2> Russian Journal
* * - -
* 'i = of Biological Research

Has been issued since 2014. ISSN 2409-4536, E-ISSN 2413-7413
2015. Vol.(6). Is. 4. Issued 4 times a year

EDITORIAL STAFF

Bityukov Nikolai — Sochi State University, Russian Federation, Sochi, Russian
Federation (Editor in Chief)

Davitashvili Magda — Telavi State University, Telavi, Georgia (Deputy Editor-
in-Chief)

Mamadaliev Anvar — International Network Center for Fundamental and
Applied Research, Sochi, Russian Federation

EDITORIAL BOARD

Ermilov Sergey — Tyumen State University, Tyumen, Russian Federation

Katorin Yurii — Admiral Makarov State University of Maritime and Inland
Shipping, Saint-Petersburg, Russian Federation

Rzheshevskii Oleg — Institute of World History, Russian Academy of Sciences,
Moscow, Russian Federation

Smigel Michal — Matej Bel University, Banské Bystrica, Slovakia

Volodin Vladimir — Komi Science Centre, Ural Branch of the Russian Academy
of Sciences, Russian Federation

Journal is indexed by: Cross Ref (USA), MIAR (Spain),
Open Academic Journals Index (Russian Federation).

All manuscripts are peer reviewed by experts in the respective field. Authors of
the manuscripts bear responsibility for their content, credibility and reliability.

Editorial board doesn’t expect the manuscripts’ authors to always agree with its
opinion.

Postal Address: 26/2 Konstitutcii, Office 6  Passed for printing 2.12.15.

354000 Sochi, Russian Federation Format 21 x 29,7/4.
Website: http://ejournal23.com/ Headset Georgia.
E-mail: sochioo3@rambler.ru Ych. Izd. 1. 4,5. Ysl. pech. 1. 4,2.

Founder and Editor: Academic Publishing  order Ne B-06.
House Researcher

© Russian Journal of Biological Research, 2015




& g:l ;?t:?l:lgll?:::lll:::search

Wzmaercs ¢ 2014 1. ISSN 2409-4536, E-ISSN 2413-7413
2015. N2 4 (6). Beixozur 4 pasa B rof.

PEJAKITMOHHAA KOJIVIETUA

BuriokoB Huxosaaii — CoudHCKHII TrocyZapcTBeHHBIH yHuBepcurer, Couw,
Poccuiickas ®enepanus (I'71aBHBIN peaKkTop)

JaBuramBuian Maraa — TesaBcKuil rocyapcTBeHHBIH YHUBepcUTeT, Tesasy,
I'py3us (3amecTUTENH IJIABHOTO PEJAKTOPA)

MamananiueB AHBap — MexIyHapOAHBIN ceTeBOM LEHTP (QyH/[aMEHTAJIbHBIX U
IpUKJIAHBIX uccsenoBanuii, Coun, Poccutickas ®enepanus

PEJAKITUOHHBIN COBET

Bosaoann Biaagumup — Komu Hayussiii ieHTp Ypo PAH, Poccuiickaa ®enepanus

KaTopun IOpuii — rocyZapcTBeHHBIH YHHUBEPCHUTET MOPCKOTO M peuHoro ¢iora
uMm. agmupasa C.0. Makaposa, Caukr-Iletep6Oypr, Poccuiickas ®enepaius

EpmuioB Cepreii — TIOMEHCKHH TOCYZApCTBEHHBIH YHHUBEPCUTET, TiOMEHb,
Poccuiickas ®eneparius

P:xemeBckuii Osier — MHcTUTYT Beeobmei ucropun PAH, MockBa, Poccuiickas
Denepanus

IMImuresrs Muxaa — YHusepcureT Mares bana, bancka beictpuna, CiioBakus

Kypuan unznekcupyercs B: Cross Ref (CIITA), MIAR (Mcunanus), Open Academic Journals
Index (Poccutickas Oenepanus).

CraTby, IOCTYIHBINNE B PENAKINIO, PELEH3UPYIOTCA. 32 JOCTOBEPHOCTh CBEEHUH,
W3JI03KEHHBIX B CTAThSIX, OTBETCTBEHHOCTb HECYT aBTOPHI MyOJIMKAIUAN.
MHeHUe pelakIIui MOXKET He COBIIQ/IaTh C MHEHHEM aBTOPOB MaTepHasIoB.

Anpec pemakuuu: 354000, Poccus, r. Coun, Tlopnucawo B evars 2.12.15.
yi1. Konerurymumy, 1. 26/2, od. 6 dopmar 21 x 29,7/4.
Caiir sxypHaia: http://ejournal23.com/
E-mail: sochioog@rambler.ru

T'apuutypa Georgia.
Yupenurenb u wusparens: 000 «Haydwblii  yy.-psp, 1. 4,5. Ve med. 7. 4,2.
usgatenbckuin  gom  'UcciemoBaTtenp'» -
Academic Publishing House Researcher 3axas N¢ B-06.

© Russian Journal of Biological Research, 2015



Russian Journal of Biological Research, 2015, Vol. (6), Is. 4

CONTENTS

Articles and Statements

Comparison Phytotsenotichesky Characteristic of Populations and Bupleurum longifolium
L. subsp. aureum (Fisch. Ex Hoffm.) Soo. at the ridges thoroughwax
Ivanovsky and Ubinscy

Alevtina N. Danilova, Serik A. KUDENTAEY ......cooovviiiiiiiiiiii et

Metabolism and Physiology of Halophiles
Oleg Mosin, INnat IZNAtoV ......cceicieriiiriiieriieie ettt ese e s saeesbeesbeesaseesaneenaneens

Dynamics of Bioelements Contents of Organs and Tissues of Animals Organism
under Influence of Xenobiotics
Svetlana A. NaKONECHNAYA ......ccceeecuieeiieiiieeieecie ettt eeeeae e e ae e aeeeraeesaeesaesnseennneas

On Localization of Ancient Bearers of Y-DNA R1a Haplotype
in Eastern Europe Neolithic Cultures
Alexander S. Semenov, V1adimir V. Bulat .......ccoovvieiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeaeeee e

Introduction Freylinia Lanceolata (L.F.) G.Don.
on the Black Sea Coast of the Caucasus
GALINA AL SOIEAIIL weveteeiieeeeeeeeeeeee et e ettt ettt eeet e e e eaaseeseesaessesessseseesesseessesessennnnnnnnn

198

205

222

227

241

197




Russian Journal of Biological Research, 2015, Vol. (6), Is. 4

Copyright © 2015 by Academic Publishing House Researcher SRR ——
* . . . .
Pi i Y Pubh.shed in the Russian lf‘ederatlon Russian Journal
* +  Russian Journal of Biological Research of Biological Research
% * Has been issued since 2014.

ISSN: 2409-4536
E-ISSN: 2413-7413
Vol. 6, Is. 4, pp. 198-204, 2015

DOI: 10.13187/ejbr.2015.6.198 B
www.ejournal23.com T

Articles and Statements
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Comparison Phytotsenotichesky Characteristic of Populations and Bupleurum
longifolium L. subsp. aureum (Fisch. Ex Hoffm.) Soo. at the ridges thoroughwax
Ivanovsky and Ubinscy

t Alevtina N. Danilova
2Serik A. Kubentaev

1 Altay botanical garden, Kazakhstan

Ridder city, Ermakova Str.1
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E-mail: kubserik@mail.ru

Abstract

This article presents the results of studies of populations Bupleurum longifolium L. subsp.
aureum (Fisch. ex Hoffm.) Soo ridges on the Ivanovsky and Ubinscy. Presents data on stocks of
biological and ecological characteristics of Bupleurum longifolium L. subsp. aureum (Fisch. Ex
Hoffm.) Soo. Based on the analysis of the results we found that the most promising is
cenopopulation bupleurum-dactylis phytocoenosis, yield of 950 kg/ha. The remaining
coenopopulations of interest to industrial pieces of medicinal raw materials.

Keywords: Ivanovsky Ridge, Ridge Ubinscy, Bupleurum longifolium L. subsp. aureum
(Fisch. ex Hoffm.) Soo, Phytotsenotic characteristic, yields, phytocenoses, population

Beeagenue

Kazaxcranckuii Antaili — IO BHJOBOMY COCTaBy M 3amacaM JIEKapCTBEHHBIX pPacTeHUU
ABJIAETCS caMbIM OoraThIM IO BceMy KazaxcTaHy M MOXKET CIY>KUTh ChIPbeBOM 0a30U I HYXK/
dapmarneBTUUeCKON NPOMBIILIEHHOCTH Bcell cTpaHbl. I[IpaBUIbHOE IOCTPOEHHE 3aroTOBOK
JIEKApCTBEHHBIX pPACTEeHUU MOXKeT MOCHYKUTh GyHAaMeHTOM Ui pa3paboTKu Hay4YHO-
000CHOBAaHHOTO aJTOPHUTMAa PAlMOHAJIBHOTO HCIIOJIb30BAHUSA PACTUTEbHBIX OOraTCTB, KaK Ha
perunoHaJIbHOM, TaK U Ha 00IIleHallHOHAJIbHOM YPOBHSX.

Bupleurum longifolium L. subsp. aureum (Fisch. ex Hoffm.) Soo — MHoro/1eTHUK, COAEPKUT
dbaBoHOU/TBI, YTIIEBO/IBI, au(aTUUECKUe CIIUPTHI, BATAMUHBI; TEPIIEHOUbI, JTUTAHbI, XDOMOHBI,
dramuae,  MIUHBL, — QeHONMbHBIE W JKUPHBIE  KUCIOTBHL.  lcmosb3yercsa — Kak
KaITWJUISIPOYKPEIUIAIOIIEe, c1a0UTETBHOE, PaHO3KUBJISAIOINIEE, JIETOKCUKAITTOHHOE,
npoTuBoamebHoe [1, 2], cexkperopHoe [3]. B HapojHO! MenuIHe OTBAp TPaBbl IBIOT KaK
c1abuTeNIbHOE, TPU JIUXOPAajZKe, MPU HEPBHBIX OOJIE3HAX, JINCThSI IMPUKJIAJBIBAIOT K Pe3aHbIM

panam [4].
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Pacnpocrpanén Eppomn. uwacte CCCP, 3am. u Bocr. Cubups, 3am. Kwurair, MonHrosus.
B Kazaxcrane BcTpeuaercs B 11a. Kapk., 22. Asrait, 23. Tap6., 24. [[kyHr. Anar., 25. 3awin. KyHr.
Anar., 25 a. Kerm. Tepck. Anar., 27. Kupr. Anar. [5].

MarepuaJjbl 1 METOABI

VccrenoBaHusl MPOBOAMJIMCH MapIIPYTHO — PEKOTHOCIUPOBOUHBIM MeTosoM [6]. Ilpu
cocraByieHUd  (DUTOLEHOTUYECKOM  XapAKTEPUCTHKHU  IIEHONOMYJIAIMH  HCIIOJIb30BAJICS
KJIACCHUECKUI MeTOJ] C BH3yaJbHOHM OIIEHKOM KoJyinyecTBa ocobell mo mkane [pyze [7].
Cratuctuyeckyio 06pabOTKy MaTepuasa MPOBOAWIU coriacHO pekomenanuii I.H. 3atinesa [8].

OO0cyxaeHNA pe3yIbTaThl

Bosozymika 3os10THCTas pacnpocTpaHeHa 1o Bcel Teppuropun IOro-3amagHoro Asras, 3a
VCKJIIOUEHHEM CTEeITHBIX PACTUTENIbHBIX coobiectB. Ha FOro-3anmagHoMm AJsitae, mogHUMaeTcs B
TOPHI I0 1900 M HaJ y. M. IO CKJIOHaM Pa3HOU KPYTHU3HBI, IIPEUMYIIECTBEHHO IOTO-BOCTOYHBIX,
CEBEPO-BOCTOYHBIX M CEBEPO-3aIIaTHBIX SKCIIO3UIIHHT [9].

B Kazaxcranckodi wactu IOro — 3amagHoro Asrtas ObUTH 0OCTIENOBAHBI  IOIYJISAITUN
Bupleurum longifoliumL. subsp. aureum (Fisch. exHoffm.) Soo Ha xp. IBaHOBCKUH 1 YOMHCKUIA.

YOuHCKass TOMyJSIUS HAXOJUTCA HA IOTO — BOCTOYHBIX OTpOraxX Xp. YOWHCKHUU, MEXAY
céiamu BeicTpyxa u 3UMOBbBe, B ZJoJIMHE peku TONKyIa Ha I0r0 — 3aMaJHOM MUKPOCKJIOHe. CKJIOH
MOJIOTHH ycTymyaTeli. B maHHON momysanuu BbiesleHO 2 duroneHo3a. OO0mas Iiomans
HOTYJISIUY COCTABJIAET 70 Ta.

IleHomoOmy AU €XKOBO — BOJOAYIIKOBOTO (Bupleurum longifolium L. subsp. aureum
(Fisch. ex Hoffm.) Soo, Dactylis glomerata L.) ¢uromeHo3a BXOJUT B COCTaB B3JIaKOBO —
Pa3HOTPABHBIX JIYTOB. Pesbed BHIDOBHEHHBIN. [IOYBEHHBIH CJIOW XOPOIIO PAa3BUT 60-70 CM
TOJIIUHBI. HammouBeHHBIN IOKPOB XOPOIIIO BRIPAXKEH 4-6 €M, BeCc onaza 120 rp/M2. PacTuTepbHBIH
IIOKPOB XOPOIIIO pa3BUT. J[peBeCHBI M KyCTapHUKOBBIA spyc He cdopmupoBad. Obiiee
IIPOEKTUBHOE MTOKPBITHE 100%. TPaBOCTON YETKO TPEXbAPYCHBIU.

[TepBhIii sIpyC BBICTOH 140-200 cM, copMHUpPOBaH ¢ AoMuHupoBanueM Dactylis glomerata L
— COp2, Ha €ro JIOJII0 B MOKPHITUU MPUXOAUTCH 25%. 3 CONMyTCTBYIOIIUX BU/IOB B IIEPBOM fIpycCe
Berpevatores: Crepis sibirica L. — sol, Serratula coronata L. — sp, Alfrediacernua (L.) Casso — s,
Rumex confertus Willd. — s, Heracleum sibiricum L. — sol, Sanguisorba officinalis L. — sol.
COMKHYTOCTH IIEPBOTO SIPyCa COCTABJIAET 02.

Bropoii sipyc, BeicoTOM 80 — 150 cM, o6pa3oBaH foMuHUpBaHueM Bupleurum longifolium L.
subsp. aureum (Fisch. ex Hoffm.) Soo — cops;, Ha ero [0J10 B MOKPHITUU IPUXOAUTCA 30% OT
obmiero. 13 BTOpOCTElleHBIX BHIOB BO BTOPOM sipyce BcrpeuaroTcsi Bunias orientalis L. — sp,
Clematis integrifolia L. — sol, Lavatera thuringiaca L. — sol, Elytrigia repens (L.) Nevski — sp, Poa
pratensis L. — sol, Bromopsis inermis (Leys.) Holub — sp, Phleum pratense L. — sol, Tanacetum
vulgare L. — sol. COMKHYTOCTb BTOPOTO SIpyca COCTaBJISIET O5.

Tperuii sipyc BbICOTOM 20-65 cM, chopmupoBaH Galium verum L. — sp, Euphorbia pilosa L. —
sol, Origanum vulgare L — sol, Potentilla chrysantha Trev. — sp, Hypericum perforatum L. — sol,
Trifolium pratense L. — sol COMKHYTOCTb TPETHETO SIPYCa COCTABJISIET 03.

Pacrenuss Bupleurum longifolium L. subsp. aureum (Fisch. ex Hoffm.) Soo mo miomaau
TOTIYJISAUYM  Pa3MelleHbl OOMJIBHO — paccessHO. KOJM4YecTBO reHEepaTUBHBIX OcO0ed Ha 1 M2 —
2,13+0,27 mT., V — 30%. KostnuecTBO MOOGETOB HA O/IHY TeHepaTUBHYIO 0c00b — 4,40+0,32 MIT., V —
42%. BpicoTa reHepaTUBHBIX M00OEroB 133,13+6,11 cM, V — 17%. Bec 3es1eHON Macchl reHepaTUBHBIX
oberoB cocraBuis 0,25 Kr/m2. KoaddurueHnt ycymku cocraBua 62%. YporKaitHOCTh BO3AYIIHO
CYXOTO CBIPbs1 COCTABUJI 950 KI/Ta. IKCIUIyaTallMOHHBIN 3a1ac BO3/IyIIHO CYXOTO ChIPbsl HA3eMHOU
Macchl TeHEPATUBHBIX MMOOEroB cocTaBmi 66,5 T. ExxerogHo BO3MOXKHBIA 00BEM 3arOTOBKH ChIPhS
COCTaBWJI 16,62 T.

