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MOJIEKYJISIPHO-TEHETUYECKAS HAEHTU®UKA LN
OJHOKJIETOYHBIX 3EJIEHBIX MUKPOBOJOPOCJIEN
CEMEWMCTBA CHLORELLACEAE

H.K. KAJTAHTAPSH

Jlabopamopus anemepHamueHbiX UCHMOYHUKOB SHEPSUU
Hayuno-npousgoocmeennviii yenmp “Apmbuomexnonoeus” HAH PA

C moMOLIBIO MOJICKYJISIPHO-TEHETHYECKUX METOIOB C KCIIOJb30BaHHEM aHalM3a IeHOB
pAHK wuccnenosans! nabopatopHsie KynbTypsl Chlorella vulgaris Pa-001 u Ch. pyrenoidosa Pa-
002, oroOpaHHBIE U3 Pa3IMYHBIX 00Pa3LOB BOAHBIX JKOCHCTEM. B COOTBETCTBHH C COBpEMEHHO
CHCTEMATHKOH YIAJIOCh ONPEICNHTh MCTHHHYIO BHIOBYIO HPHHAICKHOCTH 3ENCHBIX OXHOKIE-
TOYHBIX MHUKpoBomopocieii, kak Parachlorella kessleri, obmamarommx BBICOKMM GHOTEXHOINO-
TMYECKUM TTOTCHIHATIOM.

Muxposodopociu — KoekyuonHble Kyibmypbl — MONEKYIAPHO-2EHEMUYeCKas UOeHmupuKayus —
MAKCOHOMUYECKULl cTamyc — (hunozenus

Un|EynLwjhu-geutinhywywlu Jbennubph ogunipjwdp W nUL@ gqbubph JGpinwdniejwl og-
inwagnpsdwdp wuwihgh Bu Bupwnyyty Chlorella vulgaris Pa-001 W Ch. pyrenoidosa Pa-002 [wpnpwnnp
yncpinnipwlibpp, npnup puwnpdtp BU wwpptp gpwiht Eynhwdwywngbph Udnubphg: Iwdwawju
dwdwuwywyhg nwuwywngdwl' hwenndb] £ npn2tp Ywuws Jhwpghe dhynngphunirubnph hpwywu
nbuwywihu  wwwnywubhnysjntup®  npwtu  Parachlorella  kessleri, npu odnywé E pwpép
YGLuwwnbhuuninghwywl wynwnBughwiny:

UhUnngphdnLnUbn — YniGyghnl Ynijinnipwltn — dnGyncuwyhb-gEutinpywwl Unybwwlwgnid —
wnwpunundhwlwl unpqwyhswly — $phnqtiuphw

The laboratory cultures of Chlorella vulgaris Pa-001 and Ch. pyrenoidosa Pa-002 selected
from various samples of aquatic ecosystems have been analyzed by molecular genetic methods and
analysis of rDNA genes. In accordance with modern taxonomy, it was possible to determine the
true species identity of green unicellular microalgae as Parachlorella kessleri with high
biotechnological potential.

Microalgae — collection cultures — molecular genetic identification — taxonomic status — phylogeny

3eneHble MUKPOBOJIOPOCIH — OOIIMPHAs TPYIa OAHOKIETOYHBIX MUKPOOPTaHU3-
MOB, IIMPOKO PACIPOCTPAHEHHAsI B PA3JIMYHBIX THUIAaX MPECHBIX U COJICHBIX BOJIOESMOB.
WX oTIMauTeNnsHOM OCOOEHHOCTBIO SIBISIETCS CIOCOOHOCTH yIBAaWBAaThH OHOMAaccy 3a
CPaBHHUTENHHO KOPOTKHH MEPHOJ BPEMEHH M HAKaIUIMBAaTh 3HAYHMTENbHBIC KOJNMYECTBA
BEILECTB, IMEFOLINX 3HAYCHHE B )KU3HEACATSIILHOCTH YSJIOBEKA U KHBOTHBIX.

OrpomMHOe OHONOrHYecKOe pazHOOOpa3re MHKPOBOIOPOCIECH MO3BOISET MPOBO-
IUTH 1IEJICBO OTOOp aKTHBHBIX IITAMMOB-TIPOAYIICHTOB C 33 JaHHBIMH CBOHCTBAMH, a
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MOJIEKYJIIPHO-TEHETUYECKA I UWIEH TUOWKALIUA OJTHOKJIETOYHBIX 3EJIEHBIX MUKPOBOJIOPOCJIEM CEMEMCTBA...

TaK)Ke OCYIIECTBISTH pa3In4Hble TEHHO-WH)KEHEPHbIE MAHUITYJISILIUY C 1IEJTBIO MTOBBIIIIE-
HUS UX OMOTEXHOJIOTHYECKOro moTenmuana [11].

ApMeHusi, UMes. YHUKaJIbHBIE SKOJIOTHYECKUE, KIMMaTHYecKue U reorpaduyec-
KH€ YCIIOBHsI, BMECTE C TEM paclioiaraeT 3Ha4nTelIbHBIMI BOAHBIMU pecypcaMu. Xopo-
110 U3BECTHBIE TOpSTYME, TEIJIblE W XOJOJHBIE, MPECHbIE ¥ MUHEPAIbHBIE NCTOYHHKH,
npecHoBoiHOE 03epo CeBaH, a TakxkKe MIeJT0YHO3EMETIbHBIE MTOYBHI, OOraThie MPeCTaBu-
TEJISIMHM Pa3JIMYHBIX BHIOB MHKPOBOAOpoOCieil. BugoBas auarHoctuka ogHa W3 KIroue-
BBIX 3aJ[ad B OIIEHKE OMOpa3sHOOOpa3Ms M IKOJOTHYECKOro MOHUTOPUHIA MHKPOBOJO-
pociieii, 3acensronux BOAHbIE OMOTOMNBI pecyOnuKy. TouHast HASHTUPUKALUS CITYXKUT
OCHOBOH [UIsl CO3JIaHMSI KOJUIEKIIMOHHOTO (OHMA KYJAbTYp M JayibHeWliero ¢yHaaMeH-
TaJILHOTO U MPAKTUYECKOT0 NCCIIEOBAHHSI.

B ocHoBe knaccupuKayy MUKPOBOIOPOCIIEH O TAKCOHOMHUYECKUM TPYIIIaM 3aJlo-
KEH Pl MOP(OIIOrNYECKUX IPU3HAKOB: MUTMEHTHBI W XUMUYECKHH COCTaB, CTPOCHHE
KJIETOYHBIX O00OJNOYEK, HaJIM4he IBUraTeNbHOrO amnmapara (KIyTHKH, MX KOJHYECTBO,
CTPOEHHWE U PACIIONIOKEHHE), CONlepIKaHUEe TUTATEIBHBIX BEIIECTB M CIIOCO0 Pa3MHOMKEHHSL.
Bmecre ¢ Tem, BUABI M3 TAKCOHOMHYECKU OTNAJIEHHBIX I'PYIII MUKPOBOAOPOCIEH MOTYT
COoUeTaTh O0LIME APYT IS IPyra XapakTePHCTHKH, a pa3Hble MPEICTABUTENN OTHOTO U TOTO
K€ BUIa MOTYT JEMOHCTPUPOBATH Upe3BbIYAiHOE pa3HOOOpaszue mo ¢opme, pasmepy,
CTPYKTYpe, COCTaBy W OKpacke. M3BECTHO Takke, 4TO OIMH M TOT JKE€ BHI MOXET
MIePEXOIUTh Ha pa3HbIe CIIOCOObI PA3MHOXKEHHS! B 3aBUCHMOCTH OT OKPYKaFOIINX YCIIOBHH.

Takum 00pa3oM, OTCYTCTBHE T€HETHUECKOTr0 aHallM3a 4acTo MPHBOIUT K HeJloc-
TOBEPHON M OMIMOOYHOW TAKCOHOMUYECKOW KiacCH(UKAIMU KYJIbTYp, TaK KaK U3BECT-
HO, YTO MOP(OJIOrnuecKuil KpUTEpHid OJHOKIETOUHBIX 3a4acTyl0 HE SBISETCS Halexk-
HBIM M TO3BOJSIET TOJBKO MPEIBAPUTENBHO AMArHOCTHPOBATh MaKCHMAJIbHO BO3MOXK-
HBI TAKCOHOMUYECKUH CTaTYC.

B Hacrosiiiee BpeMst MOJIEKYISIPHO-TEHETHUECKHE METO/Ibl aHaJIu3a MPUMEHSIOT
BO MHOTHX (DyHAAMEHTAIBHBIX M IPUKJIAAHBIX UCCIEIOBAHUAX KaK OfUH U3 yCIEIIHbIX,
OBICTPBIX M YKOHOMHYECKHU 3(P(HEeKTHUBHBIX HHCTPYMEHTOB OLICHKH OMopa3zHooOpa3usl. 3a-
YacTyl0, OHU SIBIISIOTCS €JUHCTBEHHBIM BO3MOXKHBIM HHCTPYMEHTOM B YCTaHOBJICHUHU
BUJIOBOH NMPUHAMIEKHOCTH Y OOJBITMHCTBA MUKPOBOAOPOCIIEH.

C npuMeHeHHEeM MOJIEKYISPHO-TEeHETHYECKHX HHCTPYMEHTOB M pa3paboTKoi 3¢h-
(DEeKTUBHBIX TeHETHYECKHX MApPKEePOB B HACHTU(PHKALIMK MUKPOBOAOPOCIEH pa3rpaHuye-
HHE BHJOB BO MHOTHX CIIy4asx oOJIerdmaochk. Bmecte ¢ TeM, OHO YCIOKHIIOCH IJISL TeX
ClydaeB, KOTJa MOJIEKYJIIpHO-TeHEeTHYECKUE JaHHbBIE HECOIIOCTABUMBI ¢ MOp (hOIorHdec-
KAMH TpH3HaKaMmu. JlIs MHKpPOOPraHM3MOB IpoOlieMa YCIO)KHEHa BCIEACTBUE HX
MHUKPOCKONINYECKUX pa3MepoB. OIHAKO TAKCOHOMHUYECKHI IIEPECMOTpP Ha OCHOBE KOMII-
JIEKCHOT'O aHaJli3a M ¢ NpuMeHeHueM reHoB snaepHoil p/IHK ycnemno paspemaer naH-
Hyto mipobiemy [9].

OCHOBHBIMH BOCTPEOOBAaHHBIMU T'€HAMH, HCIONb3YIONMMUCS B MOJIEKYJISIPHOH
HUAECHTH(HUKAIUN MUKPOBOAOPOCIEH B 3aBUCHMOCTH OT CTETIEHH YCTAHOBJICHHSI TAKCOHO-
MHYECKOT0 YPOBHS, SBISIOTCS sSAEpHBIE TeHbI, Koaupyromme pudoocomuyo PHK (pIHK)
(18S pAHK) [3]. Ter 18S p/IHK cumraercst caMbIM HaIEKHBIM MOJIEKYJIIPHO-Te-
HETHYECKUM MapképoM B IudepeHIHaly Ha pOTOBOM ypOBHE. Y HEKOTOPHIX BHIIOB
MHUKPOBOJIOPOCIIEH OH ITO3BOJISIET MPOBOANTH JUATHOCTHKY Ha BHJOBOM M IITAMMOBOM
ypoBHe. Manas cyopenuanna 18S p/IHK mHTEHCHBHO HCTIONB3yeTCs A (PUIIOTEHETH-
YEeCKOro aHaJM3a 1 OINpEACNICHHs pa3HOOOpas3us (PUTOIUTAHKTOHA HE TOJNBKO B KOJIJICK-
IUSIX KYJbTYp, HO U 00pasiax skonorudeckux npod [8]. I'ennt 18S p/IHK okazanuch
BECbMa BOCTPEOOBAHHBIMH B aHAJIN3€ HEKYIbTUBHPYEMBIX WM TPYAHO KyJIbTHBHUpYeE-
MBIX MHKPOBOJZIOPOCIIEH Oarofapst OTHOCHTENIFHO MMPOCTOMY CIIOCOOY BBIIEICHHS MX W3
OTAENBHBIX KJIETOK, a TAK)KE IIMPOKO MPUMEHSIOTCSI B METar€HOMHOM aHaJN3¢e IIaHKTO-
Ha TIPH OIIEHKE 3KOJIOTHIECKOI0 COCTOSTHUS OKPYXKAFOLIEeH CpeIbl.
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HecMmotpst Ha HEKOTOpbIE HETOCTATKY, UHAUBUAYaAIbHbIE 1711 OTIPENEeNEHHBIX TaK-
COHOMMYECKHX TPYIIT MUKPOBOIOPOCIICH, TEHBI PHOOCOMHOTO KJIaCTepa UMCIOT MPEUMY-
IIECTBA 110 CPABHEHUIO C JAPYTUMU SIEPHBIMUA, MUTOXOHAPUATBHBIMU M XJIOPOIUIACTHBI-
MU TCHAMU U SBJIFOTCS HAaWOOJIee YCIEIIHBIMH M BOCTPESOOBAHHBIMH B YCTaHOBIICHHH
TaKCOHOMUYECKOH TPUHAICKHOCTH, KOJTHYCCTBEHHON OIICHKE BHIOBOTO Pa3HOOOpa3Hs
Y BBISIBIICHUH DBOJIFOLIMOHHBIX cBsizeit [1, 14].

Jlaboparopus ajdbTepHATUBHBIX UCTOUYHHKOB SHepruu HIIL] “ApmOuorexHoirus’”
HAH PA Ha npoTsKeHHH JIUTENBHOTO BPEMEHHU 3aHUMAETCSl BOIPOCAMU BCECTOPOHHETO
UCCIICIOBAHMS MUKPOBOJIOpOCTcH. B pesynbrate 3THX paboT ObLia co3mana Kommekius
KYJIbTYpP MHKPOBOJIOPOCIICH, OTHECEHHBIX, COITIACHO MOP(OJIOTHYSCKUM TPHU3HAKAM, K BH-
nam Chlorella, Chlamidomonas, Chlrococcum, Dunaliella, Haematococcus, Scenedesmus,
Neochloris, Pandorina, Porphyridium u ap., Bcero 6osee 30 mraMMoB.

BMmecte ¢ TeM, OTCYTCTBHE YBEPEHHOCTH B MPAaBWIBHOW UICHTU(UKAIIMU yKA3aH-
HBIX BUJIOB TOJBKO HA OCHOBAaHHUH MOP(OIOTHYECKHUX MPHU3HAKOB TOCITYKHJIO TOBOIOM
JUIS TIPOBEACHUS MOJIEKY/ISPHO-TEHETHUECKHX HCCIIEI0OBaHIIH HEKOTOPBIX IITAMMOB MHK-
POBOJIOPOCIIEH, MOJIEPIKUBAEMBIX B KOJUIEKIIMHU KYJIBTYP JIAOOPaTOPHUH.

Mamepuan u memoouka. B pabore UCIONb30BaNNCh UICHTU(GUIMPOBAHHBIC HA OCHOBE
MOP(OIOrHYECKHX PU3HAKOB aIbrOJIOTMYECKU YHCThIC KOICKIIMOHHBIC IITAMMBI 3€JICHBIX OJTHO-
kieTouHbIx Mukposopopociei Chlorella vulgaris mramm Pa-001 u Ch. pyrenoidosa mramm Pa-
002, mpeacrasistomnye mopsinok Chlorophyceae, BbIeneHHbIE U3 Pa3IMYHBIX UCTOYHHKOB BOIHBIX
sKocHcTeM ApMeHHH. KyIbTypbl MEKPOBOOPOCIEl BRIPAIIHBAIH B KoGax oGbemoM 250 cm® Ha
JKHIKOH MUTaTenbHOi cpene Tamust, comepixanieit MakpoanemenTsl (1/m): KNO3 — 2.0, KH,PO, —
0.3, MgSO, x 7H,0 — 0.3 u muxposnementsl (mr/in): FeSO4 X 7H,O — 5.0, Co(NO3), x 6H,0 —
0.02, CuSO4 x 5H,O — 0.01, ZnSO, x 7H,O — 0.04, MnSO, x 5H,0O — 1.0, H3BO; — 0.6,
(NH4)Mo0;0,, — 1, 3ATA — 10.0. pH-7.5, Temneparypa KyJIbTHBUPOBAHHS — 24-26°C.

TakcoHOMHYECKOE TIOJI0KEHHE KYJIbTYP MUKPOBOAOPOCIICH ONPEENsuId MPH IOMOLIN MO-
JIEKYISIPHO-TEHETUUECKUX METO0B nccrnenoBaHuil. Beinenenne renomuoit JJHK 3 kinerok muk-
POBOZIOPOCIEH IPOBOAMIIM B COOTBETCTBHH ¢ NpoTokosioM Beiaenenust JJHK u3 pacrenui, rpuooB
u GakTepuit GCH3UIXIOPUIHBIM METOIOM, MpeoxKeHHbIM Zhu et al. [16].

AMIIHMGUKALMIO TOCNIeI0BATEIbHOCTEH MaIOl CyObEAMHUIIBI IPOBOAMIM IIPH IOMOIIN
nonumepasHoi nenHoi peaxkuuu (I1L[P) ¢ ucronbp3oBaHreM napbl yHUBEPCAIBHBIX 3yKapUOTHYEC-
kux npaiimepos s 18S p/IHK: npsimoro F1 (5’-AGCTCGTAGTTGGATTTCTG-3’) u obpatHo-
ro R1 (5’-AGTCAAATTAAGCCGCAGGC-3”), cunresuposannsix B "HVD Biotech Vertriebs”
Ges.m.b.H (Vienna, Austria). O6bem amrutipuupyemMoil cmecu cocrasiisun 50 i Ammnpuka-
1Ko TpoBoMIH B Tepmormkiiepe ,,DNA Engine Tetrad 2 Peltier Thermal Cycler (BIO-RAD) co
CIIEIYFOIIMM TEMIIePaTYPHBIM npoduiieM peakuuu (tabi. 1).

Taomuma 1. TemneparypHsiit mpoduib

Temmneparypa, °c Bpems I'en
94 5 MUH
94 30 cex
55 30 cex } 35 LuKIIoB 18S p/IHK
72 90 cex
72 10 My
4 ©

Tonyuenusie B pesynsrare [P amminkonsl (prc. 1) BU3yaTH3UpOBAIH METOIOM TOPH-
30HTALHOrO 3JekTpodopesa B 1 %-rom araposrom resie B TBE Gydepe [4].

CexBennposanue (cexkBenarop: ABI PRISM 3730XL Analyzer, 96 capillary type) amruiu-
(GUIMPOBaHHBIX MOCIIEI0BATENBHOCTEH OCYLIECTBIISUIM € MPSAMBIMH M OOpaTHBIMH HpaiiMepamu
(tabm. 2) B mabopatopuu “Macrogen” Inc. (FOxnas Kopes).
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bp ng/0.5 pg

/10000 180

800 180

6000 180

500 180

4000 180

300 180

3000 600

7, 2500 160

200 160
o 1500 160
@ /1200 160
2 1000 600
H—4

S0 3 -
1 2.5 A A A

— 600 J & & 5 2 a 5 8 & 2
2 500 600 §& § & HY & & § & E'

e ¢ < 5 o 8 IS & S

— 20 200 g S $ §3% ¢ g 3 3
H 1 ! 3 8§ 48 § 3§ ¢ %
g O TR I B
2 g g 5§ & 9§ 3
¢ 8§ & : 8§ 7 8
0.5 pg/lane, & cm kngth gel, J v & ¥ v

1XTAE, 7 Vem, 45 min

Puc.1. Busyanuzamys aMIDTHKOHOB METO/IOM T'OPH30HTAIIBHOTO AJeKTpodopesa

Ta6muma 2. [paitmMepsl, NCTIONB30BaHHBIE VTS aMIDTHHUKAMY 1 cekBeHnpoBanus JTHK

MHKPOBOZOpOCIEi

HazBanne npaiimepa Cuksenc (5' -> 3")
18F1 AGCTCGTAGTTGGATTTCTG
18R1 AGTCAAATTAAGCCGCAGGC
18SU467F ATCCAAGGAAGGCAGCAGGC
18SU1310R CTCCACCAACTAAGAACGGC
P45 (F) ACCTGGTTGATCCTGCCAGT
P47 (R) TCTCAGGCTCCCTCTCCGGA
MAL (F) CGGGATCCGTAGTCATATGCTTGTCTC
MA2 (R) CGGAATTCCTTCTGCAGGTTCACC
SS5 (F) GGTGATCCTGCCAGTAGTCATATGCTTG
SS3 (R) GATCCTTCCGCAGGTTCACCTACGGAAACC

XpomarorpaMMbl, MOTY4CHHbIC B PE3YIbTaTe CEKBEHUPOBAHMS, BO H30ekKaHHe OMIMOOK U
KOH(JIMKTOB BU3yallbHO OLeHHBaNK B mporpammax Chromas (v.2.26) u DNA Baser Sequence As-
sembler (v.4.10). TTocneoBaTeNbHOCTH, MONTYUYEHHBIC Yepe3 KIOHUPOBAHHUE, TAKKE MPOBEPSUIA Ha
HaJIN4YMe XHMEPHBIX BCTABOK M Ha IMOJOXKEHHE mpaiiMepoB. IlocrnenoBaTenbHOCTH MOMYYEHHBIX
(parMeHTOB COIOCTABISUIUCH ¢ jAenoHupoBanHbiME B GenBank NCBI npu momomm anropurma
Blastn [2], mo3BounsitoIero yro4HsTh BUAOBYIO MPHUHAUICKHOCTD IITAMMOB, OIIHOOYHO HIICHTH-
(ULIUPOBaHHBIX MOP(HOIOTHIECKH.

IMomapHOoe ¥ MHOXXECTBEHHOS BBIPABHHBAHHME HYKJICOTHIHBIX IOCIEIOBATEILHOCTEH IS
KOKI0H MACHTUQUIMPYEMOM KyJIbTYphl HPOBOAMIM cornacHo anroputmy Clustal W (v.2.26),
BcrpoerHoro B mporpammy MEGA X [10]. CkoppeKTHpOBaHHBIE P-IHCTAHIMN PACCYUTHIBATH
COTJIaCHO BBIOPaHHBIM MOZETSM HYKJICOTHAHBIX 3aMeH B mporpamme MEGA X. OntumanbHeie
MOJIESTH HYKJICOTH/IHBIX 3aMEH BBIOHPAIN cOrmacHo uH(popMarnuonHoMy kpureputo Akanke (AIC)
[5, 12].

DUIOreHeTHYECKUE IePEBbs CTPOIIIN MCTAHIIMOHHBIMH METOIAMH KIaCTepPU3aLMK OJTH-
sxaiimmx coceneit (Neighbor-Joining, NJ) [13, 15]. 3HaunmocTh (QHIOreHETHYECKUX PEKOHCTPYK-
Ui OLIEHMBAITM TTapaMeTpuueckuM Oyrcrpamn-ananuzom (bootstrap analysis) mis NJ u ML 8 500
perwuk [6]. s ykopeHeHusT HHIOreHETHIECKHX IePEBbEB MCIIOIb30BAHbI TIOCIEA0BATENBHOCTH
BHemiHe# rpymmel Chlamydomonas nivalis GB1.




Pesynomameol u oocyncoenue. C yaeTroM MOpGHOIOTHICCKHUX, (PU3HOTIOTHYCCKIX
U KYITBTYPAIBHBIX OCOOCHHOCTEH IMITaMMBbl MHKPOBOIOPOCIICH W3 KOJUICKIIUU KYJIBTYP
naboparopuu npeanonoxurensHo poaa Chlorella va BugoBom ypoBHe ObuTH HaeHTH(H-
mupoBanbl kak Ch. vulgaris u Ch. pyrenoidosa (puc. 2).

CornacHo COOCTBECHHBIM MHKPOCKOIMYECKUM HAOJIOJICHHUSM, MOJIOJbIC KICTKH
KYJIBTYp CJIE€TKa 3JUTHIICOUIHON (OPMBI, pazMepaMu OKOJo 2-3 MKM. B3pocibie KieTku
IapoBHIHEIC, B uamerpe oT 8 mo 10 Mxm. Tuametp KieTok ¢ GOPMUPOBAHHBIMU aBTO-
cropamM¥ B MaTEpUHCKOI 000J109YKe KoyeOeTcs B mpeaenax 8-12 mxm. Mononsie KieT-
KU HaJieJIeHbl TOHKOMW, OECIIBETHOM, MMPO3pPaYHOI KJIETOYHOH 000JI04KOii, KOoTOopast B mpo-
iecce pocra yroimaercs. Pa3sMHoKeHHe NponcxomuT aBTocrnopamMu. Criopsl 0l HAKOBO-
ro pa3Mepa, YUCIIO KOTOPBIX, KaK MPaBHIO, PaBHO YeThIPEM. JleneHue KIeTOK — aCHHX-
pOHHOE.

Puc.2. Mop¢onoruueckie npusHaku KyapTyp mukposomgopocieii Chlorella vulgaris u
Chlorella pyrenoidosa (mukpockomus, “Leica”, 1000X)

Hecmotpss Ha moapobHoe u3ydenue Takconomun pozxa Chlorella u BumoBbix
komiuiekcoB Ch. vulgaris u Ch. pyrenoidosa, B 4acTHOCTH, HEBO3MOKHO OBLIO BBIIBUTH
crienuUUecKie ¥ OTHOBPEMEHHO HAIEKHBIE MOP(OIOrHYSCKUE MPU3HAKH KYJIBTYP.
[ItaMMBI OZHOTO U TOTO K€ PUOOTHIA IEMOHCTPUPOBAIH 3HAYUTEIBHYIO MOP(POIOTH-
YECKYI0 H3MEHYHBOCTh. Heo0X0AMMOCTh BepH(HKALNKM TAKCOHOMHYECKHX CTaTyCOB
Ch. vulgaris u Ch. pyrenoidosa taxxe 3akirodanach B HEOOBIIHOM ISl TIPOMYIICHTOB
“IKCKITIO3UBHOCTH’ BUIOB, XPAHSIIUXCS B KOJUIEKIMHU J1a00PaTOPHH.

B pesymprare OpOBEAEHHOTO MOJEKYISIPHO-TEHETHYECKOTO AHAIM3a KYIbTYp
C. vulgaris Pa-001 u C. pyrenoidosa Pa-002 6blir ceKBEHHPOBAHBI TTOCIIEI0BATEIBHOC-
1 18S p/IHK o6meit munoit mo 371 m.H., COOTBETCTBEHHO, M3-32 HEOOJBIIOr0 KOJIHU-
4ecTBa JOCTYIHBIX Ul UCCIEAYEMOro poja mociaenoBarenbHocTei. [lomydeHHbIe HyK-
JICOTHAHBIC MOCIEA0BATEIFHOCTH BYX KYJIBTYP OKa3aJUCh OXHOPOIHBIMH 110 KaXKIOMY
U3 aHAIU3UPYCMbBIX TCHOB.

dunoreHernyeckre monoxkenus mrammoB Ch. wulgaris Pa-001 u Ch.
pyrenoidosa Pa-002, mo naunueiM ananm3a rena 18S p/JHK, npencraBineHsr Ha puc. 3
(contig_1) u puc. 4 (contig_2) ma ocaoBe NJ m ML meromos. Jlons HYKICOTHIHBIX
pasnmuumii  BHyTpu BujoB coctaBmwna 0.010, mpm 3TOM MOCIEAOBATENBHOCTH
AQHATM3UPYEMBIX KYIbTYP HE MMENH PAa3udrii, IOMUMOPHI3M He HAOIFOTACS.

AHanu3 pe3ynbTaTOB ONpPENENCHNS HYKICOTHAHOW TMociaenoBaTenbHOCTH 18S
pAHK 1mraMMoB, IPOBEACHHBIN C UCIOIB30BaHUEM MOMCKOBOrO ajroputMa megablast,
nokasai, uro cukBenc Ch. vulgaris u Ch. pyrenoidosa ue coBmamaer ma 100 % Hu ¢
OJIHMM U3 CEKBCHHPOBAHHBIX BHUIOB 3€JCHBIX MHUKPOBOIOPOCICH, 3apErUCTPUPOBAHHBIX
B 0Oase GenBank, NCBI, omnako Ha 99 % cxomeH ¢ 9 mTamMmaMu pa3iUYHBIX
Chlorophyceae, npenCTaBIsOMIMX pasIHYHBIE MOJICKYJSpHBIC KIaabsl CeMeHcTBa
Chlorellaceae, pona Parachlorella kessleri.
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Puc.3. Koncencycunoe ML-nepeBo Ha ocHoBe 18S p/IHK kynsrypsr Ch. vulgaris Pa-001
(contig_1), mocToBepHOCTH BETBICHUS yKa3aHa B BUJE MOICPIKEK BeTBEH: OatiecoBekue
aroCcTepHOPHBIC BEPOSITHOCTH, OYTCTpel-HHACKCH MaKCHMalbHOTo npaszononoous (ML) u
6mmkaiiero cesi3piBanus (NJ). JlepeBo ykopeHeHo nocienoBatensaoctsio Clamydomonas nivalis
U57696.1 B xadecTBe BHEIIHEH IPYIIIIHI.

Beutn mocTpoeHs! (HHIIOreHETHIECKUE JePEBbs C HCIONB30BAHHEM METOIOB MaK-
cuManbHO#M mpaBaonogoOHoctn (Maximal Likelihood, ML) u Gmmkaiimmx coceneit
(Neighborhood - Joining, NJ) 8 pumorenernueckoii mporpamme MEGA X 71st MaTpHIIBL,
cocrosieit 3 30 moce10BaTeNbHOCTEH, BHEIITHEH TPYIIBI ¥ CHKBEHca mramma Clamy-
domonas nivalis. Ha ocuose BaitecoBa m ML aHain30B MOKa3aHO, YTO HMCCIECIYEMBIE
xinonsl Ch. vulgaris Pa-001 u Ch. pyrenoidosa Pa-002 ¢ BEICOKOI CTaTHCTHYECKOM MO~
JepxKoit chopmuposanu obmryro kinamxy ¢ GB1 Parachlorella kessleri [7] (xox mocryma
KX151669.1).

Takum 00pa3oM, aHaNU3 HYKICOTUIHBIX mocienoBarenbHocTed 18S pPHK Muk-
poBozopociiei, panee uaeHTHdUIMpoBanHsIX Kak Ch. vulgaris u Ch. pyrenoidosa, mo-
KasaJl uX BHIOBYIO TIPHHAUICKHOCTE K mTammy Parachlorella kessleri Bayrpu Toro sxe
cemeiicrea Chlorellaceae.

B pesynbrate mpOBEHCHHOH PabOTHI ¢ MOMOIIBI0 MOICKYJISIPHO-TEHETHIECKUX
METOIOB C HCIONb30BaHHeM ananm3a reHoB pJIHK Gbuti mpoananu3upoBaHsl 1abopa-
TOpHBIE KYJIbTYPHI, OTOOPAHHBIC U3 PA3IMYHBIX 00pa3OB BOMHBIX 3KOCHCTEM. B cooT-
BETCTBUHU C COBPEMEHHOW CHCTEMATUKOHN YJaJIOCh ONPEAETUTh BUAOBOIM CTATYC 3€NEHBIX
OJTHOKJICTOYHBIX MHKPOBOAOPOCIEH, 00IaJaf0IMX BHICOKAM OHOTEXHOIOTHYESCKIM I10-
TCHIAATIOM.
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Puc.4. Koncencycunoe ML-nepeBo Ha ocuoBe 18S p/ITHK kynsypsr Ch. pyrenoidosa Pa-002
(contig_2), 1OCTOBEpHOCTH BETBJICHHUS yKa3aHa B BUIE MOANCPKEK BeTBeil: OaitecoBckue amocte-
PHOPHBIC BEPOSTHOCTH, OYTCTPE-HHACKCHl MaKCHMAIbHOro mpasponoxodus (ML) u Omxaiime-
ro ces3eiBanust (NJ). JlepeBo ykopeneHo mocienoBatensHocteio Clamydomonas nivalis U57696.1

B Ka4eCTBE BHELIHEW IPYIIIIBL.

Hexotopsie nocnenosatensHocty renoB p/IHK, BriepBbie moimydeHHbIE ST TOTO
WIN MHOTO M3Y4EHHOr'0 BUJA, CMOTI'YT IIOMOYb B BBIIOJIHEHHH TaKCOHOMHYECKOTO YIIO-
PANOYCHUS] U M3YYCHHUH POACTBEHHBIX CBS3€H, a TaKKe B NPOCIEKHBAHUM 3BOIIOLMN
JJAHHBIX T€HOB.

Iokazano, uro wuccnenyemble pudocomanbhbie rensl pJJHK umeror OGomnbliryro
Ppa3pelaylo CIIocoOHOCTh, B OTIMYHE OT KIACCHYECKHX METONOB. TeM He MeHee,
JIAaHHBIC T€HBI HE MOTYT OBITh HCIIOJIB30BAHBI B KauecTBE (pritoreorpaduieckux mMapke-
POB [T M3y4EHHsS BHYTPHBHIOBBIX PAa3IUUUN y MUKPOBOAOPOCIEH 10 pAMY IIPUYMH, B
YaCTHOCTH, TIPH BBIPA)KEHHOM OTCYTCTBHM BHYTPHUBHIOBBIX Pa3IMUMi, a TAKKE BCIEACT-
BHE BHYTPUT€HOMHOM TUIlepBapnuadebHOCTH.

Hccneoosanue evinonneno npu noodepocke I'KH MOH PA 6 pamkax apmsHo-
benopycckoeo coemecmuozo HayuHozo npoekma Ne 13Pb-043 6 2014-16 ze.
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YULGh (BRASSICA OLERACEA VAR. SABELLICAL.)
rGreusSJvNre3NiLLE 64 16ULhURUYUL Uh GUNe
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33 QUU Q.U.2wuypywlh wldwl hhnpnwynupluwyh wpnp Gdutinh huuwnpwnnean
hydrop@netsys.am

UnwehlU wlugwyd Iwjwunwl E ubpdnudyt) wpdtewynp inbpllwhu pwuswpwpnyu® gulgnin
ywnwdpp (Yuwit) (Brassica oleracea var. Sabellica L.): 2QpwphpwhU (qlwluwihl, wynuwjhu,
hwdwwwpwsd) W nwuwywl hhnpnuynuhlywih wwdwuutpnud  hwuwnwndbp £ win dpwywpnuh
wotgudwl pwpép wpnyniuwybwnne)niup W hErwuywnwihU (hutp:

Swpptn hhnpnwnuhywywu hwdwywpgbpnud wabgywéd Ywith pniuwhnwdpp pwnd pwpny W
nGnwpwlwywu Jh 2wpe gnigwuppubpny (Uhwnwdhu C, Epunpwywinhy Ujnetp, $wynunhnubn W
nwpwnwujnyetn) gbpwquugk, £ hnnwjhu  uwnghshu1,5-1,8 W 1,2-2,3  wuquwd, hwdwww-
nwuhiwlwpwp:  nuwihpwiht  hhnpnwnuhywu  Yuwith pnwwhnuph  wpunwnpdwu  nwnhnkyn-
Inghwwtu wyth wuywnwug YEuuwwnbuuninghwywu JGenn £ nwuwywl hhnpnwnuhywih W hnnh
hwdbdwn:

Guiyt — spupheuyhl b nwuwlwl hhnpnwnUupbw — hnn — *°Sr, ¥'Cs —
ntnwehuhwlwl gnigwupplbn

BnepBsie B ApMEHHUIO BBE3EHO LIEHHOE JINCTBEHHOE OBOIL[HOE PACTEHHE KyApsBas Kalycra
(xane) (Brassica oleracea var. Sabellica L.). 3yuena u ycraHoBiieHa BbICOKasi 3 (EKTHBHOCTD U
MEPCIIEKTUBHOCT B SKCHEPUMEHTAIBHBIX MOIYISAX CTPYHHOW (LMIMHApHUYECKas, OOpo3moBasd,
CIUTOLTHASA) ¥ KIACCHYECKOW THAPOIIOHUKH.

Kare, nomyyeHHOE B pa3HBIX THAPOINOHUYECKUX CHCTEMAX, IPEBBILIACT NOYBEHHYIO KYJIbTY-
Py IO BBIXOLY CBEXKEro ChIpbs U (papMaleBTUUECKUX MoKa3atesei (ButamuH C, SKCTpaKTUBHBIC Be-
miectBa, (IIaBOHOMIBI U AyOHJIbHBIC BelecrBa) cootBercrBeHHO B 1,5-1,8 u 1,2-2,3 paza. Bogo-
CTpYiiHasl THAPOMOHHUKA PaJOIKOIOrHUeCKH Oomee Oe30MmacHblii OHOTEXHOMOIMUYECKUI METO TPO-
H3BOJICTBA PACTUTEIBHOTO ChIPBSI, 10 CPABHEHHUIO € KJIACCHYECKON THAPOIIOHMKOM 1 TOYBOK.

- 90g, 137
Kane — so0ocmpyiinas u knaccuueckas euoponoruxa —nouea — = or, ' Cs —
Gapmaxumuueckue nokazamenu

Valuable leafy green vegetable curly cabbage (kale) /Brassica oleracea var. Sabellica L./
firstly was introduced in Armenia, and its high productivity and prospectivity were studied and
established in water streem hydroponics experimental modules (cylindrical gully and continious)
and classical hydoponics.

Raw material of kale grown in different hydroponic systems has exceeded 1.5-1.8 and 1.2-
2.3 times respectively the soil control with fresh weight and pharmacological several indices
(vitamin C, extractive substances, flavonoids and tannins). Water stream hydroponics is safer ra-
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dio-ecological, biotechnological method for production of raw material than classical hydroponics
and soil culture.

