YKJIeHKa, cepeOpsHbI Kapach, apMsSHCKas OBICTpPSHKA, KypHUHCKHHA
ycad, KaBKa3CKHH T0JIaBiIb, TEPCKUI MOLYCT, CEBAHCKAs XpaMyJisi, pamykHast (Gopeib, 3a-
KaBKa3CKasl rycrepa, ObIYOK-IIECOYHHK, aHTOPCKUI ToJIell, aMypCKuid 4e0adok, 4epHoO-
poBka u zp. [10].

Lenbto paboTHI SIBIISUIOCH BBISIBIICHHE TelIbMUHTO(GAYHBI pbIO p. Menamop.

Mamepuan u memoouka. Viccnenosanus nposoawian B 2013r. MaTepuanom nccie10BaHUi
MOCIIYXXWIN COOpPBI TEIIBMUHTOB PHIO M3 p. Menamop. MeTonoM MOJHBIX Mapa3uTOJIOTHIECKUX
BCKPBITHH 110 00IIenpuHsTON MeTouke [ 1] Bcero 6bu10 06¢nenoBano 108 3x3. 9-Tv BHIOB pBIO U3
2 cem. U3 cem. Cyprinidae ob6cnenoBano 104 k3. peiO, B T.4.: cepeOpsHbIil kKapacwk (Carassius
auratus) — 24 3k3., xpamyis (Capoeta capoeta) — 18 5k3., mnotsa (Rutilus rutilus) — 13 sk3., ycay
(Barbus lacerta) — 12 3x3., ykiaeika (Alburnus filippii) — 10 3k3., 6bicTpsinka (A/burnoides bipunc-
tatus) — 10 3k3., ronasns (Leuciscus cephalus) — 9 3k3., nonyct (Chondrostoma cyri) — 8 3K3.; U3
ceM. Salmonidae: hopens panyxuas (Parasalmo mykiss) — 4 3x3.

[ocie u3bATHA U3 OPTraHOB PHIO TEIBMHHTOB IPOMBIBAIN B BOJIC U (DUKCHUPOBAIH B COOT-
BETCTBYIOIMX PACTBOpAx, B 3aBUCHMOCTH OT MX CHCTEMaTHYECKOro monoxkenus. Jis ompenerne-
HUS BHJOBOH NPUHAIJIEKHOCTH TeIbLMIHTOB IOABEPTaId KaMepanbHoil 00paboTke mo ofmenpu-
HaTol Meroauke [1]. Onpenenenue BUAOB IeIbMUHTOB IPOBOMWIIN 0 ONpeAenUuTeNI0 Iapa3suToB
npecHoBOHBIX pbiO haynsl CCCP [8, 9], BumoB Metanepkapuen mumuioctoM — no [luruny [11],
MIPEIBAPUTENHEHO U3MEPHB 0] MUKPOCKOIIOM C OKYJISIP-MUKPOMETPOM [UIMHY M LIMPHUHY JTUYHH-
KM, POTOBOH M OpIOIIHOM MPHCOCOK, oprana bpanneca u np. OnpeneneHa cTeneHb 3apakeHHOCTH
PBIO OTHENBPHBIMH BHUAAMH T'eIbMHHTOB, BBIPAKAIOIIAsACH SKCTEHCUBHOCTHIO MHBa3uu (OU) u uH-
TEHCUBHOCTHIO uHBa3uu (UN).

Pesynemamut u oocysncoenue. 113 108 o0cnenoBanHbix psid p. MeraMop reJpMHuH-
Tamu ObUIO MHBA3UpPOBaHO 45 k3. (41, 7 %).

VY pe16 oOHapyxkeHo 6 BUIOB TeNBMHUHTOB: 1 Bua MoHOTeHel — Dactylogyrus sp.,
3 Buna tpemaron — Diplostomum spathaceum, D. paraspathaceum, D. mergi, 2 Buna mec-
ton — Ligula intestinalis, Bothriocephalus opsariichthydis. OHn OKanM30BaHBI Ha Kal-
pax, B XpyCTaluKax IJia3, TIOJIOCTH Tela U kuiedanke peid. Ha »xabpax xapaceit oOHapy-
skeHbI MoHoTeHeu Dactylogyrus sp. QU1 =9 %, I — 1 3ks.