[{eHOMOMyJIANIMSA Pa3HOTPABHO-BOJIOAYIIKOBO-KycTapHUKOBOTO (Rosa acicularis Lindl.,
Lonicera tatarica L., Bupleurum longifolium subsp. aureum (Fisch. ex Hoffm.) So6, pasnorpasbe)
¢dbuToIleHO3a BCTPEYAIOTCS IO IOTO-BOCTOYHBIM IPEATOPbSIM Xp. YOWHCKHEH, 3aHUMAast
3HAYUTEJIbHbIE MEKTOPHbIE TTIOHUKEHUS, IOJIMHBI PEK U CKJIOHBI HU3KOTOPHUU. B KycTapHUKOBOM
sipyce JacTo BcrpedaroTes: Rosa acicularis Lindl., Lonicera tatarica L., Viburnum opulus L., Padus
avium Mill., Sambucus racemosa L., Salix caprea L. CoMKHYTOCTh 04-1. Bosiosyiika pacrer mo
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OIyIIIKaM KyCTapHHKA, yallle U OOrIbHee Ha OOIIMPHBIX HOJISHAX CPEJU JIECHOTO BBICOKOTPABBSI.
OG611ee MPOEKTUBHOE OKPHITHE 100%. OO6IIast IJIONAb OIS 50 ra.

TpaBsiHOM IOKPOB XOPOIIIO Pa3BUT, 6OraT B BUIOBOM OTHOIIEHUU. [10 TaHHBIM 5 ONHMCAHUM
HacuuThIBaeT Oosie 60 BHUAOB, 3adactyr aomuHupyer Calamagrostis epigeios (L.) Roth., B
HEKOTOPBIX MeCTaX Ha €ro JIOJI0 B MOKPBITUH MPUXOAUTCA 710 55%, CYOJOMUHAHTAMH Yallle BCETO
BbICTyMalOT Serratula coronata L. — cop.-sp, Crepis sibirica L. — sp, Cirsium incanum (S.G. Gmel.)
Fisch. — sp. OHu ¢GopMUPYIOT IEPBBIHA SPYC B TPABOCTOE, 150-190 CM BBIC. 37€Ch TAKXKe MOXKHO
Berpetuth Alfredia cernua (L.) Cass. — s, Brachypodium sylvaticum (Huds.) Beauv. — sp- cop.,
Dactylis glomerata L. — sp, ux nokpsITHe He OoJiee 5-12%. pycHOCTh HEUETKO BhIPAJKEHA.

IlepBbIii sApyc oOpasyeT JieCHOE BBICOKOTPaBbe 190-240 C BBIC. C HE3HAYUTETbHBIM
nepeMelnInBanueM kcepome3oburon: Serratula coronata L. — sp, Cirsium incanum (S.G. Gmel.)
Fisch. - cop., Crepis sibirica L. — sp, Artemisia vulgaris L.- s, Alfredia cernua (L.) Cass. — s,
Elymus caninus (L.) L. — sol u ap. 3a4acTy0 KyCTADHUKHU U PAaCTEHUsI M PACTEHHUS IEPBOTO spyca
yButhl Calystegia sepium (L.) R. Br., 06pa3ys TpyHO MPOXOAUMBbIE 3aPOCIIH.

Bropoi#i sipyc oueHbp Gorat BO (JIOPUCTHUYECKOM PpPa3HOOOpa3uu, 100-11 CM BBIC., I7ie
BO3MOKHO B POJIM JIOMHHAHTOB BbICTyIAalOT Brachypodium sylvaticum (Huds.) Beauv. — cop;-sp,
Bupleurum longifolium subsp. aureum (Fisch. ex Hoffm.) Sod, - sp-cop, Calamagrostis epigeios
(L.) Roth — sp-cop. B TpaBocTtoe sipyca 3;aku 6a30B0 mpezcrasiensl: Elytrigia repens (L.) Nevski
— sp-sol, Elymus mutabilis (Drob.) Tzel. — sol, Elymus caninus (L.) L. — sp-sol, Poa sibirica
Roshev. — sol, P. angustifolia L. — s, Festuca pratensis Huds. — s, Phleum pratense L. — s, Agrostis
gigantea Roth — s. OHU IIpeACTABJISIOT HHTEPEC KaK MACTOUIIHBIE U CEHOKOCHBIE YTO/IbSI.

Kyctst Bupleurum longifolium subsp. aureum MoOIIHO pa3BUTHI, 110-120 CM BBIC., TOOETH
pa3BeTBJIEHHBIE, XOpOLIO OOJUCTBeHHbIEe. JIMCThSI JIMHHBIE U IHUpPOKHe. KosmdecTBo
reHepaTUBHBIX ocobedl Ha 1 M2 — 2,4+0,21 mT., V — 35%. KosmuecTBO MOOGEroB Ha OFHY
reHepaTUBHYIO 0c00b — 1,5+0,39 MIT., V — 20%. BbicoTa reHepaTHUBHBIX MO6ETOB 110+2,23 cM., V —
30%. Ypo:kallHOCTb 3eJIEHON Macchl COCTaBUII 0,097 Kr/M2. KoaddHUIueHT ycyku cocTaBuiI 62%.
Bec BO3ZyIIHO CYyXOTO CHIPbsSi COCTABHJI 370 KI/Ta. DKCIUIyaTAl[MOHHBIA 3amac BO3/YIIHO CyXOrO
ChIPbs1 HA3eMHOU MacChl TeHEepaTUBHBIX M00eroB coctaBmwiI 18,5 T. ExKeromHo BO3MOKHBINH 00beM
3aTOTOBKHU CBIPBS COCTABUII 4,62 T.

VBanoBckasa mnomyssiinus Bupleurum longifolium subsp. aureum (Fisch. ex Hoffm.)
pa3mernieHa Ha Xp. VIBaHOBCKUH. 37iech BbIZiesIeHO 3 DUTOIEHO3a: B I0JIMHE P. BpicTpyxa, U B yp.
Cepsriii JIyr.

[{eHOMOMy/IANMA Pa3HOTPABHO-3/IAKOBO-BOJIOAYIIKOBOTO (Bupleurum longifolium subsp.
aureum (Fisch. ex Hoffm. So6, Brachypodium pinnatum (L.) Beauv., Dactylis glomerata L.,
Milium effusum L., pa3HoTpaBbe) (UTOIEHO3a HAXOAUTCS B JIOJIMHE p. BhICTpyxa, B paiioHe
kopaoHa Bocsakoso, rae Bupleurum longifolium subsp. aureum (Fisch. ex Hoffm.) So6, Bxozsar B
paspeskeHHBIN eJI0BO-KeIPOBBIH JieC ¢ COMKHYTOCTBIO OKOJIO O2. B BLICOTHOM IIpejiesie 1228 M Haj
yp. M. (50°20'33" c.1., 83°44'04" B.A.). O6mas mwiomaas 3anuMaemass Bupleurum longifolium
subsp. aureum — 40 ra.

TpaBsAHOI IOKPOB XOPOIIO Pa3BUT, C YE€TKO BHIPA)KEHHOUN UYETBHIPEXbAPYCHON CTPYKTYPOH.
OO0111e€ MPOEKTUBHOE MMOKPHITHE 710 100%. [Lnomaas nomy isinuu 35 ra.

®uTONEHO3 MOJHIOMHUHAHTEH, U3 3J1aKOB IOMUHHUPYIOT Calamagrostis obtusata Trin. - soc,
Brachypodium pinnatum (L.) Beauv. — cop, B posil CyIOMHHAaHTOB BbICTYHaloT Bupleurum
longifolium subsp. aureum (Fisch. ex Hoffm.) So6 — cop., Ranunculus grandiflorus L. - cops,
Trollius altaicus C.A. Mey. — cop, U3 BTOPOCTEIIEHHBIX OTMeYEeHO OKO0JI0 30 BHAOB (Solidago
virgaurea L., Polemonium caeruleum L., Helictotrichon pubescens (Huds.) Pilg., Pedicularis
proboscidea Stev. u ap.). B 5KoJIOTHYECKOM OTHOIIIEHWHU TPABAHUCThIE PACTEHHS COODIECTBA B
OCHOBHOM CJIO3KE€HBI TOPHO-JIECHBIMU U JIYTOBBIMU Me30(UTaAMHU.

[TepBhIii sIpyc, 120-150 CM BBIC., COMKHYTOCTb 70 O4, TPEJICTABJIEHHBIM BBICOKOTPABHEM:
Cirsium helenioides (L.) Hill — sol, Milium effusum L. - sol, Dactylis glomerata L. - sp, Delphinium
elatum L. — sp u ap.

Bropoii sipyc, 90-110 €M BBIC., COCTaBJIeH Me30(hIbHBIMU JIYTOBBIME BuzaMu: Polemonium
caeruleum L. - sol, Bupleurum longifolium subsp. aureum (Fisch. ex Hoffm.) So6 — cops,
Geranium pseudosibiricum J. Mayer — sp u ap.

Tpetuii sipyc 45-70 cM BbIC. pescTaBiieH Ptarmica ledebourii (Heimer) Klok. et Krytzka - sp,
Solidago virgaurea L. - sol, Rumex acetosella L. — sol, Poa sibirica Roshev. — sol, Viola disjuncta
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W. Beck. — sp u Ap., CJ103KeH JIyTOBBIMU Me30(GWIBHBIMY BUIaMU. UeTBEePTHIN sIPYyC 25-35 CM BBIC.
OeleH B BHUZIOBOM OTHOIIIEHWH, OOBIYHBI M MOCTOSIHHBI Euphrasia altaica Serg. — sp, Dianthus
superbus L. — sol, Carex macroura Meinch. — cop., Trifolium pratense L. — sol, Amoria hybrida
(L.) C. Presl — sp u jip.

B mokpertTiu Ha foio Bupleurum longifolium subsp. aureum npuxonurcs 3-5%, Pacrenus
XOpoIIo pa3BuThl. KosimuecTBO TeHEepaTHMBHBIX ocoberd Ha 1 M2 — 3,8+0,23 mT.,, V — 36%.
KosmyecTBO 1mo0OeroB Ha OJIHy TeHEpaTHWBHYyO 0cobb — 1,7+0,40 mT., V — 46%. Bsicora
reHepaTUBHBIX 100eroB 55,36+1,11 cM., V — 25%. YpoKallHOCTb 3€JIEHOH MacChl COCTaBHJI
0,086 xr/m2. KoaddurueHT ycymku coctaBuia 62%. Bec BO3AyIIIHO-CyXOTO ChIPbsI TeHEPATUBHBIX
0cobeil cocTaBMII 320 Kr/ra. JKCIUIyaTaI[MOHHBIN 3a1ac BO3YIITHO-CYXOTO ChIPhS HA3eMHON MacChl
TeHEPATUBHBIX IO0OEroB COCTaBWJI 11,20 T. EKerolHo BO3MOXKHBIH O0BEM 3arOTOBKH ChIPHS
COCTaBHJI 2,8 T.

[{eHOMOMMYJIANIMA €3KOBO-BOJIOAYIIKOBO-TepanueBoro (Geranium pratense L., Bupleurum
longifolium subsp. aureum (Fisch. ex Hoffm.) So6, Dactylis glomerata L.) duromneHo3a
pa3MelIeHo Ha ceBepO-BOCTOYHOM CKJIOHE Xp. MIBaHOBCKUH, yp. Cephiii JIyr, HAa BbICOTE 1020 M HaJI
yp. M. (50°22'21" c.m1., 83°50'56" B.A.). OOlllee MPOEKTUBHOE MOKPBHITHE 100%. O0IIas mIomaib
OKOJIO 70 Ta.

KycrapHUKOBBIH sIpyc OTCyTCTBYeT. TpaBsAHOU MOKPOB Pa3BUT C TPEXBIPYCHOU CTPYKTYPOH,
obpa3oBaH Me30(pUIBHBIMU JIYTOBBIMH BHZAMU. B TpaBsSHOM MMOKpOBe JOMUHHPYIOT Dactylis
glomerata L. — soc, Geranium pratense L. — cop, Bupleurum longifolium subsp. aureum (Fisch. ex
Hoffm.) So6 — cop:. B mokpeiTuu Ha UX A0JI0 MPUXOAUTCA 70 45%, B ToM uuciae Bupleurum
longifolium subsp. aureum po 9%. 3mech B KauecTBe cyOJOMUHAHTa BBICTymaeT Anthriscus
sylvestris (L.) Hoffm.- cop,-sp.

[TepBrIii AApyC 170-190 €M BBIC. 06pa30BaH JIECHBIM BBICOKOTPABbEM, IOMUMO JIOMHUHAHTOB,
npucyTcTByioT Crepis sibirica L. — sol, Tephroseris integrifolia (L.) Holub — sol, Cirsium incanum
(S.G. Gmel.) Fisch. — sol, Artemisia vulgaris L.- s, Thalictrum simplex L. - sol, Aconitum
septentrionale Koelle — sol u np. ITokpbiTre 10 7%.

Btopoii sipyc, 80-100 ¢M BbIC., COCTaBJIEH JIyTOBHIMH BH/IaMU, B BUJIOBOM OTHOIIIEHUU OYEHD
pasHoobOpaseH. Haubosee wacto Berpeuarores Origanum vulgare L. — s, Filipendula ulmaria (L.)
Maxim. — sol, Rumex acetosella L. — s, Galium boreale L. — sol, Hypericum perforatum L. — sol u
1ip. COMKHYTOCTB sIpyca JIo 05, IOKPBITHE 10 45%. 34ech Ha oo Bupleurum longifolium subsp.
aureum B MIOKPBITUU IPUXOJIUTCS 10 9%.

Tperuii sipyc 35-40 CM BBIC., CJIOKEH TaKUMU BUJlaMu Kak Lathyrus pratensis L. — sol,
Pulmonaria mollis Wulf. ex Hornem. — s, Fragaria viridis (Duch.) Mill. - cop., Viola hirta L. — sol
 JIp.

B mokpseiTuu Ha g0 Bupleurum longifolium subsp. aureum npuxoautcst 3-5%, PacreHust
XOpOIIO pPa3BUTHL. Kosm4ecTBO TeHepaTUBHBIX ocobeid HA 1 M2 — 2,6+0,24 mrT., V — 36%.
KosnuecTBo moOeroB Ha OAHY TeHepaTHBHYI0 0co0b — 2,4+0,30 mrT., V — 41%. Bbicota
reHepaTUBHBIX MO0EroB 74,36+1,3 c¢M., V — 25%. YposKallHOCTb 3€JIEHOH MacChl COCTaBHI
0,10 kr/m2. KoaddurueHT ycymku coctaBui 62%. Bec BO3AYIIHO CYXOTO ChIpbsl FeHEPATUBHBIX
ocobeti coctaBmwI 380 T/ra. DKCIUTyaTAIMOHHBIN 3aIac BO3AYIIHO CYXOTO ChIPhsl HA3eMHOU MacCChl
reHepaTUBHBIX T00OEroB coctaBwa 26,6 T. E’keroHo BO3MOKHBIH OOBEM B3aroTOBKHU CHIPBS
cocraBui 6,65 T.

[{eHOMOMyJIANIMA KHUIIPEHHO-BEHHUKOBO-BOJIOyIIKOBoe (Bupleurum longifolium subsp.
aureum (Fisch. ex Hoffm.) So6, Calamagrostis purpurascens R. Br., Chamaenerion angustifolium
(L.) Scop.) duTorieHo3a pa3aMeleHo Ha IOTO-BOCTOYHOM M CEBEPO-BOCTOYHOM CKJIOHAX T. JIUCTBsTA
B BBICOTHOM Iipeziesie 1176 M Hazg yp. M. OOmmias Iwiomaas coodinecTBa ¢ ygactueM Bupleurum
longifolium subsp. aureum po 110 ra. OO0lllee TPOEKTUBHOE MOKPBITHE 100%. B mOKphITHH Ha
nomto Bupleurum longifolium subsp. aureum upuxomutcsa okosio 8%. KycTapHUKOBBIH spyc
pas3BuT c1abo, BKIOYAET OJUH BUJ, - Spiraea media Franz Schmidt ¢ coMKHyTOCTBIO 02-03.