Kale — water stream and classical hydroponics — soil — Sr, **Cs —pharmacological indices

Pwlswnbntup Jwpnywug uuunnwd JGé nkn £ gpwyncd, uagdbiny Yepwyneputph
wlpwdwubh dwup: Ypwlp J6d nbp Bu huwnnud Jwpnne Uywpnwht hwdwywpgh,
Jwpunnniejwl W wj| opgwlutph gnpénlubniejwt yuwunuwynpdwl gnpénced, huswtbu Lwle
pwpépwgund BU opgwuhgquh nhdwnpnqwywunie)niup: Unwldlwwtu Jté wpdbe E
ubpywjwgunwd, wjuwbu Yngwsd, wngwlwihu pwlswnbntup, npu oguwgnpéynd E
hhduwywunwd hnd yhdwynid: dbpghu tnwphubphu pwlgwnwungwihu wywpnyutnh
inbuwywlnt Ube hptug hwunwwnntu inbnu Bu gpwyby ng wjwunwywl ywywpnyubpp,
npnlp  wpntlu uwywennwywl 2ncyuynd nlubu (wjit wwhwUswny: Wnwhuh  dowyw-
pnuubph pyhl GU Wwnywund yunwdpwaghubphg ppniubywl, shuwlwl yuwnwdpubpp,
pnnynithu W wyu, hwdwnpdGind nbihjuwwntbuwihu ywlwpengubp, npnup hpug ulunwihu
hwuwnywuhpubnpny wpwuduwunwd BU Yunwdph 2wwn inbuwyutbphg:

Swpyh wnubnd ybpp Updwép, vbn ynndhg wnweht wugwd Iwjwuwnwl E ubp-
Uniéyty wpdtpwynp, hGnwuywpwihlu nbpllwydwiht juuwgs pwlpwpwpnyu® gulgnip
Juwnuwdpp (Ywit) (Brassica oleracea var. sabellica L.) W Uwwuwwy E npd&, Ipnpnwynuhyuwh
wpnpGUuGph  huunhwnunnd M) wuhnn wynyph wywdwulutpnud (hhnpnwnuhyw)
nLuntdbwuhntp wju Wwywpenguh wdtgdwu huwnpwynpneejniup W wpnyncuwyGuncegniup,
huswBu Lwl pwgwhwjnGy npwyjwy, rwnhnEyninghwwbu wnwybp wudwnwlg pnuwhned-
ph unwgdwu owyunhdw) wwjdwuutnp:

®npatpp npdbp BU 3N onuwphpwihu hhnpnwnuhywih thnpéuwywu UnnniuGpnud
[2], huswtu Uwl nwuwywu hhnpnwnuhywih () W hnnwjhu wynyeh wywJdwuubnnud
uy. 1:

LY. 1. YwtU gpwhrwihl (w, g, n), nwuwywlu hhnpnwnuhywywu hwdwywngbph (6)
W hnnwjhu (p) Vwynyrh wwjdwutnnd
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Ynipp W dbenn: Ywtu wywwnywunwd £ yunuwdpwgghUbph puinwuphght: Nuh juuws ud Jw-
Unpwlwagnyl funwénd inbplubn, npnup 6U dLwdnpnud yunwdpwgnihu, hp hwwnyngynduutpng W
phuhwywl Ywaguny wybih dnin E Juiph YunwdphU: Uuunnd oguwgnpéynid U hhduwywunwd
winbpllubnp: Anyup dwnynwd W ubpd E wnwhu hwgnpn tnwpnwd [12, 14]:

LUwiEl wwpnilwynwd £ JGS pwlwynipjudp  JuwdpbpehU  hwdwnpdte  uwyhunwynigutbn
(4,3 %), thnfuwphutih W wuthnpuwphutih wdhbweeniutn: Ywith pwpd wnbplluGnnd gGpwypnnn wuh-
Uwpepniubnu 6U' ginuinwuhlUweenu (Qunhwlnip wdhUweeniubph wwpnuwynigjwl 12 %), wypnihup
(12 %) L wuwwpwghUweenlu (10 %): LEghuh, (hghuh, JwihUh, wpghuhuh W wjwuhuh pwduGdwup
6-8%-h uwhdwuutpnw GU, huy rhpnghuh, $LUhjwiwUhuh, tnpEnuhuh, hhuinhnhuh, uphuh W glhghuh
pwdlbdwup wnwwnwuynwd £ 3-5% uwhdwuutpnud:  WdEUwhnpp pwdhup  Ywaund Bu 66nudp
wwnpniwynn wlhUwpenutp ghunhup (1.6%) W JGphnuhup (2 %) [16]: Ywtu hwpnwn £ Uwl
outiqw-3 dwnwuwpryny, Jhinwdhuutpny (A, C, K, PP, B W wyfu), hpwn jntpwgynn Ca-ny (120-150 Jg),
Mg-ny (34-47 dg) W wy| hwUpwjhu wmwppBpny (K, P, Na, Fe, Zn, Se, Mn, Cu W wju): Anyuntd wnjw
ynuintBhuh  2unphhy, Jwpnnt wgep wywwnwwuynd £ wpleh nyunpudwunwywagnyu dwnwaqw)rutnhg:
Wju pnuwntbuwyh hwdwhiwyh ogunwagnpdnudp ulunuwywpgnd wwwnwwunwd £ Jwpnnt opqwuhqdp
Uh 2wnp hhywunnienilutphg' Jwulwynpwwtu, wpwpwiuinhg, upinwlunpwihl, wnGunwdnpuwihl,
wgeh  (guunyndw), swpnpwly nienigputphg W wju [13]: YwiEU wwpniwynwd £ 45 tnwppbp tnkuwyh
drwynunhnutbp unipdnpudwl, hunn-3-ywnpphung W wyu), npnup Wu wwwhnynid Gu wyn Jwlwpenyuh
hwlwopuhnwuwnwihu b hwywpnppnpwiht — hwwnynenillbpp,  pwpépwgunwd £ opqwuhquh
nhdwnpnnwywuntpiniup, hebgunwd £ wpjwu Ut funiGuntphup dwywnnwyp: YwpguwynpGiny gynyngh
Jwywpnwyp, bwywuwnnwd £ pwph hebgdwup: Anyunid wwpniuwyynn g6 pwuwyniejwdp wighnwp (2
wlgwd wybih 2w E, pwl Yuenid) wannd £ nuypuwihu pehoubph wnwewgdwl ni pwpdwgdwl Yypw'
npwuny huy Ywuhuwpgbind nwhuhwinp, ountnwnpngp, wwnwdubph thiupniunieiniup: Wdd YuiBu jwju
wnwpwénd nluh WUL-nwd, Upldinywu Sypnwywyned, dwwnuhwynwd W Jh 2wpe wy) Gpynputpnud [15, 17,
18, 19]:

®npétpp npybp Bu gpwphrwht (Gutwihu, wynuwihl, hwdwwnwpws), nwuwlywl hhnpnwn-
Uhywynud® (Y. 1) 3-15UJ LIUJngLﬂanh wnnpwdwgdny hpwphuwihu Ywndhp uwpwd (gwunieh ypw W hn-
nwjht uynyend* 8 pnyu/d” funniejwdp: Pnyubph ulngnwip Ywwnwnpdtp £ Ywypjwup 0.75 L
ullinwinényeny [7]: pwhpwihUu hhnpnunuhywnwd ultnwinwdnyep 2heh wnd, wwpptpwpwn, wu-
JGnpwnuwné unyt| £ jpipwpwlgnin pnyuh wpdwnwpUwy 26nn ondw pupwgenid 2nipg 6-20 wlguid
(Ywhjwé Bnwuwywihu wwjdwuutphg), 10-15 dnpy wnlnnnuzjwdp, Jelwugwdjw wnynn nwdnyeh
swhp Yuaut) £ 20-50 Ji: 23-nwd pnyubpp ulnigyt) BU opwywu 1-3 wgwd, hnnwihu dwynypnud* 3-4
opp 1 wlqwd' wwhwwubiny punniujwé pninp wgpninGhulhywywl  YwunUutGpp (hnnh thhuptgned,
dnjwpunintph  Jwepnud,  wwppGpwpwnp  opnudutp,  wwpwpuowgnd  Woowgu)  [10]: SepluutGph
ptppwhwywep uwnwnyt £ hnihuhg hnyunbdptn puywé dwdwuwlywhwinywédnid:

JYbgbunwghwih pupwgepnd uwwpyt) Bu YeuuwdBunnhy swhnwdutn, huswbu bwl yEuuw-
nbnwehdhwywu dbpnwénginlultn: Anuwhnwpnd Epuinpwyinhy Upnuebph, nwpwnwunwetph W
hunuwynrpjwl quwhwwnndp uwwnwnytl £ pun Md Xi-h [6]: ©hinwdhu C-h wwnpniuwyniintup npnayti
t Gpdwynyh [9], huy $wynunhnubph hwupwgnidwpp (auin gnunbnihuh)' Qtnpghleuyne Ubennutnny
[4]: ©@npdwlUnuEpnLd nEhulwdhU nunhnunLyihnutpp (ML) npnpyty U nwnhnghuhwywl UGennutpny®
YM®-1500 thnpn dnuwjhu uwneh dhengny [3]: UGtu-U inndwé E hwdwéwju Nntuwuinwuh Ywpuntejwu
whbwnwywl unwunwpwnutph [1, 5 Uwnwgqwd wpryniupUbpp GBupwpyytp U Jhtéwlwgpwywl
Uwydwl [8]:

Upnyniuplutip W puliupyncd: LY. 2-nud UepLuywgywé ndjwiubph Jepnuonceine-
Uhg wwnayty £ np Jegtnwghwih plewgenid hhnpnwnuphywywl wwnptp hwdwywn-
qgtpnud, pugwnnipjwdp hwdwwnwnwéh, pund pneuwhndph wnwyGugnyu Ynenwyned
(1,6-2.9 wugwd) nhinyty £ hnyhuplu: Mg £ UG Lwl, np hnnwjhU unnwghsnud
hnLihuhU wju Bnb £ pwjwywUupu pwpén (2,8-7,0 wlgwd):

Ihnpnwnuhywywl wnwnpptp hwdwywngbph 4hpwndwdp unwgywé Yuith pwnd
pniuwhnwdep 1,5-1,8 wlqwd gbpwquwlugtb, £ hnnwihu  Wwynyphu, dhwdwdwlwy
wynuwjhu L nwuwywu hphnpnwnupywywl hwdwywngbpp pGpeny, pnyuh pwné-
pnigjwdp W gnnniuh hwuwnneejwdp 2nipg 1,1-1,3 wuqwd  gBpwquitgh] Bu  thnp-
dwnyywé hhnpnwnuhywywl Jjnu tnwppGpwyubphu Y. 3w, 3p):

Wuhpwdtyun E Gk, np wibgdwl wwjdwlubnu Ewywu wanbgnientu Gu ni-
Ubgh) pnuwhnudph nGnwehdhwywl gnigwuhpubph Jpw (wn. 1): QpuihpwihU hhn-
pnunuhywywu pninp UnnneuGpnud wpdwlwanytbp £ Epunpwynpy Upnebph wwpne-
Lwynipjwl pwpépwgnud (1,2-1,5 wugquwd), huy $rwynunhnutph hwdtdwwnwpwn pwnan
wwpniuwyneenit® wynuwhu hwdwywpgnid (10-35 %):
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Q- ubughb Ulnuughh Zunlunnwpud

O Zmphu
OOgnuanu
OUkwukupkp
B Znlpnbudpkp

LY. 2. Ywtu pnuwhnudph pwpd puwpp (%) yGgbunwghwih pupwgenid
wydwl tnwpptnp wwdwulutpnd

~ mPEnyuh
B pwpdpmpinilp,
ud
Z8nnnilh
hwunnipnip,

s ® X
S & &F v & i
S & & s
o § g
s B
v
w/ e/

LY. 3. Ywtu pwpd pnruwhniden® g/pnyu (w) W YELuwdbinpwywl ndjuutnp
(p) hhnpnwnuhwywywu twpptp hwdwywnpgtpnd W hnnnd

Shnpnwnuhyunud nwpwnwunyetph wwpniuwyneeyniup nwwnwudbp £ 2,0-2,2 %-h
uwhdwuutpnd, npu - wllbpwl  swihn ghgty £ hnnh Unyu  gnigwupphu (2,4 %):
Pwgwhwjunywsd £ Lwl wydwl wwjdwllbph wagnbgnieniup yhunwdhu C-h Yeuuw-
uhluptgh Ypw. Qquuwhu W hwdwwnwpwéd hhnpnwnuphywywu hwdwlywpgbpp yhunwdhu
C-h wwpniuwyniejwdp 1,3-1,5 wuqwd gGpwquugt) U wynuwhlu, nwuwywl W hnnuwjhu
wwjdwlubppu:  Sunphhy  hhnpnwnuhy pnyubph  pwpdp  pGppwwnynipjwl, WJwé
gnigwuhpubph Glh wnndny hhnpnwnuhywywl hwdwywpgbnph W hnnwihu pngubph dhgl
wnwppbpneenlll Ewywu £ Epunpwywnhy Unetph nbwend® 1,7-2,3; qJLuJL{nUnhnUbnh
1,2-2,0; nwpwnuwunietph' 1,2-1,6 yhunwdhu C-h* 1,8-2,2 L
Jwpnwhup' 1.2-1.7 wlguwu:

Pnyutph wydwu Gnwuwyp npnpwyhnpbu wqnb] £ pnwuwhnodpnid ﬂb—P yn-
nwlyuwl dpw (wn. 2): Wuwbu, spwphpwiht hhnpnwnUhuynud pnyutpp *Sr-h W 27Cs-h
wwpnibwynipjwdp ghetp U hUuswbu nwuwywlu hhnpnwnupywynud (1,2-1,3 W 1,1-1,2
wugquwy), wjuwbu £ hnnnud wabkgywdutphu (1,8-2,0 W 1,4-1,5 wlqwd):
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Ungnruwly 1. YwGh nEnwehdhwywu gnigwuhubpp hhnpnwnuhyuwynwd W hnnnud

Swpptpwy Epunpwywnhy | dpwynunhnutiph Qwpwnwujnietn Jdhwnwdhu C B-Ywpnunhu
Ujnietin hwupwagndwpp,
puwn nuinknthuh
% Gin* | % Gt | % Gp* | yg % | Gip*™ ug % Gip™
Qwlwjhu 34,7+0,9 | 205 2,8+0,1 16,5 2,0+£0,10 11,8 |195£2,5 1151 11,2+0,20 | 66,1
UGnuwihu 36,2£0,9 [260 | 3,8+0,15 | 27,3 | 22+0,10 | 158 [134+2,1| 964 12,8+0,42| 92,0
Swdwwnwpwd 38,0£1,0 | 221 3,4+0,15 19,8 2,2+0,12 12,8 189+2,1 1098 11,0+£0,21 | 63,9
13 26,2+1,2 | 185 3,4+0,10 24,0 2,2+0,11 15,5 150+2,5| 1059 13,1£0,26 | 92,5
3nn (unntghg) 28,1x1,4 | 112 3,4+0,11 13,6 2,4+0,12 9,6 132+£2,0( 528 13,7£0,42 | 54,8
* - q/pnyu

** - dg/pnyu

3hnpnwnupy twppbp hwdwyuwpgbpnud Ywith pacuwhnedpnud ©Sr-h wwipniuws-
ynieintlp gbpwquilgh] £ 'Cs-hu punwutup 1,1-1,2 wlqwd, huy hnnuiht Gbwynypnud
1,5 wugqwd:

Unyntuwl 2. *°Sr-h, *¥'Cs-h wwpniiwynieiniip W hwpwpbpwywl gnigwlhutpp Ywith
pnruwhnwdpnid hhnpnwnuhywynd W hnnnwd

Swnptipwy %gr [B7cs 12, %°Sr¥Cs sy TICs

Pp/yq uq
Qulwjhu 9,9 8,7 0,08 22,5 290
UYynuwjhu 8,8 8,3 0,07 20,0 277
Swdwnwpwsé 9,5 8,0 0,08 21,6 267
AQwuwlwl hhnpnwnuhyw 11,8 9,8 0,08 26,8 327
3nn (unntaghy) 17,6 11,9 2,1 2.4 12
U [1, 5] 50 130

Swdwlwpwn, Ywith Jbp NL-p Ubppwihwlgb) U hUswGu wpdwwnubph Jhgngny
ullnwniényrehg Ywd nnnghs onhg W hnnhg, wjuwtu £ yEngbunljw opgwlutph vhengny
wnuwpdwunwihu Gnwuwynd onwjht wjwquwuhg (UgUninpuwihu wnGnnwdutn, hhnpn W
wkpngnutn, thnoh): Mwpayby £, np Yl hnnhg Uwhuplunnty £ Sr-p, *Cs-h hwdbuwn,
Jhugntn hhnpnwnuhywnwd wnbnh £ nlubgh, hwywnwyp (wn. 3): Un Jwuhtu GU Jywjnud
hnn — pnyu W ulitnwinénye — untputnpwitn — pnyu hwdwlwpgbpned Yuith hwdwnp *Sr-
B7Cs qnuygh nhwndnn hwpwpbpwygnueiniiutph (A3) - (°Sr*¥Cs pnyuncd = %0sr/*%¥Cs
utbnwinwényenid Yuwd hnnnud) W Ynunwydwu  gnpdwyhgubph (MQ) (NL-h pwlwyp
pnyuntd+= MU-h pwlwyp ulunwinwdnyend Ywd hnnnud) wndbpubpp: Wuwtu, Yuwith
hwdwn hnnnwd %©Sr-¥7Cs gnugh 13 > 1 L %°Sr UaQ > ¥Cs YQ, huly hhnpnwnupywinwd R <
1-hg W ®¥Cs 4a > *sr YQ: Uw hwdplyuntd E gpulwlniejwl indjwilbph htwn, hwdwéwju
nph hnnnd ®Sr-p gquildned £ hnbwithnfuwbiwlwiht, huy 2'Cs-p* ng thnfuwliwuwhl dlny

[171]:

Wjuwhuny, hhnpnwnuhy wwpptp hwdwywpgbpnud  wyywéd Yuibu pwnd
pnruwhndeny W YGuuwphdhwywl vh 2wpe gnigwuhutpny (Uhnwdhu C, Eputpwywnhy
Unebn, $jwdnunhnubn U nwpwnwuniuetp) gbpwquugbp £, huy nwnhnphdhwywl
gnigwuhpubnnd® ghgbi hnnwyhu  dpwynypeh Ungyu gnigwlhpubphu:  Wuhwh  dwydwl
nwlwyhg, Ywith pniuwhnwipnd  ybpwhuydnn  wbhubwshu - NL-h - (0sr, ¥7Cs)
wwpniuwyneeniup ¢h gGpwquiugt) Uletu-L:

Qnpébwhwl wnwwnly: Yw Gh pniuwhndph unwgdwl hwdwp wnwgwnyynd £
snw2hrwhu hhnpnwnuhy YeLuuwwmbhuuninghwywu Gnwuwyp:
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fGwpd wwnn pwlswnbntuh wnEhuuhyuwywu Ywunuwywng. 33 Yuwnwwnnipjwl nbynbdptnh
21-h 1913-UL npn2ned, 2006:

Uwpwwbuywl U.. 33 AUU Q. .U.Ywdpjuwuh wudwu hhnpnunuphywih wpnpiGdubph huuwnh-
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UnwehUu wugwd nunwduwupnytl £ Swynph Jwpgnud guinuynn nnwuh gpwdpwph dyuwp-
fuwnhp: 3wjnlwptpyt) £ jne djUwntuwy’ wpbwpwhhw)] Ywpwu, Jupw, Ynnwy, Yniph uwh-
inwlwanty, wuncpjwu Uppwancy, 33 YEunwuhubph Ywnuhp gpend gpwlgywéd nuytignuu Swywu W
wunpn? nbuwyh Swywl: LyJws sYuwmnbuwyubnhg wnwyb) pwgquwpwlwlu GU wpdwpwihw))
Jwpwup, Ynnwyp, Ynph uwhunwlwaéndyp W wdnpwl Uppwéniyp, npnup hpblug  wpuwpehl
hwnywuhpubpny EwlywunptUu s6U twppbnpynud Iwjwuwnwuh djnu spuwuubpnd tnwpwéywsé unigyu
aUuwwnbuwyubphg:

2nnwup gnwdpwn — dyuuwphuwnh — A wpwlwlwl wpwldlwhwwnlynepnillbn

Bnepseie n3yyena uxrtuodayna JIKOracckoro BOJOXPaHWIHIIA, IJie OOHAPY)KEHBI CEMb
BHJIOB PbIO — cepeOpsIHbIN Kapack, Kapll, XpaMyiis, KypHHCKasl yKJIeika, aMypckuii uebadok, 3aHe-
ceHHas B KpacHyi0 KHUT'Y KMBOTHBIX APMEHHMH 30JI0THCTasl IIMIIOBKA M IJMIIOBKA HEONpPE/IEIICH-
Horo Buza. M3 mepeuncineHHbIX peld Oojiee MHOTOYMCIIEHHBI cepeOpsHbIil Kapach, Xpamyis, Ky-
PHMHCKasl yKJIelKa, aMypcKuid ye0a4oK, KOTOpbIE 10 CBOMM MOP(OJIOrHYECKHM XapaKTepHUCTHKaM
CYILIECTBEHHO HE OTJIMYAIOTCS OT PbIO JaHHBIX BUJIOB, PACIPOCTPAHEHHBIX B APYrHX BOZOEMAaX
ApMeHuH.

Jcozacckoe sodoxpanunuue — uxmuogayra — mopghomempuyeckie 0cobeHHoCmu

The Ichthyofauna of Joghaz reservoir in Tavush region has been studied for the first time,
where 7 species have been identified: Crucian carp, Common carp, Scrapper, Kura bleak, Stone
moroko, Golden spined loach registered in RA Red Book of Animals and unidentified type
Cobitis. The most numerous types of these species are Crucian carp, Scrapper, Kura bleak and
Stone moroko, which, by their external characteristics, are not substantially different from the
same species of fish found in the other freshwaters of Armenia.

Joghaz reservoir — Ichthyofauna— morphological characteristics

Qwjwuwnwuh Iwlpwwbunneeniund junnigwé 84 gnwdpwnubph dyuwhuwphh
Ywagup (hwpdte niuncduwuhpywsé sk W Uhus widd wu dhwju wnwUdhl inknGynie)nilutn
Uwwlunwpuwuh, Wugbnwynph, Sninpup, Cwdph, UWquwuh, UWhunuwlh,  Swygniph,
Uwwpwuh gpwdpwputpp puwlytgunn d4uwwnbuwyutph dwuh [6, 9]:

20


mailto:s.pipoyan@gmail.com
mailto:biology.arakelyan@gmail.com

2NIUUP 2PUURUNP (SUMNFSh UUN2, USUUSULN 3ULAUNESNF@3NFL) QUUUCUUN3C

Ulwgwé gnwdpwnutpp, wn pynwd W 2nnwuph gpwdpwpp puwybgunn dyutph nbuw-
Yuwjhu waquh JwuhU ghuinwywl |hwpdte ndjwiutpp pugwuwned Gu:

Qnnwuh gpwdpwpp guudnid £ Swynph dwpgnd® 2nnwu gbinh - dhghu hnuwil-
pnid (NuyGwwn gbwh unnphu hnuwlgen)' ényh dwybplnyehg dnin 650 U pwpdpniejwl
Jnpw: Cwhwgnpéudwl E hwldluyt 1980 p.. Uwybpbup 2,14 uuz E, wnwybwantju
funpnientup® 60 U, snwinwnnnnieiniup’ 45 Jpu. &3, oglnwywpp' 43 Ujl. a3 Muwwndwnp
hnnwjhu E, Gpywnnieintup’ 1275 J, pwpépnieintup’ 64 J [17:

Glukiny gpwdpwnutph dyutph nbuwywihu Ywguh gnypwgndwl W 3wjwutnwlh
Swupwwtwnipjwl  dyUuwhu - wwpwnpubph  npndwlu nwquwywnpwywu  wuhpwdt)-
wnnLpintuhg, Utup Jbp wnole huunhp Gup npbl wwpgbp nnwuh spwdpwnh dyuwphuwnhp
utpywihu nbuwywiht Ywadp W UYwpwagpt, wnwldht d4uwwnbuwyubph dlwpwlwywl
wnwudUwhwuwnynipyntlltnp, hugu £ hwunhuwund £ ungu wphuwnwugh Uywnwyp:

Ynip I dGpnn: Unyu wphuwwnwlph hwdwp Une GU Swnwjbp 2018 . hnyhu-unjGdptp W
2019 p. wuwnhp wdhultbph pupwgenid nnwuh spwdpwphg nunyh gwugbpny hwyweywsd hbuinlw
AUUwwnbuwyubpp® wnpéwpwihw) Ywpwup Carassius gibelio (n=56), Yynnwyp Capoeta capoeta (n=32),
Unph uwhwnwywancyp Alburnus filippii (n=21), wdnipjwl Uppwényp Pseudorashora parva (n=38),
Ywpwp Cyprinus carpio (n=8), nuytignLju Swlwlp Sabanejewia aurata (n=2) W dwywl wunpnyp Cobitis
sp. (n=4): vdbnpnUpjw| dyutphg wnpdwrwhw), ywnwup (n=14, npnughg' 6 wpnt W 8 tq), Yynnwyp (n=19,
npnughg' 6 wpnt W 13 Eq), Uniph uwhwnwywéniyp (n=20, npnughg' 9 wpnt W 11 Eg), wdnipjwl
Uppwaéntyp (n=21, npnughg' 18 wpnt L 3 Eq) Bupwpyyt) Bu dLwswithwlywl nuntdUwuhpnienlultnh:
Quwswhwywl swihnwdUbpp Ywwnwpdt) BU swihwywnpyhuny  dYUwpwunipjwu Ut punniugwé
Jbpnnutph hwdwaéwu [14, 15]: Utgeh L hGwnwlgph |nnwyutph yGpght Gpynt dwnwquwjrUEnp
hwpdyt) BU npwbu UGy Swnwgwje: NunidUwuppywé punpwupubpnd  wpniuGph W Egbph
thnppweyniejwl wwwndwnny dLwswihwlwl wnwudbwhwwnynipjntlbpp nhnwnydtp Gu Jhwup:
Unwgywé plywhu nduiutpp dowyyty 6u punniujwéd Jhdwywagpwywl Jbennubpny [4], huy
Jhtwywagpwywl hwpwnyubpp Yuwwnwnpyb) Bu Stat soft statistics 12.5 ytpntbwywl thwebpeny L MS
Excel 2019 hwdwywnpgswht  Spwagpny:  Nundbwuhpywéd  wnwUudbjwyubph  inbuwywihu
wwwywubinuejntup  npnbp Bup  punn Swjwuwnwuh  dyubph  wbuwlubph  npnphsh [13], huy
wujwluncdutpp hwdwwwunwupuwubgyt) Bu dyubph Gpw2huwdnpdwé hwytnptu wujwunwdubphu [3]:

Whuwwnwlpnid ogunwgnnédyti U hGnljw hwwwynwdubpp. Q — JwpJuuh quugywénp (@), | -
dwpuuh uinwlnwpn Gpyupnuegniip (Wgh dwiphg Jhtg phithntyuiht dwédyh Jtipep) (u), 1 —
Unnwgdh pthnyubnh pwlwyp, Il — Unnwadhg dbpl pEthnlyubph 2wpetph pwlwyp, s -
Unnuwadhg Utinpl ptihnutph 2wpetiph pwlwyp, Iy — wngh gnnntuh dpw gubidnn pEthnlyutnh
pwlwyp, D — dbgph [nnwyh Gninudnpywd dwnwawjplUGnh pwlwyp, A — hGwnwugpeh |nnwyh
gintnuynpywd  dwnwgwypUtph pwlwyp, P - Ynpbéph nnwyh ninuynpywéd  dwnwqwjplbph
pwlwyp, V — thnph (nnwyh gncnuidnpyué dwnwagwjrutph pwlwyp, sp.br.s — furhywjhu wneksutph
rhyu wnwghu tunhywihl wntnh ynw wpwunwehlhg, sp.br; — funrhlwjht wektgutnh rhyu wnwghl
hunhywjhu wntnh hGwhu Jwunwd, Vert, — hpwUwihu nntph pwlwyp, Vert. — wngwjhu nntph
puwliwyp, Vert — nntph punhuwunip pwlwlp, Deis —  Ubgph |nnwyh Jtpghu gninwidnpué
dwnwquwjeh wnwdhyutph pwbwyp, Agis — hEtwlgeh (nnuh Jtnght gninwdnpywé dwnwgw)eh
wwnwdhyubph pwuwyp, a0 — nush Bpyupnieiniup, O — wgeh npwdwaghép, Oop — glhuh hGnwgewihu
wnwpwéep, Ic — qlfuh Gpywnnueniup, he — giiuh pwpépnie)nilp, i0 — UhowspwihU tnwnwénLenlup,
aD - wuwntnnpuw) whiwynUwywiht/ nwpwénieintup, aP — nugh dwiphg Jdhusle Yndph [nnwyh
hhdeh hGnwynpniejniup, aV — nugh dwyphg vhusle thnph (nnwyh hhugh hGnwynpnieniup, aA — nush
Swjnhg Uhugle hGunwugeh |nnwyh hhdph hGnwdnpnieniup, pD — hGwndbspwihU /wnuwnnnpuwy/
hGnwynpnipintup, H — Jwpduh wdbUwdbs pwpépnue)niup, dH — dwpduh  hwuwnneenitup Jbeph
Innwyh hhdeh Unwn, h — Jwpduh wdGUwhnpn pwpéanpne)niup, Ipc — wngh gnnniuh Gpywpnieniup, dpc
— Jwpduh hwuwnnipintup wngh gnnnituh hhdenud, ID — JGgph |nnwyh hhdeph Gpywnnieniup, hD -
dbgph |nnwyh wdbUwUts pwpépnieginiup, 1A — hGunwlgeh |nnwyh hhdeh Gpywpnig)niup, hA —
hGwnwlgeh (nnwyh wdtUwdts pwpapnueniup, IP - Yndeh (nnwyh Gpywpnueniup, IV — thnph (nnuiyh
Gpywpnip)niup, PV — Ypéph W thnph (nnuiyutph hhdptph Jhele puywéd hGnwynpnueniup, VA- thnph
U hGwwugeh [pnwyubph dJhple puywéd hGnwdnpnipiniup, Cs — wngh |nnwyh Jy6phu  preh
wdtlwbpywp  Swnwawjeh Gpywpnientup, Cm - wngh  (nnwyh  wdtlwywnd  dwnwagw)rh
Gpywpnieintup, Ci — wngh (nnwyh unnphu preh wdtbwbBpywn dwnwqwyeh Gpywnpnieniup, i —
wnhubph Gpywpnip)ncup:

Upnyniuplubp W pUbwpyncd: Qnnuwuh spwdpwpnid Juwnwpywd neundUwuhnnt-
pintlubph - wpnyniupnud Jbp  Ynnuhg hwjunbwptbpyty Bu hGinlyw  4Lwnbuwyutpp'
wnéwewihw)) Ywpwu Carassius gibelio (Bloch, 1783), wéwl Cyprinus carpio L., 1758, ynnwy
Capoeta capoeta (Giildenstédt, 1773), UnLph uwhwnwywancy Alburnus filippii Kessler, 1877,
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wuUnpjwU Uppwaéntly Pseudorashora parva (Temminck & Schlegel, 1846), nuytgniju dwywu
Sabanejewia aurata (De Filippi, 1863) L éwywu Cobitis sp., nph  wnGuwywihu
wwwnywubnentup nbnlu hwndte ywpqupwlyws £ W 3wjwunwuncd Jhwju JGpgknu
E uywpwgnyty Ununle gbinh wjwquwuhg [12]:

JbGpnupjwy jne wnkuwyutphg Ynnwyp W Yniph uwyhwnwywantyp Iwjwuinwuh onwi-
yuutpnud (wjunpbl tnwpwéwsd pupy dyuwnbuwyubp Bu: Swéwup Lnnwuh ppwd-
pwpnid hwunhwnud £ pGhnluihu W hwyGiughu wpwtph dlbpnd, npnup, wJdtUwju
hwjwluwywuntpjwdp, gpwdpwn BU pwg phnudt, wnbnh puwyhsubph Ywd uppnn
dYunpuutiph Ynnuhg: Upswewihw), yuwpwup b wdncpjwl Uppwancyp Yihdwyjwywnddws
wnbGuwyutn GBu, npnug hwjinuybip gpwdpwnnud UnyUwbu Ywpbih E pwgwunnt) tnwnptp
wldwlg Ynnuhg aYuwunieh wuywqdwybny wwpwétine htn: Nuybgnuyl dwywup
opwupwpnd hwqyunbwy E hwunhwynd, bW wju nbuwyp gpwugwé £ Iwjwunnwuh
Swupwwtnniejwlu YEunwuhubph Ywndhp gnpenwd npuytu wuhGunwgnn, ng pwdwnwn
swithny neuncduwuhpywd inbuwy [10]: BUs yEpwpbpnud £ dwlwupl, www wju inbuwyh
wjuntn hwynuyGine wwwndwnubph Jwupu nbnliu ywn E punub, pwuh np Unp gbwnp
wywqwuht  wwuwnywunn Cobitis gbnh ubGpywjwgnighsubph  wGuwywihu  Ywaquh W
nwnpwdjwénLejwl hwpgbpp nbnlu ghnwlwu puuwpynwdubph wnwnpyw Bu [12, 16]:

Uunnple UGpywjwgunud Gup  Qnnwuh  gpwdpwph  wnwludhl  dyUwwnbuwyubph
SLwswihwlywu wnwUdUuwhwunynie)ntultnp:

Upbwpwihwy] Ywpwu: 2nnwuh gnwdpwnpnd  wpbwpwihw) Ywpwul nlup
dllwswihwywu hGnlywy Jbppunhy punuewagppgutpp. 1, 28-32, M=29.79+0.30; 1l, 6-7,
M=6.14+0.10; ll3 5-7, M=5.93+0.13; I, 5-8, M=6.50+0.25, D llI-IV 16-19, M=17.93+0.25; A lll 6-
7, M=6.9340.07; P | 12-17, M=14.43+0.49; V Il 7-9, M=8.00+0.15; Vert. 29-32, M=31.00+ 0.35,
Sp.br; 39-48, M=43.14+0.82; Sp.br, 40-56, M=49.21+1.33 (n=14): YwlwjhU wwnwdhyutpp nL-
untdUwuppdwé pninp wnwldlbjwyutph dninn Jhupwne BU° 4-4: Updwpwihw) Yupwuh
dllwgwithwywu wjwuwnhy hwnywuhpubpp pbpdwé BU wn. 1-nwd:

Unnwl: 2rnwuh gpwdpwnpnd Ynnwyu niuh dlwswithwywl hGnlyw) UGphuwnhy
punipwanppsubpp. Iy 52-59, M=56.37+0.39; I, 8-9, M=8.84+0.09; ll; 6; I, 11-14,
M=12.37+0.22 (n=19); D IV 8-9 (10), M=8.74+0.13; A Ill 5-7, M=5.84+0.14; V Il 8-10,
M=9.26+0.13; P | 14-19, M=16.16+0.33; Sp.br; 13-21, M=16.79+0.54, Sp.br, 15-25,
M=20.11+0.59, Vert. 47-48, M=47.68+0.11, npnughg Vert.a 26-28, M=27.63+0.16 " Ubpuwinjuwy
JYGpGnwl wwwpwwnh 4 nnbpp, Vert.c 19-21, M=20.05+0.09 (n=19): 2nnwuh gnwdpwph
ynnwyp dlwswhwywl wiwuwnhy hwnywuhpubpp pEpdwé Bu wn. 1-nud:

Udnpjwl  Uppwénily:  2onwup  gpwdpwpnd  wdnipuit - Uppwéncyu  nibp
GLwswhwywl hGnlywy JGphuwnhy puniwpwagphsutpp. 1l 33-37, M=35.57+0.20, I, 4-5,
M=4.86+0.08; 113 3-4, M=3.29+0.10; I, 10-11, M=10.71+0.10; D I11 8, A 1I-111 6, V 1l (6)7(8),
M=7.00+0.07; P | 10-13, M=11.81+0.15, Sp.br; 7-10, M=8.24+0.15, Sp.br, 10-14, M=11.38+0.28,
Vert. 37; M=37.00+0.09, npnughg Verta 20, Ubpwnjw) JUtpbpuil wwwpwwh 4 nntpp,
Vert.c 17 (n=21): Ywlwhu wnwdhyutnp vhwpwpe Gu* 5-5:

Qnnuwgh gpwdpwnh wdnipuwl Uppwdlwl dlwswthwywl wiwuwnhly hwwnywuh)-
utpp pEpdwé B win. 1-nuu:

Uniph uywhwnwlwaénty: 2nnwuh gpwdpwnnd Unph uwhwnwywanlyu  nlup
dLwswhwywl hGnljwy Jephuwinhy punuewagphsubnp. Hl; 53-59, M=55.25+0.46, 1, 9; 5 3;
Il; 12-17, M=14.90+0.24; D 111 8; A Il (11)12 , M=11.95+0.05; P | 11-13, M=11.95+0.08; V Il
7; Sp.br; 10-17, M=12.95+0.41, Sp.br, 15-19, M=16.30+0.25; Vert. 41-43; M=42.45+0.14,
npnughg Vert.a 21-22 (23), M=21.65+0.11, Ubpwnjw) 6ptph wwwpwwnh 4 nnbpp, Vert.c
19-22, M=20.75+0.16 (n=20): YwlwjhU wwnwdhyutpp Gplpwne Bu, npnup Ywpnn Gu hubg
wnwpptn hwdwnpnegjwdp W JEéwdwuwdp nlUEUL wwnwdUwwnbph  nuuwynpniejwl
2.5-5.2, 2.5-4.1, 2.5-4.2 pwuwadlbpp: onwuh onwdpwph Ynph  uwhwnwywabywlu
AlLwswthwywl wwuwinhy hwwnywuhubpp pEpdwé Bu wn. 1-nud:

Qnnuwuh gnwdpwnh wpéwpwhw)) Ywpwuh, wpduh L, pepwth nhpe, wl) W
dwpduh no pnyutph gniiwgnpwt - wnwudUwhwwnynweynlbubnh,  huswtu  Lwl
dLwswhwywl  wnwuduwhwwnynejniltph  hwdbdwwnnienitup Iwjwuwnwuh  nwppbp
snwywuGpnud twpwdywd Unyu inGuwyubphu wwwnlwlunn dyukph hewn [2, 5, 7, 8, 9,
11] gnyg E vwihu, np @nnuwuh gpwdpwph yepnlpjw dyutnpt wyuwnne Yepwny ¢EU tnwp-
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2NIUUP 2PUURUNP (SUMNFSh UUN2, USUUSULL 3ULAUNESNF@3NFL) QUUUCUUN3C

ptpyncd Ujncu gpwiywiubpnud tnwpwéywd unylwnbuwy dyutphg, huy hwjunuwptpywsé
wnwppbpnie nclutpp Yuntih £ nhunwnyt npwtu dhgwnwneywghnl tnnwnpGpnisjncuutn:

Unyniuwy 1. nnuwgh gnwdpwnh wnwldht d4uwntbuwyutph dlwswihwywl wjwuwnhy

hwwnywuhputpp

3wwn- Updwpwihw)| Ywpwu, n=14 Unnuwy, n=19 Udnipjwl bppwénty, n=21 YUniph uyhnwywanty, n=20
Yuwuh2 M m lim M m lim M m lim M m lim

min max min max min max min max
[e] 6045 | 9.95 11.20 119.30 | 25.15 | 3.45 720 58.10 3.52 0.21 2.60 5.80 6.38 0.88 2.90 19.50
1 121.79 8.44 74.40 175.70 | 112,59 | 5.53 79 151 60.32 | 0.89 | 53.90 | 68.80 | 80.50 2.7 62.30 | 118.40

%, |
a0 8.74 0.21 7.14 9.78 7.94 0.12 6.74 8.59 7.70 0.13 6.30 8.84 6.38 0.12 5.63 7.44
(¢} 6.89 0.25 5.35 9.13 446 0.10 3.89 5.54 5.26 0.1 3.85 6.11 6.47 0.13 4.98 7.20
QOop 15.89 0.24 14.15 17.24 10.41 0.11 9.57 11.34 11.67 | 0.24 9.22 13.56 10.84 0.12 10.02 11.91
le 29.58 | 0.31 27.56 | 31.58 21.80 | 0.26 | 1827 [ 23.52 | 24.74 | 0.21 | 22.54 | 2645 | 23.51 0.16 2223 24.77
he 23.09 1.29 17.71 28.40 1549 | 0.18 13.63 17.05 1597 | 0.18 14.43 17.42 14.63 0.15 13.08 15.83
io 11.58 [ 0.18 10.57 12.73 8.55 0.13 7.59 9.71 9.1 0.09 8.23 10.13 6.21 0.08 5.56 6.91
H 40.16 | 0.44 38.01 43.46 21.12 | 047 | 1936 | 22.84 | 23.58 | 0.27 | 21.22 | 26.32 19.76 0.22 17.81 21.53
dH 17.38 | 0.32 1538 19.35 13.92 | 0.19 | 1230 15.98 11.75 | 0.29 9.64 16.03 8.99 0.12 8.05 10.55
H 15.64 0.31 13.88 18.02 10.81 0.11 9.82 11.56 11.66 | 0.12 1048 12.71 52.18 0.30 48.94 54.17
aD 51.63 0.47 48.67 55.94 46.65 | 0.19 | 45.10 4841 4794 | 0.27 | 45.50 50.25 38.85 0.87 34.11 53.36
pD 19.86 0.39 17.06 2320 40.88 | 0.26 | 37.71 42.79 | 4097 | 037 | 3794 4345 24.67 0.28 22.26 26.59
Ipe 15.78 0.32 13.68 17.58 20.12 | 031 17.83 22.75 22.00 | 0.41 17.68 26.46 10.29 0.13 9.45 11.32
dpe 6.47 0.37 4.40 8.61 2.79 0.10 2.30 3.64 3.60 0.12 2.68 4.92 19.76 0.30 16.13 21.79
D 3648 | 0.53 3289 | 39.84 1464 | 030 | 1248 17.39 1227 | 0.24 9.94 14.96 13.61 0.19 12.17 15.52
hD 20.01 0.40 17.88 | 22.83 16.54 | 0.26 | 14.66 18.56 | 20.60 | 032 | 17.10 | 23.46 15.82 0.32 12.95 17.99
A 11.43 | 031 9.40 13.20 7.03 0.14 5.70 8.19 7.96 0.15 6.80 9.27 19.75 0.29 17.06 | 22.95
hA 17.26 | 0.29 15.61 19.62 1432 | 034 | 11.68 16.39 13.56 | 0.17 | 12.25 15.47 15.20 0.27 13.26 17.76
P 20.27 | 0.39 17.78 | 22.68 17.88 | 0.23 | 15.56 19.40 1693 | 0.26 | 14.06 1843 | 2111 0.29 18.13 23.95
w 21.57 | 033 19.16 | 23.77 16.03 | 0.21 1427 17.51 17.66 | 0.27 | 15.35 19.55 19.47 0.31 16.93 2137
PV 21.12 | 0.34 19.00 | 23.12 3147 | 031 | 28.75 33.03 | 2445 | 0.24 | 22.11 26.20 | 23.05 0.20 2131 2471
[ Z] 30.08 | 0.36 27.86 | 3228 23.79 | 0.28 | 21.50 | 25.62 | 22.53 | 0.20 | 20.58 | 23.75 | 43.65 0.20 41.93 | 4545
aP 29.15 0.32 27.27 30.93 2224 | 0.21 20.63 23.66 25.55 | 0.14 | 2435 26.80 | 62.75 0.35 60.13 66.04
aV 48.60 | 0.34 46.42 | 50.53 5224 | 030 | 49.81 5449 | 4737 | 1.37 | 20.52 | 50.59 | 22.48 0.55 18.03 25.81
ad 76.86 | 0.64 73.77 | 83.07 74.74 | 031 | 7176 | 77.10 | 7043 | 0.33 | 65.77 | 73.94 10.92 0.27 9.12 13.12
Cs 26.41* | 0.90 20.96 | 3041 2149 | 046 | 17.66 | 2398 | 2435 | 0.35 | 2042 | 27.27 | 22.25 0.57 18.80 | 27.76
Ci 1626 | 0.44 12.95 18.77 9.97 0.17 8.63 10.92 13.51 | 0.30 9.77 15.60 9.85 0.20 8.32 11.30
Cm 25.44** | 1.21 15.77 3121 21.82 | 048 18.56 2591 23.89 | 0.22 | 21.78 25.16 232 0.12 1.53 4.02
li 334.13 16.45 242,60 | 447.80 | 517.21 | 26.31 | 286.44 | 804.82 | 89.51 2.58 | 70.46 [123.38 79.70 2.19 61.80 | 9544
%, le

a0 29.54 0.66 24.68 33.11 36.28 | 0.71 30.65 40.75 31.16 | 058 | 26.77 3741 26.84 0.60 20.02 3048
o 2321 0.74 17.90 29.14 2048 | 0.42 17.85 2436 21.53 | 0.35 18.49 24.63 27.17 0.57 20.02 30.86
Oop 53.78 | 0.89 49.32 | 60.09 4790 | 0.76 | 4494 | 60.36 | 46.86 | 0.63 | 39.85 52.00 | 46.12 0.48 42.66 | 51.85
he - - 71.19 | 1.00 | 6432 | 8558 | 64.59 | 0.78 | 57.53 72.66 | 62.27 0.63 57.83 | 69.12
0 39.19 | 0.68 36.62 | 45.80 3896 | 0.71 | 33.68 | 44.81 3690 | 0.53 | 33.53 | 4496 | 26.44 0.35 2400 | 2840

L2nudutp. *n=9, **n=11

LUbpyuwynd 2nnwuh gnwidpwpnid wnwyby UGdwepwuwy dyuwntuwyutpl Gu wn-
Swrwthwjw] Ywpwup, Ynnwyp, wdnipjwl Uppwanyp W Unph uwhwnwywaniyp, npnup
Ywagund U npujwd dyutiph punhwuncp pwlwyh 2npg 91.4 %: Ywpwp npuyned £ ng UGS
pwlwyny' Ywqutiny npudwé dyubph punhwunip pwuwyh 4.8 %: Ef wdbh thnppwehy £
swywuh W nuytgnyl Sdwywuh npujwé wnwldWwyubph rhyp (Uunhwuniph 3.8 %):
Npuwgwugtpnid wju ybpghu Gnynt dluwnbuwyutbnh thnppweynieintup huwpwynp k, np
wuwjdwuwynnywsé £ Upwlg Jbpshwwnwlwihu pweldwd YEuuwalh, dwpduh Jdwup
swihtph W gwugbphg hwgnnniejwdp funyu tnwint hGwn:
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Wjuwhuny, 2nnwagh gnwdpwnnid Jbnp Ynnuhg hwjnuwptpdt £ jne d4uwwnbuwy,
npnughg Jhwju Gnpte nbuwyp' Ynnwyp, Yniph uyhinwywantyu ne nuybgnuyu swywul Gu
puhy wbuwyubn, huy Juwgwdubpp Ywd Yihdwjwwndwé G (wpbwpwihw) Ywpuwu,
wdnipywu Uppwénty), Ywd wwppbpwpwp Ubpdnudynid BU Jwupwayubph  wnbupny
(Yupw), ywd £ hupwwnwpwéynd BU' oglnwignpédtiny gbinh  puwywl hnupp (Gwywl):
Pwgh JBpngnuy dYuwwnbuwyubphg, Jtlp Gupwnpnud Gup, nn 2nnwuh epwdpwpnid
huwpwynp £ Lwl wy d4uwwnbuwyubph wnbwyne)niup, hugp Gupwnpnd £ hGunwguw
hGunwagnunie)ntlubph wugywgnud 3wjwutnwth W Unppbowlh wGunwywl uwhdwultbph
Uhole pUywd wyu ppwiywipneu:

3Gnhuwyutpu hptug Gpwpuwnwghwnientuu U hwynund REppwptbn  gjnunh
puwyhg RwpenL, Uwhywuhu ncuncduwuppywé Uneh hwjwpedwl W wju uhpwhndwn Jbq
npwdwnpbne hwdwp:
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MOP®OIKOJOTMYECKUE OCOBEHHOCTH AMYPCKOI'O
YEBAYKA PSEUDORASBORA PARVA (TEMMINCK ET SCHLEGEL,
1846) O3EPA CEBAH

T.B. BAPJIAHSAH, H.D3. BAPCEI'SIH

Hnemumym eudposkonoeuu u uxmuonoeuu HL[3I'> HAH PA
vardtigran@mail.ru, nelka.84@bk.ru

B Gaccetine 03. CeBan amypckuii uebauok oOpa3yeT CTaliHbIe CKOIUICHUSI Ha MEIKOBOJ-
HBIX, 3apOCIINX PACTUTEIBHOCTBIO yuacTkax. [Ipu obcnenoBanuy nputokos 03. CeBaH HeOONbIIas
TIOMYJISIIMSL aMyPCKOro yebadka Obuta oOHapy)KeHa JIMIIb B HIDKHEM Te4eHHH p. J[3kHareT, a Tak-
JKe B KaHalle peku PasmaH, rae oH BrepBble ObuT oOHapyxeH. [Ipumenenne kputepust CThrofeHTa
I0Ka3aJ1o, 4To 1-, 2-, 3- rofoBbIE MOIYJISLHMU JOCTOBEPHO OTJIMYAIOTCSA APYr OT Apyra. AHaiau3
MOpGOMETPHYCKHUX IIPU3HAKOB HE BBISIBUJI [IOJIOBOTO JUMOp(H3MA.