B xpycranukax ria3 BceX BUIOB KapIOBBIX PbIO 00HAPYKEHBI METALIEPKAPUN Tpe-
Maton ponaa Diplostomum. DU kapaceit cocraisiia 38 %, UU — 2 3k3., y xpamyas DU
paBusiack 35 %, M1 — 2 9K3.; COOTBETCTBEHHO y ycada — 25 % u 2 9K3., y oTBbI — 15 %
1 2 3K3., y OBICTpSIHKU U yKiIeHkn — 30 % u 2 3K3., y ronasis u nogycra — 1 %, 1 9k3.
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B mosnoctu Tena kapaceit 1 Xpamyiib 00HapYKESHBI TUICPOLIEPKONIBI peMHena Ligu-
la intestinalis. DU xapaceil murynamm coctasisuia 25 %, U — 2 3k3., OU xpamyns —
11 %, A — 1 ax3. B kumeynuke kapaceil BIepBble Ui APMEHHH HaiffleHa IlecToAa
Bothriocephalus opsariichthydis, Q1 =13 %, 1 — 1-2 3x3.

B ¢ayne remsmuHTOB pBIO p. Memamop mpeo0aatoT OMOTeTbMHHTEI — 5 BHUIIOB.
W3 Hux HambOoiee pacmpoCTpaHEHB! METalepKaphy TUIUIOCTOM U3 XPYCTAlHKOB IJa3 H
TUIEPOLIEPKOM/IBI JIMTYJI, MAPa3UTHPYIOLIKE B TIOJIOCTH Tena pbl0. M3 reorenbMUHTOB 00HA-
pyxeH 1 Bun (Dactylogyrus sp.). I3 6-T1 00HapyKE€HHBIX BUJIOB TEIbMUHTOB PBIO 4 sIBIISI-
torest ayutoreHusIME (Diplostomum spathaceum, D. paraspathaceum, D. mergi, Ligula
intestinalis), 2 — aBroreHHbIMU (Bothriocephalus opsariichthydis w Dactylogyrus sp.); 4
BHJIa OTHOCATCS K TeHepanuctam (kpome Bothriocephalus opsariichthydis w Dactylogyrus
sp.), S — ABnAOTCA SHAOMapasuTamu, 1 Bun (Dactylogyrus sp.) — SKTONapasur.

[Ipu cpaBHEHMHN HAIIMX JAHHBIX 1O (ayHe TeIBMUHTOB PBIO p. Menamop ¢ pe3yiib-
TaTaMu WCCIIEAOBAHUN reIbMHHTO(AYHBI ppI0 OKTEMOEPSHCKNX 03ep U 03. AKHaIMY (U3
KOTOPOTO BBITEKAET peKa), mpoBeaeHHBIX B 1980-¢ rT. [2, 5], BBIsIBIEHA TEHACHINS HEKO-
TOpOTo 00eaHEHUS (hayHBI T€IbMUHTOB KaK B KAUECTBEHHOM, TaK U B KOJIMIECTBEHHOM OT-
HomeHun. Tak, 2 Buna tpematon — Clinostomum complanatum wu Postodiplostomum cuti-
cola, BriepBeie i ApMeHnn otmedeHHble B 80-¢ rT. [2], HaMu He OBUTH OOHApPY>KEHBI.
QayHa NaKTUIOTUPYCOB BOJOEMOB ApPMEHHHM, KaK OTMEUaJOCh BBIIIE, B T€ TOJbI TAKXKE
ObuTa pazHooOpasznHee [5]. UTo kacaercsi CTETeHH 3apaXCHHOCTH PHIO TeIbMUHTAMH, OHA
Taoke cHu3wiack. Tak, B 1980-¢ rr. DM MerauepkapusiMu JTUIIOCTOM Y OBICTPSIHKH 13
OxremOepstHCKHX 03ep coctaisuia 100 %, MU — 2-4 ak3., y xpamynu OU — 40 %, UU —
5-7 aKk3. [2], a 0 HAIIMM JaHHBIM, COOTBETCTBEHHO Y ObICTpsiHKH — 30 % u 2 9K3., y Xpa-
Myu — 35 % u 2 k3.