TpaBAHUCTHIN TOKPOB IOBOJIBHO Pa3HOOOpa3€eH B BUIOBOM OTHOIIIEHUH, HACYUTHIBAET OoJiee
YeM 50 BHJIOB C YETKOH UEThIPEXbSIPYCHOU CTPYKTYypOi. CI03KeH BUIaMH JIECHOTO BBICOKOTPABhS U
JIYTOBBIMH Me30(DHIbHBIMHU BUIaMu. B HeM qomunupyiot: Chamaenerion angustifolium (L.) Scop.
— soc, Calamagrostis purpurascens R. Br. — cop, kak cy0JOMHHAHTbI OOBIYHO BBICTYIIAIOT
Brachypodium pinnatum (L.) Beauv. — cop., Crepis sibirica L. - cop., Bupleurum longifolium
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subsp. aureum (Fisch. ex Hoffm.) So6 - cop., u3 comyrcrBytomux cienyer otmetuts Thalictrum
simplex L. - sol, Geranium pseudosibiricum J. Mayer — sp, Lathyrus gmelinii Frirsch — sol, Poa
sibirica Roshev. — sol, Pleurospermum uralense Hoffm. — sol, Anthriscus sylvestris (L.) Hoffm. —
sol, Paeonia anomala L. — sol, Artemisia vulgaris L. — sol, Alfredia cernua (L.) Cass. — s u ap.

[TepBhIii spyC COCTaBJEH HCKJIIOYUTEIBHO JIECHBIM BBICOKOTPAaBbEM 200-250 CM BBIC.:
Dactylis glomerata L. — cop, Alfredia cernua (L.) Cass. — s, Hesperis sibirica L. — sol, Aconitum
septentrionale Koelle — sol u zp.

Bropoii spyc 110-120 cm Bbic.: Chamaenerion angustifolium (L.) Scop. — soc, Cacalia
hastata L. — s, Elymus caninus (L.) L. — sol, Calamagrostis langsdorffii (Link) Trin. — sp u jip.

Tpetuii sApyc 90-100 cM BbIC., obpasyioTr Filipendula ulmaria (L.) Maxim. —sol, Crepis
sibirica L. — sol, Lilium martagon L. — s, Calamagrostis obtusata Trin. — sol u zp.

YetBepThili sApyc 80-90 cM Bbic. coctaBieH Origanum vulgare L. — sol, Hypericum
perforatum L. — sol, Lathyrus gmelinii Frirsch — sol, Poa angustifolia L. — sol u ap.

Ocobu Bupleurum longifolium subsp. aureum B OTJIMYHOM 3KU3HEHHOM COCTOSHUU,
reHepaTUBHbIE MMOOErH KpenKHe, YMEPEHHO Pa3BETBJIEHHbIE B BEPXHEH YacTH, Y OCHOBAHHSA C
pO3eTKaMU U3 3€JIEHBIX JINCThEB JIeTHElH reHeparuu. KosmuecTBo reHepaTHBHBIX 0co0el Ha 1 M2 —
4,9+1,27 mt., V — 31%. KosnuecTBo 106GErOB Ha OZHY T€HEPAaTUBHYIO 0C00b — 3,4+0,45 IIT., V —
35%. BbicoTa reHepaTHBHBIX OOEroB 137,13+6,11 cM, V — 17%. YpOKalHOCTb 3€JI€HOM MacChl
coctaBmwia 0,19 kr/m2. KoaddumumeHT ycymku coctaBmwa 62%. Bec BO3IYIIHO CyXOrO ChIPbs
COCTaBMJI 720 T/ra. DKCIUIyaTAIlMOHHBIM 3amac BO3/YIIHO CYXOTO CBIPbSI COCTAaBWJI 79,42 T.
E>xero/THO BO3MOXKHBIN 00'b€M 3aTOTOBKH CHIPBSI COCTaBUII 19,85 T.

Tabauua 1.
3amachl ChbIPbsI BOJIOAYIIKH 30JI0TUCTOH BBIABIEHHBIX Ha Xp. VIBAHOBCKUI U YOUHCKUH

Bun [Momyssiun | Mecronaxoskn | Ilmomanp, ra | Yporkaii- | dkcruryat | O6beéM
pacreHui, eHue u ob6mia | 3aHu- | HOCTh a- BO3MOXKHBIX
3aroToBJIsIe KOOP/IMHATBI A MaeM | BO3JAYIIH | IIMOHHBIN | €KEeroHbIX
Masi 9YacTh as 0-CyXOro | 3amac 3arOTOBOK,
BUZO | CHIPHA, BO3JYIIH | T
M Kr/ra 0-CyXOTO
CHIDBS, T

Bupleurum | Younckas Henomonyssar | 85 70 950 66,5 16,62
longifoliumL | momy/IsAIUA | WA €KOBO —
. subsp. BOJIOAYIIIKOBO
aureum O
(Fisch. duronenosa
exHoffm.) [Henonomyisn | 66 50 370 18,5 4,62
Soo, TpaBa ust

Pa3HOTPaBHO-

BOJIOAYIITKOBO

KyCTapHUKOBO

To

¢uronenosa

NBaunosckas | llenonomyssr | 48 35 320 11,20 2.8
MOMYJIANUA | UA

PaznoTtpaBHO-

3JIaKOBO-

BOJIO/IYIIIKOBO

ro

¢uronenosa

Ienononysarn | 80 70 380 26,6 6,65
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U €2K0BO-
BOJIOAYIIIKOBO
-TepaHueBoOro
¢uroneHosa

lenomnonyndar | 150 110 720 79,2 19,85
Us KUITPEHHO-
BEHHUKOBO-
BOJIOZYIIIKOBO
O
duToIeHO03a

BpiBOoabI

VBaHOBCKasl TOMMYJISAIASA 3aHUMAaeT OOIIUPHBIE TEPPUTOPHUH U IIPEJICTABIISIET MHTEPEC IS
MPOMBIIIJIEHHBIX 3arOTOBOK JIEKAPCTBEHHOTO CHIphbA. Bce IHEHOMOMy/JANUU MOJHOUYJIEHHBIE,
HOPMAJIBHOTO THUIIA, C MPeobIaZlaHieM TeHePAaTHBHBIX 0COOEH.

LenonomyisAnusg pa3HOTPABHO-3JIAKOBO-BOJIOJIYIIKOBOTO  (DUTOIEHO3a  yPOKAWHOCTHIO
BO3/YIIIHO-CYXOTO CBHIPpbSI 320 Kr/Ta ¥ IEHOIOIYJIANUsS €eKOBO-BOJIOAYIIIKOBO-TEPAaHHUEBOTO
¢duronieHoza yporkaliHOCThIO 380 Kr/ra XapakTepU3yIOTCS CpedHeH YpOKAaHHOCTBIO |
MIPEJICTABJISIOT WHTEPEC /JIA MPOMBINIJIEHHBIX 3arOTOBOK JUIsI obecredeHus apMaleBTHYeCcKOn
MIPOMBIIIIJIEHHOCTH JIEKAPCTBEHHBIM ChIPHEM.

LenonomyisAnua KUIIPENHHO-BEMHUKOBO-BOJIOAYIIKOBOTO (UTOIEHO3a XapaKTepusyeTcs
BBICOKOH YPOXKaWHOCTBIO BO3JIYIIIHO CYXOTO CBHIPBS JI0 720 T/ra. JKCIUIyaTAllHOHHBIA 3amac Ha
IUTOIIAZX 110 Ta COCTaBJISAET 79,42 T. JlaHHAsA IEHOMOIYJIALUA MEPCIeKTUBHA 1A 0TOopa dhopmM,
IIPOMBIIIJIEHHOW 3aroTOBKU JIEKAPCTBEHHOTO CBHIPhS U cOOpa CeMsH ISl WHTPOAYKIIMOHHBIX
HCIIBITAaHUH B KYJIBTYPE.

YOuHcKass TOMyJANUS  IIPEJICTABIsAeT HWHTEpeC /JiA IMPOMBINUIEHHOW  3aroTOBKU
JIEKApCTBEHHOTO ChIphsi. O0a IeHOMOMYJIAIIMKA PACIOJIOKEHbI Ha OOIIUPHBIX IUIOMIAJAX C
XOPOIIIMM CeMEHHBIM M BEreTaTUBHBIM BO300OHOBJIEHHEM YCJIOBHS OOUTAHUSA BHJIA ONITHMAaJIbHBIE
JUIA yJIepsKaHusl ¥ 3aXBaTa TEPPUTOPUH.

LeHnonomyasamnus Pa3HOTPaBHO-BOJIOAYIIKOBO-KYCTaADHUKOBOTO ¢urouenosa
XapaKTepU3yeTCsl CpeTHEN YPOKAHHOCThIO BO3/IYIITHO CYyXOTO ChIPhA 370 KI/Ta DKCILUTyaTal[MOHHbBINA
3amnac Ha IUIOIIA/IN 50 ra BO3AYIIHO CYyXOTO ChIPhs COCTaBUI 18,5 T.

[eHOnOIYIALMA €2KOBO-BOJIOYIIKOBOTO (DUTOIIEHO3a XaPAKTEPU3YeTCA caMOi BBICOKOU
YPOXKaWHOCTBI0O W3 BCEX ONMCAHHBIX IIEHONOMYJISAIMH W  COCTaBJseT 950  Kr/ra.
IKCIUTyaTallMOHHBIN 3arac Ha oO0Ied IUIomaau 70 Ta, COCTaBHI 66,5 T BO3AYIIHO CyXOTO CHIPHA.
Pacrenust BOJIOAYIIKM XOpOIIO Pa3BUThl M JOCTUTAKOT /0 2-X METPOB BBICOTHI. 3JIeCh
11eJIecO00pPa3HO MPOBOJUTH CEJIEKIIMOHHO-TEHETUUECKUH OTOOp, cOOp CeMsAH, IMPOU3BOJUTH
3arOTOBKY JIEKAPCTBEHHOTO CHIPhs B IIPOMBINIIJIEHHBIX MacIITabax ¥ HMHTPOAYIIUPOBATH B KYJIBTYPY.

BiaarogpaprocTn

JlaHHasA cTaThs BHITIOJITHEHA B PAMKAaX T'OCY/IaPCTBEHHOTO 3aKa3a 10 OI0/I)KETHOU MporpaMMe:
«/3yueHue jieKapCcTBeHHBIX pacTeHUN Kazaxcranckoro Astas, IpUMeHsAEMBIX B 0QUITUAIBHON U
HapOJHON MeJuIINHe, OIleHKA HX paclIpOCTPAHEHUs, CHIPDbEBBIX 3allaCOB U BO3MOKHOCTU
IIPAKTUYeCKOT0 IPUMEHEHU».
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AHHOTanmuAa. B maHHOUN craThe MpeACTaBJIEHbI PE3YJIbTAaThl WCCIIEIOBAHUN IOIYJIAINN
BOJIOAYIIIKA 30JIOTUCTOM Ha xpebrax MBaHoBckuii m YOmHCKuU. [IpencraBiieHbI CBeZeHUs IO
3amacaM M 5KOJIOTO-OMOJIOTHUYEeCKON XapakTepuctuke Bupleurum longifolium L. subsp. aureum
(Fisch. ex Hoffm.) Soo. Ha ocHOBe aHayin3a MOJIyYeHHBIX Pe3yJIbTATOB BBISICHWJIN YTO HauboJiee
[IEPCIIEKTUBHBIM SIBJISIETCS LEHOTOMYJIANUA €K0BO-BOJIOAYIIIKOBOTO (DUTOIEHO3a YPOXKAHHOCTHIO
950 kr/ra. OcTajibHble [IEHOMOMYJIANNN IPEACTABJISAIOT HHTEPEC /IS MPOMBIIILIEHHBIX 3aTOTOBOK
JIEKAPCTBEHHOTO CHIPBA.

KiaroueBbie cioBa: xpeber lBaHOBCKME, XpeOeT YOWHCKHUM, BOJIOJYIIKA 30JIOTHCTA,
3arachl, QUTOIIEHOTHYECKAs XapaKTEPUCTHKA, YPOKAWHOCTDb, (GDUTOLIEHO3, MO IAIIHA.
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Abstract

Halophiles (lat. “salt-loving”) is the taxonomic group of extreme aerobic obligate Gram-
negative microorganisms that live in conditions of high salinity — in the seas, salt lakes, saline soils
etc. These microorganisms are known to reddish patina on products, preserved with using large
quantities of salt (NaCl). Halophiles were isolated for the first time at the beginning of the XX
century from the marine flora estuary mud, but their systematic study was started only at the end
of the second decade of the XX century. The internal environment of the human body is not
suitable for existence of halobacteria, since none of them are known to have pathogenic forms.
Halobacteria have great practical potential for using in molecular bioelectronics and bio-
nanotechnology due to their unique ability to convert the energy of sunlight into electrochemical
energy of protons H* due to the presence in their cells a special photo transforming retinal
containing integral protein — bacteriorhodopsin, the mechanism of action of which has been
currently studied in detail. The paper describes the characteristics of the metabolism and
physiology of halophilic bacteria, as well as a method of biosynthesis and preparation of
bacteriorhodopsin from purple membranes of cells of the extreme photoorganotrophic
halobacterium Halobacterium halobium.

Keywords: halobacteria, bacteriorhodopsin, purple membranes, biosynthesis.

Introduction

The halophiles, related according to the taxonomic classification to the ancient archaea
Archebacteria genera are single-celled microorganisms with no marked nucleus and expressed
membrane organelles, occupy a special place among other microorganisms [1]. These are the only
microorganisms that can exist in environments with a high salt content — on salt crystals in the
coastal strip, on the salt marsh, in the salt brine etc. (Figure 1). In the Dead Sea (Israel), for
example, the salt concentration reaches 26—27 %, in some years, rising to 30 %, whereas at 35 %
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NaCl precipitates from the salt solution into the sediment [2]. The biochemical apparatus of the
cell, enzymes and ribosomes of halophilic bacteria due to the peculiar cell osmoregulation system
and the structure of the cell wall, consisting of proteins and amino sugars, is not only insensitive to
such high salt concentrations, but on the contrary needs NaCl and functions effectively only in
saturated solutions with 15—-20 % of NaCl [3]. For maintainance of cell stability of halophiles
primarily NaCl is required. Wherein, Na* cations interact with the negatively charged cell wall of
halobacteria imparting the necessary stiffness. Inside the cell, the concentration of NaCl is low.
Potassium cations (K*), in conjunction with chlorine anions (Cl-) are needed to maintain the ionic
equilibrium inside and outside of the cells, to stabilize enzymes and other cellular membrane
structures of halobacteria. While removing the halobacteria from salinity environment, their cell
wall is dissolved and the cytoplasmic membrane disintegrates into smaller fragments.

L TER VoA

Figure 1: Typical red colored colonies of extreme aerobic ﬁhatoorganotrophic
halobacteria in the salt marsh of the Dead Sea (Israel)

The family of halobacteria (lat. Halobacteriaceae) includes about 20 genera, including
Halobacterium, Halococcus, Haloarcula, Natrococcus, Natrobacterium and others. Extremely
halophilic forms of halobacteria are referred to the genera of Halobacterium and Halococcus (15—
32 % NaCl), whereas less halophilic forms — to the genera of Haloarcula, Natronobacterium and
Natronococcus (5—20 % NaCl). Members of the halobacteria family are presented by coccoid or
rod-shaped forms, as well as by mobile or stationary forms of microorganisms, most of which are
painted Gram-positively. Some halobacteria have gas vacuoles for keeping the buoyancy control.
The halobacteria usually do hot form spores. According to the nutrition type halobacteria are
predominantly aerobic microorganisms, e.g. they require oxygen for the growth, but they also can
tolerate the very low oxygen content in growth media (hemoorganotrophs) [4]. Furthermore,
halobacteria can use a wide range of organic compounds for the growth as amino acids,
carbohydrates and organic acids. They possess a few changes in biochemical pathways of
assimilation of sugars via complete citric acid cycle. With a lack of oxygen halobacteria are able to
evolve the photoorganotrophic pathway by synthesizing the photo-transforming membrane protein
bacteriorhodopsin (BR), which allows use solar energy for the growth.

The halobacteria are oftnen refered as organisms “living on the edge of physiological
capabilities”. They have virtually no competitors that could exist under the same conditions, and
therefore halophiles freely evolved throughout the evolution of life on Earth. The interesting fact is

206




Russian Journal of Biological Research, 2015, Vol. (6), Is. 4

that some modern bacteria under the growth in extreme conditions acquire the features of
halophiles and other ancient archaebacteria by losing the more rigid upper layer in the cell
membrane. It is assumed that archaebacteria had lost this layer under the influence of high salt
concentrations. The changes in the structure of their cell membranes are caused by the need to
ensure the necessary protection for the cells from aggressive external environment. The process of
formation of adaptive protective systems in halobacteria demanded the synthesis of specific
substances and cellular systems, which do never almost occur in other microorganisms.

Halobacteria have lived on Earth since the Archean age — 3,0—3,5 billion years, almost
without changing. Fossilized remains of these organisms are found in ancient rocks aged 2,7 billion
years and in Precambrian formations. The oldest of these bacterial remains were found in Isuan
green-stone belt in the west of Greenland, where there have been the oldest on Earth, sedimentary
rocks formed 3,8 billion years ago. It is possible that the archaebacteria were the first forms of life
on Earth in the first period of its evolution [5]. One of the main arguments in favor of this
hypothesis is the fact that the representatives of numerous species of archaebacteria use as the sole
carbon source for the biosynthesis of components of the cell biomass a mixture of amino acids, i.e.,
they are heterotrophs.