Osepo Cesan — amypckuil 4ebauox — pacnpocmpanenue — Mepucmuieckue npusHaKy

UdnpjwU Uppwaédlupyp Ukwlw 6h wywquuncd ynwnwihu Ynwnwynwdutbp £ wnwewgunid
pnuwywunyzjwdp  hwpnun Swuswnnunubpnud: Ukwuw  [6h  Junwyubph  nwuntdUwuhpniejwl
dwdwlwy ng UE6 wynwniywghw E gpwugdt vhwjiu QUuuwgbn gbinh unnphu hnuwupned, huswtu
Lwl 3pwgnwu gbnh gnwinwnnid, npntbn wjiu wnwehu wugwd hwjwnuwptpytbp £ Unjninbunp
gnpdwygh Yhpwnnudp gnyg £ wndb, np 1, 2 b 3 wwpBlwl ynwnijwghwubpp hpwphg hwywuwnh
nwnpbnpynd Bu: QUuwswthwywl gnigwuhpubph ybpiniéne nup gnug £ wndbl, np wju dyuwntuw-
ynd ubnwjhu Gpyadlnentl wnyw gk:

Uliwiw (hé — wdnipjuwl Unpwédlyuply — tnwpwéywénipinil — Uphuinply gniguwippubn

Stone moroko forms cluster schoolings in those areas of Lake Sevan basin, which shallow
and covered by vegetation. As a result of study of lake Sevan’ tributaries a small population of
stone moroko has been found only in the downstream of the river Dzknaget, as well as in the
channel of the Hrazdan River, where it has been first found. Student's t-test shows that 1, 2 and 3
years old populations are significantly different from each other. Sexual dimorphism hasn’t been
revealed due to morph-metrical analysis.

Lake Sevan — Stone moroko — dissemination — meristic characters

[o opunmanpHOI Bepcuy HenmperHaMepeHHass HHTPOAYKIHS aMypCKOro yebadka
Pseudorasbora parva (Temminck et Schlegel, 1846) B EBpormy mpousomnnia B Hagaje
1960-x rr. [1]. Buzg 6bu1 ciiy4aiiHO 3aBe3eH BMECTE C MOJIO/IbIO Oeoro amypa u3 dacceid-
Ha p. Aumssr (Kurait) B perooBognbie npyasl Pymemun [18]. BropsiM meHTpoM pac-
mpoctpanenus P. parva B Bomoemsl Bocrounoit EBpomnsl 66010 03. CraHmapckoe, HaXo-
nseecst Ha rpaHuie YepHoropun u AnOaHuM, Kyaa oH ObIT HHTPOAYIIUpOBaH B 1972 1.
B KauecTBE KOPMOBOTO 00BEKTa sl XUAIMIHBIX pbi0. K Hagamy 1990-x rT. amypckuii yeba-
YOK IIMPOKO pacipoCTpaHMIICS BO BceX OalkaHCKMX rocynapcrsax [19, 20, 21].

25


mailto:vardtigran@mail.ru
mailto:nelka.84@bk.ru

MOPDOSKOJIOT'MYECKHUE OCOBEHHOCTH AMYPCKOI'O YEBAUKA PSEUDORASBORA PARVA (TEMMINCK ET SCHLEGEL, 1846)...

AMypcKuii 4e0a4oK — STUHCTBEHHBIA TPEICTABUTEIh 3TOr0 pola B HXTHO(AYHE
Poccuu [1]. EcrectBeHHbI apean 3Toro Bujaa BkimoyaeT Boabl Kuras, TaiiBans, Kopen,
Snonnn. B EBponeiickoii yacti Poccny amypckuii uebadok NpecTaBieH MOMyJSIIUIMH B
Gacceiine p. Kybans; Ha CeBeprom KaBkaze B pekax Kyma u Tepek [2, 12]. Imerorcs nan-
HBIC O BBIXOJIE 4ebauka B A30Bckoe Mope [15]. B Hactosmiee BpeMst aMypckuil uebadok
BCTpeuaeTcsd Bo MHOTHX Booemax Asuu u EBponsl. Ha Cesepnom KaBkase atot Buz BIiep-
BbIe ObLUT OOHapyxeH B Oacceiine p.Kymsr [16], a 3atem B p. Kybanu [21]. B nauane 1960-x
BEJIMCHh pabOTHI IO MHTPOAYKLIMH PHIO NaTbHEBOCTOYHOIO KOMILIEKCA B BOJIOEMBI FOXKHBIX
obnacreit Poccun, CeBepHoro Ka3zaxcrana, Ykpauss! u ctpan Boctounoii EBporsl. [Tonas
B 60-¢ rozpl B ppIOOBOIYECKHE TIPYIBI ApapaTcKoll paBHUHBI, aMypCKH 4e0aqyoK aKTHBHO
paccenuics N0 eCTECTBEHHBIM BOJIOEMaM W B HACTOSIIEE BPEMs SIBISIETCS ONHUM U3
HIMPOKO PACIPOCTPaHEHHBIX 1 MHOTOYMCIIEHHBIX BUIOB PBIO 3TOTO perroHa [13].

Lenpto qaHHOM pabOTHI ABISUIOCH M3ydeHHE MOP(OIKOIOTHIECKHX MTOKa3aTelNen
amypckoro yebauka B HOBBIX JIJIsl HETO YCIIOBUsIX — B Oacceiine 03. CeBaH.

Mamepuan u memooduxa. C60p MaTepHaa poBOJWIN B anpeiie — oktsiope 2011-2012 rr.
OT710BBI TPOBOMITH Kak 110 03. CeBaH, Tak U 1o ero npurokam. [IpoBeneH anamims MopdoIkonoru-
YEeCKUX IapaMeTpOB MOMMaHHBIX PBIO.

[IpoBeneHb! M3MEpEHUs CIEAYIOINX MOPQOIOrHYECKHX IapaMeTpoB: UTMHA Tena (10
KOHIIa YeNIyHHOro MOKpoBa) — | OTHOCHTENbHAS: ¢ —IJIMHA TOJIOBBIL; I — JUTHHA pblia; hC — BbICOTA
TOJIOBBI Yepe3 3aThUIOK; PO — 3arjla3HUYHBII OTJIE TOJIOBHI (TIOCTOPOUTAIBHOE PACCTOSHKE); O —
TOPH3OHTANIBHBIN JUAMeTp TJ1a3; i0 — mmpuHa j16a; H — Hanbonbias BbICOTa Tena; h — HAUMEHb-
mas Beicota Tena; fd — rHa xBocroBoro crebuist; aD — aHTenopcanpHoe paccrosHue; pD — mocr-
JopcaibHoe paccrosHue; P-V u V-A — NeKToOBeHTpalbHOE M BEHTPOaHAJIbHOE paccTOsHUS; 1A n
hA — ninHa OCHOBaHMS M BBICOTA aHAJIBHOrO IUTaBHUKA; 1D m hD — mniHa OCHOBaHMS M BBICOTA
CIIUHHOrO MaBHUKA, IP u IV — aiamHBl TpyaHOro M OpPIOIIHOIO IUIABHUKOB, B IIPOLEHTaX OT
JUTHHBI TOJIOBBI — C: ' — JUTMHA PbUIA, 10 — LIMpHHA J10a; O — TOPU3OHTAIBHBIN AuaMeTp ria3; he —
BBICOTA TOJOBBI Yepe3 3aTbUIOK; PO — 3arjla3HUYHBIH OTHEN ToJoBbl (HOCTOpOHMTATIBHOE
paccrosiHue). Yucno nydeit B cnuHHOM 1wiaBHUKE (D), 4mcio nydeil B aHaJIbHOM IUTaBHHKE (A),
4uCIIo veiyn B 60koBoit muHuu (1.1.).

[puMeHsIUCh CeayroNnMe CTaTUCTHYECKUE 0Ka3aTelu: cpeHee apudmerndeckoe — M,
CTaH/apTHas omKMOKa — M, HauMeHbLIee U HaubobIlee 3HaUeHUs — lim, cpejHee KBaJApaTHIEeCKoe
OTKJIOHEHHE — G, IIPU CPAaBHEHUH JBYX BBIOOPOK MCIOJIB30BAIU t — KpuTepuii CThIO/ICHTa, 10CTO-
BEPHOCTh Pa3IH4uil — t,, ypOBEHb 3HAUMMOCTH — P.

JlocTOBEpHOCTD pa3iIM4Mii MOMYYCHHBIX PE3YJbTATOB OLEHMBAIM MO TaOJIMLE CTaHIApPT-
HBIX 3HaueHuil kpurepus Cteioaenra t 1t yposHs 3Haunmoctu P=0,05 [10, 14]. Bruonoruueckue
XapaKTEePUCTUKH NPHUBEJICHBI C MCIOIB30BAHHEM CTAHIAPTHBIX METO/OB, NPUHATHIX B OHMOIOTHU
[17].

PaccunTtbiBasics Taxke kodhduuuent pasnuuuii (CD) [17]

_Mi=M, 108,
SD, + 8D,
rae M; u M, — cpennee 3HaueHue mnpusHakoB, SD; u SD, — crannapTHeie (cpenHeKBaapa-
THYECKHE) OTKJIOHEHHUS 3TUX MPU3HAKOB, 1,28 — MPUHATHINA MOKa3aTenb MOABUIUBOIO Pa3IHUML.
Koadpunuent paznnuus, B ornuue ot kputepust CThIoJeHTa, OLIEHUBAET BEIMYMHY PA3JIUUHS.

OrneHka nokaszaTesel aucrnepcuil (mokazaTellb U3MEHYUBOCTH — 02) MIPU3HAKOB TPOBOJIU-
nach 1o TaliiMlle CTaHJApTHHIX 3HAueHWH kputepus Fg — Pumiepa a1 ypoBHS 3HAUYMMOCTH
P=0,05. 3nauenune kputepus qocroBepHoctH paznuunii (F) onpenensiu o ¢popmyre [10]

2

o,
F=—, (67 >07)

O,

2 2
rae O'1 u o , — MOKa3aTeu U3MEHIUBOCTH.

BapwuarnoHHO-cTaTHCTHYeCKast 00padoTKa MPOBOAMIACH O OOIETIPHUHATHIM METOIHKAM C
HCIIOIb30BaHIEM KoMIbioTepHoi mporpaMmsl STATISTICA 8.
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Pesynomameol u oocysycoenue. B sxcrienuuuu mo 6acceitny 03. CeBaH ObLIO BEI-
noBieHo 706 ocobeil amypckoro yebauka pasHbix pazmepoB (1=20-71 mm). CpaBHu-
TENBHBIA aHaJIU3 10 MEPUCTHIECKUM MPHU3HAKAM TOKA3bIBAET, YTO aMypPCKHH uyebayek u3
GacceiiHa 03. CeBaH OJMM30K K aMypcKOMY 4e0adKy M3 BCEX BOJOEMOB C HEKOTOPBIMH
pasnuuusmu (tabm. 1).

Taﬁ.lmua 1. MepI/ICTI/I‘-IeCKI/Ie TNIpU3HAKN aMYPCKOI'o yebauka u3 Pa3HLBIX BOJOEMOB

IMpusnak | Bacceiin 03. Cean |bacceiin p. Pocs [9] | Bogoemst EBpasun [7] | Bomoemsr Apaparckoii paBunHbI [13]

LI 35-39 33-38 33-39 (32) 33-36
D 1117-8 111 6-8 111 6-8 17
A 1-111 6-7 111 5-7 11 5-7 11 6-7

[To HammMm HaOmoneHusiM, B OacceliHe 03. CeBaH amypckuii uebadok oOpasyer
CTaliHbIe CKOIIJICHHS Ha MEJIKOBOAHBIX M 3apOCHINX PACTUTECIIBHOCTHIO YYaCTKaXx. HpI/I
o0cienoBaHUU NMPUTOKOB 03. CeBaH HeOONbIIAs MOMYNALMS aMypcKoro yedauka Oblia
oOHapy)XeHa HAMU JIMIIb B HIKHEM TeUeHUH p. J[3KHAreT, a Takke B KaHaie peku Pas-
JlaH, TJIe OH BIEpBbIe ObL1 OOHapyxeH [3, 4]. AHamu3 MOpP(OMETPUUEKHX MPHU3HAKOB
amypckoro yebauka u3 OacceiiHa 03. CeBaH MoKa3all, 4ToO MOJIOBOM AUMOP(U3M Y 3TOro
BU/ia He BbIpaxkeH. [IpumeHenune kputepusi CThIOJIEHTa MOKa3ano, 4To B OacceiHe 03.
CeBaH | U 2 TOZOBUKHU OTIAMYAIOTCS APYT OT Apyra Mo 16 rmiacTHYecKuM IpU3HAKaM U3
24, 1 u 3 ropoBukH — 1o 13 mmacTudeckuM npusHakam u3 24, a 2 u 3 rogoBUKHU — 10 4
TUIACTUYECKUM TIpU3HaKaM u3 24 (Tadu. 2, 3).

Ta6samua 2. [Toka3ateny wiacTHIeCKUX MPU3HAKOB aMypPCKOro Yebayuka pa3HbIX BO3PACTHBIX
rpymn (o gaHaeiM 2011-2012 rr.)

Bospacr 1 (n=46) 2 (n=73) 3(n=9)

TTpusHaku M+m [ lim Mzm | lim Mzm | lim

B %orl
r 7,93+0,18 | 5,26-10,00 7,81+0,11 6,00-9,76 8,15+0,29 6,67-9,68
[¢] 5,94+0,09 5,00-7,90 5,30+0,11 3,64-7,50 4,70+0,08 4,23-5,00
po 10,97+0,28 | 7,69-18,18 [10,97+0,14 | 8,33-14,63 10,61+0,25 9,68-11,67
9 25,65+0,29 |22,50-33,33 |24,10+0,17 [20,83-28,21 |23,26+0,49 21,13-24,62
hc 16,17+0,25 [13,16-24,24 |15,68+0,21 4,26-18,18 15,98+0,36 15,00-18,46
io 8,77+0,15 6,90-12,12 9,15+0,12 6,98-11,11 9,20+0,25 8,33-10,61
H 21,50+0,30 |17,86-30,30 |22,30+0,21 [18,18-27,08 |24,17+0,43 22,54-25,81
h 10,05+0,23 | 7,14-15,15 [10,54+0,15 | 8,33-18,75 10,96+0,31 9,86-12,90
aD 50,31+0,56 |44,74-69,70 |48,824+0,23 |43,90-55,00 |48,07+0,68 45,00-51,61
pD 34,44+0,41 |29,03-45,46 |36,51+0,31 [30,95-42,50 |38,08+0,77 33,80-40,32
fd 19,32+0,29 |14,29-24,24 |20,91+0,27 [15,91-27,08 |22,58+0,57 20,00-24,62
ID 9,58+0,22 | 6,25-15,15 |11,1140,17 | 6,98-14,82 12,90+0,60 9,86-16,13
hD 19,60+0,41 |14,71-30,30 [21,00+0,21 [17,07-25,53 |21,0440,41 18,46-22,58
1A 7,41+0,24 | 5,13-12,12 7,87+0,17 4,76-11,11 9,41+0,34 7,69-11,29
hA 13,35+0,28 |10,00-18,18 |14,48+0,25 [10,87-25,00 | 14,81+0,52 12,31-16,67
IP 15,06+0,24 11,11-18,18 |15,43+0,22 [10,91-22,22 | 15,814+0,36 14,09-16,92
[\ 14,49+0,26 |11,43-21,21 |14,69+0,19 [10,87-18,51 | 15,49+0,48 12,67-16,92
PV 23,08+0,36 |18,18-30,30 |23,50+0,27 [17,02-28,26 | 23,18+0,69 20,00-26,76
VA 19,42+0,34 |15,15-27,27 |20,26+0,20 [14,89-25,00 |22,02+0,51 20,00-24,62
B %orc
r 31,05+0,74 20,00-37,50 |32,46+0,50 [25,00-44,44 |35,13+1,34 30,77-40,00
0 23,23+0,38 |18,18-30,00 |22,01+0,45 [14,29-30,00 |20,29+0,61 18,75-23,08
po 42,78+0,96 |30,00-55,56 |45,58+0,58 [35,71-60,00 |45,80+1,62 40,00-53,85
hc 63,32£0,86 |50,00-77,78 | 65,12£0,93 |20,00-80,00 | 68,90+1,88 | 62,50-76,92
io 34,21+0,56 |22,22-44,44 |38,04+0,53 [27,27-46,15 |39,56+0,78 37,50-43,75
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B YCJIOBUSAX Oacceiina 03. CeBaH ¢ BO3PAaCTOM IMPOUCXOANTIO OTHOCUTECIILHOC YBC-
JIMYCHHUEC CIICAYIOMNX MPU3HAKOB — MIMPHUHA n6a, HauOOJIbINas BEICOTA TCJ1a, HAUMCHb-
Imas BbICOTa TEJIa, NOCTAOPCAIBHOC paCCTOAHNUE, NJIMHBI XBOCTOBOI'O CTeGJ’IH, JJIMHa OC-
HOBaHMs CIIMHHOI'O IUIaBHHWKA, BBICOTA CIIMHHOI'O IUIaBHUKA, JJIMHA OCHOBAaHUA aHAJIbHO-
'O IUITaBHUKA W BbICOTA aHAJBbHOI'O IJIaBHUKA U BEKTPOAHAJIbHOC PACCTOSHUC. C BO3pac-
TOM YeOayka IpoOUCXOoAWJI0 OTHOCUTCIBHOC YMCHBUICHHUE TOPU30OHTAJILHOI'O AWAMETpa
Trj1a3a, JJIMHbI T'OJIOBBI, aHTCIOPCAJIbHOI'O paCCTOSHUA.

Tadmuma 3. [TokazaTeny TOCTOBEPHOCTH pa3INIUi cpeHHX 3HadeHuH (tg) u aucriepenu (F)
TUTACTHYECKUX MMPU3HAKOB aMypCKOro yebauka pasHbIx Bo3pacTHbIX rpymi (p=0.05)
(o manubM 2011-2012 1T.)

Bo3pacTHble rpynmnsl 1-2 1-2 1-3 1-3 2-3 2-3
IIpusHaku t4=1,97 F=1,54 t4=2,00 F=2,76 t4=1,99 F=2,86
B %orl

r 0,60 1,51 0,53 1,83 1,00 1,22
o) 4,70 1,49 5,78 6,35 1,86 14,14
po 0,00 2,51 0,56 6,25 0,80 2,49
c 4,95 1,97 3,43 1,79 1,38 1,10
hc 1,46 1,06 0,32 2,54 0,44 2,84
io 1,99 1,01 1,21 1,81 0,13 1,85
H 2,23 1,31 3,73 2,59 2,69 1,98
h 1,86 1,42 1,70 2,84 0,84 2,00
aD 2,78 3,70 1,70 3,49 0,87 1,06
pD 4,05 1,11 3,68 1,46 1,46 1,32
fd 3,86 1,17 4,60 1,33 1,85 1,80
ID 5,55 1,06 5,90 1,48 2,61 1,56
hD 3,33 2,27 1,53 5,04 0,06 2,21
1A 1,61 1,28 3,53 2,55 2,78 1,99
hA 2,94 1,14 2,19 1,46 0,40 191
IP 1,12 1,14 1,33 2,18 0,56 2,85
v 0,64 1,23 1,61 1,48 1,22 1,20
PV 0,95 1,10 0,12 1,37 0,34 1,25
VA 2,29 1,78 3,27 2,28 2,51 1,28
B %orc

r 1,64 1,40 2,29 1,57 1,50 1,12
0 1,91 1,48 3,25 2,01 1,26 441
po 1,66 1,75 1,32 1,79 0,10 1,02
hc 1,32 1,36 2,62 1,08 1,23 2,00
io 4,76 1,17 4,00 2,72 0,93 3,73

[pu akkIMMaTHU3aIUK WM HHTPOIYKIMH PHIO MPOUCXONAT H3MEHEHUE U PACILIH-
peHre BapbUPOBAaHHS HMX IUIACTUYECKUX NPU3HAKOB, YTO MOXKET PACCMATPHBATHCS KaK
NPUCHOCOOIEHNE K HOBBIM YCIOBHSAM OOMTaHMs. Peanusanus miacTHueckux NpH3HAKOB
BCEJICHIIa MOXKET pacCMaTPUBATHCS KaK MHAWKATOP €ro yCIOBUA OOUTAHHMS.

V3ydeHne MHANBUIYAIbHOW M3MEHYMUBOCTH ITO3BOJISIET OLEHHUTH MPUCIOCOOHUTEIh-
HbIE BO3MOXXHOCTH TIOMYJISIIIMIA B HEYCTOHYMBBIX YCIOBHUSIX cpeabl. CpaBHUTEIBHBIN aHa-
13 MOp(HOMETPUUYEKIX IPU3HAKOB aMypcKoro yebauka n3 OacceiiHa 03. CeBaH, BOJOEMOB
ApapaTckoil paBHHHBI [TOKa3aJl, YTO CEBAHCKUE M apapaTCKUe MOy IOCTOBEPHO OT-
JUYAIOTCS APYT OT Apyra 1o 21 mIacTHYIecKuM NpU3HaKaM U3 24, a ceBaHCKHE U azeplaii-
YKAHCKHE TIOIMYIIAINH — 10 7 THIACTUYECKUM TIpr3HakaM u3 14 (tabm. 4, 5).

28



T.B. BAPJIAHSH, H.5. BAPCET STH

Ta6auna 4. [Tokazareny mIacTHYECKUX MPU3HAKOB aMypCKOro yebauka u3 dacceitna
03. CeBaH (namm nanusre, 2011-2012 rr.), BomoeMoB Apaparckoi paBHUHSEI [13]

n Aszepbaiimkana [8]

Bacceiin 03. CeBan Bonoems! Apapatckoit Bonoembt
[Mpusnaku 2011-2012 rr (n=129) pauuHbl 2000 r. (n=120) | Asepbaiijkana (n=63)
M:+m lim M+m lim M=m lim

I, cm 43,41+0,83 28,00-71,00 48,7+£0,05 | 25,00-86,00 | 46,3+4,27 | 39,7-64,7
G, r 1,63+0,11 0,30-0,70 2,62+0,11 0,20-11,30 - -
B %orl
r 7,87+0,09 5,26-10,00 7,3+0,05 5,2-8,8 - -
0 5,48+0,08 3,64-7,90 6,9+0,05 4,7-10,1 - -
po 10,94+0,13 7,69-18,18 10,140,05 8,4-11,6 - -
c 24,61+0,16 20,83-33,33 23,6+0,10 20,5-28,3 24,4+0,92 | 20,6-27,0
hc 15,89+0,15 4,26-24,24 16,0+0,07 14,0-18,2 - -
io 9,01+0,09 6,90-12,12 8,8+0,05 7,6-10,2 - -
H 22,13+0,17 | 17,86-30,30 | 22,1+0,13 | 18,18-27,1 | 21,9+123]| 17,2-24,0
h 10,39+0,12 7,14-18,75 10,09+0,08 8,6-13,5 10,8+0,60 | 7,7-11,9
aD 49,28+0,25 43,90-69,70 49,8+0,13 45,7-53,2 49,5+1,38 | 39,5-51,4
pD 35,88+0,25 29,03-45,46 39,940,15 35,5-43,7 36,6+1,35| 30,2-39,1
fd 20,46+0,21 14,29-27,08 22,840,12 18,8-27,4 - -
ID 10,69+0,15 6,25-16,13 12,14+0,08 10,5-14,7 12,3+40,92 | 10,3-14/4
hD 20,50+0,20 14,71-30,30 24.2+0,13 20,0-28,0 - -
1A 7,83+0,14 4,76-12,12 9,1+£0,09 7,4-12,4 8,3+0,92 | 5,7-10,1
hA 14,11+0,18 10,00-25,00 16,6+0,10 13,5-20,6 - -
IP 15,33+0,15 10,91-22,22 17,4+0,12 13,3-20,7 18,1£1,16 | 14,7-21,2
[\ 14,66+0,15 10,87-21,21 17,4+0,11 14,5-21,0 18,2+1,02 | 16,0-21,0
PV 23,33+0,20 17,02-30,30 24,5+0,17 18,6-29,4 23,2+1,67 | 16,0-27,3
VA 20,09+0,18 14,89-27,27 22,7+0,19 15,0-26,7 19,7£1,76 | 14,2-24,0
B %orc
r 32,13+0,41 20,00-44,44 30,9+0,20 24,2-40,9 | 35,8+1,82 | 31,0-40,0
0 22,31+0,30 14,29-30,00 28,9+0,18 20,9-37,9 | 30,5+1,75 | 24,6-33,7
po 44,55+0,50 30,00-60,00 42,7+0,19 35,9-47,4 | 40,7+2,12 | 35,5-46,7
hc 64,73+0,64 20,00-80,00 68,1+0,29 59,1-78,9 - -
io 36,76+0,40 22,22-46,15 37,6+0,20 30,3-43,7 - -

CornacHO MOJyYeHHBIM pe3yiabTaTaM, CpaBHEHHE BBHIOOPOK aMypckoro uebauka
u3 OacceiiHa 03. CeBaH U M3 BOJOEMOB ApapaTcKoil paBHHHBI II0Ka3ajo, YTO OTIMYH-
TeJIBHOH OCOOEHHOCTBIO 4ebauka BOJOEMOB ApapaTCKOH pPaBHUHBI SBIAIOTCS Masble
pa3Mepsl TONOBBL, YTO, MO-BHAMMOMY, OOYCIOBJIEHO Ooiyiee ONarompUsATHBIMU YCJIO-
BHSIMH OOWTaHUSA, TaK KaK NP UCTOLICHUH yBEIMUNBAETCSI OTHOCHTENbHASL Macca rojo-
BBI, IUIABHUKOB, KOCTEH; YMEHBIIAETCSI Macca MBIMII, BHyTpeHHOcTel [6]. MeHbIme
pa3Mepsl TPYIHBIX IUIABHUKOB II0 CPAaBHEHHIO C YeOaukaMH W3 BOJOEMOB ApapaTcKon
PaBHUHBI TOBOPUT O JOCTATOYHOM KOJIMYECTBE KHCIIOpoza B Boae 03. CeBaH U ero mnpu-
TOKOB. MeHbIINIA TuaMeTp ria3za o0bCHIETCS MYTHOCTBIO BOJBI B BojoeMax Apapatc-
Koii paBHHHBI. Y debauka Oacceiina 03. CeBaH JUIMHA U BHICOTA CIIMHHOTO U aHAJBHOTO
IUIAaBHUKOB MEHBIIE T10 CPABHEHHUIO TEMH e IapameTpaMu yebauka U3 BoJoeMoB Apa-
paTckoii paBHUHBI. DTO CBHAETENLCTBYET O OONee HU3KOH CKOPOCTH TEUEHHS Ha 3aTOI-
JIEHHBIX TeppUTOpwsX. bonee amuHHOE pBUTO y YebaukoB OacceitHa o3. CeBaH cBUe-
TEIBCTBYET O TOM, YTO PbI0a OOWUTAET B YCIOBUSAX C OOJiee HU3KUM TEMIIEpaTypHEIM pe-
x&1MoM. M 3T0 000CHOBaHO, TaK KaKk BOZOEMBI ApapaTCKOi paBHUHBI HAXOATCS I0)KHEE
U CpeIHss TEMIIepaTypa BObI, COOTBETCTBEHHO, BBIIIE, 4eM B OacceiiHe 03. CeBaH.
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Taosauua 5. TTokasarenu 10CTOBEPHOCTH PasIMuMil CpeHUX 3HaueHui (t,) 1 mucnepcu (F)
IDTACTHYECKHUX MPU3HAKOB aMypPCKOro yebauka u3 pa3HeIX BomoeMoB (p=0.05)

Bomoembl 1 -1l -1l 1-11 1 -1l 1 -1 1 -1l
TpusHaku tst=1,97 F=1,54 CD tst=1,97 F=1,85 CD
B %orl

r 5,37 3,61 0,36 - - _
0 15,19 2,58 0,99 - - -
po 5,98 7,01 0,42 - - -
c 5,22 2,76 0,34 0,29 16,11 0,34
hc 0,64 5,19 0,04 - - -
io 2,01 3,47 0,13 - - -
H 0,14 1,91 0,01 0,26 24,58 0,01
h 3,46 2,47 0,23 0,90 11,92 0,07
aD 1,79 4,09 0,12 0,21 14,47 0,02
pD 13,43 3,07 0,89 0,71 13,85 0,05
fd 9,66 3,17 0,64 - - -
ID 7,97 3,98 0,54 2,37 17,42 0,18
hD 15,36 2,52 1,00 - - -
1A 7,60 2,54 0,50 3,31 21,65 0,05
hA 11,77 3,57 0,79 - - -
1P 10,68 1,69 0,68 3,31 29,01 0,25
[\ 14,98 1,85 0,96 4,78 24,39 0,36
PV 4,39 1,54 0,28 0,11 32,95 0,01
VA 10,17 1,07 0,64 0,31 48,34 0,02
B %orc

r 2,67 4,41 0,18 2,63 9,87 0,18
0 18,66 2,94 1,23 6,34 16,90 0,47
po 3,38 7,40 0,24 2,35 8,84 0,24
hc 4,70 5,21 0,32 - - -
io 1,83 4,39 0,12 - - -

Ob6osnauenus: I — bacceiin 03. Cesan, 11 —6000embl Apapamckoil pasHuHbi,
11 — sodoembr Azepbatiosncana
Tpumeyanue: B cryuasx, koeoa omcymcmeylom oanHvle, CMoum npoiepk

CpaBHeHre MOP(QOMETPUIECKUX MapaMeTpoB AMypckoro yebauka u3 o3. CeBaH
U BOoeMOB A3zepOaiiikaHa MOKa3ajio JOBOJIBHO OOJBLIOE CXOACTBO CPEIHUX 3HAUYCHUH
OOJBLIMHCTBA UCCIIENOBaHHBIX ITOKa3aTeNel, 4TO yKa3bIBaeT Ha OTHOCHUTENIBHYIO HICH-
TUYHOCTh YCIOBUIM OOWTaHMSA ATOTO BHIA B CPAaBHUBAEMBIX BogoeMax [8].

Takum obpa3zom, B Oacceiine 03. CeBaH amypckuii 4ebauok oOpa3yer crailHbie
CKOIUICHHSI Ha MEJIKOBOHBIX M 3aPOCIIUX PaCTHTEIBHOCTHIO ydacTkax. [Ipu obcienosa-
HUM TPUTOKOB 03. CeBaH HeOObINAs MOMYJISIIIUS aMypCKOro Yebauka Obliia OOHapyKeHa
JIMIIG B HIDKHEM TE€UYEHHH p. J[3kHareT, a Takke B KaHalle peku Pa3naH, rae oH BliepBbIe
ObUT OOHAapyXeH. AHanu3 MOpQOMETPUIEKUX PH3HAKOB aMypCcKoro uebauka u3 Oac-
ceiHa 03. CeBaH IOKa3aJl, 4TO ITOJIOBOro AUMOp(H3Ma He BBIABIICHO. [IpuMeHeHne Kpu-
Tepust CTbIOJIeHTa TI0Ka3alo, 4To 1, 2 u 3-rofoBBIe TOMYIISIIHA JOCTOBEPHO OTIUIAIOTCS
apyr ot apyra. CpaBHHUTEIBHBIA aHATIH3 MOP(OMETPHUECKIX IPH3HAKOB aMypCKOTO de-
Oagka u3 OacceitHa 03. CeBaH U BOZOEMOB ApapaTcKoil paBHUHBI ITOKA3aJI, YTO BOJOEMBI
Apapatckoii paBHUHBI IMEIOT OoJiee OIaronpusTHBIE YCIOBUS OOUTAHUS UIST aMyp CKOTO
yeOauKa, XOTS U 9TO HE SBJIAETCS NMPENSATCTBHEM sl OBICTPOrO PacceNieHUst TOro BHIA
B HOBBIX JIJISI HETO YCIOBHSIX — Oacceitra 03.CeBaH. CpaBHeHHE MOp (pOMETPHUECKUX TTa-
pameTpoB amypckoro debauka u3 03. CeBaH 1 BogoeMoB AszepOaiimkaHa mokasaio Jo-
BOJIBHO OOJIBIIOE CXOACTBO CPEAHHMX 3HAYCHHH OONBINIMHCTBA MCCICIOBAHHBIX ITOKa3a-
TeJlel, 9TO yKa3bIBaeT Ha OTHOCUTEIIBHYIO HICHTHYHOCTh YCIOBHI OOMTAaHUS 3TOrO BUIA
B CPaBHHBAEMBIX BOJOEMaX.
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JUTEPATYPA

Atnac mpecHoBogHbIX pbiO Poccuu. Ilox pen. 1O.C. PemernukoBa. B 2 1. M., U3a-Bo
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Uwnpdwphy gtinh hnuph wdpnng Gpywjupny ncuncdbwuhpdtp U $hinnwwuyunnuwihu hw-
Jwybgnipjwu wnbuwywht uaqup b pwlwlwywl gnigwuhpubpp: Npnaytp £ gphuninubph hwl-
nhwydwl hwdwhiwywunteintup, wpytbp £ Eyninghwpuwphwgpwywu punipwaghpp: Yebluwhunhyw-
ghnu JGrnnutph hhdwu Yypw quwhwwndb) E gGuinh 9nh npwyp:

Uwndwphly qbiwn — huinnwywilyinnbwyh hwdwltignepnitt — hwunpwdwl hwdwpiwlwlncpintu

M3ydeHbl BUIOBOI COCTAB M KOJHUUCCTBEHHBIC IMOKA3aTeNN (PUTOIITAHKTOHHOTO COOOIIECT-
Ba 10 BCEMY TEYCHHUIO pekn Mapmapuk. OmnpesiesieHa 4acToTa BCTPEUAeMOCTH BOJOPOCIICH, naHa
HX DJKoyloro-reorpaduyeckas xapakTepucThka. Ha oOcCHOBE MeETOMOB OWOMHIMKAIWHK Oblia
MPOBE/IeHa OL[CHKA KaueCTBa PEYHON BOJIBI.

Pexa Mapmapux — pumonnankmonnoe coobuecmso — 4acmoma 8Cmpeyemocmu

Study of species composition and quantitative parameters of phytoplankton community
was done along of the flow of Marmarik River. Frequency of occurrence of algae was determined,
ecological and geographical characteristic was carried out. Based on the bio indication methods
water quality of the river was assessed.