Takum 00pa3oMm, pe3ysbTaThl MCCIEJOBAaHUM ITOKA3bIBAIOT, YTO TeIbMUHTO(AyHA
poIO p. Menamop He oTiMyYaeTcs OOraThIM pa3HOOOpazHeM.
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A mixed bilayer with 64 various lipid molecules were built and tested by the GROMACS
software package modules. The force fields of mentioned 64 lipid molecules were generated using
PRODRG and ATB servers and partially changed taking into account the features of lipid
molecules. Simultaneously, we have created a mixed bilayer using CHARMM-GUI online
generator server, which is aimed to create lipid bilayers with different lipid molecules. Note that
the latter provide force fields for CHARMM input. The resulting mixed bilayer was minimized
and equilibrated for long run simulation.

Computer simulations — force field development

GROMACS  6pwgpwiht thwpebrh unnniubpny Ywnnigdtp W pGunwdnpdtp £ 64 wnwpptn
thwhnwhl dniyntutpny fuwnep Bplgtipun: Ytpp Upyws 64 thwhnwihl dniynubinh nidwihl nwuip
unwgyt| U PRODRG W ATB utnytputpn W dwuwdp thnihnfuytb) U hwyh wnUbing |hwhnwihu
UniGynyuGph wnwudbwhwwnynipniultpp: Uhwdwdwlwy, Ywnenigyt) £ fuwnp Gpytpw, ogunwagnp-
66iny CHARMM-GUI wngwlg qbUutpwwnnp uGpdtpp, npp bwhuiwwnbudwé £ wnwppbn (hwhnwihu
dniGynyubpny  [hwhnwihu  GpupGpnGph Yunengdwl  hwdwp: LpBup, np ybpghUu  wwwhnynud £
CHARMM nidwjhu nuwowntpp: Upryntupnud fuwnp Gpuptpnp Jhuhdhquigytp £ W hwdwuwnwipnyty
Gnywnpwdwdytun unnbiwynndwu pupwgpenid:

Swdwlhwnqswyhl nuncduwuppneynii — nudwyhl nuwipinbph Bwlynid

CwMmemanHbIi Oucioit 64 pa3HBIMH JTUIHIHBIME MOJIEKYJIaMH OBLTH TIOCTPOSHBI X IPOTECTHPO-
BaHbI C TIOMOIIBI0 MOIYJIeH porpamMmmuoro obecnedenus nakera GROMACS. CunoBsie Tosist ymo-
MSHYTBHIX 64 JMIHIHBIX MOJIEKYJI OBUTH HOJIyYeHBI ¢ ucnonb3oBanneM cepsepoB PRODRG u ATB n
YaCTUYHO M3MEHEHBI C YYeTOM OCOOCHHOCTEH JIMIMIIHBIX MOJIEKyJ. OJJHOBPEMEHHO MBI TIOCTPOMIN
cMmentanHelid  Oucioi, ucmonb3dyss CHARMM-GUI ownaiiH reHepatop cepBep, KOTOPBIA Mpe-
Ha3Ha4eH VISl CO3JaHUs JIMIUIHBIX OMCIIOEB C Pa3IMYHBIMH JIMMUIHBIME MoseKyiaMu. OTMeTnM,
YyTO mocnenHui obecneunBaeT cuioBble mons Al nmakera CHARMM. B pesynbrare cMmernaHHBIN
6UCII0 MUHUMU3HUPOBAJICSA M YPABHOBEIIUBAJICA B TEUEHHE JUTUTEIHHOTO MOJIEITHPOBAHMSI.

KOMnblOmepHa}l Cumyaayus —pa3pa6omka CU106020 noJjii

Biological membranes are complicated multi-component formations and their futures,
such as fusion, ionic transport and interaction with low- and high-molecular compounds
strongly depend on the physical properties and state of main constitutes — lipids [1]. It is
well known, that lipid components are mixtures of various types of lipids, which have dual
chemistry by differing of the polar part and hydrocarbon chains.
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Recently, the molecular dynamics (MD) study of mixed lipid bilayer has been attract-
ted much attention and a number of papers are available [2-4], studying cationic, anionic
and zwitterionic mixed bilayers. With the increase of computational power, the atomic-level
and coarse grained computer simulations have been mainly used to study such systems.