It is argued that the archaea, bacteria and eukaryotes are submitted by three separate
taxonomic lines which were early separated from the ancestral group of microorganisms [6].
Perhaps it was occurred even before the evolution of the cell, wherein the lack of the cell membrane
made it impossible to unlimited transfer and exchange of genes that is why the ancestors of the
three domains are differed in lockable sets of genes. It is very likely that the common ancestor of
archaea and bacteria was a thermophile, it gives a reason to us to assume that low temperatures
were “extreme environment” for archaea, and organisms adapted to them, appeared a little later.
Indicating the relationship between these three domains is a crucial for understanding the origin of
life. The majority of metabolic pathways, which involves most of the genes are similar in bacteria
and archaea, whereas the genes responsible for the expression of other genes are very similar in
archaea and eukaryotes. According to the cellular structure the archaea are closest to Gram-
positive bacteria: their cells are covered with the plasma membrane, the additional outer
membrane, characteristic for Gram-negative bacteria is absent; the cell walls are of varying
composition and as a rule are usually thick.

Table 1 below shows some of the main features of the archaea, characteristic or inherent to
other domains, to demonstrate their relationship.

Table 1: The general features characteristics of bacteria, archaea and eukaryotes

Typical for archaea and Typical for archaea and Typical only for archaea

bacteria eukaryotes
The absence of the nucleus The absence of peptidoglycan | The structure of the cell wall
and membrane organelles (murein) (cell walls of some archaea

contain psevdomurein)
The cell membrane lipids

Ring chromosome DNA is associated with

histone protein

contain ether linkage bond

less than in eukaryotes)

Genes are combined into | Translation of protein begins | The structure of flagellin

operons with the methionine residue

No introns and RNA | Similar RNA polymerase and | The structure of the ribosome

processing other components of the | (some signs closer to the
transcription bacteria, while some others -

with eukaryotes)

Polycistronic mRNA Similar =~ mechanisms  of | The structure and metabolism
replication and repair of DNA | of tRNA

Cell size (more than 100 times | A similar ATPase (type V) No fatty acid synthase
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The genetic apparatus of the archaea is represented by a single circular chromosome with the
size of 5751492 bp found in Methanosarcina acetivorans, having the largest known gene among
the archaea [7]. On the contrary in Nanoarchaeum equitans 1/10 the size of the genome composes
490 885 bp, having the smallest known genome among the archaea; it contains only 537 genes,
encoding different proteins [8]. The archaea also contains smaller molecules of DNA, known as
plasmids. Probably the plasmids can be transferred via contact between the cells, in a process
similar to bacterial conjugation.

However, evolutionary relationship between archaea and eukaryotes remains to be unclear.
Besides the similarities in the structure and functions of cells, there are similarities at the genetic
level. It was found that a group of archaea — Crenarchaeota are closer to eukaryotes than to other
types of archaea — Euryarchaeota [9] The most common is a hypothesis that the ancestor of
eukaryotes early separated from the archaea, and eukaryotes appeared as a result of the merger of
archaea and eubacteria; the later became the cytoplasm and the nucleus of the new merged cell
[10]. This hypothesis explains the various genetic similarities, but has some difficulty in explaining
the cell structure.

The recent information on the genetic diversity of the archaea is fragmentary, and the total
number of species could not be evaluated fully. Comparative analysis of the 16S structures of rPHK
of archaea allowed assuming the existence of 18—20 phylogenetic groups of the archaea [11].
Numerous of these groups are known only from a single sequence of rRNA, which suggests that the
limits of the diversity of these organisms remain to be unclear. Many halobacteria have never been
cultured under laboratory conditions, which makes their identification difficult.

The aim of the research was the investiging of the metabolism and physiology of extreme
halophilic bacteria Halobacterium halobium and searching for new biotechnological applications
of the synthesized by this bacterium photo-transforming integral membrane protein
bacteriorhodopsin (BR).

Material and methods
Bacterial objects

As a BR producer was used a carotenoid strain of extreme photo-organotrophic
halobacterium Halobacterium halobium ET 1001, obtained from Moscow State University
(Russia). The strain was modified by selection of individual colonies on solid (2% (w/v) agarose)
media with peptone and 4,3 M NaCl.

Growth conditions

BR (yield 8-10 mg from 1 g biomass) was obtained in synthetic (SM) medium (g/1): D,L-
alanine — 0,43; L-arginine — 0,4; D,L-aspartic acid — 0,45; L-cysteine — 0,05; L-glutamic acid — 1,3;
L-lycine — 0,06; D,L-histidine — 0,3; D,L-isoleucine — 0,44; L-leucine — 0,8; L-lysine — 0,85; D,L-
methionine — 0,37; D,L-phenylalanine — 0,26; L-proline — 0,05; D,L-serine — 0,61; D,L-threonine —
0,5; L-tyrosine — 0,2; D,L-tryptophan - 0,5; D,L-valine — 1,0, AMP - 0,1; UMP - 0,1; NaCl - 250;
MgSO0,7H,0 - 20; KCl - 2; NH,CI - 0,5; KNO; — 0,1; KH,PO, — 0,05; K.HPO, — 0,05; Na+-citrate —
0,5; MnSO,2H.O - 310%; CaCl,.6H.O - 0,065; ZnSO,7H.O0 — 41075; FeSO,7H.O — 5104
CuS0O,5H.0 — 51075; glycerol — 1,0; biotin — 1-104; folic acid — 1,5:104; vitamin B, — 2:10'5. The
growth medium was autoclaved for 30 min at 0,5 atm, the pH value was adjusted to 6,5-6,7 with
0,5 M KOH. Bacterial growth was performed in 500 ml Erlenmeyer flasks (volume of the reaction
mixture 100 ml) for 4-5 days at +35 °C on Biorad shaker (“Birad Labs”, Hungary) under intense
aeration and monochromatic illumination (3 lamps x 1,5 Ix). All further manipulations for BR
isolation were carried out with the use of a photomask lamp equipped with an orange light filter.

Isolation of purple membranes (PM)

Biomass (1 g) was washed with distilled water and pelleted by centrifugation on T-24
centrifuge (“Carl Zeiss”, Germany) (1500 g, 20 min). The precipitate was suspended in 100 ml of
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dist. H.O and kept for 3 h at 4 °C. The reaction mixture was centrifuged (1500 g, 15 min), the pellet
was resuspended in 20 ml dist. H.O and disintegrated by infrasound sonication (22 kHz, 3 times x
5 min) in an ice bath (0 °C). The cell homogenate after washing with dist. H.O was resuspended in
10 ml of buffer containing 125 mM NaCl, 20 mM MgCl,, and 4 mM Tris-HCIl (pH = 8.0), then 5
mg of RNA-ase (2—3 units of activity) was added . The mixture was incubated for 2 h at 37 °C. Then
10 ml of the same buffer was added and kept for 10-12 h at 4 °C. The aqueous fraction was
separated by centrifugation (1500 g, 20 min), the PM precipitate was treated with 50 % (v/v)
ethanol (5 times x 7 ml) at 4 °C followed by separation of the solvent. This procedure was repeated
6 times to give a colorless washings. The protein content in the samples was determined
spectrophotometrically on DU-6 spectrophotometer (“Beckman Coulter”, USA) by the ratio
D.go/Dses (€280 = 1,11105; €568 = 6,3-104 Mcm™) [12]. PM regeneration is performed as described in
the article [13]. Yield of PM fraction — 120 mg (80-85 %).

Isolation of BR

Fraction PM (in H,O) (1 mg/ml) was dissolved in 1 ml of 0,5 % (w/v) sodium dodecyl sulfate
(SDS-Na), and incubated for 5-7 h at 37 °C followed by centrifugation (1200 g, 15 min). The
precipitate was separated, than methanol was added to the supernatant in divided portions (3
times x 100 ml) at 0 °C. The reaction mixture was kept for 14—15 h in ice bath at 4 °C and then
centrifuged (1200 g, 15 min). Fractionation procedure was performed three times, reducing the
concentration of 0,5 % SDS-Na to 0,2 and 0,1 %. Crystal protein (output 8-10 mg) was washed
with cold 2H,O (2 times x 1 ml) and centrifuged (1200 g, 15 min).

Purification of BR

Protein sample (5 mg) was dissolved in 100 ml of buffer solution and placed on a column
(150 x 10 mm), stationary phase — Sephadex G-200 ("Pharmasia", USA) (specific volume packed
beads — 30—40 units per 1 g dry of Sephadex) equilibrated with buffer containing 0,1 % (w/v) SDS-
Na and 2,5 mM ETDA. Elution proceeded by 0,09 M Tris-buffer containing 0,5 M NaCl, pH = 8,35
at a flow rate of 10 ml/cm2-h. Combined protein fraction was subjected to freeze-drying, in sealed
glass ampoules (10 x 50 mm) and stored in frost camera at -10 °C.

Quantitative analysis of the protein

The procedure was performed in 12,5 % (w/v) polyacrylamide gel (PAAG) containing 0,1 %
(w/v) SDS-Na. The samples were prepared for electrophoresis by standard procedures (LKB
protocol, Sweden). Electrophoretic gel stained with Coomassie blue R-250 was scanned on a CDS-
200 laser densitometer (Beckman, USA) for quantitative analysis of the protein.

Absorption spectrometry

Absorption spectra of pigments were recorded on the programmed DU-6 spectrophotometer
(“Beckman Coulter”, USA) at A = 280 nm and A = 750 nm.

Scanning electron microscopy

The structural studies were carried out with using scanning electrom microscopy (SEM) on
JSM 35 CF (JEOL Ltd., Corea) device, equiped with X-ray microanalyzer “Tracor Northern TN”, SE
detector, thermomolecular pump, and tungsten electron gun (Harpin type W filament, DC
heating); working pressure: 104 Pa (10° Torr); magnification: 100000, resolution: 3,0 nm,
accelerating voltage: 1—30 kV; sample size: 60—130 mm.
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Results and Discussion
The structure of BR

The mechanism of converting the solar energy into the chemical energy of ATP used by
halobacteria is different from the classic photosynthetic mechanism realized by plants and green
algae containing chlorophyll. For this purpose halobacteria use a special chromophore protein with
a molecular weight of 26 kDa, designated bacteriorhodopsin (BR) by analogy with the photo-
sensitive protein of mammalian visual apparatus — rhodopsin providing visual perception in
animals and humans [14]. BR was firstly isolated in 1971 from the cell membrane of extreme
photoorganotrophic halobacteria Halobacterium halobium, inhabiting saline geothermal lakes and
seas, including the Dead Sea (Israel) [15]. This photo-transforming protein is represented by a
chromoprotein associated by aldimine bond with the amino acid residue lysine-216. As a
chromophore group the BR contains an equimolar mixture of 13-cis- and 13-trans-retinal — an
analogue of vitamin A defining purple-red color of colonies of halobacteria. Along with the BR the
cell membrane of halophiles contains other carotenoid pigments, the main of which
bakterioruberin, causes the colorage of halobacteria from pink to red and red-orange [16].
The presence of these pigments has to the halophiles an important meaning as a means of
protection against excessive solar radiation, as their habitats are characterized by high luminosity,
and these pigments are able to delay radiation.

The cell membrane of halophiles also contains two sensory rhodopsins, which provide
positive and negative phototaxis in cells [17]. These proteins absorb different wavelengths of light,
causing a cascade of signals that eventually control the flagella of halobacteria. For example, the
absorption of a photon of red light leads to the generation of a signal on receiving of which
halobacteria begin to move toward the light source. By the absorption of a photon of blue light, it is
occurred the opposite reaction. The maximum optical effect is achieved in both cases at
wavelengths of A = 565 and A = 370 nm, respectively [18]. Thus, the photosensor reaction provides
the optimal for the cell spatial orientation. Cells leave areas, which penetrates detrimental
shortwave solar radiation and by means of flagella or gas vacuoles are concentrated in a favorable
light condition area. This mechanism provides optimal conditions for the growth and vital function
of halobacteria. Furthermore, the cell membrane of halovacteria contains another membrane
protein, halorhodopsin serving as a light-dependent pump of chlorine ions (Cl-), the main function
of which is the transport of Cl- into the cell [19]. Life in environments with high concentrations of
NaCl has resulted in the development in halobacteria an effective system of active transport of Na+*
and K+, whereby Na* is pumped out the cell and K*, on the contrary, is pumped into the cell. As a
result, the Na* content in the cytoplasm is maintained at a low level.

Despite the similarity of the mechanism of action of BR with the visual animal protein —
rhodopsin, the amino acid sequence of BR differs from the animal rhodopsin that suggests their
independent evolutionary origins. This is confirmed by the fact that the BR molecule forms 13-cis,
trans- configuration rather than 11-cis, trans-configuration as in the animal rhodopsin [20].
However, the conformation of BR indicates that the protein belongs along with the rhodopsin to
the family of transport G-proteins that involved in a large number of biochemical signal processes
in the cell.

According to the structure and location in the cell membrane BR refers to integral
transmembrane proteins, penetrating the entire thickness of the cell membrane of halophiles,
which is divided into three main fractions: yellow, red and purple. The purple fraction, containing
75 % of BR, carotenoid and phospholipid (mainly phospho glycerol with a small amount of non-
polar lipids and isoprenoids) and water forms natural two-dimensional crystals that can be
investigated with using electron microscopy techniques and diffraction analysis — X-ray scattering
and the scattering of electrons and neutrons on the surface of PM crystals [21]. These methods
proved the existence in the BR molecule 7 a-helical protein segments in the middle of which is
symmetrically located the chromophore moiety as a retinal residue (Figure 2).

210




Russian Journal of Biological Research, 2015, Vol. (6), Is. 4

Cytoplasm

N-termanal

Outside

Figure 2: Location of the protein moiety of the BR and the retinal residue in the cell membrane of
halobacteria Halobacterium halobium according to computer simulation [20]: protein fragments
of the BR molecules in the form of 7 penetrating the cell membrane a-helical segments are
indicated in Latin characters; dark color designated the segments responsible for binding the
retinal residue to the protein part of the BR molecule.

The polypeptide chain of BR consists of 248 amino acid residues, 67 % of which are
hydrophobic [22], while 33 % — hydrophilic residues formed by aspartic and glutamic acids,
arginine and lysine (Figure 3a). These residues play an important structural and functional role in
the spatial orientation of a-helical segments of the BR molecule, which is organized in the purple
membrane in an orderly manner in the form of trimmers with an average diameter of about
0,5 mm and a thickness of 5-6 nm. Each trimmer is surrounded by six others so that a proper
hexagonal crystal lattice is formed (Figure 3b). The individual BR molecule consists of 7 a-helix
segments arranged in the direction perpendicular to the plane of the cytoplasmic membrane
(Figure 3c). Hydrophobic domains represent transmembrane segments, whereas hydrophilic
domains protrude from the membrane and connect the individual intra membranous a-helical
segments of protein segments in the BR molecule [23].
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Figure 3: The structure of the BR molecule according to diffraction analysis [21]: a) — the primary
structure of the BR molecule: amino acids indicated in Latin characters, circles and rhombs show
the functionally important amino acids responsible for spatial orientation of a-helical segments of
the protein residue of BR and formation of channels for the transfer of protons H* across the cell

membrane; b) — electron density map of PM (a single molecule of the protein is encircled in the

center). Numbers 1—7 are designated a-helical segments of BR: 1 — A-segment; 2 — B-segment;

3 — C-segment; 4 — D-segment; 5 — E-segment; 6 — F-segment; 7 — G-segment; ¢) — the spatial

structure of the BR molecule: 1 — A-segment; 2 — B-segment; 3 — C-segment; 4 — D-segment;
5 — E-segment; 6 — F-segment; 7 — G-segment.

The mechanism of functioning of BR

BR acts as a light-dependent proton pump, pumping protons across the cell membrane and
generates an electrochemical gradient of H+ on the surface of the cell membrane, which energy is
used by the cell for the synthesis of ATP in the anaerobic photosynthetic phosphorylation [24]. The
mechanism of ATP synthesis is called “non-chlorophyll photosynthesis”, in contrast to the plant
photosynthesis with the participation of chlorophyll. In this mechanism, at absorption of a light
photon the BR molecule becomes decolorized by entering into the cycle of photochemical reactions,
resulting in the release of a proton to the outside of the membrane, and the absorption of proton
from intracellular space. The formation of concentration gradient of H* leads to the fact that the
illuminated halobacteria cells begin to synthesize ATP, i.e. convert light energy into the energy of

212




Russian Journal of Biological Research, 2015, Vol. (6), Is. 4

chemical bonds. Due to this, the pH value inside the cytoplasm keeps the constant value — about 3
units and only slightly dependent on the pH of the exterior medium, which can reach 10—12 units.