Marmarik river — phytoplankton community — frequency of occurrence

Lbpyuwynwdu Jwybpnypwhu opbph wnunninnwdp hwunhuwunwd £ gnpw EYnin-
ghwywUu huunhp, hush hGnbwupny tuhun wpnhwywu E dnuhwunnphugwihb nuncdUuw-
uhpnienlUUGNh hpwywuwgndp: Iwwmywwbu wplnp £ onh npwyh huynnnientup puwn
snwybluwpwlwywl  gnigwuhpubph:  Swdwybgniencuubnnid nGuwywihu - wauh
npwywywl W pwlwywywl thnthnhunwentlutpp Ywpnn Bu jwju - wnbnGYnLpnlulp
hwnnpnty 2nh npwlh thnthnfuniejwl dwuht [5]:

QGwntbnpnd onh npwyh qguwhwwndwu Ywnplnpwanylu gnpénuubp Gu hwunhuwuncd
Phuinnwywuyunnuwiht hwdwybgniejwl pwlwywywl W npwywywu gnigwuhpubnp, pwuh
np  dhwnywiynnup  npwbu  ultunwihbu  2nEewh  wnweUwhU onwly wnwhUl E
wpdwguwupnid wpunwehu wgnwyutph thnthnpuncejwlp [14]:

Uuwndwphyp Ipwgnuu gbinh we Junwyu E: Gpywpnie)nitup 37 Yd E, sphwdwp
wlwqup* 427 uu2: Uuwpndwnphy gbinh hndunnd Bu guuynud Iwtpwywl, Wnwyuwann,
Uwpdwphy qnuntpp: Wuwnbn wnbnuywpywsé U bwl 3wlpwywuh W UBnpwénph
hwlpwyw)pbpp, hwlpwihu 9ptph  pwqdwprhy Getnp: AGnh Jpw Ywnnigwéd E
Uwnpdwphyh  gpwdpwpp:  2Qnbpu oguwgnpéynid  BU nnngdwl,  nGYpGwghnl,
hhnpntutpgbwnhy W wpnnctbwptpwywl bwwwnwyutpny [3,13]:
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UnwehU wugwd Uwndwnhy gbunh hnuph wdpnng Gpywjupny onwyuuwpwliwuywl
hwdwihp nuntduwuhpneeyniulitp Gu Yuwnwpytbp 2017 . [2]:
Whwwnwueph Uwwwwyu E neuncduwuppt Uwpdwphy gbnh $huininwwuyunnn-
Uwjhu hwdwytgniegjwl pwlwywywl W npwywywl gnigwuhpubpp, wnw Eyningn-wip-
fuwphwgpwywu puniewahpp, huswbu Uwl, oglnwgnpstiny  Yeuuwhunhywghnu JtG-
rpnnutnp’ tw onh npwyh guwhwinnid:

Unip W dbpnn: 2017 p. Juwwnwndt) U Uwpdwnphy gbwh hwdwihp ubgnuwihu (Qupnd,
wdwn, w2nl) spnwybluwpwlwywl hGwnwgnuinientuutn: LEpYw wphuwwnwuph hwdwp Unwe E
hwunhuwgt; Uwpdwphy qbwnh JGphu, Jhghu W uwnphu  hnuwUputph  wigninghwywl
Udnwnnwdutpp: Lwhuyhu hGwnwagnunyenuuGpnd Udnwenud £ Yuwwnwnyt vhwitu gbinh yGphu W
unnphU hnuwlpltphg [1,10]: Ldnubpp ybpgyt) BU gbinh Jwybplnypwihu 26pinhg gupniu, wdwn,
wnLu ukgnuuGphu UGYwywl wugwd:
®npdwudnipubph Ynuubpwgnudp b Wwynwp Yuwnwpdtbp £ hwdwéwju dwdwuwywyhg
onpwlEluwpwlwywl UGennwpwluniejwl [4]: @nhuncnutph inbuwywihu uagquh npnanud Yuwnwnyb) £
Jh wnpe npmhsubph  oqunipjuwdp [7, 8,11,17]: 2nhdninUbph  EYnpngn-wphuwphwgpwywu W
onpquwlwywl wnunnywéntejwl hunhywwnnp winGuwyubph punwewaghpp wnnytp £ pun FRwphundwih
[6]: UwwpnpwjuncpjwU gnpéwyhgp npnayby £ punn Mwlinit Anlyh pwuwalih [16]:
Un. T-nud Ubpyuywgdwsd U uwwnpnpwjuniejwu inhpnyrUbpp puin gnhuncpUtph uwwnn-
pwjunpjwl gnpéwlygh wndteutph [6]:

Unniuwy 1. Uwwpnpwjuniejwl inhpnypUtpp puin uwwnnpwjuncejwl gnpbwygh wpdtputnh

Uwwpnpwjuntejwu inhpnyp Uwwpnpwjuniejwl gnpéwyhg, S
PubUnuwwpnp 0-0,5
Olhghuwwpnp 0,5-15
Ubkgnuwwnnp 1,5-3,5
Mnhuwwpnp 3,5-4,5

Upnyniuplbp L pUlwpynid:  Uwndwphy qbunh $hinnwwlywnnuh nndhUwlwn
Jwaqup UBpYuwjwgywé £ Juwwnwywlws (Cyanophyta), nhwwndwihl (Bacillariophyta),
Jwuwsg (Chlorophyta) W EygitUwjhu (Euglenophyta) sphdnnutnny (wn. 2):

Unyniuwy 2. Uwnpdwphy gbnnd wipdwbwagnpywé gpnhuncnubph inbuwywiht ywgup W Eyningn-
whuwnphwagpwywu puniewahpp 2017 .

Jdbkphu Uhghu Uwninphu

hnuwlp hnuwlp hnuwlp G Sal E S F %
Cyanophyta
Aphanothece clathrata +++ +++ +++ K i P B 100
Dactylococcopsis rhaphidioides -+- - - P - 11
Microcystis aeruginosa +tH ++- tH Kk hi P o-a | 89
M. wessenbergii -+t -+ -+ k - P o-a | 55
Oscillatoria limnetica -+ - K P-B 0-B 11
Phormidium foveolarum -+- k B,S B-o 11
Bacillariophyta
Achnantes microcephala -+ K i B 11
A. taeniata ++- -++ - hl B - 44
Amphora ovalis +-+ -++ -++ K i B a-B 67
Ceratoneis arcus +-- +++ ++- a-a i B 0-X 67
Cocconeis placentula ++- +++ -++ k i P-B 0-B 78
C. pediculus -+ -+ Kk i B o-a | 33
Cyclotella comta -+ k i P B-o 11
C. kutzingiana -+- -++ K - P-B B 33
Cymbella ventricosa +-- -+ -++ k i B 0-B 55
C. prostrata +-+ +-+ k i B o-a | 44
Diatoma hiemale var hiemale -+ +++ +++ K hb P-B B-o 78
D. hiemale var mesodon —++ -+- k hb B o-B 33
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D. vulgare -+ -+t k i P-B B 33
D. elongatum -++ -+- k hl P-B o-B 33
D. tenuis -+- -+- b i B -0l 22
D. sp. +-- - - - - 11
Epithemia sorex +-- k i B 0-0 11
Fragilaria capucina ++- +++ +++ k i B 0 89
F. construens +-- +++ -+- k i P-B 0 55
F. crotonensis -++ -+ k hl P a- B 33
Gomphonema constrictum +-- +++ -+ k i B 0 67
G. olivaceum +-- -+t +++ k i B B-a | 67
Melosira varians +-- +++ -+- k hi P-B a-B | 55
Meridion circulare -+- k hb B o-B 11
Navicula. cryptocephala —+- +++ -++ k i B X-0 67
N. radiosa —+- +++ +4- k i B 0 67
N. sp. +-- - - - - 11
N. rhyncocephala -+- k hl B B 11
N. pupula +-- -+- -+ k hl B X-0 33
N. distans -+ - - - - 11
Neidium iridis -+- k hb B 0-X 11
Nitzschia. amphibia -+- -+- k i P-B 0 22
N. kutzingiana -+ k hi B B 11
N. palea -+- k i P-B 0-X 11
N. subtilis -+- k i B 0 11
Pinnularia borealis -+ k i B 0-B 11
P. virdis +-- +++ +++ k i P-B 0-X 78
P. leptosoma -+- -+- -+t b i B 0 44
P. sp. -+- - - - - 11
Rhoicosphenia curvata +++ +++ k i P-B X-0 67
Surirella angustata -+ -+- k i B B 22
S. astraea ++ +++ +++ k i P B 89
S. biseriata -+- k i o-f 11
S. ovata -+ k i B 0-0. 11
S. robusta -+ ++- k hb P-B B-0 33
S. sp. -+- - - - - 11
Stauroneis anceps -+- k i P-B X 11
Chlorophyta

Actinastrum hantzchii -+- -+- k i P-B B 22
Ankistrodesmus acicularis —t —+- -+ K ! P B 33
Ankistrodesmus falcutus -+ K hb P-B B 1
Coelastrum microporum -+- k i P-B B 11
Closterium sp. -+- - - - - 11
Kirchneriella lunaris -+- K i P-B B 11
Lagerheimia genevensis -+- -+- k i P B 22
Micractinium pusillum -+- K - P-B B-a 11
Oocystis solitaria -+- k i P B-o 11
Scenedesmus obtusus -+ Ha - P-B B 11
S. quadriquada -+- K i P B 11
Selenastrum gracile -+ k - P-B 0-0 11
Sphaerocystis schroeteri +-- +-- K i P B-o 22
Staurastrum boreale -+- - - - - 11
Tetraedron incus -+- k i P-B B 11
Tetraedron minimum -+- -+- K i P-B B 22
Trebouxia humicola +-- - - - - 11
Euglenophyta

Trachelamonas hispida -+ -+- k i P-B B 22
T. oblonga -++ -+t k i P B-a 44
T. volvocina -+ +++ +++ k i B B 78

G — wphuwphwgnpwywl hwpdwnpynnuywunceniu, Sal — hwinpwjunientl (wnwjuncejwu hwunby
hwpdwnpynnwywunient), E - puwywdwnh hwpdwnpgnnuywunieg)nt, S —uwwnnpwjuntejwl
gnpéwyhg, F — hwunhydwu hwwhiwywunieinu: +++ hwjnbwpbpyt] £ qupnit, wdwne, wpniu
ukgnuubphu, - ¢h hwjinuwpbpdb: kK — Ynudnwnihwn, Ha-hwinwpyunphywywu, b — pnpGuwy, a-a —
wpyunnwiwhwywl, P — wiwuywnnuwjhu, B- pGupnuwjhl, i —huntdptnptuwn, hl — hwindhi, hb —hwndnp:
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Npuywywlt W pwlwywywl wpdteubpny gbpwywi, U nhwwnndwhu
gnhunLnUbpp: Cuwnn nbuwywihtu Ywquh' Bupwnnupuwlwn Gu Gnbl wlws ephuninlbnp,
pun pywpwlwyh' Yuwnwlwlws, pun Yeuuwqwugywséh' Eygituwihu gphdnirUtpp Y.
1): Cunhwunip wndwdp Uwndwphy gbwnh ncuncdUwuhpywé nhunwytnbnnd gpwlgyty £
onhunLnubnh 73 wnbuwly:

Stuviljugh Yoy Hppaciionsly Thhomquiq]ms
:?392% 8% f’“‘*u%z% Gouspriining | [ 2 s g dguiliy
é . || Hounsmalughi . };_=—_ s MEhmodigil II 1 “Fhuanodfughl
!|||||||||” = Uiy lll!JJ“""IIIl = Yubuy :_.- = Wiy
W b g Kiughh g W Eufg buwy 6%_- 470, M gy Eugpb

LU. 1. Uwpdwnhy gbinnwd gphdnnutph tnGuwyw)hu yuaquh, pdwewuwyh W
YeUuwquwugywsh nnynuwiht hwpwptpnienup (2017) .

Uwpdwphy gtwnnwd nhwwnndwihu ephdnintph pyuwewtwyh W YEuuwgquwugywsh uté
wndtpubnp wwdwuwynpywé bu bnbp onpwjwywl Fragilaria capucina, humnnp Uhwpghy
Amphora ovalis, Cocconeis placentula, Pinnularia viridis, Ceratoneis arcus, Rhoicosphenia curvata,
qunniewhl’ Diatoma hiemale, W JwUpwpghy, gEuinnhy' Stephanodiscus astraea, nGuwyutnny:
Ahwwinndwihu gphuntpUbphg wnwyb UGS inbuwywihu Ywadny hwunhwt) BU Navicula bory (6
winBuwy), Diatoma D.C. (6 wnGuwly), Surirella Turp. (6 tnGuwy) gbntpp:

Lwwwnwywlwg ephunnutnh nndhuwuwn Yugdp hhduwywunwd UepYwjwgywé
Gnb| Aphanothece clathrata, Microcystis aeruginosa, M. wessenbergii inGuwyutnny: Wolwup
Jb6é wndteutbpny gnpwlgyty Gu Oscillatoria limnetica W Phormidium foveolarum wnGuwyutpnp:

Lwlwg gnhuninutph nndhuwuwn Yugup Uepywywgyty E Ankistrodesmus acicularis,
Lagerheimia genevensis wntGuwyutGpny, ytGpghuu Iwjwuwnwuh 9pwjhu Eynhwdwywngbphu
punpn2 wnGuwy s£ L Uwpdwnhy gGnnud hwunhwnod £ wnwehu wugqwd [1,9, 10, 15]:

Puwlwywywl W nwpwdwywl punjwiuntd Bu uinwgt] Lwl Edgibuwihu gphdnen-
Ubpp, npnbp wpdwlwgpytby 5u 3 wntGuwyny (Trachelomonas volvocina, T. oblonga, T. his-
pida): Iwwnywuwbu Trachelomonas volvocina-U UGd pwlwlwywl wndtpubpny wnéwliw-
apyby £ hGlnwgnungwé pninp nhunwytntpned:

Qbwnnd hwunhwJdwl pwnép hwéwhiwywunientu (50-100 %) wpawuwagnyb £ 19
nbuwyh hwdwp (wn. 2) [11]: Wn wnGuwyubphg GU™ Microcystis aeruginosa, Cocconeis pla-
centula, Diatoma hiemale var hiemale, Fragilaria capucina, Trachelomonas volvocina W wiyjU:
Aphanothece clathrata nwGuwyh hwdwp gpwugyty £ 100 % hwunhwdwl hwédwhiwywunt-
enLtlU, wjuhUpU hwunhwb £ pninn nhunwyGwbnpnd, pninp ubgnuutphu (wn. 1) [12]:

Cuwn Yeuuwédlh® ophwdwe wjwquwuh gbinbpnid gbpwywytp Bu pEuphy ephuntn-
utpp [5], npnup gbwnnud Ywquty BU punhwunip hwdwybgniejwl 37 %-p: Mwuyunnuwihl-
pEUrhy wbuwyutnp Ywaut) Bu gbnh Yeuuwgbungh® 33 %-p (wn. 2):

Cuwn wnwjunijwl hwunbw nlubgwd hwpdwpynnwywuniejwl® Uwndwphy gb-
nnwd gbpwywity BU hunb$tntun nbuwyubpp (ewngnwhwd eptphu punpny nkuwyutn)®
43 wbuwy [6]: Ypwughg BU hwunhwydwu pwpép hwdwhuwywunientt wpdwlwgpwé
wjbwhuh wbuwyutp, hUuswhuhp GU Aphanothece clathrata-lu, Cocconeis placentula-U L
Fragilaria capucina-U: Iwndnplbnp (pwngpwhwd gptphU punpn? wnGuwyutn, npnup
funtuwithnud U wintph Unguhuy thnpn pwlwyutbphg) [6] hwunhwby BU  thnpp tnGuwywhu
Jwauny® 6 nbuwy: Iwndnp inbuwy £ nhwwnndwihl gphunin Diatoma hiemale var hiemale-
U, nph hwdwp gGunnud gpwugyty E hwunhwdwl pwpén hwwhiwywuncgnil:

Qwindpiubpp (wpwédJws Bu hhduwywunwd  pwngpwhwd  gpwdpwpuGpned,
hwpdwpynud BU Lwle gwép wnwjunieintu ntubgnn wwjdwuutphu) [5] gGunnd yuqutp Bu
hwdwybgnipjwu 11 %-p: Iwindhy nbuwlubp U hwunhwydwl pwpép hwdwhiwyw-
unieintl wpdwlwgnpwéd Yuwuunwywlwy Microcystis aeruginosau W nhwwnndwjhlu gphuntn
Melosira varians (wn. 2):
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Cuwnn wphuwphwagpwywu gnnnt hwunbw ntubgwé hwpdwpynnwywuniejwu Uwn-
dwphy qgbwnnwd punhwunp hwdwytgnipjwl 81 %-p Ywaquty Gu Yynudnwnipuin (k) wnb-
uwyubpp, hugp punpn? £ JbnU gnunhwywuniejwl gnwdpwnutphl: wunhwb, Bu bwl
hjnLuhuwyhu (b), hnpwpyunhywywu (Ha), wpyunnwiwhwywl (a-a) wnGuwyubp (wn. 2) [6]:

Qbwnnd wpdwlwagpywé nbuwlubphg opquliwywl  wnunnunywédniejwl  Yeuuw-
hunhywuwnp wnGuwyubp Bu 62-p (hwdwybgnuzywu 85 %-p) (wn. 2) [6]: QGpwywb, Gu
B Utgnuwwpnp wnGuwyutpp, npnbp Ywaut, U punhwuncp hwdwybgniejwu 31 %-p (wn. 2):
Uwndwphy gbwnw gphuninubph  pwlwlwywl  wndbeubpp nwwnwldtb, Bu 130 000-
1 322 500 py/| puwn pYwpwlwyh U 0.4-7.6 q/LI3 puwn YELuwquwugywéh uy. 2, 3):
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LU. 2. Uwnpdwphy gbinh Shuinnwwlyinnuwihu gpnhunctnutph pdwewlwyh nhuwdhywu
1- ybphUu hnuwlg, 2 — dhghU hnuwlg, 3 — uinnphU hnuwup:
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LY. 3. Uwpdwphy gbinh $hinnyjpuwuyunnuwihu ophuncnutph Yeluwgqwugywéh nhuwdhywu
1- yGphu hnuwuge, 2- UhghU hnuwug, 3- uinnphu hnuwup

Uwnpdwnhy gbwnh yGphu hnuwlpnd gpwugyt £ gphuninlbph 30 wnbuwy: Quip-
Uwup b wunwup pwlwywywl wnwybinuentt Bu nlubgtp nhwwnndwhU gphunweutbnp’
hwJwwwwnwupiwUwpwp' 90 000 U 67 500 py/| pun pYwpwlwyh W 0.39 nL 0.46 g/
puwn YELuwquwugywsdh wndteutpny LY. 2,3): Wu fudpnd wnwyb] pwpap pwewuwy W
yGluwquwugywé wwwhnytb) Bu Ceratoneis arcus L Cocconeis placentula tnGuwyutnp:
Wlwup gpwugyty E pudpwihU. untygbupw, qBpwyuiby BU Yuwunwywlwg
ophuninutpp® 120 000 pe/ff L 0.36 q/LI3, hugp wwdwlwdnpywd E Gnbp Microcystis
aeruginosa wtuwyh pwlwywywl qupgwguwdp® 90 000 pp/; W 0.27 q/d3: Uww-
pnpwjuniejwl gnpéwygh wndbeubnp nwwmwuytby Bu 1.4-1.9 whpnyenwd Y. 4), hugp
hwdwwwunwupuwund £ opgwlwywl wnununjwoéniejwlu  a-olhghuwwnnp-B-
Jtgnuwuwpnp dwywpnwyutppu:
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LY. 4. Uwnpdwnphy gbwnnd uwwpnpuwjuniejwl gnpdwygh (S) wnpdteutpp
1 - J&phu hnuwugp, 2 — UhghU hnuwug, 3 — unnnphu hnuwup

QGwnh hnuwtpl h Jup wybwgb £ $hinnuywuyunnuh inGuwywihu pwgUwquiine-
pintUp W pwlwlwywl wpdteutpp LY. 2, 3):

Uwndwphy gtwnh JdhghU hnuwtipnd gpwugyt) £ opnpdninutph 47 inGuwy: 2phunin-
ubph wnwybwgnyl pwlwywywl wpdbeubn gnpuugdt) B wylwlp' 870 000 po/ W
6.7 q/LI3, Gpp pwpén pwlwywywl qupgwgdwu BU hwubp nhwwnndwihu gnQUnerUl:n Pin-
nularia viridis (130 000 pg/, 1.3 q/LI3), Diatoma hiemale (85 000 pg/|, 0.17 g/U”) mGuwyutnp
W EdglGuwhu onhdnn Trachelomonas volvocina wnGuwyp (95 000 py/, 1.9 q/u3), JGnghuu
wnyjw] wduhu wwwhnyty £ gphdnnbph JB6 YELuwquugyuwép wigndinpuynud: Waliwp
pwlwlwywl pwpap gnigwlhutp B gpwlgyt) bwle uwwunwywlwg ophdninrubph judpnud
LY. 2,3), npwntin UGS JwulwpwdhU BU ntubkgt) Aphanothece clathrata L Oscillatoria limnetica
wnbuwyubpp:  Uwwpnpwjunugyjwt gnpdwlgh  wpdbelubpp  nwwnwudt, Gu 1.4-1.7
uwhdwlubpnud Y. 4)°  hwdwwwwnwupuwuGin — opquliwlwl — wnununywdniyejwl
a-ohghuwwpnp — B-Utgnuwwnnp Jwywpnwyutphu:

Uwndwphy gbwnh unnphU hnuwtgh wjwuyunnuwihu $hinngbungnid windwuwagnybg
E gphunnubph 58 wbuwly: Quwpuwlp gpwlgybp Bu $hnnwwuywnnuh npwywywl W
pwlwywywl gnigwuhpubnh UJwquwanyl  wndbeputbn:  dhunnwwuyunnuh  pYwpwlwyp
Yuwauty £ 137 500 pe/, huy Ysluwqulgywép' 0.76 g/u’: Updwliwgnyb) Bu Aphanothece
clathrata, Microcystis aeroginosa, Pinnularia viridis, Stephanodiscus astraea, Sphaerocystis
schroeteria, Trachelomonas volvocina inGuwyutnp:

Udnwup $hunnwwuyunnuh pwlwywywl gnigwuhpubpp wdGwgbp B Unn nwu
wlqwd* 1322500 pp/f W 7.3 q/LI3: Cuwn pwpwlwyh gbnwyw)ty G nhwwnndwihu (49 %),
pun Ytluwquwugywséh' Edglbuwihu  ophdninUbnp (48 %): “hwwnndwihu  ophdnirutbnh
fudpnud wnwyby pwpan pywewlwly U wwwhnyb) Fragilaria capucina, Amphora ovalis,
Stephanodiscus astraea, Rhoicosphenia curvata, Diatoma hiemale wbGuwlyutnp, Jhusntn
EdglEuwhu  gnpuninutbph fudpnud pwnén  Yebuwquugywédp wwydwuwynpywéd £ Bnbp
Trachelomonas volvocina, T. hispida tunnp Jhwpghp wBuwlubph qwpgqugdwdp: Lw-
Lwywywu pwpadp gnigwlhpubn Bu gpwugyl] bwle yuwunwhwlws W uwlwgs onhuninubph
fudpGpnud: Iwdwybgnientunud UG6 JwulwpwdhU GU niubgh) Yuwunwywuwg Phormidium
foveolarum, Ywlws' Lagerheimia genevensis, Micractinium pusillum, Ankistrodesmus falcatus
wnGuwyutnp:

LywuwnGihnpblu pwpépwgt) £ uwwpnpwjuniejwl gnpéwygh wndtep Y. 4): Grb
qwpuwlp gbwnh unnphu hnuwlpnd opgwlwywl wnunnunywéniejwl Jwywnpnwyp hw-
Jwwwuwwuhuwlt, £ a-olhgnuwwpnp  Jwywpnwyhlu, www wdnwup opgwlwywl wn-
nnuinywénuejwl Jwhwpnwyp nwnéb £ B"-Ubgnuwwpnp:

Wliwitp ephuninubnh pwiiwywywl wndteubpp UJwagb) Gu' 560 000 pe/| pun EYW-
pwlwyh W 2.97 0,/1.[3 puwn YELuwquiugwéh: Qbpwywtp U nhwwnndwihu esnhdnwnrutpp LY.
2,3): Qbpwyw Yndwbeu yuwqunn inbuwyubnh thnthnpunienilu sh wpdwwagpyb:

Uwupnpwjunipjwu  gnpéwygh wndtep UWJwabp £ U hwdwwwwnwupuwlb, £
opguliwywl wnnnunyjwéniejwl B-Ubgnuwuwnnp dwywnpnwyhu:

Ujuwhuny 2017p. Juwuwnjwé nunduwuhpnieniubph pupwgenud Uwpdwphy
gtGwnud gnpwugdtp Bu gnhdninUbph pwpép pwlwywywl W npwywywl gnigwuhputn:
Nnpwbu gbpwyw funtdp hwunbu Bu GYE nhwwnndwhu ephdnnubnp:

Eyningn-wptuwnhwgpwywl hwpdwnynnwywuniejwl inbuwlyntuhg gbunnud wnw-
yGnipntt BU nlubgl; Ynudnwnihwn, huntdtnptUn inGuwyutpp: Cuwn YELuwalh, gbpwyuwty
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Gu pGuehy ¢phunnUbGnp: Updwlwgpwé opgqwlwlywl  wnuninjwédniejwl  Yeuuw-
hunhywuwnnp wnGuwyutph Ywaunwd gbpulpnt) Bu B Uegnuwwpnplbpp: Rwnép hwunhwdJwl
hwawhiwywuntejniu £ gpwtigyt hwjinbwpbpdwéd inbuwyutph 26 %-h hwdwp:

Qbwnh hnuwlpu h Jup wybiwgb) Bu gphuninubph pwlwlwywl wpdbplubpp W wnb-
uwlwihu pwquwquunteiniup: Rwlwlwywl W tnwpwédwywl punuwunid £ wpdwlwgnyby
EdglGuwhu  gphdninubph hwdwp:  IGnwgnunniejwl pupwgend  hwjnbwpbpdt, £
Lagerheimia genevensis wnGuwlyp, npp punnn? sk Iwjwutnwlh opwjhu Eynhwdwywngtphu W
UwhuyhU ntuncdUwuhpnyenillGpned sh gpwiligyty [1, 9, 10, 15]:

Uwuwpnpwjuntejwl gnpéwygh wpdtpubpp tnwwnwlyb, U 1.4-2.1 uwhdwlutpned,
husp  hwdwwwwnwupuwunutd £ opqulwywl  wnununyjwédniejwl — a-ohghuwwnnphg
(JwpnLp)p"- Ubgnuwwpnp (@nyy| wnwnnngwé) Jwlwpnwiyubnhu:
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dhSNNGUGILUSHUL NPAGU BULM UtsSu1LErnd 3Ina6rh
uasnNsS4uonre@3UuL LYU268UUL UsLUUSGLNLNGRU

3.E. LU2USM3UL', 4.U. TU2UrsauL? 3.U. Un4uLU3UL?

! Swywuinwlp wqquyhlt wgpwpwihl hwdwyuwnwl, hkhachatryan84@gmail.com
2 EnlLwlp wEnwlwl hwdwpuwnpwl, kghazaryan@ysu.am, hasmikmov@ysu.am

nnjuénd wdthnthywsd Bu Swlp dGnwnutpny wnunundwé hnnbph $hunnntdbnhwgdwlu
JEpwpbnw] wryw Jhgwaguwiht thnpéu nL pwqdwehy hGunwgnnngenilubph - wpnyniupubpp:
Lhwpwagnpywé U $hinnntdbnhwghwih wnwppbp JGennUutph wnwldUwhwwnynieniulbnlu nu npulg
Uhpwndwu huwpwynpnienilutpp: Ladnwd £ uwle Shinnntdtnhwghwih gnpépupwgh htnwulwnh no
wwwagw Jhnntdubph dwupu:

Owupn dtwinwnlutin — $hinnntdtinhwgnid — $huinnkpuinpulgnid — gEpyncuinwlynn pnruwntuwlubn

B cratbe 00001IEHbI MEKIyHAPOAHBIH OMBIT (UTOPEMEIUALNN TI0YB, 3arpA3HEHHBIX Ts-
XKEJNBIMH METaJIaMH, a TaKKe Pe3yJbTaThl MHOIOYMCIEHHBIX HccienoBaHuil. Onucansl 0coOeH-
HOCTH pa3IM4HbIX METOJOB (pUTOpEeMEIUAlMM U BO3MOXHOCTH MX NpuMeHeHus. OOcyxnarorcs
MIePCIEKTHBBI Iporiecca GUTOpEeMEeIMAluK 1 CBA3aHHbIC ¢ HUM TCHJICHIINH.

Taorcenvie memanivl — pumopemeouayus, — QUMOIKCMpPAKyus — SUNEPaAKKyMyaupyoujue
pacmenus

The international experience concerning heavy metal polluted soils phytoremediation and
the results of numerous studies are summarized. The peculiarities of the different methods of
phytoremediation and the possibilities of their application are described. The perspectives of the
process of phytoremediation and connected future trends are also mentioned.

Heavy metals — phytoremediation — phytoextraction — hyperaccumulating plant species

dhunnntdtnhwghwl YeuuwwnGhuuninghwywu Jh gnpéplpwg E, nph dwdwuwy og-
wnwagnnédtiny pnyubph qBubunhy ubpnudp, huwpwynp £ (huncd 2ppwiw Jhewdwiph puw-
nwnpwdwubpnud - Ujwgbgut] wnunuhg Unyebph wwpnilwynuentup Ywd winpuhy wg-
nbgntejnilp: Wju Yuntih E yhpwnby dwun JGunwnubnh n nwnhnuncyihnutph, huswtu bwl
opqwlwywl — wnunuhgubph - (ophlwy™  wnihghbihy  wpndwwnply  wéhuwgpwéhltn,
wnihpnpwgywd phdtuhiutn, pniuwehdhywwnutn W wyl) hEnwgdwl bwywwnwyny [7, 18]:

dhunnnbdtnhwghw wntpdhup Ywauwé £ Bpyne pwnhg «dhwunn», npp hntuwntbu
Lpwlwyned E pnyu, huy “nEdEnhwghw” jwwnhubpbuhg pwpgUwlwpwn wnunwhwpnned £
ninnGnt ywd Juwlgp segnpwgubint hdwuwn: Pwgqlwehy pnuwnbuwyutp odndwé Gu
2nswyw Uhpwdwinph pwnwnpwdwubnhg tnwpptn wnwununpgubn YuwuGine hwnyniesjudp no
rpnluwqbnébinL JGhuwuhquutpny: dhwnnntutnhwghwih yEuuwwnGhuuninghwywu
gnpéplpwgp 2ngwlw puwywl Uhgwdwph tyninghwyuwl yhdwyh pwpbjwddwl gnpdnid
hwunhuwunwd £ hwdGdwwwpwnp Unp nunnnueintl, npp Yhpwnynud £ yGpehu  Gpke
wnwulwdjwyubph plupwgenLu:
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dhuinnntdbnhwghw (huswtu bwle $huinnEpuinpwyghw) hwulwgnieintup 1983 .
wnwwnyyb, £ QGUhh Ynnuhg, npp ghnwywl hwupnejwl Ynnuhg punniudbp no pwil
dwuwgnd £ unwgty [6]: Shnnnbutnhwghwih hpwywlwgnwlp hwdtdwwnwd Jjnu Uhen-
gwnnwJubph htwn wybh nynppu £ W phy Swhuuwwnwp: WU hwpdwp £ Yppwnb) JEG6 nw-
pwépltph pwpbiwydwlu hwdwn, npuntn gnjnueiniu nlubgnn Ujntu Ubennubpp gnpduw-
ywunptUu pwpn Bu b nunbuwwbu ng dGnUwwnnL: Gppulu $hinnnbdbnhwghwih hpwyw-
LwgJwl Swhuuwwnwnnientup wpnn £ gnjniejniu nlubgnn Ujneu dGpnnutph Yhpwndwl
$huwliuwywu wndbeph 5 %-hg wwywu (hub;: Ununninjwéd hnnwwnwpwéplbph Yuliwgw-
wwuwnedp ywlhunwd E Epnghnu gnpépupwgutpu nu JEinnwnutph tnwpwwgdwl Junwlugp:
Wjuwhuny, EYynnghwywu wbuwytinhg wlywnwlg, wnlnbuwwbu  wpnniiwgbn W
gnpSUwywuntd hipunn hpwywuwgynn wju Jdhgngwnnidp 2pgwlw puwywl dhewywiph
Eynnghwywlu yhdwyh pwpbiwydwlu gnpénid nluh UG htnwlywn: Awgh npwlhg, wpwg
woénn W Uté ybpgbunujw Yeluwqwugqywd wnwpwgunn pniuwntuwyutpp, huswhuhe Bu
nnGUpU, pwpnhUu W jwwpndwl, Ywpbh E ognwgnpét, dhunnnbdbnhwghwh L
EuGpghwh wpunwnpnejwu hwdwn [1]:

Unynruwy 1. Shinnnbdbnhwghwih twnpptp UGpnnutph hwdwnnun UWywpwapnipintup

Ubpnn Ljwpwgpnie)niu
Unwnwnhg Unuetb ntnwynwd pniyub wlwg YEuuwquugyw-
1) dhunntputnpulghw aﬁ‘mu&%u{unﬁﬂh U Unwd pnyubiph Yuiiwg Y quiligy
2) dhuindhjinpughw Unwnunywsé ophg wnuinninhsubph hnwgned pnyutiph Uhgngny:

Pnubph wpdwunwihu hwdwywngh Yynndhg hnnnd wnunnunhg Ujnt-
rEph 2wnpdnilwyniejwu nL JwwngGihnipjwl uwhdwuwhwynid
Unwnwnhg Unebph thnfuwybpwnd wuywyntu (gunnn) éubph no
npwlg htnwagw wpéwyncd Jpluninpun:

Pnyubph hjnwugwéputpnud $Epdtunutph wagnbgniejwdp opguw-
Lwywl puUnphnuinhyubph YEUuwpwpw)nLy:

3nnh wpdwwnwplwy Jwunpktubph wgnbgnuejwdp opgwuwywl pub-
Unphnunhyubph pwjpwinid:

Unwywiwdé hnnhg wybinpn wnbph htnwgnud wnwubn (wnwnh-
Jwgyntu) pnyutiph Uuhgngny

3) $hununwphihquighw

4) $hunynjwinhihquighw

5) $hinnnbgpwnwghuw

6) nhgnnbgnwnwghw

7) $hunnnbuwihlihquighw

dhuntpunnpwyghw (hwynth £ bwle Shnnwynwdniywghw W $hiinwpunppghw
wuywuncdutnny) hhdugwé £ inpwtiuinyughnu gnpéplpwgh Upw, nph dwdwuwly hnnhg
Jwd 9onhg pnyuh wpdwwnubph 4nnuhg Ywugnd BU wnunwnhg Uneetp W Yninwiyyned
Jbngbunijw  YELuwquiugwédnid:  dhunnEpunnpwyghwh  wGuwuyntuhg  wnwninnhgubnph
wnpwlunywghwl ntwh pnyuh ybpgtuntjw dwu Yuplnp Ysbuwehdhwywl gnpdplpwg E,
pwlh np uwnnpgbunbjw (wpdwwnwihl) YEuuwquugywéh pbppwhwywe, npwbu Ywunu
huwpuwynp st [24]:

dhuindhiinpwghwt pniubph vhengny wninnundwéd Jwytpbuwihl nu pwhnUwihu
hnupwgepbphg  wnwnwhs  Unebph  hGnwgnudu B2 Wu  nGwend  wnununhgutnp
wpunppgynd wd wnunppgyned BU pnyuh wipdwwnutnh, yepgbunujw Yuwbwg quiugyuwéh
nL gnnnituh Ynnuhg: Upnyniupnid wnuininhsuGph - wwpnibwyneejniup bjwgned £, huy
anpniutnwihu gpepnud npwg 2wndnwdp hwuuned Ujwquwgntjuh:
dhunuwnwphihqughwt - (dhiinhunphihquighw)  npnwyh - pituwnGuwlutnh - Uhgngny
wnununywé hnnnud wnunninhgunh Yuynibwgublu B Wu JGennh YUhpwndwl nGwpenid
Ujwgnud £ oppwyw  Jhowdwynnd  wnununhsubph  2wnpdniiwyneenill ne Jwin-
sGLthnuenup, hGinbwpwp Ywubudnd £ npwug Jhgpwghwu nGwh gpniliinwhu ontp no
Ubprpwthwugnidp ullnuwihu 2new: Pnyutpp Ywpnn U hnnh wpdwwnwpuwy 26punncd
6wun JGuwnubph pwgwuwywl wagnbgnpniup  segnpwgltp wpdwwnubph  Ynnuhg
unppghwyh, Lunnwépubnh nu hwdwihp Jhwgnienilubph wnwgwgdwu Ywd JGinwnutph
JwiEunwywuniejwl Ujwgbgdwl vhengny: Swup JdGnwnUGpp wnwppbn Juwunwyw-
Unipjwu  nGuwenwd  gniguwpbpnud  BU - wwppbn  winpuhynuenil: - Anyubpp wwippbp
opuhnwybGnwywuqunn $epdEunubph wgnbgniejwl Ubnpn punniuwy U éwun JGnwnuGph
wnnpuhy  wanbgnueiniup hwdtdwunwpwp  UWJwgbgut;:  Ophuwy' wwnpgywé £, np
GnwywiGuwn ppndp /Cr (1) gnigwptbpnud £ wybih phg 2wpdntuwyneenitu nL tinnpuhyniejntl,
pwl yegwywituwn ppndp /Cr (V1) [29]:
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Dhunnunwphhqughwih gnpépUrwgnid dwup JGinwnubpp Yniinwyyned G Yeu-
unyenid, nph wprynctupned npwiug (Jwgnidu ne gpncuinwghb ontph Ut Ubprpwihwugnudp
hwuunwd E Ujwquanyuh: Npwgpwyd E wiu, np uw puunph dGpguwywl (ndnud sh
hwunhuwunwd, pwUh np Swup JGunwnubpp wjuntwdBuwyuhy Jdunwd Bu hnnnud: Wpu
dbennh  Uhpwndwlu nbwpenwd uwhdwlUwthwyynd £ Swup  dGnwnUbph  2wpdnt-
Uwynipntlt nu dhgpwghnl punnilwynipyniup’ huwnpwynphuu Yuwrwywnbih nwnpdutiny
wjn Junwugwynnp wnunnunhgubnh pwgwuwywl wantgnienluubnp:

dhuinynjwinhihqughwih  gnpédplpwgnd wnnnhs Unwebnp payutiph Uhgngny
ywuytind hnnhg, thnhuwytpwynd U wulwynitu (gunnn) dlbph, wwyw wpunwqunyned
JpUninpw: Wju Jbennp Ywpnn E oguiwgnpéyb ongwuwlwl wnuinnunhgubph W npnp éwup
JGunwnutnh, Jwulwynpwwtbu uunhyh (Hg) W ubGuh (Se) hGnwgdwu Uwwwnwyny: MEwnp
E Wb, np $hunnnbutnhwghwh wju JUtennh Uhpwnnuwp Jhdwhwpnyg E, pwuh np
wnwnwnhg UnceEnp 2pgwyw Uhowywinph uh pwnwnpwdwuhg (hnn) inbnwhnfuynid Gu JGY
wjl pwnunpwdwu WpUnpnpw): Glubind wju  hwlgwdwuphg' $hinnynjwinhhqughwl
gnpsUwywuncd (wju Yhpwnnegniu gncuh:

dhunnnbgpwnwghwlu opguwlwywl wnwnunhsubph YEluwpwpwjdwl gnpdpupwg
E, npp wnbnh E nctuBunud pniuwwt opgwiuhqunud wwpniuwyynn $epdGunutnh dhengny,
huswhupp Bu nEhwngbUwguwu nL opuhgbUwquwl [27]: NP2 pnLuwnbuwyubn wnunnunywé
Uhowywjphg punntuwy Gu Yuwubine opgwlwlwl putUnphninhyutn, wjunthGinle npwlg
pwgwuwywl wgnbgnipntubpp ¢Ggnpwglt;: Wu wnGuwlyniuhg Jh 2wpp pniuwint-
uwyutp yGuuninpuind wywnhy  Jwulwygnie)nitu nlubl hupbwdwepdwl  ghpdplupwg-
ubphu:

Nuwagpwy £, np $hunnnbgpunwghwih gnpéplpwgp uwhdwuwithwyyned £ dhwjl
opqwlwywl wnwununhsubph wanbgnipywu sgnpwgdwdp, pwuh np éwup Jtwnwnubpp
YELuwpwpwjdwu s6U BupwnpyynL:

IGwnwagnuninipnllubpny hwunwndwé £, np $hwnnntdtnhwghwih wju JbGennp
LUwwunwywhwpdwp £ Yyhpwnb, pwquwehy opgwuwywl wnwnnwnhgubph, wyn pynwd uhu-
pGwnhy hGpphghnutph nu huubywhghnutbnh YEUuwepwewdwlu hwdwn: Iwwnmbh E, np
gtUbwnhynpblu dLwthnfujwd npny pnyubp, ophuwy' wpwlugtUwihu  pwpnhutpp, og-
wnwagnpédynid GU hhjw bwwwnwyh hwdwp [9]:

Nhannbapwnwghwlu hnnh  wpdwwnwpbwy 26nnnd Jwuntubph - wanbgnipjwdp
opquwlwlywl wnwnnhdubph pwjpwntdu £ 3nnnud  nhgnudbpwl  twpwdynd £ wip-
Jwwubph 2nipgp dhgle 1 U W gunugned E pnguGph wudhswywu wgnbgniejwl Ukpen [38]:
Nhannbgpwnwghwih gnpépUrwgnid nhgnudbipwntd inbnh £ nluBuncd winuinnuinhg Unuetnph
huwntuupy pwpewnd, npp wwpdwlwynpywé £ dwuptubph J66  pwlwynipjudp nu
Jhypnytluwpwlwywl pwpép wywnhyniejwdp: Nthgnudbpwnud  pnyubph wpdwwnlbpp
wpunwqwwtingd  wéhuwgntp,  wlhUwpeenubn no $pwynunhnubn  fupwund G
Jhypnytluwpwlwywl  wywnpynipyniup - 10-100 wugwd:  3Innwihu  Jhpwijwjnpnud
wndwwutbph  Ynnuhg  wpunwqwunywd Unuebpp wwwhndnud  BU JwupEubph  hwdwp
hwpniunn ullunwihu Jhpwdwyn, hwunhuwlwiny wépuwduh nu wgnunph wnpnn: Uhw-
dwdwlwy pnyubph  wpdwwnubpp wpunwqwnned . BU npnwiyh - $EpdBunuEn, npnup
punntuwy GU hnnnud pwjpw)t] opqulwywl wnunnunhs Uinwetn [17]:

dhunnnbuwhuhqughwl hwindhn (wnwubn, wnwnhdwgynil) pnyubph dhgngny
wnwywiwé hnnhg wytinpn wntph hGnwgnidu E: Wu nGwpenwd hnnnud duncd £ wnGph wju
wuwnntuwyneeinup, npp Uwwuwnwynn £ wlwpnuyubnh wéhu ne qungugdwup: Ophuwy®
uybnw (Suaeda maritima) W 6&ndwjhU nwunnwn (Sesuvium portulacastrum) hwindhun
pnLuwwnGuwyubnp wpnn Bu JeYy heyunwn wnwywiwéd hnnwwnwnwéphg snpu wdujw
pUpwgenid hGnwglb] hwdwwwwnwuhuwuwpwn 504 W 474 Ug Uwwphnwdh pinphn:
dwuwnnpbl, S. maritima W S. portulacastrum pniuwwnbuwyubpp Lwwwnwlywhwpdwn E
oguwgnpdty nudbn wnwywiwé hnntpnud NaCl-h hGnwgdwl hwdwp W npwug Jh pwlh
wuguwd Bwynipjwl nu ptppwhwywehg hGnn wnwaqbpdJwd hnnwwnwnwépubpp Ywnkih
E oquwgnpédt) ginunununGuwywu wywpnyutph wabgdwl bwwwnwyny [21]:

Unwunundwd hnnhg, hwunwlwht Lungwépltbnhg Ywd gnhg dwup JGiwnubph nu
dGinwnhnutph  hGnwgdwt  Uwwwwyny  hpwywlwgynn  phuinntpuinpwyghwt  hwnp-
uwlnid £ $hunnnbdtnhwghwih hhduwywu n wdtlwwpnniuwytun JGennp:
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WU Jhwdwdwlwy hGnwuywpwjhu nt inbinbuwwtu 2whwytin Utenn £, npp wdpnng
wphuwphnd nluh ghunwgnpSuwywl UGS Yhpwnnueniu: Shinnkpunpwyghwih wpnyniuwyt-
wnnintup Ywhudwd £ Uh 2wpe gnpénultiphg, npnughg G hnnnd 6wln JGuinwnubph pwin-
dnluwynipyniup  (Jwwgbihniejnilup), hnnh  hwwnynyejndlubpnp, éwup JdGwnwnubph n og-
wnwgnndynn pnyubph inbuwyutpp W wyu:

PnLuwwnbuwyubpp, npnup whunwuh BU $hnnEpunpwyghwih gnpdplupwgnd og-
wnwagnnébint hwdwp, wtwe E nlulwu hbnlyw] punypwagpuywl gnigwupputpp [11, 13,
25].