The aim of this paper was the creation of mixed bilayer and force field development
following lipid molecules — phosphatidic acid — PA, phosphatidylcholine — PC, phosphati-
dylethanolamine — PE, phosphatidylglycerole — PG, phosphatidylserine — PS and cholesterol
(CL) based on experimental findings [5, 6]. The energy minimization by steepest gradient
method was done, after which the system was modeled by normal canonic and isothermal-
isobaric ensembles.

Materials and methods. The calculations to derive force fields for some lipids were carried
out using Hyperchem 7.5 for Windows (Hypercube Inc.). The MM" and CHARMM force fields
were used to optimize the geometry of some lipids and extract the parameters. The MNDO and
PM3 semi-empirical methods were used to obtain the partial charges lipids. Simultaneously, the
CHARMM-GUI online generator server [7, 8] was used to obtain the force fields for lipids.

The GROMACS software package editconf, genbox and solvate modules were used to
contruct the final system.

The parallel MD simulation was performed on ArmGrid sites (http://www.grid.am).

Results and Discussion. The GROMACS and NAMD software packages were
installed on multicore clusters from ArmGrid1 environment for further benchmark testing.
As an appropriate package the GROMACS software package have been chosen. It is
northworthy to mention that the hardware and software optimization from parallelization
point of view has been also done, taking into account some characteristic specifics of a
cluster. A 64 various lipid molecules were built and tested by the GROMACS software
package modules. It should be noted that the lipid molecules were compared with lipid
molecules from other database, in particularly those of available from
http://www.bioinfromatics/downloads/. Initially, the force fields of lipid molecules were
generated using PRODRG2 and ATB3 servers and was partially changed taking into
account some features of lipid molecules.

The mixed lipid monolayer was built using GROMACS software package editconf
and genbox modules. The asymmetric bilayer was built according to experimental data [7,
9], after which the system was inserted into water bulk using GROMACS software
package genbox module. Additionally, we use the VMD software package solvate module.
After the creation of mixed bilayers, the sensitivity analysis of cut-off variation, time step
changing and testing water models: SPCE and TIP3P and variation of system size have
been performed. The final mixed bilayer snapshot is monitored in fig. 1.

Fig. 1. The cross-sectional view perpendicular to the mixed bilayer plane.

! Available at http:/www.grid.am
2 Available at http://davapc1.bioch.dundee.ac.uk/prodrg/
3 Available at http://compbio.biosci.ug.edu.au/atb/
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After construction the whole simulation cell, the energy is minimized using steepest

descent method for more than 5000 steps in order to remove high-energy contacts that
might have formed during the construction process. The obtained mixed bilayer model was
tested in ArmGrid environment clusters in order to check their performance. After
minimization the system was modeled by normal canonic ensembles.

We are planning to start simulations as mentioned in project, and to determine

fundamental parameters with further comparison to real experiment. Currently, the second
stage also involves the molecular dynamics study of multicomponent system at K* and
Na' ionic environment. The MD simulations are planning to carry out on ArmCluster high
performance cluster available from ArmGrid environment using 16-32 processors. .
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1EUghnU wuhuwnBUnh wwwnnuh: 1958 . wdphnuh Jwphg, IUUI QU pnrwyhg wunwd 1.U.
StunGplluhynyw-Fwpwjwlh nGywywnnigjwdp Uw wwnwwunwd £ pGluwdniwywl, huy
1970 R." nnyunnpwywl wwntUwhununienil: 1961 . L.L. Ouhwyjwlp, npwtu wdphnUuh nn-
gtlwn, nwuwywunnwd £ «Pnyubph dLwpwlnipnily, «Unnpulwpg pngubpys, wjunchGnl®
«Ulywpwuntpntuy wnwpywutnp: 1972-hu L.L. Ouhwjwup unwuncd £ wypndbunph Yngned:
1971 p. Uw punpynd £ 6M3 pnuwpwlnipjwl wdphnuh Jwnhg, nEuywpnud wdphnup
dhUsle 2005 p.: Mpndbunp L.L. Ouhwjwlp 1985-1990 L 1999-2000 . Uhwdwdwlwy
hwunhuwgt] £ Yytluwpwlniejwl $wyncinbinh nGlwl: Lw 1981 E. wpdwlwgb) £ IVUI
ghunnipjwl Juuwnwywynp gnpésh Yngdwil, 1986 p.' puwnpyb £ 3uU3 QU pnprwyhg
wunwd, huy 1996 p.' 33 AUU wywntuhynu: 2005 . Uhus wydd L.L. Ouhwjwup 5M3 pni-
uwpwuniejwu W uuwpwunijwu wdphnuh wwwnywynp Juphsu £, 2015 . $wyniinbnnud
gnpénn ghinwhGunwgnunwlwu huunhwnnwinh gihuwynn ghinw2huwiinnnp:

L.L. Ouhwjwluh wdpnng wphuwwnwlpwihtu gnpénLubnLenLUU wlpbnnpblu Yuwywé £
Gpllwlh wbnwywl hwdwjpuwpwuh YEuuwpwunipjwl  SwyniintGnnh hGwn, npntn Uw
dluwynnyby £ npwtu ghunuwywu W Jwuywywnd, wugutiny (wpnpwlwnhg dhusle wypndtunp,
pniuwpwunijwlu  wdphnuh Jwphg, $wynunbnh nGlwu: Iwwnywlpwywu £, np LL.
Ouhuwjwup &Gnb| £ Gpllwup wEnwywl hwdwuwpwund ghnwlywguwytpwwywu pwduh
untnédwl  wyniupubpnud® 1960 . nwnUwiny wjn Unpwuwntnd Yuwnnygh wnwghu
ghwnpwnnLnwinp:
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Mnndtunp L.L. Ouhwjwuh ghinwywl nne gnpéniutnie)ntup Uyphpywé £ Iwjwuwnwup
uuytph YGuuwpwaquwaquwuniejwu nruntduwuhpdwlp, Iwjwutnwuntd ubywpwuntpjwu Unp
nLnnnpjwl’ thnpdwpwpwywl ulywpwunieiwl hhduwnpdwup: Vuysph juquwpwunipjwu,
dinphuinhywyh, Eyninghwih, dhahninghwih pliwguiduelbpnid Yuwinwnpws Unw: hhdlwpwnp
hGwnwgnunnenlluGpp jwju dwlwgnd  pGptght ghinbwlwuhtu hUswGu  Iwjwunwuncd,
wjuwtu £ Upw uwhdwlutphg nnput hwnwwtu wepnunuwnpwihu W hh$nuhgtunwhu
uuytph  nuunwuwuhpneenuuubph nunnnejwdp: . LYwwh  nluBlwind - wit, np 2w
uwwnnupnd uuytp hEunipjudp  wntnwihnfudnd  BU dhpwdwiphg  Uhgwdwn, hugp
wUhuntuwithGlhnpBl ¢h - Ywpnn  swagnbp Upwug  dLwpwlwywl  hwwnywuhubph L
YELuwpwlwywl hwwnyneejntlubnh Yynw, L.L. Ouhwjwup hwugbg wjl Ggpnwywgniejwlp, np
uuyh nGuwyh Lywpwannieintup Yuwnpth £ hwdwpt, wdpnnowywl, Get hwpdh £ wnlynid
wnwppbp Eyninghwywt wwydwuuGpnud uuyh hwnywuhuph W hwwnynigincuuGph thnihn-
huwywuniggniup: Uw Unp, punhwlpwywu dnnbgnd Ep tinwpwplnye Yebluwdhgwdwin
nlutgnn  uwwnnuipnd uuytph nwuncduwuppneenillGpnud, hugp wwhwugnd £ hGuinw-
gnunUwl  wnwpptp JGennuGph Yppwenwd: Ypwuny huy L.L. Oupwjwuh niuncdUwup-
pnLEINLUUENU pungnytght ulwpwunieiwl wwnptn npultn’ $hinnwpunwpwuntEwl,
hhnpnulywpwunipjwl, pd2ynipjwl, wlwulwpnidniejwl, wpnynitbwpGpnijwu puwqu-
Jwnubpp:

Swulwdjwyutph pUupwgend Yniinwywsé thnpdwnnipntup L.L. Ouhwjwuhu ptnkg
hwunquwl® ulywpwuniejwl UWywéd wnwpwlswnywsd plwgwywnltbph hunbgpwgdwl
wUuhpwdtunniejwl wnnudny: LUWU hunGgpwgdwl qgunwthwpu nlubgwy hwdwhunhuGp
NnLuwunwuh ubuywpwulGph 2ppwuncd, hugp hhdp hwunhuwgwy 2000 E. NnLuwutnwUh
ulywpwunipjwl wywnbdhwh unbnédwl hwdwn, nph hGunwepepniejnlulGph 2pew-
Lwynid UGpwnybg uuywpwlntejwu pninp nLnnntejntlUGnh quipgwgniup:

Mnndtunp L.L. Ouhwjwll wnwehup Iwjwunwuncd ntuncdUwuhntg gpwiht ulytnp'
uygpuwynptiny pwnép (GrUuwjhl epwdpwputnh W hnupwsentph hhnpnulywpwuntpjwu Unn
ninnceintlp: Iwnywlbpwywl Ehu Upw hGnwagnuneenilubnp Uwhunpn nwph 60-70-
wywuubphu  pd2jwywl  ubywpwlniejwl ninpuined” udhpdwd  wnnbughw)  whunwdhu
ulytphU' Jwpnnt lwpwplnye  hhywunnipndultph hwpneghgubpht, hwnyuwwbu wyuw-
pnudnipwl puwgwywnned: Wu hGnwgnuneegniuubpp Jywyned Epu hhywunnigyniluGph
whunnpndwl pupwgend  ulwpwlwywl  nuunwUwuhpniggnlluGph - Ywplenpneejwu
Jwuhu:

bp  ghuwywu gnpéniubnupjwl wyblh pwl  Gpbe  wnwulwdjwy  wpndbunp
L.L. Ouhwjwup udhpt) £ ullnwdetpeh W nGnwJhgngutph ulywpwlwywl wldwnwlgnt-
rjwl hwpgtphu:  Wu w2huwwnwugubnht Uwwuwnbg wdphnUhbu Yhg ghinwhBunwgnunwywlu
fudph uwbnénuwdp. ntnlu 1981 pE.: LL. Oupwwuh Ynnuhg dpwydbg ulunwdetpeh
ynuinwdhuwluwn uuytpny winunnundwl thnpdwplUnigwl hwwnny upuGdw, npp UGpwnnud Ep
ullnwJptneh wpunwnpniejwl wdpnng ninhl' ujuwé hnwdphg, Upw YEpwdwynidhg Upusl
wwuwnpwuwnh dptpph wwhGunwynpnwp, ywhwwunwp uwnUwpwulGpnud, wrlinpwihu
gwugnud W nbwhU wwjdwuuGpnud:  NuncdUwuhpneenillGnu pungpynud Epu ng dhwiju
wnbGhuuninghwywu wpngGuh pnipp tngbpp, wylle uwppwynpnudubnh, wpunwnpuywu W
wwhbunwihu  wnwpwéeubph onwihu  Jhewdwinp' npubu  wwwnpwuwnh - ubbnwdebneh
wnunundwl huwpwynp wnpjnep: 3wnywlwlwu £, np ulbnwdpbppnid wnw Ynunw-
dhbwlwn uuytbph enibwshu nllwynigjwl pwgwhwjndwl wju whuwnwleubpl wnwghu
UJwlwwnhy hGnwgnunieniuubpu Ehu wU3U-nud, W wwwnwhwywl ¢Ep, np 1980 p.
Gplwund vU3U R yulywl ghinneeinluutph wywntdhwih Uunigdwl huunpunnwinh hGun
UGt Yuaquwytpwdtg Uhpwaguiht nwpng® Udhpdwsé ubnwdretineh uhynuinbuhlilnny
wnunundwu hwngtphu: Lnyu twphuGphu VUIU Mwuph W Ywpwgh hwdwdhnigGUwywu
huuwnhunnunnud - wpndtunp LL. Ouhwjwuh nGYwjwpwéd ghwnwywl hudph  Ynnuhg
hpwywuwgyntd EhU nnbdnp wwlph  gnpéwpwulGnnud  Penicillium  roqueforti  uuyh
ynityghnu 2nnwdutph dwepnipjwl W pnluwéht hwwnywuhpubph neuncdUwuhpneggniuutn:
Wn  wphuwwwlplubph  wpnyniupubph hhdwu  pw hwwé  wwuph  wnbuwywunc
wpuwnpniejwl - nthubuninghwynd Uwpuwwntuytghu - wywunpnwd  pnppnuwulytph  nhwu-
wnputph  wwpniiwynipjwu  pnywnpbih swhwpwdhuutnp, dwydbght ubunwdetpeh
wwhwugynn npwyl wwwhnynn wwpwdGunptpp: Wu  wfuwwnwupubph  wpnniupubph
hhdwu Ypw Ywquybght ullnuwdebpend pnppnuwulybph W Jhynnnyuhulbph
pnlliwynpniejwlu  npnpdwl  JGennubph  wnwehl  wbnwywl  unwunwpunubpp Iwjwu-
nwuntu:
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Jbpghu 20-25 wnwphubph pupwgenid, Iwjwunwuntd pnLyujwywl nlnBuntpjw,
ubthwywunigjwl  Jwubwydnp  ubyunnph  hwunwwndwu b yuwdwé  depp Lpqwé
hGunwgnunnieintluGpu wnwyt) Ywnplnpneeinu GU unwuncd:

Fuwywu E, np  pbnduwynn  ghwwywl  gnpéniubinpntll - wywnbuhynu
L.L. OQupwyywlp UG6 hwgnnniejwdp gniguygt) £ Jwulywywndwywl wphuwwnwlph hGwn:
Lpw ghunwyppwywu W Yugdwytnwwywu ntbwynugnilGpp gwjnniu npulcnpnudutp G
unwunwd gpbet 7 wvwph $wyniinbinh nGywu W pnpg 35 wwnh wdphnuph Jwphgh
wwpwnnuutpnud: Lw Uh pwlh twulwdjwy Jwunptp £ pniuwpwuniejwl W uuywpwuntjwl
hhdbwywu W hwwny nwuplpwgutpp Swynynbwnnd, UIU nwpptp Yihdwjwywl
gninhuGpnud  (Iphd, Uwhwnwy  6nyd, PEnJGdwl pwdnun W wyl), puswbu  Lwl
Pniinwnhwjnd uguwybnpwt £ pniuwpwlncejuwdp Jwubwghwnwgnn ncuwunnUtnh nuncd-
Lwywl wypwywnhywubp:

Uywnbuhynu L.L. Ouhwjwup wytih pwl 400 ghrnwywl wptuwwnnientlutnh W 6
dGUwagnniejwl htnhuwy E: Upw ghunwywu niunwlUwuhpnipintlubph wpryncugUtpp ubp-
Ywjwgyb| U tnwpptp GEpyputpnd yuguwytpwywé ghuinwdnnnyubpned, Upw wldhgwywl
Jwulwygnigjwdp  Yuwquwytpwytby, 6u 4 Jhowgqwiht W 2 hwupwwbunwywl  ghwnw-
dnnnyubp: UywntJdhynu L.L. Ouhwjwup nEYwywnt] £ 20 ptluwéniwywl W nnywnpw-
Ywl wwnblwhununtpnluutn:

L.L. Ouhwjwup Lwl wywnhy hwuwpwywywl gnpdnibnieintl £ Swywibl: Lw
NnLuwunwuh pniuwpwlwywl puytpnipjul wunwd E, «Eyndniug» hwyuywu ubyw-
pwuwywl puybpnejwl  thnpubwpiwgwh, Uwwnnnubph  wqqwjhu - wunghwghwh W
Uwwnnnutph wqgwjht wywnGuhwih thnpjubwhuwguh:

Ut6 £ L wuquwhwwnbh wywnGuhynu L.L. Ouhuywuh UGpnpnudp hwipGuwywu
ghunnipjwl  qupgwgdwu W pwpépnpwly Jwulwghunwywl Yunpbph  wwwnpwundwl
gnpénud: Wuop £ Uw [h wynitund W nglunpnigjwdp 2wpniuwynwd £ hp ghinGihpubpp
thnfuwlgtb) Gphinwuwnn gnpdpuytpubphtu, nLuwlnnniejwup: Uwnpend Gup Juunww-
2w ghinbwywuhU pwy wnnnenieintl L wutlwju pwphge:

33 QUU pnpwyhg wunwd E.U.QGYNMrQ3UL,
wnpndtunp U.Q.LULUG3NIL3UL

Guywunwip jEhuwpwbwlwl hwlunbupy pudpwqpnipyniup 2unphwynpnid t
wlhwnbdphynu L.L.Ouhuywlphl hnpbEywlp wephy W uphpny dhwunid Upwl ninnjwé
dwnpwlplbppl:
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