The mechanism of subsequent sequential proton transfer of H+ with the participation of the
BR molecule across the cell membrane includes a chain of hydrogen bonds formed by the side
residues of hydrophilic amino acids extending through the entire thickness of the protein. This H*
proton transfer through the protein chain is carried out providing the protein consists of two parts
and contains a photochrome functional group capable under the influence of light to change its
microenvironment and thereby sequentially “lock” and “unlock” sites of binding of H* and its
further transfer across the cell membrane. The role of such a “shuttle” mechanism between two
conductors of H+*, one of which communicates with the exterior, and the other — with the
cytoplasmic surface of the cell membrane plays a retinal residue linked by the aldimine bond (as in
the visual pigments of animals) with a lysine-216 residue of the protein. Retinal has a 13-trans
conformation and is located in the membrane tunnel between protein a-segments of the BR
molecule, blocking the flow of protons. By the absorption of a light photon it occurs reversible
isomerization of 13-tras-BR (Amax = 548 nm) (the quantum yield 0,03 at t = +20 °C) into the 13-cis-
BR (Amax = 568 nm) [25], initiating a cascade of photochemical reactions lasting from 3 ms to 1 ps
with the formation of transitional intermediates J, K, L, M N, and O, followed by separation of H*
from the retinal residue of BR and the connection of H* from the side of cytoplasm (Figure 4).
In this process, the retinal residue is specifically bent in the membrane tunnel forming the
transmembrane transport H* channel from the cytoplasm to the outside environment, and carries
a proton H* from the inner cytoplasmic membrane to the outer membrane of the cell. In this case, a
proton H* from the retinal residue is transferred to the Asp-85-residue, after that the resulting
vacancy is filled with a proton H+* transferred from the residue Asp-96. As a result, between the
internal and external surface of the membrane forms a concentration gradient of H*, which leads
that illuminated cells begin to synthesize ATP, i.e. convert light energy into energy of chemical
bonds. This process is reversible and in the dark flows in the opposite direction. In this way the BR
molecule behaves as a photochromic carrier with a short relaxation time — the transition from the
excited state to the ground state. Optical characteristics of BR vary depending on the method of
preparation of PM embedded onto the polymer matrix.

An interesting feature of the metabolism of halobacteria is at that the presence of oxygen and
the organic compound (amino acids, peptones), which can be used as growth substrates and
sources of energy, halophiles can grow in the dark, by switching on a heterotrophic photosynthetic
metabolism [26]. However, with a lack or even in the complete absence of oxygen and under the
bright light in the cell membrane of halobacteria is synthesized BR, allowing them to use solar
energy for growth and ATP synthesis. Thus, halobacteria are capable to carry out the synthesis of
ATP molecules as due to chemical energy released in the process of oxidation in the respiratory
chain, as well as using the light energy absorbed by BR.
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Figure 4: Photocycle scheme of BR (aqueous solution, pH = 7,2; t = 20 °C). Latin numbers J, K, L,
M, N, O denote spectral intermediates of BR. 'M and "M represent spectral intermediants of meta-
bacteriorhodopsin with the protonated (M) and deprotonated (M) aldimine bond. L. and D denote

dark and light forms of pigments. The subscripts correspond to the position of the absorption
maximum in the photocycle intermediates (nm).

The spheres of practical application of BR in bionanotechnology

BR is the focus of bio-and nanotechnology because of its high sensitivity and resolution, and
is used in molecular bioelectronics as natural photochromic material for light-controlled electrical
regulated computer modules and optical systems [27]. In addition, BR is very attractive as a model
for studies related to the research into the functional activity and structural properties of photo-
transforming membrane proteins embedded into the native and photo-converting
membranes [28].

Nanofilms produced using the BR-containing PM were first obtained and studied in this
country in the framework of the project “Photochrome” [29], when it was demonstrated
effectiveness and prospects for the use of BR as photochromic material for holographic recording
(Figure 5).

The main task for the manufacture of BR-containing nanofilms is the orientation of PM
between the hydrophobic and hydrophilic media. Typically, to improve the characteristics of the
BR-containing films use multiple layers of PM that are applied to the surface of the polymeric
carrier and dried up, preserving their natural structure. The best results are achieved in the
manufacture of nanofilms embedded onto the gelatin matrix [30]. This allows to achive high
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concentration of BR (up to 50 %) in nanofilms and avoid aggregation of cell membrane fragments
and destruction of BR in the manufacturing process [31].

Figure 5: Artificial membrane based on the BR-containing PM in scanning electron microscope
(SEM): scanning area — 100x100 mm; resolution — 50 nm; magnification — 100000 times.
PM shown in purple, BR — in red color.

Embedded into a gelatin matrix BR-containing PM fragments are durable (~104 h) and
resistant to solar light, the effects of oxygen, temperatures greater than +80 °C (in water) and up to
+140 °C (in air), pH = 1-12, and action of most proteases [32]. The dried PM is stacked on the top
of each other, focusing in the plane of the matrix, so that a layer with 1 um thickness contains about
200 monolayers [33]. When being illuminated such nanofilms exert the electric potential at
100-200 mV, which coincides with the membrane potential of living cells [34]. These factors are of
great practical importance for integration of PM into polymeric nanomatrix with keeping
photochemical properties.

Biosynthesis of BR

The technology of preparation of BR consists in growing of halobacteria on liquid artificial
synthetic media with 15—20 % NaCl, containing synthetic amino acids or on natural media with
peptones or protein-vitamin concentrate (PVC) of yeast [35].

Artificial synthetic media are represented by mixtures of synthetic essential amino acids
(glycine, alanine, arginine, aspartic acid, cysteine, glutamic acid, histidine, isoleucine, leucine,
lysine, methionine, phenylalanine, proline, serine, threonine, tyrosine, tryptophan, valine),
nucleotides (adenosine-5-monophosphate, uridine-5-monophosphate), inorganic salts and
vitamins.

Peptones — are products of partial hydrolysis of animal proteins (milk, meat), consisting of
mixtures of different polypeptides; also contain di- and tripeptides, and free amino acids. Peptones
are formed by the action of proteolytic enzymes of the gastric and pancreatic juices (pepsin,
trypsin) on natural proteins, as well as by mild hydrolysis of animal proteins by acids and alkalis.
The source of the peptone protein depends on the species from which it is derived: meat, fish, egg
peptones etc.

PVC is a dry biomass of feed yeast of saccharomyces genus of Saccharomyces cerevisiae,
grown on hydrocarbons - oil paraffins (paprin) or natural gas (gaprin). It contains approx. 50% of
protein, a full set of vitamins, a large number of trace elements (iron, manganese, iodine,
magnesium, sodium, zinc) and amino acids.

Depending on the needs of a particular type of halobacteria in sources of growth substrates
use artificial synthetic nutrient media or media prepared on the basis of natural peptons of PVC of
yeast.

For the biosynthesis of BR often use the extreme aerobic photo-organotrophic halobacterium
Halobacterium halobium [36]. This bacterium is grown on the synthetic liquid complex medium
containing 18 amino acids (alanine, arginine, aspartic acid, cysteine, glutamic acid, glycine,
histidine, isoleucine, leucine, lysine, methionine, phenylalanine, proline, serine, threonine,
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tyrosine, tryptophan, valine ), nucleotides (adenosine-5-monophosphate, uridine-5-
monophosphate), inorganic salts of sodium, magnesium, manganese, copper, calcium, zinc, iron,
potassium, ammonium, phosphorus) and biotin, folic acid and vitamin B..

The process of growing the halobacteria is conducted on an orbital shaker in flat-bottomed
flasks in condition of intensive aeration under the light of monochrome fluorescent lamps.
Bacterial growth was measured by optical density of the cell suspension at A=620 nm on a
spectrophotometer. As is shown in Figure 6 under optimal growing conditions (incubation period
4-5 days, temperature t = +35 °C, illumination with monochromatic light at A = 560 nm) in cells is
synthesized the purple carotenoid pigment, characterized as BR by the spectral ratio of protein and
chromophore fragments D.so/Ds6s = 1,5:1,0 in the molecule [37]. The subsequent isolation of BR
from the PM fraction is carried out by a combination of physical, chemical and enzymatic
methods [38].
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Figure 6: Growth dynamics of H. halobium under different conditions: a) — the peptone medium,;
b) — complex synthetic medium. Growing conditions: incubation period of 4—5 days at t = +35 °C;
illuminating by monochromatic light with a wavelength of A = 560 nm.

Isolation of BR

Isolation and purification of BR from PM fraction is carried out with using a light-shielding
lamp equipped with an orange color filter as BR is very sensitive to light and light isomerization.

The main stages for obtaining BR are:

» Growing the halobacterium H. halobium on artificial or natural nutrient media;

« Cell disruption and lysis of cell walls;

« Allocation fraction of PM;

e Cleaning of PM from low- and high molecular weight impurities, cellular RNA and
carotenoids;

« Dissolving the PM fraction in a 0,5 % solution of the ionic detergent sodium dodecyl sulfate
(SDS-Na) to form a microemulsion;

« Precipitation of BR from the microemulsion by methanol;

+ Gel Permeation Chromatography (GPC) on Sephadex G-200;

« Electrophoresis in 12,5 % polyacrylamide (PAGE) gel.
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The protein is localized in the PM; the release of low molecular weight impurities and
intracellular contents was reached by osmotic shock of cells with distilled water in the cold after the
removal of 4,3 M NaCl and the subsequent destruction of the cell membrane by ultrasound at
22 kHz. For the destruction of cellular RNA the cellular homogenate was treated with Rnase I. PM
fraction along with the desired protein in a complex with lipids and polysaccharides also contained
impurity of related carotenoids and proteins. Therefore, it was necessary to use special methods of
fractionation of the protein without damaging its native structure and dissociation. That required
applying the special methods of purification of carotenoids and lipids, and the subsequent GPC on
Sephadex G-200. Removing of carotenoids, consisting in repeated treatment of PM with 50 % (v/v)
EtOH at t = +4 °C, was a routine but necessary step, in spite of the significant loss of
chromoprotein. It was used five treatments by 50 % (v/v) EtOH to obtain the absorption spectrum
of purified from carotenoids PM suspension (4) and (5) (degree of chromatographic purity of
80-85 %), as shown in Figure 7 at various processing stages (b) and (c) relative to the native BR as
a control (a). The formation of retinal-protein complex in the BR molecule leads to a bathochromic
shift in the absorption spectrum of PM (Figure 7c) — the main bandwith (1) with the absorption
maximum at A = 568 nm is caused by the light isomerization of the chromophore by the C13=C14
bond is determined by the presence of 13-trans-retinal residue in BRges; additional low-intensity
bandwith (2) at A = 412 nm characterizes a minor impurity of a spectral form of meta-
bacteriorhodopsin M,;. (formed in the light) with deprotonated aldimine bond between 13-trans-
retinal residue and protein; the total bandwith (3) at A = 280 nm is determined by the absorption
of aromatic amino acids in the polypeptide chain of the protein (for the native BR — Dago/Dses =
1,5:1,0).
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Figure 7: The absorption spectra of the PM (50 % (v/v) EtOH) at various stages of processing:
(a) — the natural BR (control); (b) — PM after intermediate treatment; (¢) — PM purified from
carotenoids. The bandwith (1) is the spectral form of BRyes; (2) — impurity of spectral form of
meta-bacteriorhodopsin M,:.; (3) — the total absorption bandwith of aromatic amino acids;
(4) and (5) — extraneous carotenoids. As a control used the native BR
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The fractionation and chromatographic purification of BR

The fractionation and chromatographic purification of the protein was the next necessary
step of the research. As BR, being an integral membrane protein intricately penetrates bi-lipid
layer in form of seven a-helices, the use of ammonium sulfate and other conventional agents to
salting out did not give a positive result for isolation of the protein. The resolving was in the
translation of the protein to a soluble form by the colloidal dissolution (solubilization) in an ionic
detergent. Using as the ionic detergent SDS-Na was dictated by the need to carry out the
solubilization of the protein in a native, biologically active form in complex with 13-trans-retinal,
because BR solubilized in 0,5 % (v/v) SDS-Na retains a native o-helical configuration [39].
Therefore, there is no need to use organic solvents as acetone, methanol and chloroform for
purification of lipids and protein, and precipitation and delipidization is combined into a single
step, which significantly simplifies the further fractionation. A significant advantage of this method
is that the isolated protein in complex with lipids and detergent molecules was distributed in the
supernatant, and other high molecular weight impurities — in unreacted precipitate, easily
separated by centrifugation [40]. Fractionation of the protein solubilized in a 0,5 % (w/v) SDS-Na
and its subsequent isolation in crystalline form was achieved at t = +4 °C in three steps
precipitating procedure with treatment by methanol, reducing the concentration of detergent from
0,5; 0,25 and 0,1 % (w/v) respectively.

The final stage of BR purification involved the separation of the protein from low-molecular-
weight impurities by using GPC-method. For this purpose the BR containing fraction was passed
twice through a chromatography column with dextran Sephadex G-200 balanced with 0,09 M Tris-
buffer (pH = 8,35) containing 0,1 % (w/v) SDS-Na and 2,5 mM EDTA. The elution was carried out at
t = 20+25 °C with 1 mM Tris-HCI buffer (pH = 7,6) at rate of 10 ml/cm2h. The data on purification
of BR of phospholipids and carotenoids are shown in Table 2. As it is demonstrated in Table 2, 84
% of phospholipids was removed by five washes (65, 70 and 76 % was removed by 1st, 2nd and 3nd
wash respectively). The total endogenous phospolipid removal on the BR peak was 92 % relative to the
native PM.

Table 2: Summary results for the isolation and purification of BR by various methods

Sample PM content, Phospholipid and BRyield*, %
mol PM/mol BR | carotenoid removal,
%
PM fraction 20,5 - —
PM washed with EtOH
1 wash 16,9 65 93
2 wash 15,1 70 90
3 wash 14,5 76 88
4 wash 13,6 81 84
5 wash 13,2 84 80
BR crystallised 12,9 86 75
from MeOH
BR from GPC on 10,2 92 86
Sephadex G-200

Notes:

* Percentage yield is indicated in mass.% relative to BR solubilized in 0,5 % SDS-Na before
concentration.

Conclusions

Haobacteria is a taxonomic group of extreme aerobic microorganisms having great practical
bionanotechnological potential. BR synthesized by these microorganisms is the focus of bio-and
nanotechnology because of its high sensitivity and resolution, and may be used in molecular
bioelectronics as natural photochromic material for light-controlled electrical regulated computer
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modules and optical systems. The technology of BR biosynthesis allows obtain milligram quantities
of pure crystal protein. The main advantage is that BR retains its natural configuration and the
ability to undergo photochemical transformations. By this method is possible to obtain similar to
BR transmembrane proteins of halobacteria — sensorodopsin and halorodopsin. The unique
properties of these natural bacteriorhodopsins provide a wide range of optical applications in
which they can be applied, because the integration of these proteins in the most advanced technical
optical systems is very simple.
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SKCTPEMAJIBHBIX a9POOHBIX IPAM-IIOJIOKUTEIBHBIX OOJIUTaTHBIX MUKPOOPTAaHU3MOB, 0OUTAOIIHE B
YCJIOBUSX BBICOKOU COJIEHOCTH — B MOPSIX, COJIEHBIX 03€pax U 3aCOJIEHHBIX IIOYBaX. Yes0BeYECTBY
OHH H3BECTHHI JIOBOJIBHO JIaBHO II0 KPAaCHOBAaTOMY HAJIETY HA IPOJYKTaX, KOHCEPBUPYEMBIX C
HCIIOJIb30BaHUEM OoJbIux KosudecTB moBapeHHoU cosu (NaCl). Bmepswie ranmoduisl 6pL1H
BBIZIEJIEHBl B Hauaje XX CTOJIeTHS U3 MUKPO(IOPHI MOPCKOW JIMMAHHOHW TPsA3H, OJHAKO HX
CUCTEMAaTHUeCKOe H3YYeHHe HAvaJoCh TOJBKO B KOHI[E BTOPOTO JecATHIeTHss XX BeKa.
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cpeay HUX HET HU OJHOM maToreHHOU (popMbl. ["amobakrepun 0061agat0T OOJIBIITUM ITOTEHITHAIOM
WCIIOJIb30BAaHUSI B MOJIEKYJIIDHOH OWOB3JIEKTPOHUKE U OMO-HAHOTEXHOJIOTUU BCJIE/ICTBUE
YHUKQIBHOU CIIOCOOHOCTH ITPE0OPa30BhIBATh SHEPTHIO COJIHEUHOTO CBETA B 3JIEKTPOXMMUYECKYIO
SHepruio mnpoToHOB H* 3a cuer Hammuusa GOTONPEOOPA3YIOMIETO PETUHATBCOAEPIKAIIETO
MeMOpaHHOTO Oenka — OaKTEPUOPOAOIICMHA, MEXaHU3M (QYHKIMOHHPOBAHHUSA KOTOPOTO B
HACTOsIIIee BpeMs JIeTaJIbHO U3y4yeH. B JaHHOH cTaThe paccMOTPEHBI 0COOEHHOCTH MeTaboIi3Ma U
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ranobakrepun Halobacterium halobium.
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Abstract

The content of bioelements in the heart, liver, kidneys, adrenals, spleen, serum of blood in
the prolongued experiment was studied on white rats aftter 45 days of poisoning info mouth with
water based liquids of neonols 1/100 and 1/10 DLs,. The results talk about the breach of adaptation
of organisms to harmful influence of xenobiotics.