W) wnwg wabkgnnnie)nLu,

p) ytpgbunljw Ut YEuuwquugywéd wnwewglbine punncuwyneenil,

g) wpdwwnwihu hgnp hwdwywng wnwgwgubint punniuwynee)niy,

n) hnnhg éwun Jdtwnwnutph rhpwhiwhtu ibuwyubnh 2wn Yninwydwu

punnuwyntejnLl,

&) wpdwwnwhu hwdwywnaghg nbwh ybpgbunljw yeluwquugywsé dwup

JGunwnutph tnpwuuinwghnu punniuwyneenc,

q) rhpwhuwhtu éwun dGwnwnubph tinpuply wgnbgniejwl Ljwwndwdp

wnnGpwuwnnieinil (nhdwgyniunceniu),

E) wnyw EYyninghwywl ne Yihdwyjwywl wywydwlubphu jwy

hwpdwpynnwywuntp)ntu,

p) hhjwunnientlutGph hwpnighsubnph nu JuwuwwnuGph Uywndwdp

wjnLuntpnLu,

@) wyniejwu nL pGppwhwyweh JwwngGihniendl,

d) uninwytp YEunwuhutph uuybine hwdwp ng whwnwlh, husp wuhpwdtaun

wuwyuwl £ uliunuihU onrew wnwnnunhsubph Ubppwtwugnudhg funuwihGnt hwdwin:

dhwnntpunpwyghwih Lwywwnwyny ognwgnpduynn pnyubiph wnbuwyubph gbubwnh-
Jwywl Ubpnudp quwhwingnud B hwpyh wnUGiny Gpyne hhdbuwywlu gnpénU® pnjuncd
Untinwyywé Jbinwnutbph pwuwynieintup W pnyuh wnwewgnwéd Ywlwg YsLuwgug-
Jwéh pwwyp [10, 12]:

Uju inbuwlyyntuhg pnruwnbuwyubpp pwdwuyned U Gpyne fudph?

1) gbpynLinwynnutp, wjuhlpl Ynnnwynwd BU UGS pwliwynipjwdp éwup JGwnwn-
ubph rhpwhuwiht wuwyutp, vwywit wnwewgunid B hwdGdwwmwpwn phs yengGunljw
yELuwquugywd,

2) pnLuwwntuwyutp (oppuwy' hunuywu Jwuwubhup), npnup hwdtdwwnwé qbp-
Uncinwynnutnh, rhpwhiwhu dwup JGnwnutbp ghs U Yniinwyned, uwywiu wnwswguncd
GU JG6 pwlwyniejwdp ybnpgbunljw Yeluwqulgywé [22]:

Pniutph Ynnuhg dwup UGihwnubnh Lwwwnwlwiht gtpyncnwynedp hwdbdwntih
E Jdopgbnbjw JG6 YELluwgqwugwédh wnwewgdwl punnilwynipjwl htn: Uwyuwu Yw
Ywpshp, np $hunnbdtnhwghwh hwdwn wyGh Ywplnp £ pnyuh gBpyninwydwl
nllwyniejnilp, pwl JG6 pwlwynipjwdp JGpgbunljw YeGluwquugwéd wnwpwgLbp:
Jdbnpohuu  JGyuwpwuynd E Upwlny, np 6éwup JGunwnubph  gGpynunwydwu  no
hwJutdwwnwpwn phs YGluwquugywsh wnwewgdwl nbwenid Swiuuwwnwnneejnlll nu
whuwwnwnwpneeintup - wyGlh  wwywu £ jhunwd, pwl  Jwwn  YGUuwqwlgywéh
wnwswgdwl nL dwun JGnwnutnh phs Yneinwydwl nbwpned:

Wju pneuwnbuwyutipp, (ophuwy® Gpbeuncyp (Trifolium spp.)), npnup punnituwy Gu
UGy ybgGunwghwih pupwgenid wwywhnyb ywlwg YELuwgquugywéh Jh pwh pbpe, dwup
JGunwnubph $hunnktpunnpwyghwih hwdwnp nluBu U666 yhpwnwywl Lpwlwynipindu: Wu
wnGuwuyntuhg fununwpnyutpp wybih bwhupunntih BU, pwu phEpp Ywd dwntpp [2]:
Swup JGunwnutph $hunntpunnwyghwih Lwwwnwyny ogunwgnpdynid Gu Lwle  dpw-
Ywpnyubp' Bghwunwgnnpbu, quph W wyb: Wu ntwend Jh pwlh wugwd uynipjuu W
Jbnpgbunljw Jwlwg Yeuuwqwugywsh huddwu ne hGnwgdwl vhengny hUwnwynp E (huncd
hnnnwd 6wup JGunwnubph wwpniuwyneynitup LWJwgbgutp pnywwnnGh Jwywpnuwyh:
Uwywju wywpnyubph oguwagnnédnudp nluh npnwiyh rbpneeinct, npp wwjdwlwynp-
Jwd £ wnuinunhgubph ullnwihu 2new Ubppwhwugdwl Junwlugh hGwn: IGnlwpwn,
$hunnnbutnhwghwih Lwywwnwyny Yhpwnynn dpwywpenyubpp, npwtu jwunu, whuwlh
$6U wuwulwytph Ywd Jwpnnt ulunh UG oquwgnpdtint hwdwn [14]:
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Qbpyniinwynn BU hwdwnpynid wju pneuwnbuwyutnp, npnbp Jhwdnp yepgtGunbjw
Ytluwqwugywénd  Yncnnwynd Bu dwup JGuiwnubph  wjupwl  pwlwynieinil, npp
qawihnptl gbpwquwugnd B Jhwynp  hnnnud  npwlg  wwpniuwynigjwup  [19]:
QtpynLinwynn (hhwbpwyncdniywunnp) inEpdhup wnwehu wliqwd oglnwgnnéty £ A~pnlyup
[4], nd pUniLpwapt) E pnyup, npp wwpniuwyty £ upyt, wybih pwu 1000 Jg/yg Ywd gnp
quugywdh 0,1 %-p: Anuwwnbuwyhu gbpyniinwynn punpmaned twpne hwdwn wbwe
hwyuh wnub vhwu bpgbnujw uwlwg YEuuwgqwugqwénid (bnuinnupupbnhy Jwytptu)
éwun JGunwnutbn Yninwybine niiwyneenilup: APwquwehy  hGunwgnuneenculbph nu
Uhgwqgwiht wpwywnhywih hwdwéwiu gbpyniinwynn pniuwntbuwyutpp npwbu juunu
wtwpe £ Yninwytu snp quugywénid wybh pwit 100 Ug/yg Cd, 1000 Ug/yg W wybih Ni, Cu
nt Pb, ywd ng wwlywu pwl 10000 dg/yg Zn W Mn, Gpp npwlp wénud G ngug
dGunwnutbpnd hwpniuin hnntGpnud [26]: CunhwUpwwbu hwjwnuh £, np gBpyncinwynn
pnyutpp 100 W wyblh wugwd 2wwn Bu Yynenwynd éwup JGunwnutp, hwdtdwnwé
Bwywpnyubph Ywd  undnpwywl  pnuuwnbuwyutbph,  wnwlg  YGuuwquugywsh
ypdwwindwl: QGpyninwynn  pneuwntuwyutbph nbwpenwd yepgbnbjw W unnpgtunujw
(wpdwwwihu  hwdwywnpg) YEuuwquugywéubpnd  éwun  JdGwnwnUbph  Yninwydwl
hwpwpbpwygnieniup, wuwbu Yngdwd inpwliuinyughnu gnpdwyhgp' (89), UGUhg pwnép
E: Uwlwu, Jhwju SA-U sh Ywpnn oguwgnpdyty gbpyninuydwl  niliwyniejwl
wwnqwpwludwl hwdwn, wju jupnn £ hwunhuwUwy [pwgnighs gnigwuh? [26]:

Qpwywluntejwl nwiutph hwdwéwju 400-hg wybh pniuwwnbuwyutp hwyjnup
GU npwbu JGwnwn-gGpyniwnwynnutn, npnughg wytih pwu 300-p Ni-gGpyninwynnutn Gu:
Swjinup BU bwl 16 Zn-gGpyniinwynn pniuwwnbuwyutp, npnup punniiwy U YGpgGunjw
snn quugqwénid Ynunwybp wybih pwl 10000 Jg/yg pwuwynienil: Ophuwy, pniubph
Brassicaceae puwnwuhpp UGpwnnud £ JGinwn-qGpyniinwynn pwquwehy wnGuwyutn [5]:

Ubwwn-gbpyntinwynn  pnyubpp Ywpblh £ oguwgnpdty huswybu  wnnpuhy no
Junwugqwynp éwun JdGwnwnubph $huinnbdbnhwghwih, wjuwbu £ pwulywndte  Jtunwn-
utph (Au, Pd, Pt) Shunnwpnnibwhwludwl Uwwwnwyny: dbpghuhu nbwend unwgywé
pwllwndte JGwnwnubpp hpGughg qguwih nunbuwywl wpdte Gu UGpYwjwgunid, husp
wpnn E npn2 swihnd Jbnuty hnnh  $hwnnntdbnhwghwih LUwwwwyny  Yuwnwnynn
Swhuubpp [5]:

Npn2 pniuwwntuwyutp, nlubbwinyg Ynuypbin dwup dGwwnubph gbpyninwydwl
punniuwyncejnil, hwjunuh U npwbu plwywu JEnwn-gGpynitnwynnutn: Ujnwu Yynndhg,
npn2 pniuwwnbuwyutph ynuypbnn wup JGunwnubph Ynwnwydwu  punniuwynieniup
Jwnth £ Jbdwgut) gbubinhywywl dnnhdhywghwih vhengnd, gbUwjhu hudtubphwih
Uhpwndwdp: Swdwhuwphwihu wpwywhyuwynd nnpnY éwun JGwwnutnh
dhunnntutnhwghwih Uwwwnwyny gtUbnhynptu Unnhdhywgywé (@liwthnugwsé) pniuw-
wnGuwyubnph Yhpwnnwp gnigwpbntp £ fununnwdbwihg wpnynibputbp: 3wwnwy npw,
Eyning  ghwnuwywuutph  Jh  undwn  quugywéd gbubnhynpEl  Unnhdhywgywd
(dlwthnfudwd) onqwuhquutnh Eyninghwywu Juwugh JyGpwptnwy hwynunwd Bu hpBug
dwnwhngnipnLup:

dhunntpunpuyghwih wpnjniuwdtGwnnieniup Ywntih £ npnptp euuwynunwydwu
nL wnpwluinughnu gnpéwyhgubph pwlwywywl hwyqwnyh Jhgngny: Wu nGwenud
yGluwyntnwydwu  gnpbwyhgn gnyg £ wnwihu punpdwd  pniuwnGuwyh wp-
nynctuwydGuinnieniup, npp 2pgwlyw dhgwdwiphg hp hjncujwépubpnud Ynenwyned £ dwiup
JGunwnutn:

__ wupmbwlhmpmniip poyuh hpoujwspnid
YEUuwyninnwldwl gnpéwyhg(Uuaq) = P S T——— , [30]

npwintn wwpniuwlynepinilp pnyup yncudwépnid rhpwhiwhu dGinnwnh wwpniuw-
yniejnill £ pEppwhwyweh Gupwnyywé pnyuh yepgbunbjw Ysuuwqulgqywénid,

wwpnniuwynipyntp hnnned Unyu UGunwnh wywpniuwynepynllu £ $huinnnbut-
nhwghwjh Gupwnyywsd hnnned:

Spwlunywghnu gnpéwyhgp gnuyg £ twihu puinpqwé pniuwnbuwyh wpnjniuw-
Jtwnipniup' wwjdwuwynnwé wndwwnwihu hwdwywnpahg depgbunljw Yeluuwquilg-
Jwoénud UGwnwinubnph Yniinwydwdp:
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_ wupmbuwlmpemiip Jipglnbyu quqfudnd
S pw Lu n LI w gh nu anp bw LI hg (Sq) - ujwpmbuwlm pnciip wnnpglniyu quigjusmy ’ [3 0]

npuntn wwpniuwynepyniup Yepgbinlyw quitqyuwénid phpwhuwihu JGinwnh
wwpniuwyneenlut £ pnyup yepgbnuyw YEbuwgqwugywéncd,

wwpnibwlyneyniup uinnpqbunlyw quiiqywéned Unyu dGinwinh wwipniuwyne-
@nLll £ pnyuh wpdwunwihu YEuuwquugywéncd:

LELuwynLtnwydwu gnpdwyhgp (MW49) Yuwnpbh £ wpunwhwjnk, wninynuttpny hi-
nlywy pwuwadlh oguntejwdp’

_ wwupnmiwlmpemnibp poijuh hpiujwuspnid
a1 (%) - wupmwlmpniup honmd x 100, [28]

npuntn wwpniuwlynepynip pnyup hncudwéentd rhpwhuwihu JGinwnh
wwpniuwynee)nlbt £ pnyup yepgbnuyw hjncujwéputnnid,

wwnnibwlyneyniup hnnned Unyu JGnwinh wwpniuwyneenill £ hnnned:

Swdwudwt dlny inpwlunwghnu gnpéwyhgp Ywpbih £ wpunwhwjnk] hGnlgw
pwuwalny’

n up JEpghni g udmd
SQ (%) = qupm il pymitp pghntym quitqubmd 100, 28]
wunmuwlmpemup vnnpglniyw quiq)usmd

npuntn wwpniuwynepyniup Yepgbinlyw quitqyuwénid phpwhuwihu JGinwnh ww-
pnLuwynipynllu £ pnyup ybpgbunbjw Yeuuwquiugywénid,

wwpnibwlyneyniup uinnpqbunlyw quiiqywéned unyu JGnwinh wwpniuwyne-
[@)nLll £ pnyuh wpdwunwihu YEuuwquugywéncd:

SQ-h 1-hg pwnép wndbep Yywnwd £ pnyuh wpdwwnwihtu YEluwgquugyuwdhg nbwh
Jepgbnbjw  YEuuwquugywd dwun Jbinwnubph qqwih  wpwupnwghwih Jwuhlu [16]:
Swjnbh E, np YEluwyniinwydwl no inpwiliuinughnt gnpdwyhgubph 1-hg pwnép gnt-
gwuhpubn wwwhnynn pniuwwnbuwyubpp Ywpnn Bu oginwgnpddly $huinnkpunpuiyghwih
hwdwp [16] QGpyniinwynn pniuwnbuwyubph WYQ-p npwbu Ywunu Jts E 1-hg, huy
EpptUl Ywpnn £ hwuut) 50-100-h [8]:

Swjwth E, np pnyubpp hnnuihu nuényphg éwup JGinwnubpp Ywunid ne Ynenw-
ynud BU hptug wnpdwwnubpnd: WunthGinle wpdwwnubpnd Yneinwyywé dwiun dbinwinubph
hnuutnh Uh Jwup hhduwywunwd puhGdwih wunpUtpny tnGnwihnpudnid £ yGpgbunujw dwu,
nnuntn npwtp U6 Jwuwdp Yniinwyynd BU JuyninuGnnud [20]: dwyniniubnp hptughg
ubpywjwgunwd  GU ppswiht  pwnwnpwdwubp, npnbp  wgeh  Bu pulund  gwép
Unpwthnpuwlwynizjuwiu wywnhyniejwdp: Jwyneniubpned wiun JGuihwnutph
Ynbutpdwghwu hwunhuwunwd £ ghnnwwquwih Jwu Jwadnn ghunngnihg wydGigniywhu
JGuhwnubph  hnuuGph  hGnwgdwlu  nunhuGphg  JGyp, nph wpnniupnad peswihu
Ujnipwithnfuwbiwyniejwl gnpéplrwgubnh hGun npuilg thnfuwgnbgnientup Ujwagned E [3]:

Swun JGwnwnutph $huinntpunpuyghwih wdpnng Jbtuwuhqup niup hhug hhduwywu
wuwtywnutn.

1) hnnnwd dwup JGunwnutph hwjwpwagnpnid (Unphihqughuw),

2) pnyubph wpdwwnutph Ynnuhg JGunwnutph hnuutph Yiwuned,

3) wpdwuwutbnnd Yyneinwywé dbinwnubph wnenwihnfunie)ntt (inpwliunywghw)
pnLjubph yGpgbunujw hjncujwéplutn,

4) pnyuh hjnujwéplbpnd UGwnwnubph hnUubph wwhGuwnwynpnd (YnuuGpyw-
ghw),

5) 6éwup JGunwnutph Uywwndwdp pnyubph hwunnipdnnuywunigjwl (nniGpwl-
wnnLenLtl) hwwnyniencl:

Swun JGunwnutph Uywwndwdp pnyubph hwunnipdnnuywungzjwlu hwwnyniejniup
wnwugpwht Lwhwwwpdwu £ hwunhuwuntd JGinwnutph yniinwydwl, hGunlwpwp W
$hwnnbutnhwghwih hwdwn [7, 25]: Rnyubph peholubpnd dwln JGunwnutph hnultGnu
wywnhynpBu nGnwthnpuynid Bu Jwyninubph b, npuinbn, wbwwhnutph htn yuwwybiny,
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wnwswgunid BU hubwwnwihu hwdwihp dhwgniegncuutp [19]: 3Innwjhu (nényrehg dwup
JGwnwnubph wnGnwinpunie)niup nGwh Juyncniutp JGpwhuydnd nu ywngwynpyned £
wnwnptbn UnByncubph Jhgngnd: Npn2 Jnibyniubp wwywhnynd BU pwnwUugUEnph dheny
éwun Jtwwnubph Ubppwihwugnudp, Jjnwulbpp Jwulwygnd GU npwug hwdwihn
Jhwgntejntlubph - wnwewgdwll  nu Ynuubpwgdwup:  3Innwhu  |nbnyrehg  dwup
JGinwnubph hnuutph Yiwunwp wwydwuwynpdwé £ pnyubph wpdwnubph wwguwnhy
pwnwUenid  hwwnly  uwhunwynigubph  Yuwd  HY Ywwhnuh  hGn Juwwygdwé
uwhwnwynigubph  weywjnuejwdp  [15]:  Ophuwy'  ZIP  (ZincRT, IronRT-like Protein)
puinwlhghl  wwwnywlnn  uwhwnwynigubpp Uwwuwnnud Bu Zn®* W Fe®* dtwinwnubnh
hnuutGph Ywudwlp [7]: Nramp-p (natural resistance-associated macrophage) uwhwwynigutph
Lu JGYy puwmwupe E, npp wplenp nbp £ puwnnud Gpyjwibun dGnwnutph hnuutph
wintnwthnfudwlu gnpénd [23]:

dhunnnbdbnhwghwl hwunhuwunwd £ dwup dGinwnutpny wnunnunywé hnnwinw-
pwéplbph  pwpbwydwup Uwwuwnnn  hGnwuywpwihu  Jhgngwnnwdubphg  dJtYyp, npu
wjunLtwJtuwjuhy nctuh npn uwhdwuwthwynedutn [7, 18, 25].

¢ hnnhg éwun Utwnwnutnph hEnwgdwl nt wnunninjwéniejwl skgnpwguwl hwdwnp
Enywpwnl dwdwuwyh wuhpwdbunnie)niup,

o Swup Ubwnwnutbp gbpyncinwynn pniuwnbuwyutph dedwdwulniejwl wéh nuwl-
nwn wnbdwp n. phg ytpgbuntjw YELuwquugywé wnwewglbint ntuwynieniup,

e hnnh wnwpptp $pwyghwutph Ynnuhg ndtin juwywé dtinwnubph hnuubph wu-
swwindwl ndjwpnieniup W pnyup Ywudwu hwdwp vwppBn wnununhg Unuetph wi-
dJwuwgbhnie)nLup,

e Uhgngwnnidp Yhpwnbih £ Jhwju dwup JGwnwnubpny hnnh enyp W Jhehu wn-
nnunywéniejwl wwjdwlubpnud, pwuh np nudbn wnunnundwéniuejwl nbwenwd pnuyubpp
s6U wond,

o Uhgngwndwl ng wwupwd hpwywluwgdwl nt hGnlnnuywuniejwl swwhwwl-
Jwu nGwend wnyw E ulilnwihu pnpw wnwnunhsubph Ueppwthwugdwu Junwlg:
hUuswbu wpnbu Updb E Shunnbdtnhwghwt hwunhuwlnd £ hwdGdwwnwpwn unp
hGwnwgnunwywu nL yhpwnwywl ninnniejnu: Lepywynedu  hEnwgnnneenlultph 66
Jwup uwhdwUwthwyynd £ wpnpwnnp ne gbpdwnbwghu - wwydwuubpnd  nuuncd-
Uwuhpniejniubbpny W Jhwu phy nGwetpnud £, np $huinnnbdtnhwghwih wpnnuwyG-
wnnpintup nuuncduwuppdbp £ nuwunwhu wywydwuuGpnud: Mwpqybp E, np nwwnwihu
nLuncduwuhpniejnllltph wpnynlupUbnp Ywpnn U npnuiyhnptU tnwipptny by (wipnpuinnp
nL sEnUwwnlwihu - wwydwulbnnud  unwgywé  wpnjniupubphg, pwuh np hpwywl
wwjdwuubpnud Jhwdwdwlwy wnlw U tnwppbp gnpénuutp: Ywpunwihu wywydwluGpnod
dhunnntutnhwghnu gnpépUrwgh ynw Ywnpnn U wanb) gnpénuutp, npnue yuwywsd U
sGndwuwhdwuh  thnithnfuniejwl,  ullnwunwppbph,  JpUninpunwihUu - wnennudubph  n
funbwyntejwl, pnyubph JuwuwwniuGph n hhdwunneenluuGnh hwpneghsuph, hnnnod
wnwnwnhg  Unuebph wuhwjwuwpwswit  pwphudwl,  hnnwwnhwh, hnnh pH-h W
unpneywnnipwih hbw: @hpwhuwhu éwun Jbinwnubph $hinnnbdtnhwghwih Uwywwnwyny
wnwppbn  pnuuwnbuwyubph oguwgnpSdwl  wpnyniuwyGunnie)nlup nwwnwjhu
wwjdwuubpnd nuundUwuhpbine nGwenod huwnpwynp Yhup bwle indjup wnwsewnyynn
wnGhulninghwl nunGuwwbu hhduwynntp nL wnlinpwjuwgut):

Lbnywjnwdu  $hunnntdtnhwghwih Uwywwnwyny  hpwywuwgynn pwquwynndwuh
nruntduwuhpniejnillbpp wnbgynid BU ghwnnejwl twpptp 8)ninGph hGwn, npunkn wu-
hpwdtn Bu pwquwjhu ghwbhpubn' hnnh phdhwih, pnyubph YEUuwpwuniejwl, EYnn-
ahwjh W hnnh dhypnyGuuwpwuniejwl, huswtu bwl geUwihu hudGuephwh yepwptppw:

Puwywl gbpyninwynn pnruwnGuwyutph hwynbwpBpnudhg hGunn npwlg Jnn
wUhpwdtun hwwnywuhpubpp Ywpnn Bu puwnpyby ubGyghwih wjwunwywl JGennubnpny
Ywd hhpnhnhqughwih Unp UGennubph  Yhpwndwdp, hUgwhupt £ wpnunwwuwnttph
Jhwénnudp Ywd gButph dwuhwniywghwih dhgngny, nph nGwend Yyngynid G tnpwiliu-
qbl  pnyubp: LbpYwynwdu  hGlnwgnuinie)nlulGpp twpynud BU pngubpnud dwiun
JGuiwnubph Ynuyptuin inGuwyutph gpyncinwydwl hwnyneejwu gtutnh hwjnuwpGpdwl
n.  ynnwynpdwu nuinnnipjwdp:  Wnwhuh  gbutph hwynuwpSpnudp W gBuwghu
hudGutphwjnwd npwug ogunwgnnéndp hUwnpwynpnientl Yuw unwlwy pwpép  hwl-
nnLpdnnwywunyejwl  (nnGpwuwnniejwl) hwwnynip)ntu nlubgnn pnyubn: Wuwhund,
wuhpwdtwn £ tnwpptn hwnywlpwywu qétph UGywntnnudp Uty pnyup Jte, npp Ywpnn £
(wywaniu dleny dwnwyby hp Uwywwnwyhu:
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QtUwjhu hudtubphwntd oglnwgnndynn jnpwpwlgnip gtuny wwydwuwynpywé
hwwyuwuhubnu nL hwwnynienllubpp wbne £ nuncduwuhpybu  hwdwynnudwuhnpBu,
npwtugh UGpyuind U wwwagwynd  funtuwhtle  YEuunihpunind - wugwuwih — thnthn-
funipynlllbphg nu hGinliwupubphg: QUuywé pwquwehy ndywnpnuenilbph N uwhdw-
Uwthwynidubph  $huinnntbutnhwghwt hwunbu E qwihu npwbu “Guwg  wnBhuuninghw”
Uhpwndwu Ut huwpwynpniejniuubpny: Iwpdh weltinyg whuwphnud ghunniejwl tinwippbp
gjnntph hunGgnpdwl pupwghy Jhwnnwutbpp, ywpbih £ hnwiwyg, np $hunnnbdtnhwghwih
Uhpwnwywu nt Yndtpghnl hulinhputpp wwwguwynd uinwlwU hpBug (neénwdubnp:
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«unruvuer» Aasuaarnauryb EunLNahuyuu U29658nke-3ntrue
£GM1 RUIULP YMU GY MU3INULNIE3UL bULAPLLENE

U.U.hULUR3UL', 3.8.UU3UN3UL?

33 UL «Ungbinguwwnywihu hwdwihp» MNUY,
5M3 dDhghywywl wpuwphwagnniejwl W snwonbplnigwpwuntejwl wdphnu
khalatyan.artur@mail.ru

Innyuép YyGpwptbpnud £ 33 Swynph dwpgh RGpn lunpnpugqwé hwdwjuph tnwpwéenid
gwnuynn “Unpwliitp” nEunpnwwpyh w2tuwphwagpwywu W nEunpninghwywu yepinwdnipjwup: Lep-
Ywjwgynwd GU nbunpnwwnytph Eyninghwywu, ghwnwyppwywl W thnpdwpwpwywu  Yuplenp
Lpwuwynieintup b npwug wwhwwuntejwu fuunhputnp:

Aunpnwwnly — Eyninghwlwl wqnbgnepynili — dSwnwpthwyhl pniuwlwlncpnil-
wwhwwuntpywl fuinhpubn

IIpoBeneH reorpaduueckuii u AeHgponorudeckuii aHamus3 aeHnpomapka "Copauep',
pAacronoXeHHoro Ha Teppuropuu obumHel bepra TaBymickoro mapsa PecryOnuku ApmeHws.
IpencraBnena BaXXKHOCTb 3KOJIOIMYECKOH, HAay4HO-0OPa30BATENbHOH M OKCHEPUMEHTAIbHOH
3HAYMMOCTH JICHAPOIAPKOB M NPOOJIEMBbI UX COXPaHEHUS.

Henoponapk — sxonoeuyeckoe usHue — OpesecHo —
KYCMAapHUKOBAs PACMUMENbHOCMb — NPOONeMbl OXPaHbL

The article relates to geographical and dendrological analysis of the "Soranner"
Dendropark located in the Berd region of the Tavush Marz of the Republic of Armenia. The
ecological, scientific-educational and experimental importance of dendroparks and the issues of
their preservation are presented.

Dendropark — environmental impact — arboreal and shrub vegetation — conservation problems

33 Swyniph dwpgh REpn pwnweh Unpwultp wd UnpwU Yngynn pwpaniupnud £
gunudnd “Unpwuilien” nGunpnuwnyp: Y6unpnwwnyp hhduwnpdb, £ 1962 ., qpwntg-
Unw £ 62,17 hw wnwpwép W gunuynd £ pwnweh hwpwywiht W hwpwy-wpldunjwl
pwnénitph Jdpw: NGhGdp wuhwpp E, éndh Jwlywpnwyhg vhghU pwpapniejniulbnp’
1050-1090J (RGpn pwnuwpep quuynd £ 6.4, 900U pwpépniejwl Jpw) Yhdwl®
punbhuwnl, (wunpwdwp' [GRUuwwlnwnwihl: “Unpwllbn” nunpnuwnyp Gplwlhg
guuynwd £ 202 Yu henwynpnipjwu Yynpw Y. 1):

“Unpwilip” nEunpnwwnyp hhduwnpt) W Gpywn wwphubp nEywywnbp £ wybuw-
Juwl, hwuwpwywywu gnpsdhg, wlinwnwagbn' Ipwln Uppwyh Wwagjwup, nd 1970-wywl
rpywywlltphu 646 £ uwl “Qnytd” wlunwnwwnyh unbnddwl wphuwwnwuputnhu:

“Unpwlip” nBunpnwwnyp, husgwtbu Uwle 33-nLd gnpénn pninp 4 nEunpnwwnytpp
guuyned Bu 33 2nppwyw vhpwywinh Uwhuwpwpniejwu “Upgbinguwwwpywihtu hwdwihn”
MNUY-h Gupwyw)niejwl Ukpen:
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ABUNnpNwwnyu, pun Encejwl, pniuwlwl wphuwphh ex-situ wwhwwuntejwl opwiu
E, npp uinbndywé £ pwg gpniunh ywydwuutpnud W npuintbn hpwywlwgyned £ nGnwywl
nL Ubpdndywé dwnwethwihu pnyubph Yeunwuh hwjwpwéniubph wwhwwunieyniu W
JGpwpuwnpnueindt: - Wu - wphuwnwlplbpp hpwywlwgynetd B unwdwpniejwl
thwanpywd Jwpduh hwuwnwunwé Yuunuwnpniejwl hwdwéwjl:

«UnpwiGGtip» nbGnpnujwly |

/_/

MuUsSUULULUL LCULLGN
[0 «unruLusrs nbLArAmUNy
uusunLen
ALULLAUSPEN
[ <«uvusueusrn uuwuLLEN

AULUNUNLLEN
avsun

0 125 250 500 750 __1.00p o -
i — —

LY. 1. REpnh “Unpwtltp” nEunpnuwwnyh wphuwphwgpwywl inGnwnhpep

AsunpnwwnyGph hhdudwl dwdwuwy hwpyh U wnUyt pninp w2huwphwgpwywl
gnpénultpp”  wtnwnhpep,  Yhdwl, pwdnt  Jwpnp, hnnh o Yuqup,  (wlnwdinp:
AGunpnwwnytpu Nl ghnwywu, ghunwwpunwnpwywl W neuncduwywl Yuplennp
Lpwlwynipynit, npunbn  hGnwgnunuenilubp BU Yuwwnwnynud pnyubph Updnuddw,
Uthdwjwywndtgdwu W ubEyghwih qénd, hugwtu bwle hpwywuwgyned £ Eyninghwyuwit
nhwnwug W yeniniéneenil 3, 7, 10]:

Utn hwupwwtwniejwl pniuwpwlwywl wighutpned, nEunpnwwnytpnd W whwip-
ptn wnhwh W Yuwnbgnphwih uwlwg tnuywpyubnnd wakgyned Bu Unuin 1650 wuntt dwnbp
W pthbn, npnughg nubnpnwwnybpnud BU gunugnud pnpg 850 Swnwiethwnbuwy W
puwthwjwnwhu thwubp [1, 2, 7]

“Unpwitiltp” nEunpnwwpyh ghnwywl hwjwpewdnitt untndyt) B nunbuwwbu
wndtpwynp W gbnwqupnwihu swnwpthwhu pnyubph hjntupuwhtu wjwuwnwuh unnphu
wlwnwnwihu gnunnud wabgdwl huwpwynpnipjwl uinnigdwl W wyn pniubph JGdwéwyw
uGpunwéuwl Lyywwnwyny [9]:

Asunpnwwnyh puwyhdwjwywu wwjdwluGphu (wy Gu hwpdwndG gGnwqupn,
pwnénwndte, dunwnwiwn 2wwn ntuwyutnp:

Atunpnwwnyp pwgh hp pntt gnpdwnnyrehg’ ghnwywl, ndup Lwl REYpGwghn,
pwuqwnwlwihl, wnnnowpwlwihu pwnwnphg, huy “Unpwllbnpl”, wu nbwpenud, nuh
Lwl nwgUwywpwywl Wwuwynienilu. wju, gunuyting pwpéntupnid b wdpnneswwtu
owéyywd hubiny dwnbpny, Ywpétbu hwpwihg W hwpwy-wnldnunghg Yeunwuh quhw
thup  pwnweh hwdwp: Iwpyh wnlbnd wpu  hwugwdwlep'  “Upgbnguwwnyuhl
hwdwihp” MNUY-h dwulwgbnutbph wnwewnyny “UnpwiiGn” nBunpnwwpynud webgyty
L wabgynd BU wpwgwéd Swnwpethwwnbuwyubp® enyw wpldujwl yinluwudwl (Thuja
occidentalis f. fastigiata Jaeg), unéh unynpwlwu (Pinus silvestris L.), un6h nphJjwu (Pinus
pallasiana Lamb.), ghhh unynpwywl® uintbwldwl Yud hrjwlnwlwl (Juniperus communis),
Juwnwdwhuh Ywd pwpnh wuwnwnwhu (Populoustremula), pwpnh Uppwatn (Populusgracilis
acrossh) W wyu:

49


https://hy.wikipedia.org/wiki/%D4%B2%D5%B8%D6%82%D5%B5%D5%BD
https://hy.wikipedia.org/wiki/%D4%BB%D5%B6%D5%BF%D6%80%D5%B8%D5%A4%D5%B8%D6%82%D5%AF%D6%81%D5%AB%D5%A1

WU ULUGRSUL, 3.8.UUSUNSUL

Ynip W dGpnn: Whuwnwlph hwdwn Ynye £ Swnwjtp AGpnh “Unpwtilbp” nEunpnwwpyh
wnwpwépnd 2015-2018pr. Jwwnwnywséd ghinwlwlu nuntdUwuhpneenillbph W wnlw gnigwyutph
[nwdwydwl wpryniupubnny unwgywéd ndjuiutph hwywpwagpnudp: Ysunpnwwnyh nwnpwéenid
ghinwywl nunwlUwuppnuenilubnh hhdwu  Yypw Ywuquybp Bu hwpdbGundnie)nilutn, npnup k|
ubpywjwgdbp U 33 2ppwyw  Jhgwdwiph  Uwhiwpwpnugintu:  RGpn pwnuweh pwdnt  wpnh
JGpnwénenilip hpwlwlwglbihu ogunybp Gup Iwjwunnwuh wqguiht wwnpwu® hwwnnp U, pwdnt
ntnnnLejntup W wpwaneeintup pwdlhg [4]:

“Unpwiltp” nEunpnwwnyh pwpwntgh Yuwgudwu gnpépurpwgnid Yhpwnyt) £ GIS (USI) hw-
dwywnggwihu épwaghpp, nph 2unphhy huwpwynp £ Gntp unwlw] Yuplnp pywjhu nyjwiubn’  hw,
qoU L wyL:

UpmynLuplubip W puliwpyned: Ysunpnwwnyh nbunpndinpwu yuquywé £ onepe 30
puwnwluhgh 73 gbnh wwwywunn 100 dwnwethwnbuwyutphg: Yeunpnuwnynud wnlw
wnbuwyubpp  wpnnilp U nwulwdjwyubph  pUupwgend  Juunwnpwd  pwquwehy
Swnwpthhwwnbuwyubph nEhunpnnnlyghwh W Yihdwjwywndbgdwl - wphuwwnwuplbph:
Asunpnwwnyh hhduwnpdwu wwpyw2hbwlywl wptuwwnwlpubph dwdwuwy gbnwqunn
U wpdGpwynn Uté pwlwyniejwdp dwnwethwnbuwlutp U inGnwhnpuyt) 3jntuhuwihu
Wunnynyywuhg, dwulwynpwwtu® Lwghy pwnwehg:

“Ungbinguwwpyuwjwptu hwdwihp” MNUY-h Ynnuhg hpwywwgywéd ntunpnwwp-
ytph Swnwpethwwnbuwyubph pwlwywywu gnigwyubph untnédwl wpryntupnid wwipqyby
E, np gbnwqwpnwihu wubnUwwGplwynp Wunwnwiwp W wnbplwewdt) wnGuwyubpp
Jwaund U dwnwpethwwnbuwyutph onng 45-50 %-p, hugt wybih wnwélwhwwnly E
nwpduncd nEunpnwwpytnh Eyninghwywu Lpwlwynwendup [3]:

Asunpnwwnyp gunuynud £ ~Gpn pwnweh hwpwywjhu W hwpwy-wnplednjwu hwn-
Jwoénud: dbpghuhu Uh thnpp hwndwé' 7,4 hw, pwnwehu Uwnn 2nipg 760 qéu. Gwlwunny
dgynid £ wpldnywl  nunnnugjwdp,  nEunpnwwpyh  punhwunp Gwywwnwihu
Gnywnnie)niup 2nipp 1800q6U. E: AEUnpnwwnyh dwywwnwihu hwnywsédh dwuny dgyncd
EU GBplptpwn, nbn-inbn bwl hugupbpun wubnUwwntple wnwwnbuwyubn, hhduwywunwd
unéh phJjwu (pinus pallasiana Lamb.) wbuwyp: Wn hwwndwép wubnUwunbpl
Swnwwntuwyutpny gnnpwynpty £ RGpn pwnweh hwpwywiht W hwpwy-wnpledunjwl
hwwnywéh npnpwyh hwndwéubnp:

ALUnpnwwpyh EYyninghwywu Lpwlwynieynlul b wybih £ pwpapwuncd, hwwnyw-
wbtu wubnuwwnbpl éwnwethwnbuwyutph wnywjnejwl punphhy [5, 8, 10, 11, 12], wu-
LUwynpwwtu “Unpwliltpn” nEunpnwwnyh swnwpthwnbuwywht Yuwquh pwlwlwywl
nywubpp gnyg Bu wwihu, np punhwunyp dwnwpethwinbuwlubnh 2nipg 45-50 %
Wuinwnwiwn wubnuwwnbpl Gu:

2Zu

Zu-wpd Zu-wpy
30
20
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Unpd { 0 ) Upp
2q)-upd 24w

2

LY. 2. PEpn pwnweh “pwdhlutph wpnp®

RPEpn pwnwpeh pwdhutph Jwnpnh yenpnwénieiniup (wn. 1., WYy. 2.) gnyg £ vwihu, np
pwdnL gbpwlpnnn nunnnieintup  hwpwy-wpwdwnjwl £, hugp huwpwynnp £ nwnpéuncd
ntunpnwwnyh pwnd W prywsduny hwnpniun onwjhu hnuph innwywndp nbwh pwnweh
ycuwnpnu, nphtu Uwywuwnnd  BU puwptlwywun  wpuwphwgpwywl  pwnwnphsubpp’
Ewnﬂnn[tﬁmwhbnh tnwnptpnuenLlp, wenwnhpep, nthGdp, ntunpnuwnyh dinphunhly
waqup [4]:
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Pwpanpnipniuubph nwppbpnueyniup Yugunwd £ 150d-hg 200U (RGpn pwnwpep
gwnuynd £ 900J 6.U. pwpdpnipjwl Yypw): Iwny E bwle UG, wju, np hwpwywjhu nunnnt-
pjwdp' h Lwpptpnyesntu hwpwy-wplduywuhp, nEunpnwwpyh W pwnweh Uhole
puwytih 26Up  Jhunupynilbph  pwlwyp  pwpdpnpynilubph - Jhghu  hwndwénd
pwywywuhu phs £, gpbret pwgwywnud £, huy hwpwy-wpldnwl ninnnuejwdp 2wwn Gu
wnwlduwwlbnp, hugp fupwu E hwunhuwunwd, npwtugh pwdhU nunnniejntlp thnfuh
huwpwynphuu ntwh hwpwy:

Unyniuwy 1. REpn pwnweh UhghU tnwptywu “pwdnt Jwpn”-p

Uohuwphwgpwlwl nippnipjnilp Undtpp, %
3jnLupu 3
3jnupu-wnlbip 24
Uplubp 11
Swpwy-wplbp 1
Swpwy 1
Swpwy-wplunLng 50
UpldnLung 4
3jnLupu-wnlidniung 6
Pwunt wpwgntpnilp, (pwquwdjw wnyjuwiuGph dhghup), nph 6u/y
gbpwqwugdwl Ypyunieintup Yuwgunwd £ 5 % J/J)

Pwnuwpeltnp, plwywdwnptpp W wpnnituwpGpwywu yEunpnuuGpp ndywp £ wywwn-
YGpwgltbp wnwug gbnwqunpn wubwpyutbph, npnlp Jhwdwdwlwy pwnpGuynid Gu
onpwlw  Jhswdwynph  Jhynnythdwjwywu W uwUhwnwpwhhghGuhy  wwjdwlubpp: Utp
optpnd nw Yeuuwywl wuhpwdtwnientt £ hwdwnynwd [1, 2, 5, 6, 9, 12]:

Atunpnwwpytpp’ (hubny ghnwywu W ghinwithnpébwywl ysunpnUukp, npuntn
pwg gpniuinnd gunuynd B uGpdniddwd W inbnwdht Swnwpnyubph YEunwuh hw-
Jwpwéniubn, pun Enuejul, 58U 6wnwnud hpBlug pniu LUwwwnwyht:  3wjwunwuncd
nGunpnuwnytph uynyeh qupgqugutbine gpuywyuwlltphg Je4u £ bt £ wil, np
dbpéwyw  puwywdwinptph  wlwswwwwndu - hpwywlwgUbihu, huwpwdynp £ GnG
ogwwgnpdty wpnbu huy Yhdwwduwndtgdwlu thnp  hwennnipjuwdp  hwnrwhwnwé
wndtpwynp W gbnwqunn éwnwpethwwnbuwywihu pnyutpp:

ALunpnwwpyh hhduwhuunphu £ wnUgynud “Gtpwgnn nEunpnwwny” hwuywgne-
pintup, npp Yuwwynwd £ bwhu b wnwy Jwulwgbn wphuwnwyhgutph wwywund Yud
pwgwyw)nipjwdp:

Muwhwwuniejwu hhduwhiunhpubpp tnwpptbn U, npnughg Ywnbih £ wnwuduwgutg
wwhwwunpjwl  wphuwwnwlplbph  hpwywlwgnudp W Jwulwgbwnubph  wwywup:
Muwhwwunyejwl wnwubdUwhwwynip)ntlp uwjwunwd £ Upwunwd, np nGunpnuwpyncd
pwgwywinud U Bupwywnnigywépubpp'  gpwubljwywihu - 2EUp,  wwhwywwnnll,
gwuywwww L wy: 3wny E UG, np guwlujuwwwwndwsd 58U wuqwd 2w fungbih
hwwnywélbpp: RGpn hwdwjupu ntuh pwnweh Yupgwyhdwy, puyg W wjuwtu puwyhgubpp
gpwnynud U wlwulwwwhnipjwdp, hugn d6d Junwlug E ubpyujwgunid ntunpnuywpyht®
wuwophuh  wpwétgdwl  wbupny: Uwulwgbwnubnh  wwywup  wwdwuwdnpwé  E
Jwjpwpwnuwehg Gnwé hGnwynpnupjuwdp, hUswbu  Lwl  Jwulbwgbwnubph  gwén
Jwpawwnnnipjwlp:

3wny £ U2k, npouw gh Yupbh epwgpty 33-nud gnpénn wyp nsunpnuwnpytnhl,
npuntn wywnhy gnpénlltneinil £ pupwuncd: Ghunwygbing nBunpnwwnybph nbpu no
Lpwlwynieintup Jbp Bpypnid® 33 CUL “Upgbingwiwwnywihu - hwdwihp” MNUY-p,
dwulwdnpwwtu  ghuniejwu  pwdhup  yGpghu  wwphubphu hpwywlwgunud  E
wphuwwnwuputp nbunpnwuwnyh  Gphunwuwpnwgdwl  bwwwnwyny® ubpdnustind,  wnb-
nwihnpubiny  wy  nBunpnwwnytbphg  Swnwpethwnbuwyutn, hpwywlwglbny  wwp-
Juphbwywl, [pwgdwl wphuwwmwleltp, husgu wdbh £ hwpunwgunwd nBunpnwwnyned
wnlw wnpdbpwynn wubnuwwntple b uwnwprwynp dwnwethwhu pnyutph Ysunwuh
hwywpwénLubnp:
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Wju  wphuwwnwlplbph  wpnyniupnud JGup  huwpwydnpniejnu YniuGuwle  wwh-
wuwub] Jbp nubgwé wndbpwynp hwjwpwéniubpp, huswbu Lwle punwpdwyb npwupe:
Wuhpwdtpwn E UwhiwabnUb] pninp wphuwwnwuplutpp, nnwtugh nEunpnwwpytnph pwlwyp
sypdwwnyh, wjl punhwywnwyp' wybwuw: Swppbp gpwywl wnpjnuputphg Ubq hwjwnup £
wn wju, np dwdwuwyhu hhduwnpytp U bwle wy) 2w nBunpnwwnytn, npnup gnpét Gu,
pwjg UGpYw wwhhu gnjneyntu snlubl, ophuwly’ PwgpwwnwtUh nEunpnwwnyp, npp
hhduwnnyt £ 1950-wywl pywywlutphu [6]:

Gutpny dtpngpjwihg W hwayh wnlbinyg nEunpnwwnyh wzhuwphwgpwywl nhpep,
Swnwpehwntuwyubph wnwldUwhwwnynienilp' wewewnpynud Gup.

huwpwynpniejwl nbwpend nEunpnwwpyh Lwnwéep Utdwgub], dwulwynpwwbu
punwpéwyty, nbwh  wpldnine, nbunpnwwnpyh  hwpwy-wpldiywu— nepnnLEjwl
ybppuwywu Yytwnhg ntwh wplidning Unin 500 qéd, Swuwwwphwdbpd hwundwény,
hjnLupuwbhwjwg nhppwnpnuejwdp W hpwywlwgutp wubnUwuntbple Swnwwnbuwyubpny
ownebph adlny  wwpyuwphtwywl  wphuwwnwlputn: SYw hwndwénud  hpwlwlwgub)
Ghwpbpin  Ywd  hugwpbpunn  whidwwnwél  dwnwwnuynd:  Wu  wphuwwnwlupubnp
hpwywuwguGint nGwenwd huwpwynp Yhuh dwepupdw) gnunhwynpbp REpn pwnwep
hwpwywhu L hwpwy-wpldinjwl  hwndwdutbpnud, nph wpnynipnud nGwh pwnwpe
Ubprwihwugnn onwjhu quuqywép Yntubuw Eyninghwwtu dwenip pwnwnpneniu: Uw
fjupwl Uhwunhuwlw, npwbtugh RGpn pwnwpeh onp hUwpwynphuu qbpé wwhbup
wnwunwntdutbphg:
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IL-2 AND TNF-a ACTIVITY IN OVARIAN CANCER DEPENDS
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In present study the changes of immunoregulatory cytokine IL-2 and pro-inflammatory
cytokine TNF-a activity in pathophysiology of ovarian cancer has been investigated. IL-2 and
TNF-o activity have been determined by the ELISA method in plasma and tissue samples of the
primary oncologic patients with different stages of disease (1, I, 111). Results obtained have shown
that IL-2 and TNF-a levels for both plasma and tumor tissue samples demonstrate stage dependent
changes. Data obtained expand the knowledge about the complicity of the stage dependent
interplay between host immunity, inflammation and ovarian cancer.

Interleukin-2 — tumor necrosis factor alpha — ovarian cancer — inflammation

Lbpyuwjwgywé wphuwwnwlpnid nuncdUwuhpdb BU hdnctuwywpgwdnphs ghinnyhu huwnbp-
15)yhu-2-h L Uwhuwpnppnpwihlu ghnnyhu nienigpubph Ukynngh gnpdnu-wpbwih  wynhyniejwl
thnthnfunieynilutpp dJwpwlutph pwngytnh wwendhghninghwjnid: Shinnnyhulkph wywnhynieniu-
Utnp swihyb) BU ELISA JGpnnny' hhjwunniejwl wnwpptn thnitpnud ginugnn (1, 1, H) wrwsUwihu
pwngytnwjhu hhdwunubph wwgdwih W hjncudwépwihu udnputpnud: Unwgywd wpnniupubpp
gnyg tU wwihu, np Wpwé ghwnnyhuubph wynhynigjwl thnthnpunceynillbpp W wiwquwh, W
hjnLujwépwihtu udnubpnud Ywhudwé BU hhdwunniejwu thnihg: Wu ndjuiubpl punjwjuncd Bu Jdep
ghwbiihputnu huntlwjht hwdwywnah, pnppnpdwt W ddwpwllitiph pwngytinh dhgl thnehg Yutujwy
thnpuwanbgniriniiph nng pwpnnijwl Yepwptnjwy:

bhuwnbnGypt-2 — nLpnigeh Ukypngh gnpont wybw — dwnwlltph pwngltn — pnppnenLd

B crarbe ObUTH H3y4€Hbl H3MEHEHHUSI aKTHBHOCTH UMMYHOM OAYJIATOPHOrO LiuToknHa NJI-2
U npoTuBoBocnanuTenbHoro nutoknHa GHO-anpda B marodusuonoruu paka SUYHUKOB. AKT-
usHocTh UJI-2 1 ®HO-anbda 6bu1a onpeneneHa merogom MDA B ruia3me U B TKaHIX MEPBHYHBIX
OHKOOONBHBIX C paznuudbiMi cragusvu Oonesuu (I, I, 111). TlomydenHsie pe3ynbTarhl IMOKa-
3BIBAIOT, YTO U B IUIa3Me, U B TKaHH u3MeHenust aktiuBHoctu NJI-2 u ®HO-anbgha 3aBucsr ot cra-
Iuu 3a0oneBanus. [TomydeHHbIe JaHHbIE PACIIMPAIOT 3HAHUS OTHOCHTEIBHO BCEH CIIOKHOCTH CTa-
TUSI3aBUCUMBIX B3aMMOJCHCTBHUIA MEXIy UMMYHOH CUCTEMOMH, BOCHIAIUTENBHBIM MPOLIECCOM U pa-
KOM SIHYHHKOB.

Humepneiikun-2 — paxmop nekposa onyxoneii anba — pax audHUK08 — 60CHAleHue

Ovarian cancer (OC) is the 8" most common type of cancer and is still the
deadliest form of all gynecologic malignancies in women worldwide [20]. In Armenia,
OC is the 4th leading gynecological cancer with the prevailing age above 45 years [20].
Overall, ovarian cancer patients respond to cytoreductive surgery and platinum and taxane
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based combination chemotherapy. However, advanced cases have a high recurrence rate
and the 5-year survival rate has remained largely unchanged since the 1980s, being close
to 30 % [16]. This, however, is skewed, given the mass of recent evidence suggesting
that histological subtypes of ovarian cancer represent unique diseases, but are still
treated with a ‘one size fits all” approach.

Epidemiological and experimental data have implicated hormonal fluctuations in
sex steroids, and androgen exposure in particular, in the pathogenesis of ovarian cancer
[12]. Moreover, ovarian cancer cells share a number of estrogen regulated pathways with
other hormone-dependent cancers such as breast and endometrial cancer [15]. These
pathways were studied in more details already [7, 15]. It is considered that the
inflammatory environment caused by repetitive ovulation over the life time of women
increases the risk of genetic error and mutation during the repair process, leaving the
ovarian surface epithelium susceptible to neoplastic transformation in subsequent
ovulation and repair cycles [17]. However, ovarian cancer is a heterogeneous disease and
its subtypes are quite different with respect to mutations, origins, marker and prognosis,
and respond differently to standard chemotherapy.

The immune system is thought to be an important mediator of ovarian
carcinogenesis [4] due to persistent infiltration of immune cells during the rupture and
remodeling phases of ovulation. This causes injury to surrounding epithelium, damage
DNA through release of reactive oxygen species, or produce cytokines that promote
proliferation. Interactions between tumor and host immune system are objectives of
special interest among current topics of research. Recent studies also show that anti-
tumor immunity is often negated by immune suppressive cells present in the tumor
microenvironment. These suppressive immune cells also directly enhance the
pathogenesis through the release of various cytokines and chemokines, which together
form an integrated pathological network. IL-2 is a potent pro-inflammatory cytokine that
is secreted by Th-1 cells and effectively participates in the activation of T cells to
produce the cytokines tumor necrosis factor alpha (TNF-o) and interferon gamma
(IFN-y) [4]. Recent studies showed that IL-2 plays a critical role in the differentiation
and survival of regulatory T cells, thereby ensuring their significance in the control of
the immune response [4]. Thus, IL-2 plays multiple roles in immune functions by
contributing to the generation and propagation of antigen-specific immune responses [3].
The ability of IL-2 to expand T cells with maintenance of functional activity has been
translated into the first reproducible effective human cancer immunotherapies. Anti-
humoral therapy associated with IL-2 administration led to the remission of metastatic
renal cell carcinoma in up to 30% of patients and increased the survival of patients with
melanoma and acute myeloid leukemia [3]. In these cases, the administration of high
doses of IL-2 was associated with improved survival, although, the related adverse
effects were considerably severe in most patients [3]. While adoptive transfer of these
activated T cells could mediate modest antitumor activity, the inability to grow these
cells ex vivo severely limited progress, and the lack of human cells with specific
antitumor reactivity was a major obstacle to the application of this approach in humans.

In contrast to these immunomodulatory agents that directly increase or decrease
specific immune cell subsets, another concept of antitumor immunity that has recently
been introduced is the disruption of integrated cytokine networks [10]. The tumor milieu
in which ovarian carcinoma develops has been described as one enriched with a broad
spectrum of pro-inflammatory cytokines and chemokines. In particular, several of these
cytokines (such as TNF-q, IL-1B, and IL-6) produced by tumor itself or/and activated
immune cells, besides stimulating cancer cell growth, have been shown to influence
clinical disease status and prognosis, by reducing responsiveness to chemotherapy and
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symptoms such as anorexia, altered energy metabolism, anemia, weight loss, depression
and fatigue [13].

Recent data show that cytokine antagonists may have a role in the treatment of
ovarian cancer. Their action by inhibiting both production and activity of inflammatory
cytokines seems to obtain the control of angiogenetic and apoptotic events, the reversal
of chemoresistance, the improvement of systemic symptoms and prognosis [21].
Although as suggested by its name, TNF was described initially as a killer of cancer
cells, however recent data indicate that TNF can be considered mostly as a pro-tumor
cytokine. Numerous studies have shown that anti-TNF drugs reduce tumor growth in
different types of malignances. This deleterious effect of TNF was further supported
with the results in TNF-knockout mice model that display reduced tumor growth [18].
Currently, clinical trials aimed at inactivating TNF-a in solid tumors are under
evaluation. A recent phase | study of the specific TNF-a antagonist etanercept
(TNFRII:Fc fusion protein) in ovarian cancer provided biochemical (CA125) and
radiological evidence for prolonged disease stabilization in 6/30 patients with advanced
disease [21].

Thus, to understand how inflammation and cytokine expression in a tumor
microenvironment can impact both host defense against the tumor and tumor cell
survival, it is important to continue careful studies of cytokine networking to identify
their transcriptional and posttranscriptional regulation. Complex understanding of
posttranscriptional regulation of this cytokines, in particular, may lead to more potent
drugs that target their expression. Recently we have shown the involvement of
Ca”**/CaM-dependent protein phosphatase calcineurin (CN) in pathophysiology of
ovarian cancer, as well as demonstrated that changes in CN activity in plasma and tumor
tissue of patients with primary ovarian cancer depend on stage of disease and degree of
tissue differentiation [20]. Considering all abovementioned and the fact that CN
participates in the synthesis of several cytokines, including IL-2 and TNF-o, via
dephosphorylation and activation of NFAT (nuclear factors of activated T cells)
transcription factors [9, 14], we considered advisable to study the changes in IL-2 and
TNF-a activity in both tissue and plasma samples from primary ovarian cancer patients
depending on the stage of disease.

Materials and methods. Sample collection and preparation. The blood and tissue samples
from postoperative material of untreated patients with the | (n=6), Il (n=7) and Ill (n=5) stages of
primary ovarian cancer were provided by the National Centre of Oncology after V.A. Fanarjyan
(NCO MOH RA). The plasma of healthy donors (n=6) and histologically checked healthy parts of
remote tissue (n=8) were used as a control. Histological study of the postoperative material was
conducted by the Laboratory of Clinical Pathomorphology at the NCO MOH RA. The most cases
of ovarian cancer were diagnosed as a moderately and poorly differentiated adenocarcinoma. Age
of patients ranged from 45-80, and the average age was 61 years.

Blood (1.5-2 ml) was collected into sodium citrate (3.2 %)-coated vacutainer tubes and
centrifugated at 1500 rpm for 10 min. Plasma was separated and stored at -32°C. Tissue samples
were homogenized with 5 volumes of 50 mM Tris-HCI, pH 7.5 buffer, containing 0.05 % Triton-
X-100, 0.1 mM EDTA, 1 mM ditiothreitol (DTT), protease inhibitors, and centrifugated at
20000xg for 60 min at 4°C. The supernatant was separated and stored at -32°C as well.

The protein content in samples was determined by Bradford assay [2].

TNF-o and IL-2 assays. TNFa and IL-2 levels in plasma and tissue samples were
measured using human TNFa ELISA MAX kit (BioLegend Inc., USA) and human IL-2 ELISA
MAX kit (BioLegend Inc., USA) according to the manufacturer’s recommendation. The optical
density was measured in each well at the wavelength of 450 nm using LABLine-022 microplate
reader (LABLINE Diagnostics, Austria).

Statistical analysis. Data were analyzed statistically by one-way ANOVA using Origin 61
software. Statistical significance — p<0.05. All data were expressed as meantSEM.
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Results and Discussion. As one can see, the significant increase in plasma level of
IL-2 of ovarian cancer patients takes place (4.4 fold) in the | stage of disease compared to
healthy control group (fig. 1). The statistically significant decreases in plasma levels of IL-
2 were observed in Il stage (1.7 fold) and I11 stage (2.6 fold) of disease compared to the |
stage.
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Fig. 1. IL-2 levels in plasma (white) and tumor tissue (red) primary ovarian cancer patients.
*-p<0,05 for the | stage compared to control, and for 11, 111 stages compared to the | stage.

In contrary, as shown in fig.1, tumor tissue level of IL-2 was found to be
decreased in the | stage of disease by 1.5 times compared to control group and by 2.6
times in the 1l stage compared to the | stage. For the Il stage of disease the significant
increase (2.2 fold) takes place in tissue level of IL-2 compared to the | stage.

As one can see from fig. 2, TNF-a level have shown to be decreased for the first
stage of disease in both plasma and tumor tissue samples by 1.18 and 4.5 times
respectively compared to the control groups (fig. 2). However, in plasma the decrease in
TNF-a level was not statistically significant. Plasma and tissue levels of TNF-a have
shown statistically significant increase in the Il and 111 stages of disease compared to the
| stage. In plasma of ovarian cancer patients TNF-a level has been shown to be
increased by 1.5 and 1.6 times for the Il and 111 stages, respectively, compared to the |
stage. Similarly, tumor tissue TNF-a level has been shown to be increased by 4.4 and 5
times for the Il and 111 stages, respectively, compared to | stage.
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Fig. 2. TNFa levels in plasma (white) and tumor tissue of (red) of primary ovarian cancer
patients.
*-p<0,05 for the | stage compared to control, and for Il, 11l stages compared to the | stage.

Immune system is widely integrated in all steps of OC carcinogenesis, including
host response to tumor initiation and progression. The main components of host-tumor
immune response including pro/anti-inflammatory networks are in part regulated by CD4+
helper T-lymphocytes, Th1 and Th2 cells. Thl cells produce pro-inflammatory cytokines
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and drive the cell-mediated immune response, while Th2 cells regulate humoral immunity
by expressing anti-inflammatory expressing anti-inflammatory cytokines. The Th1-Th2
balance is closely correlated with cancer, but the correlation in untreated OC patients
remains unconfirmed [8]. IL-2 is a potent pro-inflammatory cytokine secreted by
activated macrophages, Thl, DC, CD8+ cells. As mentioned above, transcription and
expression of IL-2, as well as TNF-q, is regulated by Ca®‘/CaM/calcineurin/NFAT
signaling pathway which has a key role in activation of the immune system [9, 14, 24].
Our data obtained have been indicated that the activity of IL-2 is changed differently in
plasma and tumor tissue of OC patients among the subsequent stages of OC
development. Via activation of IL-2 expression CN plays a central role in the activation
of immunosuppressive Tq cells to produce anti-inflammatory cytokines [22]. However,
clinical manipulation of IL-2 levels remains complex as IL-2 can act both as an immune
stimulating or suppressive cytokine, depending on the dose. On one hand, low-doses of
IL-2 favor Ty survival and suppressive function and lead to a better control of
autoimmune and inflammatory diseases [1]. On the other hand, high-dose IL-2
administration in ovarian cancer may result in the conversion of tumor-associated T,
into Th17 cells, relieving T.,mediated suppression, and contributing to enhance
antitumor immunity via changing a non-inflamed tumor into an inflamed tumor, shifting
produced cytokines type onto TNF-o and IFN-y direction, perhaps thereby increasing
sensitivity of the tumor to further immune attack [12]. From this point of view the
significant increase of plasma IL-2 activity and decrease of tumor tissue IL-2 activity in
the | stage of disease may be a protective response of the organism to fight against
malignant neoplasm. However, similar chronic activation of the immune system
contributes to chronic systemic release of inflammatory cytokines and formation of the
chronic inflammatory environment. Thus, the immune system initially playing a
protective role for the organism during tumorigenesis, diminishes gradually and
eventually this could contribute to tumor progression. Indeed, there are different
mechanisms by which tumors evade the control of the immune system. Many types of
tumor cells secrete immunosuppressive cytokines (IL-6, 1L-10, IL-13) and chemokines
that negatively regulate the immune system. In current study increasing tumor tissue
activity of IL-2 in the 1l stage of disease is most probably evidencing the existence of
tumor milieu/stage dependent shift from anti-inflammatory T, towards inflammation
favoring Th17. This IL-2 driven exacerbation of inflammation could also lead to
overproduction of other pro-inflammatory cytokines, including TNF-a, as the major one.
In ovarian cancer, several cytokines associated with cellular immunity were correlated to
cancer development and patient prognosis, including TNF-a, IFN-y, IL-6, and MHC
molecules [16]. TNF-o plays a complex role in cancer and tumor immunity because of
its pleiotropic effect and the fact that it has two receptors. It is now recognized that the
expression of TNF receptor 2 (TNFR2) is more limited than that of TNF receptor 1
(TNFR1). New evidence suggests that the TNFR1 drives a predominantly pro-
inflammatory program whereas TNFR2 primarily initiates immune modulation and
tissue regeneration via boosting T and effector T cells to produce IL-2 and promotes
the sensitivity of Trg to IL-2 [6]. TNF-o production in the ovarian cancer
microenvironment has been recognized for decades, with tumor-infiltrating macrophages
likely to be the major source [23]. Numerous reports have demonstrated abnormally high
levels of TNF-a in the blood of OC patients. Within groups of patients with the same
tumor type, higher levels of TNF-a correlated with more advanced tumor stage and
shorter survival time. However, circulating TNF-o is not always detectable in cancer
patients and can vary among individual patients over time and the course of disease [5].
Charles et al. demonstrated the importance of TNF-a in promoting tumor growth and in
the progression of ovarian malignancies. It was found that in mice TNF-a exerts the effect
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markedly in a time-dependent and dose-dependent manner [6]. The initial exposure to TNF
transiently abrogates T, suppressive functions, whereas longer exposures restore their
suppressive activity. This means that short-term stimulation of TNF-o mimics the early
phases of the inflammatory reaction, thus allowing effector T cells to escape from the
inhibition mediated by T.g, presumably favoring elimination of the pathogens. However,
long-term exposure to TNF may facilitate the activation and expansion of T g, restoring
their suppressive capabilities, thus limiting excessive inflammation. In the present study,
we have found that activity of TNF-a was displaying an initial decrease followed by up
wording tendency in ovarian tumor epithelium. The initial decline for TNF-a activity in the
| stage of disease indirectly indicates the activation of anti-inflammatory pathways via
activation of T, population, however, further increase of TNF-a. levels for 1l and 111 stages
is more likely to display continuous fluctuations between T, and Th17 with an increasing
prevalence of Th17 with their pro-inflammatory effects. Whether T,,-IL-2-TNF-0-Th17
interactions are prompting T, activation or favoring Th17 differentiation due to
complicacy of interactions in the frame of current research is hard to purpose. Although at
this stage of the research existing data are not sufficient to evidence for dysregulation in
Ca**/CaM/CN/NFAT-TNF-a signaling pathway in a tumor microenvironment, however,
this may indicate that posttranscriptional regulation most probably could take place.

Thus, further studies aiming at understanding how IL-2 and TNF-a are regulated in
tumor context most probably would determine how they could be involved in effective
anticancer therapy for OC.
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The article describes the processing and development of animal-derived monovalent
antivenom against MLO venom according to several protocols, which is a significant problem for
public health and the Ministry of Health of Armenia. The developed product is already showing
quite high effectiveness and after several experiments, it will be possible to derive the antivenom
satisfying international standards which will be much cheaper and accessible compared with
Market rivals.

Snake venom - vipers — antivenom — gyurza — Macrovipera lebetina obtusa

Innyuénd Uywnwapywsd £ Jh 2wne wypnnnyniutph hwdwnpnipjwdp MLO odh pnyuh nbU
yunwuwywtu Swaguwl, Ununjwitun hwywpenyuh duyndp L unwgnudp, hugp pwywywlhu
wnnhwywl fuunhp £ uGpywhu 33 wennpwwwhniejwl hwdwp: Unwgdwd wpgwuhpp gnigwptpnud
E pwjwywuhl pwpép wpnnibwybunnientt W npnpwiyh Yihupywywl  thnpéwpynwdubphg  hbwnn
huwpwdnn Yyhup unwuw] Jhswqawiht unwunwnpunutnht hwdwwwwnwupuwunn pnidwdheng, npu
wybh Jwuwngblh W hwuwubih yihuh dpgwyhg wwwnpwuwnntyubnhg:

0éh pnyl — hdtn — hwlwenyl — gynLpquw —Macrovipera lebetina obtusa

B craTbe omucaHa pa3pabOTKa U MOJNYyYEHHE MOHOBAJICHTHOIO NPOTUBOSIUS KM BOTHOIO
MPOUCXOKICHUS MPOTHB sda 3Med MLO ¢ ucnonb3oBaHHEM COYETaHUS HECKOIBKUX MPO-
TOKOJIOB, YTO SIBJISIETCSl aKTyalbHOW MpoOIeMOi /sl HbIHEIIHero 3apaBooxpaHenus PA. Tlomy-
YEHHBIH NPOIYKT ITOKA3bIBAET IOBOJIBHO BBICOKYIO 3 ()EKTHBHOCTh U YXKE IOCIE Ol PEACICHHBIX
KIMHUYECKHX HUCHBITAaHWH MOXHO OyIeT IIONYy4UTh COOTBETCTBYIOILEE MEKIyHAPOAHBIM
CTaHJapTaM JIEKapCTBEHHOE CPE/ICTBO, KOTOpoe OyzeT Oonee JOCTYIHBIM I10 CPABHEHHIO ¢ KOHKY-
PEHTHBIMH IpETapaTaMH.

3meunvlii 520 — 2adxu — npomugosdue — 2iopza — Macrovipera lebetina obtu

The struggle against snake bites is one of the most important problems imposed
on public health [6,11], every year several thousand people die because of snake bites,
more than that remain lifelong disabled. World Health Organization classifies snake
bites as a neglected tropical disease, that is more prevailing in Asia, Sub-Saharan Africa,
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Latin America, and Oceania. The only scientifically proven treatment for snake bites is
the injection of specific antitoxins [11]. General classes of snake antivenom production
developed around a decade ago with very little innovation, mainly relaled to the
introduction of modern technical equipment. Snake antivenoms represent
immunoglobulins derived from serum of immunized animals (complete immunoglobulin
molecules or Fab fragments, F(ab’), [5].
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Fig. 1. The stages of specific antivenom development against MLO venom:
a) hyperimmunization; b) 2-week break; c) blood harvesting; d) serum separation;
e) precipitation with caprylic acid; f) supernatant separation; g) supernatant dialysis;
h) dialysate concentration; i) separate into the eppendorf vials; j) storage.

Viperidae snake bites produce notable morbidity and mortality and have a
significant impact on health care. These snakes are widespread throughout Eurasia,
especially Southeast (the Caucasus including Armenia, Turkey, Iran, etc.).

In Armenia, the majority of snake bites are due to Macrovipera lebetina obtusa
(MLO), which is a subtype of viper family [2,4,10]. According to the data provided by
the Ministry of Health of Armenia (MOHA), during timeframe of January to June of
2019, there were recorded 49 cases of snake bites with one mortal case. Despite this
devastating impact on public health, MOHA does not purchase and provide medical
institutions in Armenia with antivenoms. For a period of several years, antivenom of
quite high quality produced by Institute of Immunology of Zagreb were available in
Yerevan [7], unfortunately, the institution stopped production of the antivenom.
Currently, antivenom is available only in two medical institutions in Armenia: Muratsan
University Hospital and Armenia Medical Center. The available antivenom is imported
by a private organization (Armen Farm) from Uzbekistan and according to it’s itinerary,
it is a polyvalent antivenom against Vipera lebetina, Echis carinatus and Najae oxiana
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snake bites. Vipera lebetina snake involves 5 subspecies (M. I. Cernovi, M. I. lebetina,
M. I. obtuse, M. I. transmediterranea, M. . turanica) [1], which differs in their venom
composition. Taking into account the fact that in Uzbekistan, there is only one subtype
of viper (M. I. turanica), also frequent dissatisfaction of clinicians with the effect of
antitoxin, there is huge concern regarding the quality and effectiveness of currently
available antivenom.

Considering these facts, implementation of the production of Armenian
antivenom and development of antivenom production guidelines will have a significant
impact on public health.

This article represents methodological protocol of antivenom (AV) development
against MLO snake, it corresponds to already quite effective protocol of antivenom
production against Vipera ammodytes [3] and satisfies WHO current instructions of
antivenom production (fig.1) [11].

Materials and methods. The development of animal-derived experimental antivenom
against MLO venom (MLOVv). The animals are chosen according to their availability, the ease and
expenses of their care and nutrition and also according to the probability of the antivenom to cause
anaphylactic reactions. The animals were medically examined against various infections and
diseases. The optimal method of development and production of the animal-derived experimental
antivenom implemented on 1.5-2 years-old male sheep (40kg) in accordance with the Council
Directive 2010/63/EU of the European Parliament, the Council of 22 September 2010 on the
protection of animals used for scientific purposes, and approved by the Committee of Ethics of
Yerevan State Medical University (YSMU) (Yerevan, Armenia).

The animal was kept in constant light (07.00-19.00) and temperature (25+2°C) and
provided with food and water according to its needs. To minimize stress, the animal was under
continuous nursing.

Hyperimmunization

The hyperimmunization of the animal was done with subcutaneous injections of multiple
and increasing dosages of venom of Macrovipera lebetina obtusa shake. The MLO venom bought
from Latoxan (France). Hyperimmunization included two stages. During the first stage, the animal
was injected with MLO venom; to decrease the chance of tissue damage with venom and adjuvant,
the injections made in two different anatomical regions. The corresponding dosages of venom
dissolved into adjuvant, sodium alginate (Medisar LLC). The use of adjuvant increases the
antibody formation, due to the fact, that adjuvant makes venom depots and slows venom
absorption into the systemic circulation, giving the immune system opportunity to constantly
produce antibodies [8].
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Fig. 2. 1st stage of hyperimmunization of the ovine with MLO venom

The solutions envisaged for hyperimmunization, were repaired immediately before the
injection. In the room temperature sodium alginate dissolved into the 0.9% NaCl until reaching the
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1.25% (mass/volume) during 15 min. Thereafter MLO venom dissolved into the 1.5 ml of the
solution (fig. 2). During the second stage of hyperimmunization, the MLO venom without
adjuvant was injected into animal multiple times. The venom dissolved into sodium chloride 0.9%

solution and injected according to fig. 3. After the last injection, 2-week break was taken to allow
the organism to produce enough quantity of antibodies.

A=

mg / immunization
>
3

weeks

Fig. 3. 2-nd stage of hyperimmunization of the ovine with MLO venom

Thereafter, 1-2 times a week 100-150 ml of blood was collected using aseptic equipment
to avoid sample contamination. The collected blood immediately centrifuged for 15 min in 3000
rpm, the blood cells were separated, and the serum kept in the freeze (maximum 2 weeks) until the
antibodies separated and purified.

To conserve the adequate titer of antibodies in animal, subsequently, they were immunized
according to the second stage of hyperimmunization.

The separation and purification of antibodies using caprylic acid

The serum containing IgG antibodies were subsequently processed by caprylic acid to
separate these antibodies. During this stage, every 100 ml serum slowly mixed with 5.27 ml
caprylic acid (5 % w/v, analytical grade, >99,5 %, Carl Roth) with magnetic stirrer in room
temperature (22-25°C). The mixing was continued for one hour and maintaining solution pH in
5.2-5.4 range using 4N NaOH. Subsequently, this solution centrifuged for 15 min in 3000 rpm
(BECKMAN, GS-6R centrifuge) and the sediment was separated. To separate this sediment from
the remnants of caprilic acid it was dialyzed for 36 hours using 1.35 L 0.9 % NaCl, during this
time the NaCl solution changed every 9 hours. Dialysis subsequent yield purified IgG antibodies
which were condensed 3 times using polyethylene glycol 4000. The final condensed solution
containing IgG antibodies were divided in eppendorf vials and refrigerated (-4°C) until subsequent
experiments.

The assessment of effectiveness and cross-reactivity of monovalent antivenom
developed against MLO venom

In the scope of evaluating the effectiveness of antivenom, 5LDs, dosage of MLO venom
lethality was neutralized with antivenom [7]. The experiments were undertaken on the white mice
(18-20 g) grown in the vivarium of Institute of Physiology after L. Orbeli. Experimental animals
were divided into 5 groups of four mice. Mice of control group injected with exclusively venom
solution, the rest of groups injected with 5LDs, dosage of venom pre-incubated with different
dilutions of antivenom (Dilution Factor (DF): 8, 4, 2, and without dilution). Each mouse in the
control group was injected with 5LDsg, dosage (92 pg/mouse) of venom [7]  dissolved in 0.5 ml
of 0.9% sodium chloride solution. In case of the rest groups, the same dosage dissolved into 250l
0.9% sodium chloride solution, thereafter mixed with above-mentioned dilutions of antivenom in
1:1 ratio and incubated for 30 minutes in 37°C. Centrifugation (5 min, 3000 g) and separation of
the sediment was undertaken, and each mouse was injected with 0.5 ml of this solution. During a
24-hour period after injections mice were observed to record the lethal cases.

The Spearman—Karber method [12] used to calculate the median effective dose (EDxp),
which constitute the amount of undiluted antiserum (in mL) efficient for neutralizing the lethality
of used venom dose in 50 % of animals.

Using EDs, value, Protective efficacy (R) was calculated and represent the amount of LDs
possible to be neutralized with 1 ml of undiluted antivenom.
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Immunodiffusion Assay
Double diffusion test according to Ouchterlony and Nilsson [9] used to study antigenic
relationships between the different antigens. Holes 5 mm in diameter were blown in horizontal
gels containing 1.2% agarose in 1x PBS. Protein fractions of several types of viper venom and
cobra venom (20 pl) were placed in the peripheral wells and AV in the central well. Diffusion was
let to proceed for 24 h at 37 °C. The gel was then cleaned with saline and dried. The precipitin line
was visualized with Coomassie Brilliant Blue.

Results and Discussion. As already mentioned, we have evaluated the
effectiveness of our developed antivenom to neutralize lethal dosage of MLO venom, the
data is shown in fig. 4. The mice in control group were dead immediately after injection
of 5LDsy dosage of venom, whereas in the groups were antivenom was used, the
percentage of mortality decreased opposite to the dilution of the antivenom, particularly
the antivenom diluted 2 times displayed complete neutralization of venom lethal toxicity.
The EDs, of this antivenom compiles 0.05257 ml/mouse or 2.6285 mi/kg. This data
allowed calculating the antivenom Protective efficacy (R), which equals to 76.

Injection Antivenom Number of mice Percentage
volume volume Died Lived Total of deaths
(ml/mouse) (ml/mouse) (%)
MLOv+AV 0.5 0.25 0 4 4 0
+AV ( DF=2) 0.5 0.125 0 4 4 0
+AV ( DF=4) 0.5 0.625 2 2 4 50
+AV ( DF=8) 0.5 0.03125 3 1 4 75
MLOv 0.5 - 4 0 4 100

The ED, was calculated according to Spearman and Karber [13]:

ED, = logED, = logX logDF (Xtn/2)

100 ~ n

=-1.2925

ED_=10"2"* =10.05257 ml/mouse¥
=12.6285 ml/kg*

ED, = the 50% effective dose. logX = log dose giving 100% survival and having 100% survival for all
higher doses. log DF= the log dilution factor (the log dose interval is constant). n = # mice used at each

dose level. t= #mice alive at each dose level. £ = the sum of mice surviving at every dose level.

*The ED, is the effective volume of AV that will protect 50% of the mouse population when injected
with SLD,s.

R=(T,-1)/ED,,
= (5-1)/0.05247
=76

T,- is the amount of LD, injected one mouse

Fig. 4. Effective dose fifty (ED so= ml/mouse(ml/kg)/5LD50) assay of AV
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The results of experiments of AV cross-reactivity are shown in fig. 5. It is
evident that when anti-MLO IgG experimented against crude MLO venom, a wide
pattern shown in fig. 5 (top well) was obtained pointing coalescence of antigens.
Whereas the same AV was tested against the venom of Montivipera raddei one
precipitin line was formed.

Pic. 5. Agar gel diffusion (AGD) test using autoclaved extraction antigens and different snake
venoms. AV: antiserum against MLO, MLOv: Macrovipera lebetina obtusa venom,
MRv: Montivipera raddei venom.

Obtained results indicated that the antivenom against development MLO venom
described in this article display quite high effectiveness and target the components of
viper venom that complie the toxic potential of venom. Yet these results are still not
enough for the final assessment of the effectiveness of the product and some several set
of pre-clinical investigations are need to be implemented before the clinical trial, we
could insist already that the production of antivenom in Armenia is necessary, especially
taking into consideration that it is not only cheaper and accessible, than its' imported
vertions, but also have the specificity and quality corresponding to international
standards.
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The in vivo action of antitumor drug cisplatin and sex hormone estradiol on content of total
phospholipids and their individual fractions in nuclei from rat brain cells was investigated. It was
shown that these drugs manifested an opposite effect of decreasing (in case of cisplatin) and
increasing (in case of estradiol) the total phospholipid content while the content of individual
phospholipids expressed distinct alterations. The joint action of these two drugs on the whole
restored the baseline level of phospholipids content. The obtained results are discussed in terms of
antagonistic effects of studied drugs.

Cisplatin — estradiol — nuclei from rat brain cells — phospholipid

NunwUwuhpdb) B hwywpwngytnwihtu nbnwdhgong ghuwwwnhuh W ubnwywl hnpdnu
Funpwnhnh in vivo wgnbgnipintup wnUbwnh giunintnh pgewlnphghg wlgwinwé punhwlntp
dnudnihwhnltiph b npwug wnwlaht $pwyghwltiph pwnwnpniejwl ynw: 8nig b wpdws, np win
Uniebpp  hwywnwly  wagnbgnuentt U niuBunud®  thnppwgubing - (@huwjwwnhuh  nbGwpenud) W
dGdwglbing (Eunpwnhnih nbwenwd) punhwunip $nudbnihyhnubph pwlwyp, Jdhugntr wnwldhu
dnudnihyhnubph wwpniuwyniejntup Gupwnydnid £ nnwpwpunye thnthnfuncenctuutph: Wu Gpyne
Unebph hwdwwbn wanbgniejniup punhwuny wndwdp d6pwywugund £ $nudnihwhnubnh
pwnuwnpniejwl unnighsh Jwywpnwyp: Unwgywé wpnjntupubpp pllwnyynid Bu ncuncdUwupnynn
Unebph hwywdwpwn wgnbgniejwu wenwdnd:

Shuuyunnhl — Funpwnpng — wnlitinp qifunintinh peewlnphq — dnudnipujhn

HccrenoBaHo in ViVO BIHsSHIE IPOTHBOOIMYXOIEBOrO Mperapara MUCIUIATHHA H [OJIO0BOTO
FOPMOHA 3CTPAHONa Ha CoepKaHue o0muX GochonunumaoB 1 KX OTACNIBHBIX (QpakKiHil B sapax
KJIETOK TOJIOBHOrO M0O3ra KpbIC. [10Ka3aHO, YTO 9TH BELIECTBAa UMEIOT NPOTHUBOIOIOKHOE ICSHCT-
Bue. LlMCIIIaTHH yMEHBIIAET COACPIKAHUE, a ICTPAIUON, HA0OOPOT, TMOBBILIACT COACPKAHUE 00-
uwx Goconunuaos, a coaepxKaHue OTASIBHBIX ero ¢pakiuii n3mensiercs no-pasuomy. Copmect-
HOE BO3/ICICTBHE 3THX BEIECTB B OOIIEM BOCCTAHABIMBACT KOHTPOJIBHBIN YPOBEHBb CONCPIKAHHS
dochonununos. IlomydeHHble pe3ylbTAaTBl OOCYXKIAIOTCS B ACHEKTE AHTArOHM3MA ACHUCTBUSI
M3yYaeMbIX BELIECTB.

Lucnnamun — 3¢cmpaouon — a0pa K1emox 20106H020 M032a Kpbic — Poconunud

More than two decades ago the increase of phospholipid content in some nuclear
fractions (nuclear membranes, nuclear matrix and chromatin) of rat brain cells after the
in vivo action of estradiol has been shown [1, 2]. The augmentation of total phospholipid
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content was accompanied by distinct changes of individual phospholipid fractions,
particularly by increasing the monophosphoinositides content and decreasing the content
of triphosphoinositides or by alteration of ratio of choline-content phospholipids:
sphingomyelin and phosphatidylcholine. Thus, estradiol in vivo action in concentrations and
exposition that lead to activation of biosynthetic processes resulted to the appreciable
metabolic alterations in rat brain cells [1, 2].

Simultaneously, our recent data showed that the in vivo action of antitumor drug
cisplatin decreased the content of phospholipids and neutral lipids in nuclear membrane
and chromatin fractions from rat brain cells [6, 7]. These results indicate that cisplatin
excites universal changes in lipid metabolism in nuclear membranes and chromatin
appreciably reducing the absolute quantities almost of all individual phospholipid and
neutral lipid fractions available in preparations.

The opposite effects on phospholipid compositon of estradiol and cisplatin may
have a definite interest bearing in mind that steroid hormones in some cases participate
in chemotherapy work. Steroids can be used as part of treatment to help in destroying
cancer cells and make chemotherapy more effective. They may help in reducing an
allergic reaction of patients to certain drugs, in low doses they may be used as anti-
sickness drugs to improve the appetite of patients. At the same time the sex steroids have
a very important role reducing some negative side effects of cisplatin such as
nephrotoxicity or neurotoxicity [8, 12]. So, these two drugs manifesting an opposite
effects on nuclear lipid composition in rat brain cells simultaneously are useful in
treating many types of cancer, in chemotherapy, expressing an identical effect. This was
the main motive which causes us to study the joint action of cisplatin and estradiol on
phospholipid composition of nuclear fraction from rat brain cells.

Materials and methods. The investigation was performed on adult female albino rats (120-
150 g weight). The animals were divided into 4 groups. The group 1 was a control group of
animals without treatment. Animals of group 2 and group 4 received a single dose of cisplatin
(8 mg/kg). Cisplatin was injected peritoneal. Exposition time for cisplatin was 24 hours. The group
3 was treated with estradiol (200 mcg/kg, injected peritoneal). Exposition time for estradiol was
4 hours. Animals from the group 4 were received the same single dose of estradiol within 20 hours
after the cisplatin injection (4 hours before decapitation). All animals were killed by decapitation
through appropriate time. Then, animals were sacrificed, and the brain tissue was extracted from
each group of animals and used for isolation of nuclei by the method of Blobel and Potter [4].
Phospholipids of brain nuclei were extracted by Bligh and Dayer [1]. The fractionation of
phospholipids was performed by micro thin layer chromatography (microTLC) using 6x9 sm?
plates with silicagel L and chloroform — methanol — water in ratio 65:25:4 as a dividing mixture.
After the chromatography the plates were dried up at room temperature and were treated by
15.6 % CuSO, in 8 % phosphoric acid. Then the elaborated plates were heated at 180°C for
15 min. The quantitative estimation of separated and specific died phospholipids was carried out
by special computer software Fujifilm Science Lab 2001 Image Gauge V42, which was designed
for densitometry. Obtained results were treated by statistics.

Results and Discussion. Cisplatin in vivo action reliably decreases the total
amounts of phospholipids in nuclear fraction preparations from rat brain cells by 26.4 %
(tab. 1, fig.1). On the contrary, the estradiol separate injection leads to increase in total
amount of phospholipids in studied preparations by 28,6 % (tab. 1, fig.1). However the
combined injection of cisplatin and estradiol restored the baseline value of phospholipids
amount (tab. 1, fig.1). The results confirm that in case of separate action cisplatin and
estradiol exhibit opposite effects on total amount of nuclear phospholipids, whereas in
case of their joint action a cumulative effect was revealed.
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Table 1.
Total phospholipids content (in mcg/g of tissue) in nuclear preparations of rat brain cells in
baseline and after the cisplatin and estradiol separate and joint in vivo action.

. phospholipids content
Variants mcg/g tissue
Baseline 1400.00+£80.00
Cisplatin *1030.00 £62.00
Estradiol *1800.00+42.00
Cisplatin+ Estradiol 1300.00+51.00

1 2 3 4

* -P<0.05

Fig. 1.Changes of total phospholipids content in nuclear preparation of rat brain cells
after the cisplatin and estradiol separate and joint treatment.
1 —baseline, 2 — after the cisplatin separate action, 3 — after the estradiol
separate action, 4 — after joint action of cisplatin and estradiol

The fractionation of total phospholipids from nuclear preparations of rat brain
cells in baseline and after the cisplatin and estradiol separate and joint treatment showed
the presence of seven individual phospholipids (fig. 2).

It should be noted that the major fractions in all studied groups were
phosphatidylcholine and phosphatidylethanolamine (58.4-63.4 % of total phospholipid
content). The relative content (in percentage) of all seven phospholipid individual
fractions of four studied groups varied distinctly (tab. 2). Among the major fractions the
changes of phosphatidylethanolamine relative content were more than that for
phosphatidylcholine (the difference was 4.9 % vs. 3.3 %). The most appreciable changes
among the minor phospholipid fractions were observed in case of phosphatidylinositol
(the difference was 5.2 %) (tab. 2).

It is obvious that the obtained changes in percentage content do not represent the
reality of alteration in real content of phospholipid individual fractions after the drugs
action. In order to clear up this problem the absolute quantities of individual
phospholipids (in micrograms per gram of brain tissue) in nuclear fraction preparations
before and after the drugs injection were determined (tab. 3).
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A B C D

Fig. 2. Chromatograms of fractionation of phospholipids from rats brain nuclear fractions
bymicroTLC method.

A —baseline; B — after the cisplatin separate action; C —after the separate action of

estradiol;
D — after the cisplatin and estradiol joint action.
1 —phosphatidylserine, 2 — sphingomyelin, 3 — phosphatidylinositol,
4 — phosphatidylcholine, 5 — phosphatidylethanolamine, 6 — cardiolipin,

7 —phosphatidic acid

Table 2.
The relative content (in percentage) of individual fractions of phospholipids in nuclear
preparations of rat brain cells in baseline and after the cisplatin and estradiol
separate and joint action

N Phospholipids Baseline Cisplatin Estradiol Cisplatin and
injection injection Estradiol joint
injection
1 Phosphatidylserine 6.4+0.7 4.5+0.3 5.24+0.3 5.7+0.1
2 Sphingomyelin 7.8+1.2 8.0+£0.4 9.2+0.4 8.0+£0.2
3 Phosphatidylinositol 9.54+0.3 7.6+0.3 6.3+0.4 4.3+0.2
4 Phosphatidylcholine 34.9+1.8 33.0+1.1 32.1+0.1 35.4+0.6
5 Phosphatidylethanolamine 23.5+1.5 27.9+0.7 28.4+0.6 28.0+0.6
6 Cardiolipin 11.5+1.8 12.0£0.6 13.6:0.4 13.5+0.3
7 Phosphatidic acid 6.4+0.8 7.0+0.6 5.24+0.3 5.1+0.2
Total content 100 100 100 100

The results showed the reliable decreases in the content of all individual
phospholipids after cisplatin injection. Moreover, the content of phosphatidylserine,
phosphatidylinositol and phosphatidylcholine was diminished more than it of total
phospholipids (tab. 3). These results are consequences of deep and multiform
transformation of nuclear lipid metabolism caused by antitumor drug cisplatin and
correspond to our previous data [6, 7].

In contrast to cisplatin action the estradiol treatment leads to diverse changes of
individual phospholipids content. The quantity of four phospholipid fractions was
significantly increased, the content of phosphatidylserine and phosphatidic acid was
increased negligible while the phosphatidylinositol content was even decreased (tab. 3).
These results all in all coincide with our previous data and confirm the activation of lipid
metabolism by steroid hormone in nuclear fraction of rat brain cells [1].

70



CISPLATIN AND ESTRADIOL JOINT ACTION ON PHOSPHOLIPID COMPOSITION OF NUCLEAR FRACTION FROM RAT BRAIN CELLS

Table 3.

The absolute quantities (in micrograms per gram of tissue) of individual phospholipid fractions in

nuclear preparations of rat brain cells in baseline and after the

cisplatin and estradiol separate and joint action.

Phospholipids Baseline Cisplatin Estradiol Cisplatin and
injection injection Estradiol joint
injection
Phosphatidylserine 90.00+3.13 *46.20+1.78 92.21+4.42 *73.45+1.82
Sphingomyelin 109.0043.60 | *82.40+2.00 | *163.37+8.00 | 104.00+2.34
Phosphatidylinositol 134.00£2.12 | *78.20+1.75 | *111.5246.11 | *55.53£3.11
Phosphatidylcholine 487.00+4.26 | *340.00+£3.30 | *566.40+1.87 | 460.35+7.27
Phosphatidylethanolamine | 330.00+4.60 | *287.00+2.60 | *502.68+9.69 | *364.00+4.10
Cardiolipin 160.00+£4.00 | *123.60+£2.47 | *240.72+7.31 | *176.00+3.37
Phosphatidic acid 90.00+£3.30 | *72.60+2.53 93.10+4.76 *66.70+3.00
*-p<0,05

Cisplatin and estradiol joint action manifested the tendency of restoring the
baseline content of all phospholipid fractions but in various measure (tab. 3). Thus, for
example, the quantities of sphingomyelin and phosphatidylcholine were fully restored,
while the quantities of cardiolipin and phosphatidylethanolamine differed from their
baseline content only by 10 %. The quantity differences in case of phosphatidylserine,
phosphatidic acid and phosphatidylinositol were much more (18 %, 26 % and 59 %
correspondingly). These results demonstrate the antagonistic effects of cisplatin and
estradiol concerning the lipid metabolic pathways in nuclear fractions of rat brain cells.
It is characteristic that the only phospholipid fraction that decreased its quantity during
both cisplatin and estradiol separate and joint action was phosphatidylinositol: the
pivotal phospholipid of phosphoinositide signaling pathway. Thus the further study of
quantity changes of polyphosphoinositides under the in vivo action of mentioned drugs
seems to be much remarkable.

The mechanism of joint action of two biological active drugs is rather complex
action especially if both cisplatin and estradiol are capable to provoke deep metabolic
changes in brain cells. It is well known that lipid metabolism is regulated by multiple
signaling pathways and generates a variety of bioactive lipid molecules [11]. Lipid
metabolism participates in the regulation of many cellular processes such as cell growth,
proliferation, differentiation, apoptosis, chemotherapy response and drug resistance etc.
[10]. Therefore, the significance of the joint action of two drugs leading to deep
differences in lipid metabolism is difficult to overestimate. At first site, the opposite to
cisplatin action effect of estradiol seems to be negative concerning the cisplatin
antitumor activity but at the same time it was shown that sex steroids are able to
diminish some negative side effects of cisplatin [5, 9]. So, the joint action of cisplatin
and steroid hormones must face to thorough investigation in various studies of diverse
processes proceed in cell nuclei.
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It has been shown that colloidal silver (Ag nanoparticles, Ag NPs) significantly inhibited
membrane-associated ATPase activity of Escherichia coli ATCC25922 and Enterococcus faecalis
ATCC 29212, which was enhanced in the presence of N,N'-dicyclohexylcarbodiimide, inhibitor of
the proton FoF-ATPase. The effects depended on concentration of Ag NPs. It is suggested that the
FoF1-ATPase, a key enzyme of bacterial membranes, could be a target for Ag NPs, and alterations
of its functions might be a mechanism for antibacterial action of these NPs.

Silver nanoparticles — antibacterial action — bacteria — proton ATPase —
N,N'-dicyclohexylcarbodiimide

8nyg t wpdb, np Yninhnwjht wpbwpep (Ag bwundwulhyutpp) qqwihnptu wpgbwynd £
Escherichia coli ATCC25922-h L Enterococcus faecalis ATCC 29212-h pwnwupUtphl Ywwwygywd
UG d-wah wywnhynipintup, npp nudbnugytb) £ wpnuninuwjhu FoF:-UGdwah wwgbiwyhs N,N'-Epyghy-
InhEpuhlywppntpyhdhnh - weywjnuejwdp:  UpnjniupUubpp Ywhidwé  Ehu Ag Lwundwulhyubph
ynugbunnpwghwihg: GUpwnnpynwd E, np  pwywnbphwiht  pwnwlrlUGph  hhduwywu  $EpdBun
FoFi-USdwap Ywpnn £ [hub] Ag bwundwulhyubph phpwhu, W npw gnpéwenyeUbph uwbgqwpndp
Ywnpnn £ jhuk] win bwundwuuhyutph hwywpwywnbphwihu Uepgnpénnniejwu Usluwuhgunp:

Updéwph Lwundwulplyutn — hwlwpwlinbphughl UEpngnpénnnipintl — pwlinbphwlbn — wpnunnluyhlu
WEdwq - N,N'-tplghlynhbpupyywppntinlyhdpn

Bouto mokaszaHo, 4To KomutouaHoe cepebpo (HaHouyacruusl (HU Ag) 3HaunTensHO MHrUOU-
pyer MemOpanocBsizaHnyro AT®-asnyio aktusHocTs EScherichia coli ATCC25922 u Enterococcus
faecalis ATCC 29212, xoropas yCWJIHBA€TCS B TMPUCYTCTBHH JIHIIMKIOTCKCHIKAPOOINMMHUIA
uHruburopa nporonHoit FoF-AT®a3el. Dddexrsr 3aBucenn ot konieHtpanun HU Ag. TIpenmno-
naraercst, uto FoF-AT®aza, kitoueBoit hepMeHT GakTepUaIbHbIX MeMOpaH, MOXKET ObITh MHUIIICHBIO
st HY Ag, a nozpasieHne ee pyHKIUIT — MEXaHM3MOM aHTHOAKTepHUaIbHOro nercTrst HTux HY.

Harnouacmuywl cepebpa — anmubaxmepuansroe deticmeue — bakmepuu — npomornnaa AT®@aza —
N,N'-0uyurnocexcurkapb6oouumuo
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The growing resistance of pathogens to antibiotics requires the development of
alternative approaches. It is necessary to search for compounds with high biological
activity, which could successfully compete with antibiotics and chemotherapeutic agents
for their antibacterial properties.

Currently, materials of small (nano) size are considered promising, among which
much attention is paid to nanoparticles (NPs) of transition metals and, in particular,
silver (Ag) [14, 17]. The effects of these nanoparticles (NPs) on various microorganisms
attract much attention, since NPs can be used as an alternative to antibiotics [14, 17].
The antibacterial effect of colloidal Ag on various Gram-negative and Gram-positive
bacteria, including Escherichia coli and Enterococcus faecalis, has been shown [8, 11,
14]. Here numerous factors such as structure, shape, size of the NPs, synthesis reaction,
type of stabilizer, etc., are important, which can lead to different effects [14, 17].
Moreover, these NPs can suppress antibiotic-resistant strains of E. coli [4]. It is
interesting that Ag NPs can be used for protection of dairy products [1] and cleaning
drinking water [8], as shown.

The mechanisms of inhibitory action of Ag NPs on bacteria, however, remain
unclear. It is assumed that Ag NPs can adsorb on the surface of bacteria, penetrate cell
walls and plasma membranes into the cell, alter their structure and functions and bind to
proteins and nucleic acids [4, 14, 16]. Some changes in membrane transport and
membrane-associated enzymatic activity, especially proton ATPase activity, the key
enzyme of bioenergetic value [2, 3, 9, 13], are suggested. These ways can be dramatic
ones leading to cells damaged and died.

Therefore, the aim of the present study was to investigate the activity of the
membrane-associated proton ATPase under the influence of Ag NPs on E. coli and
E. faecalis. This would lead to revealing some mechanisms of antibiotic action of Ag
NPs.

Materials and methods. Colloidal silver, bacteria and nutrient media, membrane vesicles.
The studies used co3loidal Ag, known under the trade name “Silverton” (“Tonus-Les” Lab,
Armenia), obtained by electrochemical synthesis [5]. The concentration of colloidal Ag was
determined by the flame method (acetylene - air) using an atomic absorption spectrophotometer
(Shimadzu series AA-7000 / AAS, Japan).

Bacteria E. coli ATCC 25922 and E. faecalis ATCC 29212, wild types, from the American
Type Culture Collection (ATCC) were used. Bacteria were grown in peptone (Roth, Germany) or
triptone (Roth, Germany) medium, glucose (20 mM) was added, under anaerobic conditions at pH
7.3 and 7.0 and 37 °C to the stationary phase, as described earlier [3, 4, 9, 13-15].

Membrane vesicles were obtained by lysing cell using lysozyme (Roth, Germany) with
ethylenediaminotetraacetic acid (10 mM) and subsequent osmotic shock according to the method
of Konings and Kabak [6] The amount of protein in membrane vesicles was determined by the
method of Lowry [7] using serum bovine albumin (Sigma, USA) as a standard.

Determination of ATP-ase activity of bacterial membranes. Membrane-associated ATPase
activity was determined by the amount of inorganic phosphate (Pinr) that was released after
membrane reaction of membrane vesicles (50-90 pg protein/ml) with ATP (Tris-salt, Sigma, USA)
(3 mM) by Tausky and Shorr's colorimetric method [12] using a spectrophotometer (GENESIS
100, Thermo Scientific, Germany) [3, 13, 15]. The assay mixture was 50 mM Tris-Cl buffer (pH
7.5), containing 1 mM MgSO,4 and 100 mM KCI. The corrections were made for blanks without
ATP or membrane vesicles. ATPase activity was expressed in nmol Pjnorg /min per ug protein.

To determine the ATPase activity of the proton FoF-ATPase, N,N'-
dicyclohexylcarbodiimide (DCCD) (Sigma, USA), which is an inhibitor of this ATPase in the
bacteria studied [2, 3, 9, 13], was used. The membrane vesicles were pre-incubated with DCCD
(0.1 mM) for 10 min. DCCD was dissolved in ethanol, however small amount of this solvent (final
concentration of <1 %) had no effect on ATPase activity.
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It should be noted that the membrane vesicles obtained by the above method [6] are right-
side-out and not largely accessible to ATP, but they serve as a convenient model for determining
membrane-associated ATPase activity [3, 15], as it was shown that they determined up to 80 % of
the total and FoF;-ATPase activity of inverted or in-site-out vesicles [3, 13].

Data processing. The results were processed statistically with the help of the Microsoft
Excel 2013 program, while the reliable ones accepted the difference, when the Student’s criteria of
accuracy (P) was <0.05.

Results and Discussion. To study the effect of Ag NPs on ATPase activity of
membrane vesicles, before introducing ATP, membrane vesicles were pre-incubated
with different concentrations of colloidal Ag for 10 min at 37 °C, so that the final
concentration of Ag NPs in solution was 10 mg/Il or 20 mg/I.

The results obtained have shown that Ag NPs have a suppressive effect on the
ATPase activity of E. coli membrane vesicles (fig. 1). With increasing concentration of
NPs, an increase in the effect was observed (fig. 1). The inhibiting effect of Ag NPs was
greatly enhanced after the addition of DCCD. Thus, the inhibitory effect of 10 mg/l Ag
NPs in the presence of DCCD increased ~1.5-fold (fig. 1). The same was observed when
DCCD was added to 20 mg/l Ag NPs; in this case membrane ATPase activity decreased
by ~1.7-fold (fig. 1).
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Fig. 1. ATPase activity of E. coli ATCC 25922 membrane vesicles treated with different concentrations of
colloidal Ag, in the absence and presence of DCCD. For details, see Materials and methods.

In the case of E. faecalis ATCC 29212, the same effects have been observed as in
E. coli, with the only difference being that in this case the effect of both Ag NP and the
combined effect of Ag NP and DCCD were more pronounced (fig. 1). An increase of the
inhibitory effect was observed in both cases: with elevated concentration of Ag NPs and
in combination with DCCD (fig. 2). With E. faecalis, the suppressive effect of Ag NPs
after the addition of DCCD was also enhanced. Thus, the suppressive effect of 10 mg/I
Ag NPs in the presence of DCCD increased by ~1.9-fold (fig. 2), which was almost
twice as much as in the case of E. coli with the same concentrations of Ag NP. The same
was observed with a combination of 20 mg/l Ag NPs with DCCD; in this case, the
ATPase activity of the membrane vesicles decreased by ~1.9-fold.
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Fig. 2. ATPase activity of E. faecalis ATCC 29212 membrane vesicles treated with different
concentrations of colloidal Ag (Ag NPs), in the absence and presence of DCCD. For details, see
Materials and methods.

From the obtained results, the inhibition of the FoF;-ATPase activity of the
membrane vesicles of both bacteria was calculated, caused by exposure to only DCCD
(fig. 3). To determine the DCCD-sensitive ATPase activity of the membrane vesicles,
calculated the difference between the ATPase activity values, caused by the exposure of
Ag NPs, and the ATPase activity value, due to the combined exposure of Ag NPs and
DCCD were calculated. From these results it can be seen that DCCD had an inhibitory
effect on the FyF;-ATPase activity of both bacteria. Moreover, when processing
membranes only by DCCD, the DCCD-sensitive ATPase activity was much greater than
when processing membranes pre-treated with Ag NPs (fig. 3). It turned out that Ag NPs
led to a decrease in DCCD-sensitive ATPase activity, but in combination with DCCD
they caused a stronger inhibition of ATPase activity than each of these agents solely
(comp. figs. 1-3). By increasing the concentration of colloidal Ag, the combined
inhibitory effect on ATPase activity can be enhanced, and in the enhancement of the
combined inhibitory effect, the proportion arriving at DCCD, on the contrary, decreased,
which indicated that the gain was provided by increasing the concentration of Ag NPs.
Besides, the concentration of 10 mg/l Ag NPs was optimal to significantly inhibit
ATPase activity (fig. 3).
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Fig. 3. DCCD-inhibited ATPase activity of E. coli ATCC 25921 and E. faecalis ATCC 29212
membrane vesicles treated with different concentrations of colloidal Ag (ag NPs). For details, see
Materials and methods.
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From this, it can be assumed that the mechanism of the antibacterial activity of
Ag NPs may involve the same functional subunits of the FoF;-ATPase complex, or the
same molecular mechanisms as those affected by DCCD were targeted. It is possible that
Ag NPs, as well as DCCD, which interact with the “c” subunit of Fy complex [2, 9, 13,
15], led to conformational changes, causing a decrease in membrane-associated ATPase
activity.

It should be noted that in our work the idea was put forward that the memrane-
associated proton FoF;-ATPase serves as an important target of the cell for many
physical and chemical factors, such as the electromagnetic field of extremely high
frequencies and antibiotics [10], and the alteration of its structure and activity can cause
antibacterial action.

Thus, it can be concluded that Ag NPs significantly inhibit membrane-associated
ATPase activity, including the FoF;-ATPase, which can lead to impaired membrane
functions and death of bacterial cells.
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ANTIBACTERIAL PROPERTIES OF SUBSTITUTED 2- (2-
ARYLVINYL) PYRIMIDINONES AND 2- (2-ARILVINYL)
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The antibacterial properties of new pyrimidines, styrylderivatives of pyrimidines and
pyrido[1,2-a]pyrimidines were studied with respect to four strains of gram-positive and gram-
negative bacteria. It has been established that individual pyrimidines and their styrylderivatives, as
well as styrylderivatives of pyrido[1,2-a]pyrimidines, show some activity in relation to the
bacterial strains used. An attempt was made to compare the antibacterial properties of the
compounds with known integral molecular descriptors: lipophilicity, molecular polarizability,
molecular refraction and molar volume, obtained using the ACD / ChemSketch software (version
ACD / Labs 6.00).

Styrylpyrimidines - styrylderivatives of pyrido[1,2-a]pyrimidines - antibacterial activity —
molecular descriptors - structure — activity

3Gwwgnunnyti| BU unp whphuhnhliutinh, Upwlg unhphjwéwugjwiutph W whphnn(1,2-a] whph-
dhnhuutph hwywpwywntphwihu  hwwnynientuutpp gpwdnpwywu W gpwdpwgwuwywl  pwy-
nbphwubph gnpu 2nwdubph LYwwndwdp: Iwuinwwndt] £, np Updwé 2wnpbph Jhwgnientbubpp
gnigwptpnud U npnpuyh  wywnhynieinu: dnpd £ wpdbp hwdbdwwntGp JhwgnipnitluGph  hw-
Ywpwywinbphwiht  hwwnyniintuubpp hwjinuh  hunbgpwiwhu UniGynwihu nGuyphwwnnputph® |h-
wndh(ntejwl, dniGyniwiht nEdpwygdwu W dnywnp dwlwih htwn, unwgdwsd ACD / ChemSketch
(nwpptpwly ACD / Labs 6.00) Spwapwjhu thwebreh oqunipjwdp:

Uwnhphjuhphdhnpllitn — whppnnl1,2-alwhphupnhUltinh — uinpppjwéwlgywilitn — Jni&yntjuyhl
nbuynhwyinnpltn — Ywnnigdwépe — wlinhynipynil

V3yueHbl aHTHOAKTepHaJbHbIE CBOMCTBa HOBBIX HMPUMHUJIMHOB, CTHUPHIIIPOU3BOIHBIX
MUPUMHUIUHOB U TUpUAO[1,2-a]MIUpUMHINHOB B OTHOLICHWH YETHIPEX IITAMMOB TPAMIIOJIOXKHU-
TEJIBHBIX M IPAMOTPHIATENBHBIX OaKTepuil. BbIIO yCTaHOBIEHO, YTO OTIENbHbIE TUPUMHUIIMHBI U
HX MPOU3BOJHBIC, & TAKXKE MPOU3BOJHBIC MPOU3BOAHBIX MUPUIO[1,2-a]IUPUMHINHOB 00TaIal0T
HEKOTOpOil aKTHBHOCTBIO B OTHOIICHHH HCHOJIB3YeMbIX OaKTEpHaIbHBIX LITAMMOB. bblna mpen-
NPUHSATA TONBITKA CPABHUTh aHTHOAKTEPUAIBHBIC CBOMCTBA COCJAMHEHHH C W3BECTHBIMU HHTE-
IpaIbHBIMH MOJICKYJISAPHBIMH JI€CKPUIITOPAMH: JIUMOQUIBHOCTBIO, MOJEKYISPHOH IOJISpU3ye-
MOCTBIO, MOJIEKYJIAPHOI pedpakiyeii 1 MOIAPHBIM 00bEMOM, MOMYYEHHBIMH C HCIIOJIb30BaHUEM
mporpammuoro npoaykra ACD / ChemSketch (Bepcust ACD / Labs 6.00).

Cmupurnupumuounsl - CMUpUInpou3800Hsie nupudofl,2-alnupumudunos - anmubaxmepuaioHas
AKMUBHOCMb — MOTLEKYIISIPHBLE OECKPUNMOPbLL — CMPYKIYPA — AKMUBHOCTIb
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Since pyrimidines and condensed pyrimidines (purines) are the most common in
nature among a large number of nitrogenous heterocycles and are also the basis of a
significant number of drugs, the structural analogues of pyrimidines continue to attract
attention in the search for physiologically active compounds.

Earlier, we studied the antibacterial properties of some pyrimidines and condensed
azaheterocycles, which allowed us to identify several promising compounds [2].

The purpose of this work was to study the antibacterial activity of substituted
pyrimidines and their styryl derivatives la-c, 2a-j and pyrido[1,2-a]pyrimidines 3a-e
[1,3,4] and to compare the experimental data obtained on the antibacterial activity of
compounds with frequently used integral molecular descriptors with a clear
physicochemical interpretation [6]. The latter are selected as lipophilicity (logP),
molecular polarizability (MR), molecular refraction (MR) and molar volume (MV),
obtained using the computer program ACD / ChemSketch (version ACD / Labs 6.00).

Lipophilicity (logP) is an important characteristic of a chemical compound,
characterizing its solubility, absorption, distribution, metabolism, excretion and,
ultimately, pharmacological activity.

Molecular polarizability (MR) of a molecule characterizes the ability of its
electronic system to be distorted under the action of an external electric field and plays
an important role in modeling many molecular properties and biological activity.

Molecular refraction (MR) characterizes the compactness of the molecule and
expresses the measure of the volume occupied by a single atom or cluster (group) of
atoms.

The molar volume (MV) is mainly used as an indicator of membrane permeability
and passive diffusion in drug design studies.

Comparison and collation of experimental data on antibacterial activity with
calculated physicochemical descriptors of the studied compounds and the control highly
active drug furazolidone is interesting from the point of view of the rational design of

drugs.
o o) o
R1 1
AN ”NJ\/IQR @ﬁw
R)\\N R? R/\)\\N NSNS
la-e 2a-k 3a-e

la-e: R, RY, R? = : Me, 2-CICgH,s, Me (a); Me, 2,4-Me,CsHs, Me (b); OH, CHO,
CH=CHPh (c): OH, CHO, CH=CH(2-HOCHL) (d); OH, CH,OH, CH=CHPh (e). 2a-k:
R, Rl = : 4-NMe,CgH,, (CHz)zMe (a), 4-NO,CgHg, (CH2)4Me (b), 4-BrCg¢Hy,
(CH2)4Me (C), 4-NMe,CgHg, (CH2)4Me (d), 4-BrCg¢Hy, CH2CH2CH(Me)2 (e), 4-
BrCsH4, Bn (f), 3-BrCsHg, CH2(4-MeOC5H4) (g), 4-NO,CsHg, CH2(2,4'M62C6H3)
(h), 4-NO,CgHg, CHz(z-CIC5H4) (l), 3-CsH4N, CH,CH,COOH (J)y 4-HOCgHy,
CH,CH,COOH (k). 3a-e: Ar = 4-BrCgH, (a); 4-NO,CsH, (b); 2-F CsH, (c);

2,4'C|2C6H3 (d), 2'C|C5H4 (E)
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0 0

Furazolidone
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Materials and methods. The antibacterial activity of the compounds was studied by the
methods of “diffusion in agar” using the described method [5]. In the experiments, standard
reference strains of microorganisms were used (L.A. Tarasevich State Research Institute for
Standardization and Control of Medical Biological Preparations, Russia): two strains of gram-
positive staphylococcus (Staphylococcus aureus 209p and S. aureus 1) and gram-negative rods
(Shigella flexneri 6858, Esherichia coli 0-55) differing in sensitivity to antibacterial drugs.

Results and Discussion. It has been established that the majority of the studied
pyrimidines exhibit weak antibacterial properties with respect to all test strains.

Table 1.
Antibacterial activity and calculated physicochemical descriptors of compounds
la-e, 2a-k, 3a-e and control antibacterial drug furazolidone (F).

Com- Antibacterial activity MR MP MV (sm°).
pounds | (mm).*/ Strains® log P 0+5sm | +0.510%sm®
AlB [C |[D °
la 11 10 15 10 2.73+0.63 68.54 27.17 199.1+7.0
1b 11 11 14 11 3.06+0.62 72.79 28.85 220.217.0
1c 9 9 11 0 0.78+0.75 68.85 27.29 165.4+3.0
1d 16 14 20 10 0.80+0.75 70.74 28.04 163.9+3.0
1le o] ol o 0 1.57+0.40 68.47 27.14 177.443.0
2a 10 | 10 13 10 4.7140.67 90.57 35.90 279.3£7.0
2b 11 10 13 10 5.05+0.65 92.65 36.73 275.6£7.0
2c 12 13 15 14 6.16+0.69 94.55 37.48 282.8+7.0
2d 10 | 10 13 10 5.77+0.67 99.79 39.56 311.5+£7.0
2e 0 0 0 0 5.98+0.69 94.36 37.40 281.9+7.0
2f 10 | 10 0 0 5.76+0.69 101.40 40.19 287.3+£7.0
29 10 | 10 0 0 5.62+0.68 107.21 42.50 309.0+7.0
2h 20 | 10 15 12 5.57+0.66 108.35 42.95 310.4+7.0
2i 0 0 0 0 5.24+0.66 104.10 41.27 289.4+7.0
2j 0 0 11 0 1.52+0.64 78.10 30.96 222.147.0
2k 12 11 11 11 2.23+0.64 80.51 31.91 230.8+£7.0
3a 10 | 10 10 0 3.09+0.53 84.05 33.32 230.0£7.0
3b 13 15 15 14 1.9740.42 82.15 32.57 222.7+7.0
3c 10 10 10 0 2.25+0.53 76.36 30.27 220.3£7.0
3d 10 | 10 10 12 3.11+0.41 85.69 33.97 236.0£7.0
3e 10 10 10 0 2.57+0.40 81.09 32.15 226.7£7.0
F 25 24 24 24 -0.04+0.41 50.61 20.06 135.5+7.0

a. The diameter of the zone of no microbial growth (mm).
b. Strains: A. S. aureus 209p, B. S. aureus 1, C. S. flexneri 6858, D. E. coli 0-55.

2,6-Dimethylsubstituted pyrimidines 1a, 1b, which differ in electronic properties
and sizes of substituents in the side chain, nevertheless showed almost the same level of
activity. In the series of styrylderivatives of 2,4-pyrimidinediones, it was observed that the
introduction of a 2-hydroxygroup into the phenyl ring (compounds 1c and 1d) leads to a
noticeable increase, and the reduction of the aldehyde function to hydroxymethyl - to a
complete loss of antibacterial activity (compounds 1c and 1e). Among 2-styrylpyrimidines
2a-2k, most of the compounds have a weak, and 4-nitroderivative 2h - is somewhat more
pronounced antibacterial activity, while derivatives 2e, 2i, 2j are completely devoid of
antibacterial properties. In the series of substituted 5-pentylpyrimidines 2b, 2c, 2d, weak
antibacterial activity is determined, apparently, by a substituent in the position 5-rings and
practically does not depend on the electronic characteristics of substituents in the styryl
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group. However, in the series of pyrimidines la-le, 2a-2k, no relation was observed
between the values of the various descriptors of the compounds and the antibacterial
activity.

Pyrido[1,2-a]pyrimidine derivatives 3a, 3c-f are weak, and compound 3b - slightly
more pronounced antibacterial activity, with the exception of the lipophilicity coefficient
(logP), the remaining molecular descriptors of the compounds have similar values. At the
same time, all studied compounds were significantly inferior in activity to the control drug
furazolidone (d = 24-25 mm).

Thus, in the series of pyrimidines and styrylderivatives of pyrimidines and
pyrido[1,2-a]- pyrimidines, individual derivatives have some antibacterial properties,
although the influence of substituents in different positions of heterocycles is not distinct
and predictable. At the same time, there are no interrelations between the values of the
lipophilicity coefficient (logP), molecular polarizability (MR), molecular refraction (MR)
and molar volume (MV), and antibacterial properties of the studied pyrimidines and
pyrido[1,2-a]pyrimidines.

The research was carried by the funds allocated under the subsidy of the Ministry
of Education and Science of the Russian Federation to finance research activities at
Russian-Armenian University.
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In the paper kinetics of ferrous iron oxidation by isolated Leptospirillum
ferriphilum CC was studied in conical flasks on rotary shaker. The effect of initial
ferrous iron concentration on bacterial growth and substrate oxidation was studied in the
concentration range of 50-400 mM FeSO, x7H,0. The highest specific growth (0.41-
0.48 h'1) and Fe®* oxidation rates (6.0-6.2 mM/I h) were detected at ferrous ion
concentrations of 100-200 mM. At higher concentrations, the growth of bacteria and
Fe?* oxidation suppression was observed, reaching maximum values at 400 mM Fe?*.
The maximum specific growth rate (1max) Of bacteria and half saturation constant (Ks)
determined using Monod equation were 6.2mM /h, and 0.83h™, respectively. It was
shown that Fe®* oxidation competitively inhibited by Fe** and the inhibition constant
(Ki) was 61.95 mM. The comparison of kinetic parameters obtained for L. ferriphilum
with other bacteria indicates the high potential of L.ferriphilum CC in leaching processes
of ores and concentrates for biogenic regeneration of concentrated ferric iron.