Keywords: bioelements, metaloenzyms, xenobiotics, homeostasis, stress, adaptation,
stabilization, rats of the Vistar population.

Beeagenue

MHorue 3abosieBaHHSI YeJIOBEKA CONPOBOXKAAIOTCA WM  BBI3BAHBI  HAPYIIEHHEM
O6mosnemeHTHOTO OasaHca opranusma [1]. IIpuwumHO#M pgucbGasmaHca MOTYT OBITH pPa3IUYHbBIE
SK30TeHHble (PAKTOPhI, B TOM YHCJIe W TOKCUUYECKHEe XUMHYECKUe COeJUHEHHs, B YaCTHOCTU
CHUHTETUYECKHE TOBEPXHOCTHO-aKTUBHBIE BelecTBa (IIAB), KOTOpBIe SBJISAIOTCA OAHUMU U3 CAMbIX
PacCIpOCTPAaHEHHBIX 3arPA3HUTENIEN TOBEPXHOCTHBIX U MO/I3€MHBIX UCTOUYHUKOB BOJOCHAOKEHUS.
Huskaa sddextuBHOCTh OumcTkd BoAbl OT IIAB Ha coOBpeMeHHBIX OYHCTHBIX COOPYKEHUX,
TEXHOTEHHbIE KaTaCTPO(MBI ABJIAIOTCA IPUINHON MMOABIEHUS KCEHOOMOTHUKOB B TUTHEBOH BOJIE, UYTO
€CTEeCTBEHHO BJIMAeT Ha 3/I0pOBbe HaceseHUA [2]. BesencTBue 3TOro cpaBHHUTeNIbHAA OIlEHKA
cnerudUiecKux u3MeHeHUH (oH/Ia OM03JIEMEHTOB OpraHU3Ma IpeZCTaBiIsgeT OOIBIION HHTepeC
JUIl U3yYeHHUs TIEePECTPOMKU peryAlud OpraHu3Ma HENOCPEeJCTBEHHO Ha KJIETOYHOM,
rYMOpPaJIbHBIM, OpPraHHOM, OPraHW3MEHHOM YPOBHAX TIOJI JeWCTBUEM BpeIHBIX (HAKTOPOB
OKpy-KamIei cpensl [3, 4]. Ha coBpemMeHHOM sTame pa3BUTHs MPEACTABIEHUH 00 ajanTaiiuu
oOHapy»KeHO, UTO OOpaTHasA peakNHs Ha IOC/IeI0BAaTeIbHbIE MHOXKECTBEHHBbIE BJIUSHUS CTPECC-
(bakTOpPOB 3aBUCHUT OT HAKOIJIEHUS JAHHBIM OPTAHHU3MOM B IIPOIIECCE aJalITAIITH MeTab0TMIeCKOn
namatu [5]. Takum ob6pazom, QopMHUpyeTcsi CTpecCOBOE COCTOSHHE B OpraHH3Me, KOTOPOe
Mozyaupyer dusnosorndeckue GyHKIIUM B CBA3HM € BHOBb CO3JABIIMMHCA YCJIOBUSAMU
CyIlecTBOBaHUA [6].

MaTtepuaJjibl 1 METOABI
Wsyyanu cojep:kaHue OHO37IEMEHTOB B cepAlle, Ile4eHHU, II0YKaX, HaANOYeYHUKaX,
cele3éHKe, CBIBOPOTKE KPOBH IOJIOBO3PEJTBIX KPBIC (CaMITOB) MOy AU BrucTap, mo/iBepraBIInxcs
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BO3zelicTBUI0 HOBBIX rpynmn [IAB B mopocTtpoMm 9SKcnepuMeHTe. BelllectBa Ha  OCHOBe
OKCUSTUJIMPOBAHHBIX JIKWI- U U30HOHWIDEeHOJI0OB Mapok A® 9-12 u APC 9-6 KM BBOgwIu
€XeJTHEBHO YTPOM HATOIIAK C ITOMOIIBI0 METAJUTMYECKOTO 30H/a IIEpOPATIbHO B J103aX 1/10 U 1/100
DLs;, B TeueHHE 45 CyTOK. DJIEMEHTHBIA COCTaB ONPENEISLTH aTOMHO-abCOPOOITMOHHBIM METOIOM,
OCHOBAaHHBIM Ha OIpeE/eIEHUN IIOTJIOIeHNsA CBeTa aTOMaMM OIpEeAeJEHHOTO MaKpo- WU
MHKDPO3JIEMEHTA, HAXOAAIMIUMUCA B Ta3000pa3HOM COCTOSTHWH. [[JIs MCITapeHHs 3JIEMEHTOB
HICIIOJIP30BAJIM TIJIAMS Ta30BOU ropesiku. Hamudure 1 KOJIMYeCTBO 3JIEMEHTA OIPEJIEIIsUTN 110 CTENEHU
TIOIVIOIIEHUS CBETA C OIPE/IeJIEHHON JITTMHOM BOJIHBI, KOTOPYIO HOIVIOIIAEeT AaHAIM3UPYEMBIN 3JIEMEHT
[7]. /i1 mpoBeAeHUsT aHAIM3a MUKPO3JIEMEHTOB OPraHbl M TKAHM TOJIBEPTAJIN MPEABAPUTETHHOMY
o3oseHnto u sKcrparmpoBanuio 1o E.A. Jloiiko u I'.0. babenko [8, 9]. IloyiydeHHBIH BSKCTpaKT
MI0JIaBAJIM B CIHEKTPO(OTOMETP M C €ro IOMOINBI0 ONPENEeUTH CO/epKaHue OHO03JIEMEHTOB.
[TosrygyeHHBbIE Pe3yJIbTaThl CPABHUBAIU C pe3yJIbTaTaMU 3TAJIOHHBIX 00pa3IoB. McciemoBaan Takue
anemeHThl: Na, K, Ca, Mg, Zn, Cu, Fe, To ecTh Te, KOTOpbIe BBIOJHAIOT KOGAKTOPHYIO (PYHKITUIO U
00ecITeYnBalOT KaTaJTUTHYECKYI0 aKTUBHOCTh MHOTUX (pepMeHTOB, Takux Kak Ca2*, Mg2+-3aBUCUMBbIE
AT®a3p1, K+, Na*-3aBucumble AT®a3pl, MOHOAMHUHOOKCH/Ia3a, IIUTOXPOMOKCHA3a, IIePYJIOIIa3MUH,
JIAKTaTAETH/IPOreHasa, MaJIaT/IeTHAPOreHasa, CYKIIMHAT/IETUIPOTeHa3a, IJIIOK030-6-
docdatmerngporenasa, Karaiasa, nepokcuasa. J[ocToBepHOCTh Pe3yJIbTaTOB OIEHUBAJIH C TIOMOIITHIO
t = kputepusa CtbiozieHTa. BeTmyrHy p < 0,05 CIUTAIN CTaTUCTAYECKH 3HAYUMO.

OO0cy:kaeHue pe3yabTaToOB

PesysibTaThl ONBITOB MOKa3a/Id, UTO HEOHOJIBI Tpynn A® 9-12 u A®C 9-6 KM, neiicTtBys Ha
OpraHu3M, IIPUBOJIAT, B OCHOBHOM, K Ilepepaciipeie/IeHUI0 OM03JIEMEHTOB B OpraHax M TKaHSIX
5KCHEPUMEHTATbHBIX KUBOTHBIX.

JIuHaMHKa coaepKaHuA GM03/IEMEHTHOI0 COCTaBa B OpraHu3Me 0eJIbIX KPbIC MO/,
BJIHUSHUEM KCEHOOHMOTHKOB B Z1o3e 1/100 DL;, (Mr/100 r TKaHM)

Opraun 'pymbr MuxkpoasiemeHTsI, (M + m)
KNBOTHBIX K Na Ca Mg Cu 7n Fe
ChIBOpPOTKA OnsIT 8,33 145,01 3,67 1,77 63,41 17,22 53,75
KPOBH +0,56" +8,37° | 0,35 | #0,18 | #4,23" | +0,87 | *2,37"
Koutpomb | 6,82 | 100,42 | 2,92 1,47 | 46,43 | 15,91 | 40,30
10,25 2,6 +0,1 +0,03 | +0,79 | +0,29 | #2,53
Ileuensb O1msIT 6,08 8,75 3,55 4,95 9,35 0,82 1,15

* * *

+0,23 +0,35 +0,23" | +0,45 40,45 +0,13 +0,09
Konrposs 8,27 8,80 4,37 6,67 | 9,85 0,81 1,26
10,25 10,46 10,19 +0,27 | +0,37 | £0,04 10,05

Hagmnoueu- O1msIT 2,43 267,52 20,32 34,73 51,22 30,90 8,75
HUKH 10,35 17,85 2,33 +1,35 | 2,43 | 2,57 | 0,43
KonTposp 2,35 271,01 29,61 35,72 | 48,23 37,74 9,02

10,06 +7,70 +1,8 +2,82 +1,82 +1,76 40,46

Ilouku OnpIT 2,53 213,74 2,60 4,93 17,33 0,56 8,00

10,05 +8,67" +0,09 | +0,08 +1,77 10,06 10,43
Konrpomn 2,63 255,01 2,60 4,85 17,72 0,54 7,78

10,06 +4,6 40,08 | 0,06 +1,67 40,03 10,36

Cepnue OmnsIT 4,27 3,66 1,63 5,01 0,53 2,55 25,33
10,25 +0,27 10,07 +0,1" 10,05 | 0,07 +1,73

KonTposp 4,39 3,84 1,67 4,46 0,75 2,60 23,12

10,5 10,19 40,06 | 0,13 | 0,04 | 0,02 +2,09

Cenesénka OnspIT 2,14 0,83 2,17 1,36 0,37 2,00 9,96
10,22 10,07 +0,13" | +0,07 | +0,03 | +0,05 0,55

Koutpossb 2,14 0,82 2,81 1,38 0,36 2,65 10,01

+0,08 +0,04 +0,03 | 0,03 | +0,03 | +0,02 | +0,49

* OTJIMYME OT KOHTPOJISA IOCTOBEPHO (P < 0,05)
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Bosiee 3HaunMble M3MEHEHUs JUHAMUKU MHUKDPO3JIEMEHTOB OOHApYKeHBI 07| BJIMSHHEM
A®C 9-6 KM, KOTOPBIH MOBBIIIAJ B CBIBOPOTKE KPOBH cojiep:kanue K+ Ha 22 %, Na* Ha 44 %, Ca2*
Ha 26 %, Mg2* Ha 20 %, Cu2* Ha 36,5 %, Zn2* Ha 8 %, Fe3* Ha 33 % (Mabauya). iameHenus donHa
OUOTeHHBIX 3JIEMEHTOB MOTYT O00BACHATHCS CIOCOOHOCTHIO JleTEPTeHTOB K
KOMILIEKCOOOPA30BAHUIO C MAaKPO- ¥ MUKDPO3JIEMEHTAMHU U MOCJIEAYIOIINM IepepaciipesiesieHIeM
STHUX BEIEeCTB B KJIETKAX, TKAHAX WM OpraHu3Me B IejoM. HapylieHus HaTpUN-KaJIUeBOTO
romMeocTas’a MOTYT NPUBOJUTH K U3MEHEHUAM 3JIEKTPOXUMHYECKOTO T'PAJIMEHTA U CBA3AHHBIX C
HUM KJIETOYHBIX IIPOIIECCOB; THIEPKAJIUEMHS MOXKeT ObIThb IPUUYMHON YTHETEHHSA CEPAEYHO-
COCYAUICTOM CHCTEMBI, UTO OBLJIO XapaKTEPHO /JIsI CBIBOPOTKU KPOBHU JKCIIEPUMEHTAJIBHBIX
JKUBOTHBIX. [Ipy m3MeHeHNU cojiep;KaHUA MOHOB HATPUA B OpTaHU3Me IPOUCXOAAT HapyIIEeHU:
(yHKIIMI HEPBHOM CHCTEMBI, TJIAIKUX U CKEJIETHBIX MBIIIIII.

B meueHu oOHapy:KeHO CHIDKeHHe cojiepkaHus K+ Ha 15,6 %, Mg2t Ha 25,8 %.
C Hapy1lIeHreM MarHueBOI'O TOMeOCTa3a MOKeT CYIeCTBEHHO U3MEeHAThCA PAJ (pepMeHTaTUBHBIX
IIPOIIECCOB — OKUCJINTENbHOE (HochOpUINpOBaHUe, a/IeHWIATIIMKIA3HbIN KacKa/l, IPOTEOCUHTES,
YTO HAIIUIO MOATBEPIK/IEHNE B HCCJIEZIOBAHUAX [10, 11]; a Tak Ke MOXKET HapymaTees pabora Ca2t,
Mg2+ u Na*, K* AT®-3aBHUCHUMBIX TPAHCIOPTHHIX OEJIKOB IIa3MaTUYECKOH, MUTOXOH/IPUAIHHOU
MeMOpaHbl U SHJOIUIA3MATHYECKOH CETH, KOTOPBIE OCYIIECTBJIAIOT TPAHCMEMOPAHHBIN IepeHOoC
JIByX- U OJHOBaJIeHTHBIX HOHOB Ca2*, Mg?*, Na*, K* u 0IpPOTOHOB, BCJIEACTBHUE YETO
BJIEKTPOXUMHUYECKHEe TPAaIMEeHThl IMOJJAEPKUBAIOTCA HAa YpOBHe (YHKIIMOHUPOBAHUSA KJIETOK B
HOpMe [12, 13]. YBenuuenne cogep:kanusa Ca2* TOpMO3UT 0Opa3oBaHWE TOPMOHOB MapaTUPWHA U
KaJIBIUTPHUOJIA, TPUYEM OJHOBPEMEHHO BO3pacTaeT KOJHYECTBO HEAKTUBHBIX IIPOJYKTOB
MeTabosim3Ma 3toro coeauHerus. C momorpio Ca2t u myTém hocOopHIHPOBAHUSA OCYIIECTBIIAETCS
peryyanus psna KIOYEBBIX (GEepMEHTOB MeTaboym3Ma: TIJIMKOTEHCUHTAa3bl, IJIMIEPOJI-3-
dochataernporenaspl, TUpPyBaTAETUIpOreHas3bl, TUPYBAaTKUHA3bI, MMPYBAaTKAPOOKCUIIA3bl U JIP.
[1]. CHmkeHue ypoBHsA Ca2* Habiofaoch B eueHu Ha 18,8 % u ceye3éHke Ha 22,3 % Ha (oHe
CHIDKEHHMs aKTUBHOCTH ¢depMeHTOB B meueHu Caz+-zaBucumoil AT®aswer Ha 14 % u Mgt -
3aBucuMor AT®azel Ha 22,7 %, B IOYKaX COOTBETCTBEHHO Ha 21 % u 35,5 %. CHuXeHue
AKTUBHOCTHU JIJaHHBIX (pEPMEHTOB CBU/IETEJILCTBYEeT O HapYyUIEHUU CTPYKTYPHO-(YHKIIMOHAIBHOTO
COCTOSTHHSI MeMOpaH U CpbIBE 3aIIUTHBIX MEXaHU3MOB IO/ JIECTBUEM TOKCHYECKHUX BEIIlECTB,
KOTOpbI€ ABJIAIOTCA CTPecCOpPHBIM (aKTOpoM /i opraHusMa. CHukeHue cojepskanusa Cu2t Ha
20,3 % B OpraHax U TKaHAX ABUJIOCh OJTHON U3 NIPUUYNH UHAKTUBAIUN MOHOAMUHOKCHUA3bI, YTO, B
CBOIO OYepeflb, MOXKET MPUBECTU K YMEHBIIEHUIO JAE3MHTOKCUKAIUN IMPOTENHOTEHHBIX aMHUHOB,
HapPYIIEHUIO IIPOIECCOB JIBIXaHUA U OKUCIUTEIHBHOTO (pochOpUINpOBaHUsA, a TAKKE HAPYIIEHUIO
obMeHa OMOTEHHBIX MOHOAMHHOB, KOTOPBIE SIBJISIOTCA MEIMATOPAMHU JIEUCTBUS PETryIATOPHBIX
cucteM. IIpu geficTBUY HEOHOJIOB CHMKA/IACh AKTUBHOCTD U JIDYTUX Me/IbCo/iepKaIux pepMeHTOB
— I[epyJIOIUIa3MUHA U [IUTOXPOMOKCH/IA3bl, KOTOPbIE UTPAIOT OOJIBIIYI0 POJIb B OKUCIUTEHHO-
BOCCTAaHOBUTEJIBHBIX IIPOLleccax B OpraHu3Me.