Leptospirillum ferriphilum — iron oxidation kinetics — specific growth rate —
saturation constant

Innywénid nruntduwuhnyby £ Gpywndte Gpyweh opuhnwgdwl Yhubinhywu Jeyntuwgdwé
Leptospirillum ferriphilum CC-h Unwn 250 J| EplGudtjEph Ynipwutpnd pwihwhwpdwl wwjdwuubpned:
Gpywndte Gpywpeh ulygpUwywl  ynugBunpwghwlbph  wanbgniejntup  pwywnbphwih  wédh L
unLpunnpwnh opuhnuwgdwl ypw nunwdbwuhnytbp £ FeSOsx7H,O 50-400 JU YnugGunpwghwutph
Jhowlwenwd: Pwywntphwih wdh wnwybjwgnyl wnbuwlywpwnp wpwgnipintup (0.41-0.48 d") w
unLpunnpwnh  opuhnwgdwl wnwybwgnylu wpwanieintup (6.0-6.2 JU/| dwd) nhwndb) £ FeSO,4
X7H20-h 100-200 JU YnugtUwnpwghwih wwjdwlutpnid: WYGh pwpan ynugbunpwghwubnh nGwenwd
nhwndt) £ pwyinbphwih wéh W Gpyweh opuhnwgdwl dupnid, npu wnwybjwagnuu Uténuejwl £ hwub)
400 JU-h nbwpenid: Ununh hwjwuwndwl yhpwndwdp npnwé pwynbphwih wéh wnwybjwgniu
inbuwywnwn wpwagntpjwl (pmax) W hwagbgdwl hwunwwnniuh (e wndteutpp Yuwqut Bu 6.2 JU/G,
W 0.83 ¢ hwdwwwunwuhuwbwpwn: 8niyg £ wnpdtb, np Gnwndbe Gpyweh hnuuGpp Upgwygnpbu
dupnwd BU Gpywreh opuhnwgnidp, dUpdwl hwuwnwwnniup (Ki) Ywqut £ 61.95 JU: L. ferriphilum-h L
wj| pwywntphwutph Yhubnpyuywl wwpwdtnptph hwdtdwwnnggndup yywynd £ wnwphuph Jté
utpnudh dwuhUu hwbpwpwntph W fjunwunietph tnwppwinddwu gnpdplpwgnd’ Ghwndtbp Gpyweh
YGuuwshu Jepwywugudwl hwdwn:

Leptospirillum ferriphilum — Epluweh opuhnwgdwl GhLUGinplyw — widh inGuwlwnpwn
wpwqntpntl — hwqbgdwl hwuwnwwnntu

B crartbe wu3ydanu KHHETHKY OKHCIIEHHSH JKele3a Yy BBIICIEHHOTO HAMU
Leptospirillum ferriphilum CC B 250 wmMiI KOHMYECKHX KOI0aX, B YCIOBHSAX
BCTPSIXMBAHUSL. BinsiHie HAYaIbHBIX KOHIICHTPALMIA IBYXBAJCHTHOIO XKENe3a Ha POCT
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0aKkTepuy W OKHCJICHHE CyOcTpara u3ydaim TIpu coxaepkanuu B cpene 50-400 MM
FeSO4 x7H,0. HaubGonsiee 3Hauenue ymenbHou ckopoctu pocta (0.41-0.48 4'l) u
CKOpOCTH OKHCIeHus xene3a (6.0-6.2 MM u™) Habmronanock mpy KoHueHTpamuu 100-
200 MM xenesa. Ilpm Oonee BBICOKMX KOHLEHTpAIMAX >JKele3a HaOI0aaIoch
TO/[aBIIEHHE POCTa GAKTEPHH H OKHCIEHHs Fe’’, KOTopoe JOCTHrano MakcHMyMa MpH
400 MM. MakcumanbHOE 3HAUCHHE YACIBHOH CKOPOCTH POCTa (Umax) M KOHCTaHTA
nacsienns (KS), onpeenenusie u3 ypasaenns Mouo, coctapmsumi 6.2MM u™ 1 0.83 u™
coorsercteenno. Mous Fe*" konkypentHo mnrubuposanu okucienne Fe?*, komcranta
unrnbuposanust (Ki) cocrasmsna 61.95 MM. CpaBHeHHEe KMHETH- YECKUX TapameTpos L.
ferriphilum u apyrux Gaktepuii moka3ano Beicokuii moreHnuan L. ferriphilum mms
pereHepariy KOHIEHTPUPOBAHHBIX pacTBOpoB Fe®" B mporeccax BbIeTadMBaHIS Py H
KOHIICHTPATOB.

Leptospirillum ferriphilum — kunemuxa oxucnenus siceneza — yoenvnas ckopocms pocma
— KOHCMAHMA HACLIYEHUs]

Bioleaching is an environmentally friendly microbiological technology that is
applied worldwide for processing of mineral raw materials and recovery of copper,
uranium and gold. It is considered that the main mechanism of bacterial attack on the
metal sulfides is an indirect contact mechanism. According to this mechanism metal
sulfide oxidation occurs by ferric ion and the role of microorganisms refers to the
oxidation of ferrous ion and regeneration of ferric ion. The importance of
microbiological ferrous ion oxidation in bioleaching of sulfide minerals is well known,
and widely reported in the literature [3, 13]. During bioleaching processes, the sulfide
minerals are chemically oxidized by ferric iron (Fe*") (Eq. 1). Resulted ferrous iron
(Fe?*) then is regenerated biologically by microorganisms (Eq. 2) [13, 14].

2MS + 4Fe** — 2M?** + 4Fe** + 25° (1)
4Fe* +4H"+ 0, —» 4 Fe** + 2H,0 (2)

Therefore, the influence of Fe** and Fe?* ions on the growth of bacteria and Fe**
oxidation activity often determines the intensity of metals leaching processes [5, 7, 9].

The most important microorganisms involved in the regeneration of Fe®* iron,
responsible for the oxidation of exposed sulfide minerals are Fe** oxidizing bacteria
Acidithiobacillus ferrooxidans, Leptospirillum ferrooxidans, L. ferriphilum, Sulfobacillus
thermosulfidooxidans, Acidimicrobium ferroooxidans. Currently, the mechanism and
kinetics of Fe?* oxidation is well studied mainly in At. ferrooxidans.

The study of kinetics of Fe** oxidation by L. ferriphilum is of great interest from the
point of their wide use for leaching of metals from mineral raw materials.

In this paper the influence of Fe** and Fe** ions on the kinetics of Fe?* oxidation by
isolated L. ferriphilum CC [15] was studied.

Materials and methods. Object of investigation. In this study iron oxidizing bacteria
Leptospirillun ferriphilum str. CC with optimal temperature of the growth of 37-40°C, isolated in
Armenia from bioleacing pulp of copper concentrate was used [15].

Culture preparation, L. ferriphilum CC was grown in Mackintosh medium, containing
20 g/l of FeS0O,.7H,0 as an energy source [8]. In the logarithmic phase of the growth the bacterial
cells were collected by centrifugation at 6000 g 10 min. Biomass collected was resuspended in the
same medium without Fe?*. Number of viable cells was determined by the method of tenfold
dilution. The most probable number (MPN) of cells was calculated using the Mac-Credy tables
(1). The maximum specific growth rate (pmax) OF bacteria was determined using Monod equation.
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Influence of ferrous and ferric ions. The Kkinetics of ferrous ion oxidation by
L.ferriphilum CC was studied in Mackintosh medium with ferrous ion (Fe*") in the concentration
range of 50-400 mM. The influence of Fe* ions on the growth rate and ferrous ion oxidation by
L.ferriphilum CC was studied at the concentrations from 2 to 100 mM.

Pyisico-chemical analysis. Ferrous (Fe (1)) and ferric (Fe (I11)) ions were determined by
the complexometric method with EDTA (1).

Saturation constant (Ky,) was determined by the method of Lineweaver—Burk. The inhibition
constant (K;) was calculated from the equation K; =i/ (K, / Ky, —1) [12].

The pH was measured with a pH 121 pH meter-millivoltmeter.

Experiments were performed in triplicate. The data presented in the text are formed on the
average from repeated experiments with + 2 % variation of Fe?".

Results and Discussion. The effect of substrate concentration. Ferrous iron
oxidation by L.ferriphilum CC was carried out on the rotary shaker. Kinetics of bacterial
growth and iron oxidation is well described by Monod equation. Applying the Monod
equation to the data obtained (fig. 1), ferrous iron bio-oxidation can be described by the
parameters pma and Vo as 0.488 h™ and 3.2mM, respectively. Studies carried out
showed that the growth of L. ferriphilum CC and the activity of Fe** oxidation depend
on the concentration of the latter in the medium.
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Fig. 1. Dynamics of growth and iron oxidation by L.ferriphilum CC
(Fe*"- 70mM, t-37°C, 180 rpm)

Below is a quantitative characteristic of bacterial growth and ferrous iron oxidation
depending on the initial concentration of Fe?* in the medium (tab.1).

As can be seen from tab. 1, maximal values of specific growth (0.41-0.48 h'1) and
Fe?* oxidation rates (6.0-6.2 mM/I h) were detected at ferrous ion concentrations of 100-
200 mM. At higher concentrations, the growth of bacteria and Fe?* oxidation suppression
was observed, reaching maximum values at 400 mM Fe®*. At a concentration of 50 mM
Fe?* in the medium, limitation by the substrate occurred. Thus, the optimal
concentrations of Fe** for the growth of L. ferriphilum CC are its initial concentrations of
100-200 mM.

The effect of ferric ion concentration. The tolerance of metal leaching bacteria
to high Fe** concentrations is important in indirect tank leaching applications. Ferric ion
(Fe*"), being the product of Fe?* oxidation, as iron oxidizing chemolithotrophic bacteria
grow, it accumulates in the medium. Therefore, the effect of the initial concentrations of
Fe®* on the oxidation of Fe** can be studied only during the first hours (10-17 h) of the
cultivation of bacteria, while the amount of oxidized Fe?* is insignificant. Results
obtained are presented in tab.2.

85



A.C. KHACHATRYAN

Table 1.
Growth characteristics of L.ferriphilum str. CC at different initial concentrations of Fe?*
Concentration of Fe**, | Specific growth rate | Fe* oxidation rate
mM (W)s B (Vinay)- MM/ h
50mM 0.31 1.7
100mM 0.48 6.2
200mM 0.41 6.0
300mM 0.28 4.6
400mM 0.09 3.7

Table 2.
Growth of L. ferriphilum CC and oxidation of Fe®* at different initial
concentrations of Fe**

Concentration of Fe’*, Specitic rate of Fe?" oxidation rate (V)
mM growth (L), It mM/l h
2.0 mM 0.35 6.5mM
20.0 mM 0.32 6.1lmM
50.0 mM 0.26 5.5mM
75.0mM 0.19 3.2mM
100.0 mM 0.16 1.9mM

As the presented data show, in the presence of elevated concentrations of Fe** ions,
inhibition of the growth of L. ferriphilum CC and Fe®* oxidation was observed. Inhibition
is expressed in the decrease of the specific growth rate and Fe?* ion oxidation rate (tab. 2,
fig. 2). Furthermore, the inhibition degree increases with increasing the initial
concentration of Fe®*. The correlation between ferrous ion oxidation rate by
L. ferriphilum CC and dynamics of changes in pH of the medium was detected
(consumption of H* ions and increase of pH) (fig. 2c). At low values of Fe**, more active
cor;sumption of H" protons has been observed, which are necessary for the oxidation of
Fe** (Eq. 2).

The study of the kinetic parameters of the oxidation of Fe** has shown that the
affinity of L. ferriphilum CC to the substrate increases in the presence of Fe** ions in the
medium. Thus, the value of the saturation constant (K.) for Fe?* oxidation in L.
ferriphilum CC was 0.83 mM FeSO, in the absence of Fe**, while increased to 1.5mM
FeSO, at the initial concentration of 50.0 mM Fe,(SQ,4)z in the medium. It is concluded
that like S. thermosulfidooxidans [16] and At. ferrooxidans [6, 7], Fe*" ions
competitively inhibit the oxidation of Fe®* in L. ferriphilum CC. The inhibition constant
(Ki) was 61.95 mM Fe,(SO4)s.

Thus, the optimal concentrations of Fe?* for the growth of L. ferriphilum CC are
in the range of 100-200mM FeSO,. Higher concentrations of Fe?* inhibit the growth of
bacteria and oxidation of Fe?*. The saturation constant for Fe®* is less than that of
S.thermosulfidooxidans (3.4-4.1mM) (16) and At. ferrooxidans (1.34 mM Fe?*) [6, 10,
11]. Thus, by the affinity for Fe®*, L. ferriphilum CC considerably exceed At.
ferrooxidans.

Fe** ions, like At.ferrooxidans, competitively inhibit the growth of L. ferriphilum
CC and Fe** oxidation [2, 4, 6, 7]. The inhibition constant of L. ferriphilum CC is
61.95mM. It should be noted that Fe** at a concentration of 36 mM inhibits the growth
of At. ferrooxidans causing cell lysis [4].
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Fig. 2. Dynamics of growth of L. ferriphilum CC (b), oxidation of Fe?* (a) and changes in pH at
Fe** initial concentration (c) of: 1 - 2; 2 - 20.0; 3 - 50.0; 4 - 75.0 and 5-100.0 mM

Fe?* oxidation proceeds in the presence of 100 mM Fe, (SO.); (40 g Fe*/L)
allowing to use successfully L. ferriphilum CC in biogenic regeneration of concentrated
Fe** sulfate solutions for biohydrometallurgical applications.
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In the work the synergistic antibacterial activity of chemical silver nanoparticles (AgNPs)
in combination with tetracycline and ampicillin, as well as green AgNPs with benzylpenicillin
were studied. The tests were performed against the wild strain E. coli DSM 1116. Both chemical
as well as green AgNPs exhibited antibacterial effect depended on concentration. Our results
suggest that chemical AgNPs form complexes with ampicillin and tetracycline. Dose-dependent
inhibition of E. coli growth is observed for AgNPs only and in complexes with tetracycline. The
synergistic antibacterial effect is likely due to enhanced bacterial binding by AgNPs, which is
assisted by tetracycline. The inhibitory effect of green AgNPs with benzylpenicillin on the growth
of E. coli exhibits at concentration of 0.5 mg/ml, has a synergistic effect, which reduces the dose
of the antibiotic by 8 times. This concentration of silver nanoparticles is not cytotoxic.

Chemical and green silver nanoparticles — ampicillin — benzylpenicillin —
tetracycline — E. coli DSM 1116

Whwwwupnd  nwunwuwupnyty £ phdhwywl  UwundwulhyuGph  hwwdwupEwihu
wanbgniejntup wdwhghihuh W wnbwpwghyhuh hGn hwdwwntn, huswybu Lbwl Ywlws bwundwu-
Uhyubph wanbgnie)ntup  pGughiwBuhghihuh hGwn:  NuncdUwuhpnie)ntlUGnu hpwywluwgdt) Gu
E. coli DSM 1116 Jwjph 2unwdh Ypw: Updwph huswbu phuphwywl wjuwbu b Ywlws Uwun-
dwulhyutpp gnigwpbpnud BU - Ynugbuwnpwghwihg Ywhujwd hwywdwunptwihu - wywnhynieincu:
Upnjntupltinp gnig U tnwihu, np wpéweh Uwundwulhyubpp hwywphnunhyubph hGwn wnwewguncd
GUu hwdwihpubp: E. coli-h wéh wpgbwynit wpéwpeh Uwundwulhyubph W wnbwnpwghyihuh
hwdwihph  hGin Ypnwd b sgwihwpwdluhg Ywhywy punye: Updweh Uwundwulbhyubph W
nbwnpwghylhuh hwdwygdwséd wanbgnueiniup Ypnwd £ uphubpghuinhy punye: Ywbws Uwundwu-
Uhyutph wpablwyhs wagnbgniejntup ptughiwbuhghihup hbin Unuuwbu uhUbpghuwnhy E, ufuwé
0.5 Jdag/d|-hg, hugu nie wugwd Ujwagbgunid £ hwywphnunhyh swihwpwdhup: LwundwulhYubph wu
ynugbunpwghwuutnp ghnnwnnpuhy sGu:

Unéwpeh phupwlwl b hulwg Uwlndwulhlutp — wdwyhghipl — inGnpwghlihl — peughjutUhghihl —
E. coli DSM 1116

B pabore wu3ydamack COBMECTHas aHTHOAKTEpHAIbHas AKTUBHOCTh XUMHYECKHX Ha-
Houactull cepedpa (AgNP) ¢ aMIUIMIUIMHOM M TETPalMKINHOM, a Takke 3eneHbix AgNP ¢ 6eH-
SWITIEHHIIMIUTHHOM. MccneioBanust poBoamiikueh Ha aukom mramme E. coli DSM 1116. Kak xu-
MHUueckue, Tak u 3eneHsie AgNPs mposBisuin aHTHOAKTepHaATbHBIA 3P(EKT B 3aBUCHMOCTH OT
KOHIEHTpAIMU. Pe3ynbTaTel MOKa3bIBaOT, 4To XuMuueckue AgNPs 00pa3yloT KOMIUIEKCH € aM-
MUIATAHOM | TETPAIMKIHHOM. Jl0303aBiUCHMOe MHTHOMpoBaHue pocra E. coli Habnrogaercs
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Tonbko Uit AgNP u B koMIuiekcax ¢ TeTpanuiimHoM. CHHEpreTH4ecKuil aHTHOaKTepuaIbHBIN
addekT nposBisercs npu KoMOuHUpoBaHHOM AelicTBur AgNP ¢ TerpammkimmaoM. MHrubGHpyro-
miee jeiictBue 3eneHpx AgNPs ¢ 6ensmineHuiuinHoM Ha poct E. coli mposiisiercs: HaunHas ¢
KoHIeHTparmu 0.5 Mr/MiI, IMEeT CHHepreTHIeCKoe AeHCTBIE, KOTOPOe CHIDKAET 03y aH THOHOTH-
Ka B 8 pa3. DTa KOHIEHTpalUs HAHOYACTHUIl cepedpa He LIUTOTOKCHYHA.

Xumuueckue u 3enenvle Hanouacmuywl cepedpa — AMRUYWIIUH — MEeMPayUKiuH —
oensunnenuyuniun — E. coli DSM 1116

Infectious diseases are one of the leading causes of death worldwide. World
health organization (WHO) expressed serious concern about the continued development
of multidrug resistance of bacteria, among which E. coli has extreme priority [9]. The
lack of new antimicrobials is associated with an increase in antibiotic resistance [7, 10,
13]. This has triggered worldwide initiatives to develop new and more effective
antimicrobial compounds, as well as new delivery and targeting strategies [14, 21],
including nanostructured materials. Nanoparticles, such as silver nanoparticles (AgNPs)
[2, 5, 17, 19] can be used to deliver antimicrobial compounds and they can also serve as
antipathogenic agents, as well as inhibit biofilm formation and stop population threshold
(quorum sensing), thus suppress the expression of pathogenicity genes and multidrug
resistance. Other strategies include the combined use of herbal antimicrobials and
nanoparticles [4, 16] to overcome toxicity problems. NPs synthesized using plant
extracts (green NPs) are less toxic in comparison to other methods. The use of green NPs
can reduce the toxicity and side effects associated with high systemic concentrations of
drugs [8, 12, 20]. B-lactam antibiotics of different generations are intensively studied for
their biological and organic aspects. As for the bio-inorganic chemistry of these
antibiotics, that is, their interaction with metals and the ability to form complexes have
not been adequately studied. It has been shown that the combination of amoxicillin with
AgNPs has greater bactericidal activity against Esherichia coli than when they are used
separately [11, 15, 18]. Synergistic effects between AgNPs and polymyxin B have been
shown for Gram-negative E. coli [3, 22].

It is known that tetracycline inhibits the binding of aminoacyl-tRNA to the A site
of the ribosome and can alter the cytoplasmic membrane of bacteria, causing leakage of
intracellular contents, such as nucleotides from the cell [8].

In this study we examined the antibacterial mechanism of two different classes of
conventional antibiotics: p-lactam benzylpenicillin (BP), ampicillin (Amp) and
polyketide tetracycline (Tet) in combination with chemical and green AgNPs, against the
wild strain of Gram negative bacteria Escherichia coli DSM 1116.

Materials and methods. As a colloid solution of AgNPs we used “Biocidal Additive”
produced by Concern “Nano-industry” (Moscow, Russia). Chemical AgNPs had a spherical shape
with a diameter of 4 to 24 nm, stabilized by 3-(trimethylsilyl)-1-propanesulfonic acid sodium salt
(DSS). E. coli DSM 1116 wild-type bacterium (Russian-Armenian university collection) has been
used for the experiments, which is a natural lysogenic strain stored at a temperature of 3-5°C.
Laboratory stock of E. coli strain was grown in peptone (2 % peptone, 0.5 % NaCl) medium
buffered with 0.1 M K,HPO, (pH 7.5), and 0.2 % glucose was added. For the preparation of the
solid medium a 1.5 % agar was added to the liquid medium [17]. The bacterial growth rate was
determined by measuring the changes in optical density (OD) of bacterial suspension at a
wavelength of 625 nm and monitored every hour till 8 h and at 24 h.

Plant extract of Ocimum araratum was added to the silver nitrate solution. The transition of Ag” to
Ag® was confirmed by the alteration of the color of the solution from colorless to brown. SEM
(SEMLEO-1430 VP, Carl Zeiss, Germany) was used for the detection of the forms and types of
NPs. The UV-Vis absorption spectra were recorded using a spectrophotometer from 200 nm to700
nm after mixing for 0, 2 and 24 h relative to deionized water. The results indicate that AgNPs were
formed during the “green” synthesis.
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Susceptibility of bacteria to NPs and antibiotics were observed on the basis of standardized
agar diffusion zones (halos), which can indicate bacterial growth inhibition [6]. Bacterial
suspension of 100 pl was disseminated on plates; disks with deposited NPs were placed on agar
and incubated in 37 °C for 24 h. After the incubation agar halos were observed and diameters were
measured using “Image Repair 3” programme [17].

To allow full exposure of bacteria to the antibiotic or the antibiotic in combination with
AgNPs the sample mixtures were gently shaken in the incubator shaker at 25 °C for either 30 min
or 2 h. Thereafter, aliquots were transferred and evenly spread onto tryptic agar plates at about 1 x
10°® cells/plate.-All plates were incubated for 24 h at 37 °C. Colony Forming Units (CFUs) were
counted with a plate counter. AgNPs and antibiotics were tested separately as controls. Each
concentration was tested with four plates and the average values were recorded as CFU/plate.

Each experiment was repeated 8 to 12 times. The graphs and diagrams show the arithmetic
mean and their standard errors (p<0.05).

Results and Discussion. Chemical AgNPs have a characteristic absorption at
around 395 nm, while Amp has no absorption in the range of 300-700 nm (fig. 1). The
addition of Amp to AgNPs solution causes a reduction in AgNPs’ extinction at 395 nm.
This demonstrates that Amp forms a complex with AgNPs, which leads to aggregation
of AgNPs. Complex formation was observed with a precipitation and color change when
the two solutions were mixed. On the absorption spectra, the AgNPs peak is completely
lost. All optical density measurements were made with respect to deionized water and
DSS. Note that all spectra also were measured after incubation for 24 hours under dark
conditions.

Fig. 1. UV-Vis spectra of chemical AgNPs in the absence and presence of Amp, only Amp.

Tet has an absorption extending to 500 nm and interferes with the absorption peak
of AgNPs at high concentrations.

To obtain green silver NP, a 50 % ethanol extract of Ocimum araratum was chosen
due to the fact that the preliminary screening of antiradical activity (ARA) and total
content of flavonoids (TCF) of different extracts revealed the maximum value for this
particular extract. Further, the physical characteristics of the obtained NPs were
investigated using SEM (data not shown) and spectral analysis (fig. 2).

The effect of chemical AgNPs on the growth of the E. coli bacterium was
investigated by disc-diffusion. Both AgNPs and Amp inhibit the growth of E. coli DSM
1116. When combined with a B-lactam antibiotic — Amp, the growth inhibition at the
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highest concentration of Amp is less than 35 % (fig. 3). AgNPs at a concentration of
0.105 pg/ml exhibited weak antibacterial effect, and a strong antibacterial effect at a
concentration of 0.21 pg/ml.

ta

Extract 0. araranm

AgNPr+BP
FAgNPs

BR

000 | — -
2000 400.0 600.0 00.0 1000.0

Fig. 2. UV-Vis spectra of tested samples (O. araratum extract; AgNPs; BP; AgNPs+BP).

Fig. 3. Areas of inhibition zones under the influence of AgNPs and antibiotics on E. coli, p<0.05.

Therefore, there is no synergistic effect of Amp when combined with AgNPs
against E. coli DSM 11186, the effect of Amp decreased. AgNPs in combination with Tet
reduced its antibacterial properties (fig. 3). The investigation of green AgNPs action on
the growth of the E. coli bacterium by disc-diffusion method revealed that AgNPs at
concentrations of 0.25 mg/ml, 0.5 mg/ml and 1 mg/ml and dispersed in peptone,
suppressed the growth with lysis zones 99071; 103847; 154519 pixel? (fig.4). Extract of
O. araratum did not possess antibacterial properties. The effect of green AgNPs and NPs
stabilized in the extract on the growth of E. coli confirmed that the lysis zones were
mediated only by the action of AgNPs.

AgNPs and AgNPs stabilized in the extract, as well as antibiotics (separately and
in combination with AgNPs) on the formation of E. coli CFU were also investigated.

AgNPs without extract and stabilized in the extract at high concentrations (0.5
mg/ml -1 mg/ml) completely suppressed the growth of CFU of E. coli. But at a
concentration of 0.25 mg/ml, the activity of AgNPs against the growth of E. coli
microcolonies was 7.5 times higher compared to the effect of stabilized NPs.
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Fig. 4. Areas of lysis zones of E. coli under influence of AgNPs (1)
and BP (2) and AgNPs combined with BP (3), p<0.05.

Exposure to chemical AgNPs alone at 0.21 pg/ml and 0.105 pg/ml causes 35 %
and 24 % inhibition of CFU (fig. 5). However, the combination of Tet with 0.105 pg/ml
AgNPs causes 22 % decrease of CFU in the bacteria. Tet itself does not have an
inhibitory effect on CFU. The number of colonies increased when AgNPs (0.105 pg/ml)
were combined with Amp (0.5 pg/ml).

Fig. 5. CFU of E. coli after exposure to Tet or Amp combined with AgNPs:
control, AgNPs, Amp, Amp + AgNps, Tet + AgNps (from left to right).

Benzylpenicillin, regardless of the concentration, does not inhibit the growth of
the formation of E. coli CFU. The effect of AgNPs in combination with BP at high
concentrations completely inhibited the growth of colonies. BP, at a concentration of
0.25 mg/ml, in combination with AgNPs suppressed the growth of microcolonies (fig.
6). AgNPs in combination with BP showed high activity against bacterial growth, while
BP did not.

Growth of E. coli bacteria in suspension under the influence of antibiotics and
AgNPs are described in [17]. Amp did not inhibit the growth of E. coli. Tet slews
slowed down the bacterial growth (5 and 10 uM) and completely inhibited the growth of
E. coli at concentrations of 20 and 50 uM. The inhibition by Tet is concentration
dependent. AgNPs either did not suppress growth, and with increasing concentration (50
to 100 uM), the growth was suppressed.

The growth kinetics of E. coli was carried out with the addition of AgNPs and
antibiotics at various concentrations.
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Fig. 6. The action of AgNPs without (1) and with BP (2) CFUs of E. coli, p<0.05.

According to literature data, the duration of the log phase determines the
antibacterial activity of the substance [1]. The log phase of the control sample lasted 2
hours, for BP — 3 hours, AgNPs — 4 hours. Consequently, the most active is AgQNPs, then
BP (fig. 7).

Fig. 7. Combined action of green AgNPs and BP on the kinetic of growth of bacteria, p<0.05.

Thus the antibacterial properties chemical AgNPs in combination with Amp are
reduced. In addition to precipitation, the characteristic peak of the NPs disappears
completely. The instability of the Amp molecule leads to a very rapid decrease in its
effectiveness against bacteria. In the case of AgNPs in combination with Tet the
antibacterial effect was reduced by disk-diffusion method, but the effect of the latter is
enhanced by the growth of CFU. We hypothesize that the combined antibacterial activity
correlates with the complex formation between AgNPs and antibiotics. Amino group in
Amp allows the penetration into the outer membrane of Gram-negative bacteria. Our
results showed that AgNPs are the most active in combination with the tested antibiotics
and can exhibit both an indifferent and a synergistic dose-dependent effect with a
decrease in the MIC of antibiotics. It is important to note that synergistic effects of
AgNPs in combination with non tropic antibiotics (Tet, Amp and BP) against E. coli
bacteria are observed. The AgNPs concentrations are very low and not cytotoxic for
human erythrocytes.
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hPpwlwuwgyk) £ Candida guilliermondii HIT-4 fudnpwulytph Jhnngnunphnwlutpnud punhw-
Untp USd-wquwiht  wywnhynipjwl  thnihnfunigjwu  nuunwdbuwuppnd nGUngbUjwl dwnwagwjpw-
hwpdwu wagntgniejwdp: Snyg £ wpydb, np rGUngbUwl Swnwgwjrwhwnpdwl wagnbgnipjwdp
npultnpynid £ punhwuncp UGd-wquht wynhynipjwu wuynwd sgwnwgwjpwhwnpywséd udnpwulytph
hwutdwuwnnipjwdp, hugpn pwgwnpynd £ fudnpwulytph Unigwhnpuwbwyniejwu huntuuhyniejwl
punhwuncp wuynwdny:

hudnpwullytn — nEuingElywl dwnwquwypwhwnnd — UptnngnunphnLdubn —
WUES-wquyphlu wlywnhyntpnLl

UccnenoBanuch n3menenns oomeit AT®-a3HO# akTHBHOCTH B MUTOXOHJIPUSIX JAPOXOKEH
Candida guilliernmondii HIT-4 nion BiusSHHEM PEHTICHOBCKOro obnyueHus. IlokasaHo, 4TO mpu
PEHTT€HOBCKOM OOIY4EHHH MPOUCXOMT najeHue oduieil ATd-a3HOi aKkTHBHOCTH 110 CPaBHEHUIO
¢ HEOOJIy4eHHBIMU JIPOXIKAMHU, YTO OOBACHAETCS CHIDKEHHEM OOIIeil HHTEHCHUBHOCTH METa00 M3~
Ma JAPOXOKEH.

Lpodicorcu — penmeenosckoe oonyyenue — mumoxonopuu — AT®-asnas akmusHocms

The investigation of changes in total ATP-ase activity in mitochondria of yeasts Candida
guilliermondii NP-4 under influence of X-irradiation was performed. It has been shown that under
influence of X-irradiation the decrease of total ATP-ase activity takes place in comparison with
non-irradiated yeasts, which can be explained with the decrease of whole metabolic activity of
yeasts.

Yeasts — X-irradiation — mitochondria — ATP-ase activity

bnuwglnn Swnwquwjpdwl wgnbgnipjwdp pegnid wnwowund GU puwgqduquil
Juwugwépltbp, npnup fuwpwpnud BU pegh Unupwthnfuwlwynwejntup W syGpwwuqU-
yGinL nGwenid Ywpnn Gu hwugbgut; Upw Jwhywu: WUn Juwuyjwépubph yepwywugudwl
hwdwn EuGpghwih Ywphe £ qgugynid, nph hhduwywu wnpjnipp peoncd UGd-U E: UL
dbnpUnd £ UGd-wq ptpdtuinny (K@ 3.6.1.3), npp Ywwnwihgnd £ UGd-hg Snudpnpwyuwit
prYyh UGy Ywd Gpynr duwgnpnubph  wlpwwnnudp, hUsh  wpryniupnud  wupwnywé
Eutpghwl ogunwgnpdynid £ pesh Ynnuhg' gwuyugwéd wyinhynipinil npulnpbine hwdwin:
8nyg t wpdb, np hnUwglnn SwnwgwjprUwl waqnbgniejwdp pegnid  thnfuyntd  E
rwnwURWhU $nudpnhwhnlbiph Utiwpnihqup, hugn hwlgbgunid £ puwnwilp-Ywhujuw)
UG d-wqutph wywhynipjwl wpgbiuydwu [2]: Wu wnbuwybnhg hGunwenpepnieintu £
ubpywjwguncd nbungBLUjwU dwnwquwjrwhwndwl Gupwnydwéd Uhynnongwuhquut-
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pnd UGd-wgh  wywnhdnipjwl  thnihnfunyejwl  nwuncdUwuppnudp W hGunupptuwhu
ynbpwywugunnwywu gnpdpupwglutpnd UG d-wgh nbph pwgwhwjinndp:

Whuiwwnwuph Uwwwnwyu £ tntp nruntduwupnt, USd-wqwjht wywnhyniejwl thn-
thnfuniejntlp nEUungbUjwl Swnwqw)rwhwnUwl wgnbgnipjwup Gupwnyjwsd Candida
guilliermondii HIT-4 fudnpwullwjhU pghoutph UhwnngnunphnduGpned:

Unip W dEpnn: I6nwgnuiniejwl opjtyin BU hwunhuwgt) C. guillermondii HIT-4 fudnpw-
uuytpp, npnup wakgyt) GU 2 %-wung pwngnt waqwp wwpntuwynn thnpdwlnpubpnud, ppdnunw-
innwd, 48 ¢ inlnnniejwdp, 30°C sbpdwunhdwlh wwjdwllGpnd:

Ulunwuhgwywjph wwwpwuwnndp b fudnpwubuwihtu YELuwqulugush unwgnidp -
fuunpwulywihu pghgutpu wokgyt) Bu hGnniy uuunwdhgwywjpnd [4], pwihwhwpnn uwpeh ypw
(200-250 ww/n), nnu wwwhnynwd £ wluhpwdbyn wkpwghwu: udnpwullybpu wékgyt) Gu 4000 Tx
(nuwynpnpjwl W 30°C  ghpdwunhswlh  wwdwlubpnud:  24-dwdjw  huynipwghwihg  hGnn
fudnpwulywjhu  YEluwquugwédp  Ynuwnnpwy  Jhewdwiphg wnwuduwgytby £ gGUunphdniguwl
Uhengny (4000 wuwn/p wpwgnipjwdp, 10 n wlnnniejwdp, giunphdnig LJIP-1): ludnpwulywihu
pohoUtph YeLuuwqwugywsh Yphnp npnayt E UEdEINUGWNNhY Gnwuwyny:

thIn[ll.uulll]l.ughll pghoubiph Gwrwgwjpwhwpnidp nEungbUjwl Gwnwquw)pRUEpNY hpwyw-
Lwgyb| £ A=1.54*10" UJ wihph GpYuwpniejwu nbwenud, 1080 yQnt)/d hgnpniejwdp, 360 yQnk)
punhwuntp swihwpwduny:

hunpwuuytph dhnnpnunphnudwihu $pwyghwih unnwgnidu hpwywuwgyby E wnwnppt-
nwydwé geuinphdniguwt Enwuwyny [3]: vdnpwullwihu YEuuwquugywsép Lwhu uwntgyt) £ uwn-
gwhughynwd (-10°C, 24 d), nphg htwnn Jwdytp £ dpEls dwdihgny: WunihGnle hpwywluwgyt)
hudnpwuliywiht hndngtlwnh tnwpppwyyws gEuinphdnigned 0.25 U uwhiwpngh dhpwywjpnid, 0°C
stpUwuwnhéwunid, hGnljw) htppwywuniejwdp. 1.3000 g, 10 p wwnnnyejwdp, 2. vGpuunywéep'
15000 g, 15 p wlnnnuejwdp, 3. dGpuunywéepp' 30000 g, 20 p wnlnnnipjwdp  (Beckman L2
gbuwinphdnig): Unwgywd Uundwdpp, npu hptuhg Ubpywjwgunud £ fudnpwulytpnh  Jhinpnun-
nhnwwjhu $pwyghwl, Gupwnyyt| £ hndngtUwgdwl wwwyjw hndngBuhqwwnnpnd, 0.05 Uny tris-HCI
pnLdptpny (pH=8.5)" UhtnngnunnphnLiwjhl pwnwlpUbnp Ynnptine bywnwyny:

UGd-wqujhtu wynhynipjwu npnanedp judnpwubywyhu dhnnpnunphnudutph hndngtuw-
wnnd hpwlwuwgybl £ pun wugwinygwé wlonpgwuwlwl $nudnph pwlwynipjwu [1]:

®npéh jnLpwpwlgnin thny, Ynyuybp £ webjwaqu 5 wuqwd, npnpdtp GU wnndjwiutph Jheohu
pwnwynLuwihu 2tnnudubpp, npnug wndtpUutbpp ptpdwéd U wnnruwynud: SYjwiutph ypdwlwgpw-
Julu Jawynidu hpwywugyk) E Statistica 10.0 hwdwywngswihu Spwapny, nyjwutpp hwdwpybp Gu
hwywunh p<0.05 wpdteh nGwpend:

Upmyniuplubp W pbbwpymd:  NBUNgGUjwWU dwnwqwjrwhwpdwl tupwnyws W
sdwnwqwjprwhwnywd pudnpwulytph dhinngnunphnudubpnd punhwunup WG d-wquihu
wywhynie)nilu  nuntduwuhpdty £ pghoubph wéh wwpptp  thnytpnud®  uygpbwywl
wwhhU' (wwbuwn thnnwd, wah 16-pn dwdnd®  nquipphpdwywu thnened W wéh 22-pn
dwdnid® utnwghnUwn thnened: ludnpwulytph wdh wnwpptn thngtpned npulnpdt) £ UG-
wquwjhu wywnhyniejwl tnwpptn nudgunie)niu (wn. 1):

Unyniuwly 1. NELUngEUjwl Swnwqwjpwhwpdwl Gupwnydwd C.guilliermondii HIT-
4 judnpwulytph Jhinnngnunphnwdubpnud WG d-wquihu wywnhyniejntup wéh nwpptn
thniiGpnd (UYyg P/Jg uwyhwnwyneg, n=5, p<0.05)

Swpptpwy | Qtwnwagwjrwhwpywd Swnwqwjpwhwnywd
fudnpwutuytin hudnpwutytn
Ush thnuipp
Uygpuwywu thnyy (=0 d) 2.340.2 1.7£0.1
LngwphpJwywu thny (=16 d) 6.84+0.6 5+0.4
Uwnwghnuwp thny (=22 d) 340.3 1,5+0.08

Wuwbu, wéh uygpuwywu thnih hwdtdwnnipjwdp wéh (hquphpdwywu thnynod
UG d-wquwht wywnhynientll wéand £ 3 wilqwd, huy wsh uinwghnuwn thnihu
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UnuintUwihu nhinynid £ UGD-wquiht wyinhyniejwl wuynwd 2.2 wlqwd: Cuwn Gplenyehu,
fudnpwulytph Yeluwyw ghyth inqwphpdwywl thnip, npl ninbygdnid £ pehglbiph
huwntuuhy wény, punipwgnynid £ Unrwthnfuwlwyneejwl pwpép hunbuuhyniejwdp,
hush hwdwn peheubnp Ywnppe nluGu EuBpghwih UG6 pwlwyniejwl, nwunh UGd-h
hhnpnihgh wuwnhdwUlu wyu thnened wybih pwpép £, pwu uygplwywl wwhpl, npp
hwdwwwwwuhuwund £ wéh  jwwnbun ywd  hwuguinh  thnhu, Gpp o Upnupwtn-
fuwlwynipjwu hunbuuhynientlt wyu  thnynd  hwdGdwwnwpwn gwép B Ush unw-
ghnuwn thnihu UninBuwihu npulenpynud £ pjudnpwutytph wéh nwunwnnid, niunh
Untpwithnfuwlwyniejwu huntUuhynieyniup W, hGunbiwpwp, EuGpghwih Ywpphep bjwagned
E, L (nqupppdwywl thnih hwdtdwwniuejwdp puyund £ Uwle UGd-h hhnpnthgh
nLdqunienlup, rEWL jwwntluwn thnih hwdGdwwnnigjwdp wiu dunwd E pwpép:

NEUngEUWU dwnwgwjrwhwpdwl Gupwnyywsd fudnpwulytph Jhinpnunphnid-
ubpnud, pusgwbu W uwwuynd Ep, wéh uygplwywl thnend, wjupUpl' Gwnwquw)-
rpwhwnpniuhg wudhowwtbu htGunn, npulnpynud £ UG S-wquihu wynhyniejwu wu-
ynud géwnwquyrwhwnywé fudnpuutytph hwdtdwnneejwdp 1.35 wugqwd, hugp Ywpnn £
pwgwwnnytp hnuwgunn dwnwgwjrwhwpdwl  wpnniupnid fudnpwuliybph Yeuuwywu
wywnhynpjwl W Unipwihnfuwlwyniejwu huntGUuhyniejwl punhwunip wuynwdny: Weh
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