Hexkoropsle aerugporeHasbl, QyHKINOHUPYIOIINE C HUKOTHUHAMHUJHBIMU KOdepMeHTaMu,
coZiep:KaT HMOH I[MHKA, B YaCTHOCTH AaJIKOTOJIbJleTH/IporeHas3a Ie4eHW U IVIMIepasbJeru/-3-
docdaraernaporenasa ckeseTHbIX MbII [1]. IloBelleHHe cofeprkKaHUA [JAHHOTO HOHA B
CBIBOPOTKE KPOBH CBHUJIETEJIBCTBYET O BBICBOOOKIEHWH €r0 M3 OIMHCAHHBIX (DEPMEHTOB U UX
muchyaknuu. CHIKeHHe coZiep:KaHusa Zn2+ B HaAIIOUedHNKax Ha 18,1 % u B ceJjie3€HKe Ha 24,5 %
MOXKET CBH/IETEJILCTBOBATh O WHTHOWMPOBAHUU AKTUBHOCTH IIMHKCOJEPKAIMNX (HEPMEHTOB B
JIAHHBIX OpraHax.

B HaamoyeyHMKax OTMeUYeHO CHIKeHUe cojiep:kaHusa Fe3* U CHMKeHUe aKTUBHOCTHU
J)Keje3ocoJiep:Kamux  ¢GepMeHTOB: IepoKcuzasbl Ha 12,3 %, KaTaja3el Ha 41 %,
[JIyTaTUOHIIEpOKCHIA3bl Ha 31,1 %. [lelicTBueM 3TUX (PePMEHTOB peryJaupyercs pasJioKeHHe
IlepeKUCH BOJIOPO/IA BOCCTAHOBJIEHHBIM IVIyTaTHOHOM B sputponurax. U Takum obpasom
obecrieynBaeTcs 3al[UTa JIMIUA0B MeMOpaH U reMOIVIOOMHA OT OKUCJIEHUS MepPeKUcAMHU [14, 15].
IIpy usmeneHuu ypoBHA Fe3* usMeHseTcA aKTUBHOCTb (epMeHTa CyKIMHATAEeruJpOreHasbl,
KOTOpasg IIepeHOCUT BOCCTAHOBJIEHHbIe JKBHUBAJIEHThI OT cyOCTpaTa HENOCPEJICTBEHHO Ha
JIBIXaTeJIbHYIO 1IeNb, KaTaTU3UPYyeT IepBoe JeTHIPUPOBAHNE CYKIIMHATA B IIUKJIE TPUKAPOOHOBBIX
KHUCJIOT, TEM CAMBIM YUYaBCTBYS B 00€CIIeUeHUN OKUCIUTETbHO-BOCCTAHOBUTEIBHBIX ITPOIECCOB [1].
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OKCHUSTHIMPOBAHHBbIE AJKWUJI- U U30HOHWI(PEHOIBI B A03aX 1/10 U 1/100 [JI50 CHMIKAIOT
cojieprkaHue OM03JIEMEHTOB, YTO BJieUeT 3a cOO0H M3MeHEeHHe aKTHBHOCTH MeTaJ/IO(PEePMEHTOB BO
BHYTPEHHUX OpraHax. 9JTO TMOATBEPKJAET CYyIIECTBOBAHUE KOMILIEKCA B3aMMOCBA3aHHBIX
MEXaHU3MOB CHIDKEHUS U IepepacipesiesieHdss OHWO3JIEMEHTOB B OpraHaX M TKaHAX ITOJ
BO3/IECTBEM KCEHOOHMOTUKOB. B Oosbleli crenmeHW HapyiieHue ¢GoHAa OM03IeMEeHTOB
00HApYKMBAJIOCh B II€UEHU M CHIBOPDOTKE KPOBU, UTO TECHO KOPPEIHPYIOT C AKTUBHOCTHIO
MeTa/TI0(pepPMEHTOB B OpTaHaX U TKAHSX.
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JAnHaMuKa 0M03/IEMEHTHOTO COCTABA TKAaHEN U OPTaHOB *KUBOTHOTO OPraHU3Ma
IIPH eCTBUU KCEHOOUOTUKOB
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AnHoTtamusa. UcciemoBan coctaB OHO3JIEMEHTOB B Cepjille, IIeUYeHH, ITOYKaX,
HA/IMOYEYHHNKAX, CeJIE3EHKE, ChIBOPOTKE KPOBH B IOJIOCTPOM OIBITE HA OEJIBIX KPhICAX MOMYJIAIAN
Bucrap mociie 45 CyTOUHOW TEpPOpPaJIbHOM 3aTpaBKH BOAHBIMH pacTBopaMu 1/10 u 1/100 1JIg,
HEOHOJIOB. BBISBJIEHO, YTO TOJ| MPOJIOHTHPOBAHHBIM JIEHCTBHEM KCEHOOMOTHKOB CHHIKAETCS
Co/lep’KaHue MUKPOIJIEMEHTOB B OpraHax M TKAaHAX OpPTaHW3Ma, YTO CBUJIETEJIHCTBYET O
HapyIIeHUHU aJIallTallull OpraHu3Ma K BPETHOMY BO3JIEHCTBHUI0O KceHOOMOTHKOB. Ho B
IIPO/IOJDKEHUN SKCIIEpUMEHTa OPraHU3M JKUBOTHBIX BBIXOAUT HA YPOBEHb CTAa0MIU3AIUU
IapamMeTpoB OMO3JIEMEHTHOTO COCTaBa.

KiroueBble cj1oBa: 6110371eMeHTHI, MeTalIoepMeHThI, KCeHOOMOTUKY, TOMeOCTas, CTPece,
azlanranus, crabuansanus, Kpbichbl oMy Ay Bucrap.
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Abstract

The work considers the problems of genetics, archeology, and anthropology connected with
problem of localization of Ria* Y-DNA haplotype bearers in Meso- and Neolithic Pre-Corded
Ware archaeologic sites. Based on the analysis of findings of 2014-2015 years (described in other
works) this paper proposes a hypothesis that the areas of Comb Ware cultures of Eastern Europe
could be the possible area of archaic Y-DNA Ria1 subclades spread. The ancient R1a1 Y-haplotype
(M198-, M459+) bearers could be possibly accompanied with those with J2b Y-DNA haplotype. As
for pre-Mesolitic time, the situation remains unclear as more Eastern and more Southern
localizations of R1a* and R1a1* bearers are possible according to modern data.

Keywords: Y-DNA haplotype, Ria1, J2b, Mesolithic, Yuzniy Oleni Ostrov, Khvalynsk,
Serteya, paleogenetics, paleolinguistics, subclades.

Introduction

The interest in the origin and early localization of carriers of Y-DNA haplogroup R1iaz1 is
serious, since this Y-DNA subclade is inherent to the significant percentage of the population of
Central and Eastern Europe, India, Middle East. It is widely recognized and already proven in
terms of archeology and paleogenetics that a significant concentration of Ria1 Y-DNA haplotype
was inherent to the population of European Corded Ware culture (authors note that there also
existed less famous East Asian Corded Ware culture group (8)). However, the location of Ria1
bearers of Pre-Corded Ware horizons causes debates due to a lack of data. However, over the last
year such data emerged, allowing formulating a data-based hypothesis.

Materials and Methods

The main materials for the research are data from paleogenetic samples described in other
works:
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Sample | Y-DNA | MtDNA | Source
Ria1

Yuzniy Oleni Ostrov | R1a1*-M459+, M198- Cig (formerly Cif) 7, P 25
burial N° 125, 5500-

5000 BCE.

Serteya archeological | Ria1 H2 10, p 294
site, middle of V-IV

mill. BCE

Khvalynsk-II burial Riai, preliminary | Usaii 9
5200-4000 BCE. classification was

determined as Riai1*-
M459+, M198-(14)

J

Yuzniy Oleni Ostrov |J Uga 9
burial N2 40, 5500-

5000 BCE.

Satsurblia burial | J K3 12
(Georgia), Upper

Paleolithic

Kotias burial (Georgia), | J2a Hisc 12
Mezolithic

The main research method of this paper is the interpretation of recently obtained genetic data
which are compared with archaeological cultures distribution.

Discussion and Results
Ria1*, M459+, M198- on Yuzhniy Oleni Ostrov burial (North-Western Russia)

One of the most well studied Eastern European archeological sites is the Yuzhniy Oleni
Ostrov burial on the shores of Lake Onega (Karelia, Russia) and it is dated back to the developed
and late Mesolithic period of VII-V millennium BC. Three individuals from the Yuzhniy Oleni
Ostrov, who lived 7500 years ago (UZOO-7, 8 and UZOO-UZ0OO0-74), possessed a non-existing now
in Europe mitochondrial haplogroup Cif (4). Also among the burials of Yuzhniy Oleni Ostrov were
found mitochondrial haplogroups U4, U2e, Usa (5), J and H (6, p.36). The Mesolithic inhabitant
of Yuzhniy Oleni Ostrov (burial N2 I0061) possessed Y-chromosome haplogroup Riai1
(SRY10831.2, M198- subclade) (7) and mitochondrial haplogroup Cig (formerly Cif) (7). The
other Mesolithic inhabitant of Yuzhniy Oleni Ostrov (I0221 / UZ0040) possessed Y-chromosome
haplogroup J, and mitochondrial haplogroup U4 (9).

The author of one the most detailed publication on Yuzhniy Oleni Ostrov antropology
V.P.Yakimov adhered to the Eurocentric point of view on the formation of the Mesolithic Onega
inhabitants. He suggested that their origins are linked to the Paleolithic population of Eastern
Europe, who moved along the glacier to the northern and northeastern directions (2). But some
cross-breeding with Eastern population was also confirmed: «Later, it was concluded that it
belonged to the described in the southern edge of the region so-called «flint» Mesolithic culture
associated by origin with cultures of the Volga-Oka area, and (since the appearance in the VIII
millennium BCE) coexisted with an earlier (since the X millennium BCE) local «quartz-slate»
culture created by people from the North Urals and Trans-Urals and related to Finnish Askola —
Suomusyarvi» (3). Currently, researchers emphasize that «Yuzhniy Oleni Ostrov burial site is as
an archaeological source extremely multifaced» (ibid) and represents a particular genetic type,
different from the classical Mongoloid and Caucasoid (ibid). A very heterogeneous composition of
the population is now well proven by the presence of Y-chromosome haplogroup J, which indicates
the influence of the southern areas and communication of Yuzhniy Oleni Ostrov people with
populations of the Black and Caspian Sea.
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On the scheme of Yuzhniy Oleni Ostrov (13, p. 5) burials with determined Y-DNA haplotypes
are located as follows, according to (7, p. 25), (13, p. 35).
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Figure 1. Y-DNA R1a1 and J typed sa&nples in Yuzhniy Oleni Ostrov burial

The question if the culture of Yuzhniy Oleni Ostrov is non-ceramical Mesolithic or ceramical
Neolithic is still open. It should be mentioned that P.N. Tretiakov in his book «Finno-Ugrians,
Balts and Slavs at the Dnieper and Volga» mentioned: «The population, which left behind the
Oleni Ostrov burial ground seems to be familiar with the ware. It is proven by the bone plates
with pinked edge, which must have served as ornament molds for clayware. If this statement is
true, the Oleni Ostrov burial ground should be connected with the ancient culture of the Pottery
Neolithic of the East Baltics — the Sperrings culture» and further: «Comb ware of Sperrings type
(Pic. 3), according to different researchers, has the closest analogs to the Neolithic cultures of the
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Kama Region, the Cisuralian area and Trans-Urals, and we agree with this statement. Anyhow,
there is no doubt that numerous Ural and Kama analogs to Sperrings ware, which have been
detected in the recent years are incomparably more convincing than the Middle Dnieper one»
(15, p. 24). This supports the version of the possible connections of Yuzhniy Oleini Ostrov people
with the southern or eastern Neolithic cultures.

In addition to the local component the cultural influences on Yuzhniy Oleni Ostrov, the
influences of most far-off regions have been mentioned in different works. For example, one article
highlights the unexpected similarities of Yuzhniy Oleni Ostrov inhabitants and the representatives
of culture Catalhoyiik (16, p. 92): «However, the distribution observed on the charts provokes a
number of questions because of the convergence of typological characteristics of the groups
diametrically opposed geographically and for which the likelihood of direct biological kinship
and mutual contacts excluded. The most vivid illustration of this is the convergence of
characteristics a series of Mesolithic Oleni Ostrov burial ground with sample from Catalhéyiik by
the values of the second factor ...». But the finding of the Y-DNA haplotype J, which is associated
with significantly more southern regions, only confirms ties of Yuzhniy Oleni Ostrov with the
Southern cultures.

This way, the southern Neolithic influences on Yuzhniy Oleni Ostrov seem to be
strongly probable and they could originated from the Neolithic tribes of Comb Ware
cultures.

R1a1 in Serteya Culture (Western Russian Plain). The Usvyaty Culture or the Usvyaty
level of Serteya culture is another area of finding of an R1ia1 bearer of pre-Corded Ware period (10,
P- 294). According to A.N. Mazurkevich: «The first ceramic ware within Pskov area emerged no
later than in the middle of the VI millennium BC. At this time the sites of Serteya culture were
located in the Lovat-Dvina interfluve on the shores of lakes, running into the stream, connecting
the basins. The population built small rectangular houses with the pillar construction of walls
and sunk floor. The first clayware appeared. These are small raw clay vessels with cylinder body
and conic bottom. The pots were made of the small clay ‘stripes’ with the beveled edge and were
covered with the thin clay wash. After that the surface of the vessels was ornamented with the
ornament mold, leaving the triangle, double or comb prints. The ornament was often molded in
plotted manner. The similar ware emerged in forest, forest-steppe and steppe zones of the
Russian Plain, as well as in the Lovat-Dvina interfluve. Other components of the material culture
(stone, bone and horn artifacts) did not have the fundamental changes in time of the spread of
this ware. It enables to propose the emergence of this type of ware in one center and the quick
spread of the idea of the ware industry from this area. Such center was supposedly located in the
Lower Volga Region and the North Caspian Sea Region in the VI millennium BC» (18).

A.M. Miklyaev also gives a detailed picture of emerging the ware industry in Serteya Region
«The most ancient early Neolithic culture featuring ware development phases of the area is the
Serteya Culture. This phase includes fragments of heavy-walled vessels produced through the
‘overlap’ method. After drying, the ribbons were jointed together and their joints were smoothed
out by a comb press for a proper binding. The surface of ready vessels was covered with the
thin clay wash and the ornament in a form of geometric composition, performed in a stroke-
setback or (more rarely) in a stroke manner. The vessels were not burnt, but dried up. Judging by
the ornament techniques (Smirnov, 1989), the idea for pottery manufacture came from Azov-
Caspian Cultural province, but it cannot be proved by reliable sources of information so far. It
should be noted that the Serteya Culture could have entered the Early Neolithic Community
extending from the South of the Russian Plain to as far as Valday». Therefore, the first stage has
links to the Caspian region.

Then «The next stage features the cauldron-type vessels. This time, the ornaments included
more compositions performed by a comb press and the first appeared dents and cuts. As a rule,
an ornament was placed in the upper part of a vessel. This stage ware has a narrower range of
analogs — The Upper Dnieper tableware (Artemenko, 1954; Kalechits, 1987) and Lithuanian
territory (Rimantane, 1966 and 1973). This may indicate to a separation of local groups within
the above said community. In this case, it is a group located between two rivers: the Dvina and
the Lovat, the Upper Dnieper and Lithuania. The links between the Upper Volga Region and the
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Left-bank Ukraine are getting weaker» (19). The Upper-Dnieper Culture located to the South of
Serteya can be classified as a forest culture with comb ware traditions (20, p. 73) and could be
considered as a more Western tradition than what had come from the North Caspian area and
Lower Volga.

The genotyped carrier of Ria1 haplotypes belongs to Usvyaty culture group. According to
A.M. Miklyaev «The Usvyaty ware culture, phase g is a vivid ware tradition of uncovered f and f1
ceramic phases. Back in 1979 V.A. Semenov believed that there were links between the Usvyaty
culture and the world of Line-Banded Ceramics. Now, his ideas can be confirmed by existing
materials. In general, the Usvyaty culture, judging by the ornaments, should be considered as a
kind of oriental-style culture of funnel beakers and globular amphoras.... a certain connection
with Central Europe was being preserved. The peculiarity of flint Usvyaty industry is a reflection
of this link» (19, p. 20). Though mentioning of central European connections, A.M. Miklyaev
notices that the ceramics of the Dubokrai-V level is still technologically close to that of Serteya.
«From technological perspective, the green ware of Dubokrai V is close to phase b and c ware of
Serteya culture, but unlike the others, its ornament was placed up to the spreading of the surface
with a certain substance, making it dark or even sometimes bright black» (ibid).

In the text A.M. Miklyaev indicates that Serteya culture can be divided into three phases: a, b
and c, followed by phase d and e of Rudnya culture. Ceramic phase and is characterized by stroked
technique, in phase b comb stamp appears, in the next phase ¢ comb stamp becomes
prevailing, holes and notches appear (A.M. Miklyaev with reference to Artemenko and Rimantene
relates this last phase with Upper Dnieper Early Neolithic culture and Lithuanian Neolithic) (20,
pp. 16-22). Usvyaty culture dating from the late IV till the middle of the III millennium BC (21 p.
369) allows comparing its comb-stamped ceramics with a close-type comb-stamped pottery of the
North European part of Russia, for example in Kargopol culture (22 p. 222). In the A. M.
Miklyaev’s work is emphasized the connection of the population of the region with the Narva
culture, especially during the Rudnya culture stage (19, p. 24).

Periodization phases of Serteya microregion cultures is complicated by the fact that this land
was attractive for multiple migrations, and comprises all types of ceramics in Eastern Europe. In
this respect, we can (of course, in the first schematic approximation) see in the history of ceramics
in the region of Eastern Europe Neolithic period a certain competition between the two types of
pottery: comb inherent to the North and the North —West and stroked, what came from the
South and the South-East, and is most likely connected with the Lower Volga Neolithic cultures.
And Usvyaty culture belongs to the time continuing the large period of comb ware
domination, having undergone the influence of european Linear Band Ceramics.

So forth, the zone of Neolithic cultures of Serteya region was within the bigger
zone of comb ceramics culture of Eastern Europe. During early stages, the eastern
connections were prevailing, but then the west and south-west connection became
defining. Usvyaty stage emerged after Comb Ware domination and moreover has
definite Central European connections.

Ria1*- Mg459+, M198- in Khvalynsk-II burial (Steppe Volga Region). The
mentioned before connection between Serteya and the Low Volga Region lead us to the analysis of
Khvalynsk-II burial culture, which also belongs to the pre-Corded Ware comb-stroke ornament
group: «Khvalynsk culture can be characterized by flat-bottomed and sharp bottomed ware ...
Ornament composed of the rows of horizontal strokes separated by horizontal wave lines, usually
cowers all the ware specimen or its upper half» (24, p. 39). LN. Vassilieva gives the
characteristics to the ornaments of ware in the Khvalynsk I and Khvalynsk II burials: «According
to the opinion of I.N. Vassilieva, based on the microscopic research of the Khvalynsk ceramics
technology, the ornament was made by the wicker factures... Sometimes the ornament was made
by ammonite prints, strokes, short lines or comb stamp» (25, p. 66). The similar technique has
the analogs in the b and c phases of Serteya Culture, identified by A.M. Miklyaev (18).

The analysis of the ceramics of Khvalynsk culture shows that it definitely does
not belong to the Corded Ware areal, and can be referred as belonging to the cultures
of comb-and-stroked pottery.
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The areal of comb-ware cultures. Y-haplotype J2b as a possible companion of
Ria1 on Neolithic sites.

The analyzed material showed that the discovery of Y-haplotype Ria1 bearers in pre-Corded
Ware sites happens in the areas influenced by cultures of comb-stroked ceramic, and everywhere
the presence of a comb ornament is noticeable. In the context of the analysis of cultural influences
in the Eastern Europe, it is necessary to distinguish between stroked and comb pattern. Comb
pattern is traditionally considered to be brought about from the north to the south of Eastern
Europe, but D. L. Gaskevich in his long article «North Pontic Impresso: the origin of the Neolithic
Pottery with Comb Decoration in the South Eastern Europe» (26) wrote the opposite. He made
quite a bold assumption that runs counter to the tendency to minimize the migration, and
proposed the origin of this type of pottery in the northern Black Sea coast.

«The absolute data collected over the last 15 years in Kiev Radiocarbon Laboratory, have
revealed that such ware appeared in the North-Pontic region earlier than in Upper Dnieper,
Volga Region, Kama basin, Trans-Urals. Howeuver, in the steppe Pontic region it appeared earlier
than in forest-steppe. All these data have proved unreliability of above mentioned hypothesis.
As an alternative, the author suggests considering the Pontic region Neolithic area with comb
ceramic ornamentation as a part of Neolithic cultures with Impresso ware from the
Mediterranean region» (26, p 246-247). His hypothesis was affirmed by the map (26, p. 239):
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Approximate time of appearance of ceramics Impresso in Greater Mediterranean (Messrs.
Cal BC) (according Balossi, Frangipane 2002; Daugas et al. 2008; Forenbaher, Miracle 2004;
Mohammed-Ali, Khabir2003; Robb 2007; Zilhao 2001).

Figure 2. The estimated time of appearance of Impresso Ceramics
in Big Mideterranian Region (26, p. 239).

This way, according to D. Gaskevich we see in the Eastern Europe only a small episode of a
big process, which took place from Sahara to Trans-Urals and from Marocco to the Levant.
Probably, the early appearance of ceramics in Samara region and in the Mideterranian area are two
faces of one wave of the spread of the Neolithic technologies. The ancient subclades of Y-DNA R1b
haplotype can be detected both in the Volga-Ural region and in the Northern Africa, and the
Neolithic findings of R1ib are attributed to the Elshanskaya (Lebyazhinka IV) and Els Trocs cave
(Spain). At the moment of writing the paper the opinion about the spread of Rib Y-haplotype
carriers from the Eastern Eurasia is dominating, and in moving westward the Rib (and may be
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Ria) bearers of ceramic Neolithic technologies could obviously merge with the carriers of other
haplogroups, J among others.

As D.L. Gaskevich refers to the initial spread of the Neolithic within the Eastern Europe, we
should consider the issue of the genetic reflection of this process and specify the genetic map of the
North Black Sea Region and the adjust territories in the period, preceding the Mediterranean ware
adoption (though, there is another possible address of this initial spread, namely Elshanskaya
culture and its derivates up to the Crimea). In VIII-VII millennia BC the North Black Sea Region
was inhabited by the bearers of the Kukrek and Zimnikovskaya cultures (27, p. 44-45), the final
Paleolithic includes Osokorovskaya culture, considered with the Caucasian Imereti one as a group
of «Epi-Gravettian traditions» (ibid, p. 43) (Figure 3).

> |

Black Sea

Figure 3. Black Sea area in the end of IX — first half of VII milleina BCE. (28, p. 14).
Epi-Gravettian Kukrek (1) and Imereti cultures are painted in orange.
2 - Zimnikovskaya culture, 3 - Pesochnorovskaya culture, 4 - Kudlaevskaya culture.

Pre-Neolithic Bug-Dniester culture developed on the basis of the Kukrek one. As the above
mentioned Satsurblia and Kotias burial grounds, genetics of which contains the male haplogroup J
refer to the habitat of Imereti culture, we can make the conclusion that one of the subclades of the
haplogroup J could have been spread across the North Black Sea Region in the pre-Neolithic period
(common epi-Gravettian tradition). The mentioned migration by D.L. Gaskevich is supported by
genetic data, if we consider that its representatives were the bearers of subclade J2b Y-haplogroup
J. Nowadays subclade J2b is widely spread within the zone of ancient migrations of cardial tribes
(Figure 4).
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Figure 4. Distribution of haplogroup J2b (M102) in Europe, the Middle East & North Africa.
http://www.eupedia.com/europe/Haplogroup_J2_Y-DNA.shtml

Those cardial tribes that could have given rise to the comb ceramics culture, may have
been centered around Black Sea and Adriatic shores, and they could contain Y-DNA subclade
which could be different with those of Georgia but related to them. The regions of the highest
concentration of the haplogroup J2b bearers, namely Albania, the South-East of Bulgaria, Greece
and some coastal regions of Italy (from 10 to 26 % of population) up to the Black Sea are
represented on the above mentioned map.

This view is strongly supported by the spread of J2b in populations, which can be considered
theoretically connected with the cultures of comb ware and were least of all Indo-Europeanized
among all the East of Europe (nowadays they speak Uralic languages with some pre-Uralic
substrate (46)). So, the presense of J2b in these populations may not reflect the Indo-European
migrations, but earlier waves of Neolithic spread.

Firstly, the spot of the noticeable spread of J2b (10-15% of population) is Mordovia
(central Russia) (particularly, Moksha environment (29)). V.V. Stavitsky in his thesis work on the
theme «Neolithic, Eneolithic and the Early Bronze Age of Sura-Oka Interfluve and the Upper
Prikhoper’e: Dynamics of North and South Cultures’ Interrelations in the Forest-steppe Zone»,
says: «The spread of comb-stroke ware across Moksha river area is apparently concerned with
the advance of the definite groups of Upper-Volga population. The carriers of the stroke ware,
focused on the forest-steppe landscapes, must have moved to the south-west and south-east, to
Ryazan Oka and Ulyanovsk Volga Region. But some part of the previous population must have
not left Moksha river area and had contacts with the Middle-Volga tribes. It is reflected in the
data of the 15t Kovylyaskaya site, where the weakly ornamented ware of the Elshanskaya type lies
together with the comb-stroke ceramics. The stroke group of the Inerskaya site has combined
under the influence of the forest-steppe traditions. These processes are reflected in the comb-
stroke ware of the settlement Gorodok 1, which is similar to the ware of Kovylyaskoe settlement.
The simple motives of the ornament, consisting of horizontal rows of the slanted prints of the
short low arched stamp, often interspersing with the plain sections are most common for the
comb ware here. The stroke ware commonly uses the hatched zones of differently directed rows of
strokes. Since recently there was an opinion that the Middle-Volga population left Moksha river
area under the influence of the pit-comb ware. But the examination of Ozimenki 2 site
showed that the local population continued the development of the Upper-Volga
traditions at the late stage of this culture existence without leaving the region.
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The ornamentation of the ware of Ozimenki 2 site widely uses the broad-toothed prints of the long
stamp with the rare rows of deep patches on top, having the complete analogs in the late Upper-
Volga ware»(30). V.A. Yurchenkov in his book, which is the review of academic research, says
about the prevailing comb nature of Moksha river area ware: «There are 20 memorials with the
so-called comb-stroke ware in the Moksha basin. The prints of comb stamp prevailed in the ware
decoration; the share of stroke ornament is low» (31, p 113). Thus, the penetration of J2b into
Mordovia territory can be explained by the migration from the south, and the Mordovian J2b peak
can be explained by the fact that the population of comb-stroke ware had not left the territory.

Secondly, Saami J2b phenomenon. The Saami have the reputation of the relict, some
kind «reserve» of the ancient genes of Europe (and the bearers of the considerable pre-Uralic
language substrate), that is why it is not surprising that one of the first Neolithic migrations to the
European continent could be preserved in the genes of this isolated northern people, unaffected by
«Indo-Europeanization» (32). The population of the Saami within Kola Peninsula contains about
14% of haplogroup J2b (17). As the comb ware cultures in pure form were displaced to the
north of the Eastern Europe in early Bronze Age, it is quite possible that their creators could have
played an important role in the Saami formation.

The further search of Ria1 roots. Thus, we can suppose that haplotype Ria1 could be
found in the wide range of comb-stroke cultures, especially comb ware cultures often accompanied
by J2b (at the north-west area — in Karelia and Mordovia exactly comb cultures exist in the
considered period) in the Neolithic horizons. Besides, it is also possible that the epicenter of the
spread and divergence of modern most widespread subclades Ria1 (M198+, M417+) was located to
the west of Serteya, which is indicated by the relations of Serteya culture with the funnel beaker
(developed on the basis of Ertebelle) and Narva cultures (Fig. 5.).

Figure 5. Main Ceramic Neolithic Cultures of Europe

But the issue of R1ia1 bearers’ Upper Paleolithic origin is debatable. Firstly, the variant of the
Black Sea Region origin is still possible, as this haplotype can be present in Bug-Dniester culture
and further southward. This fact is supported by the detection of basal haplotype in the population
of the Middle East Region: «... more basal (Ria-M420%) Y-chromosomes have been detected in
Iran and eastern Turkey. Overall, our detection of haplogroup Riai in a northwest Russian
hunter-gatherer establishes the early presence of this lineage in eastern Europe, and is consistent
with a later migration from eastern Europe into central Europe which contributed such
haplogroups to the Corded Ware population» (7).

Some data enable to consider that it also can have an origin not necessarily concerned with
the Middle East via north Black Sea Region. The choice of candidate cultures is rather small, as
many cultural layers (Ienevo, for instance) of the Eastern Europe have post-Swiderian or post-
Ahrensburg type have Western European origin, while the present consensus considers the deep
emergence of Ri in the Paleolithic in the eastern part of Eurasia. If we accept the theory,
concerning the Neolithic nature of the Yuzhniy Oleni Ostrov, the R1ia1 haplotype could have come
with the first group of ware bearers to Karelia. If we accept the pre-ware theory of R1a1 emergence
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in Karelia, it is possible in terms of Butovo or Kunda culture, but, taking into consideration the (partly)
western post- Swiderian nature of these cultures’ origin, we should search for the eastern substrate in
them. And there exists one. According to M.G. Zhilin: «The first significant penetrations of the
population of Swiderian cultural tradition into the Upper Volga trace back to the middle of pre-
Boreal period (the site Tikhonovo). The site Mar’ino-4, the goods of which are similar to Tikhonovo-1,
should be dated back the same time, or a bit earlier. But the major cultures of the Upper Volga
Region, namely Ienevo and Butovo have already formed by that time. Probably, the certain groups of
the population of Swiderian tradition, having penetrated into the Upper Volga Region, were quickly
assimilated by the population of Butovo culture» (33, p. 7-16).

And the primary pre-Swiderian population of the Butovo culture could have the occidental
origin. When the researchers found the archeological site Chernoozer’e II, located 140 km to the
north of Omsk, they were surprised by the similarity with the Krasnyi Yar site at the Angara, which
referred to the cultural groups of Malta-Buret community (containing proven Y-haplotype R*).
The distance between these sites is 1800 kilometers, but it was not a problem for the migration of
mobile Paleolithic hunters (34, p. 303, p. 310). A little bit later in early 1980s, the Chernoozer’e
was estimated as the unique site within the West Siberia, but «having proximity with the
Kazakhstan late Paleolithic» (ibid, p. 310). If we speak of the neighboring cultures, the famous
Shikaevka II, which artifacts are close to the Caspian Sea Region, but different from Yangelskaya
culture, is located to the west of Chernoozer’e (ibid). This subtlety enables to distinguish Shikaevka
from the Yangelskaya culture of the south Caspian and later — Zarzian origin and compare it with
pre-Zarzian late Paleolithic of Kazakhstan, which originated the part of the population of
Chernoozer’e. In the period of late and final Paleolithic, the creators of Shikaevka and Chernoozer’e
inhabited the south coast of Mansi periglacial sea-lake (35). The tie of Chernoozer’e with Malta-
Buret cultures enables to consider the late Paleolithic migrations of the latter to the west and
estimate the impact of these migrations on the ethnic and general archeologic history of Ural and
the adjacent territories: «The middle Ural culture was formed on the basis of the emergence of
new groups of the population in 16—17 millenia BC, genetically connected with the north-Asian
Paleolithic» (36, p. 54). Migration of the creators of Chernoozer’e is not the only one, concerned
with Malta-Buret community. The Upper Paleolithic Chulym, located at the border of the West and
Middle Siberia, was also created by the expatriates from the Angara banks (37). Consequently, we
deal with the rather wide migration from the Baikal Region to the west of the late Upper Paleolithic
period, which had a great affect on the North Urals. In general, a great group of the sites of the
West Siberia, Urals and the north of the European part of Russia: Byzovaya, Shikaevka,
II'murzinskaya, Talitskogo, Deukovskaya, Ust-Kamskaya, Karacharovo, Altynovo and Zolotoruch’e,
as well as Kapova and Medvezhya Peshchery are combined into the so-called ‘north-western area of
the late Paleolithic’, equivalent by the proximity of Podonskaya cultures or South-Western areas.
Microplated industries of sites, named after Talitsky, Shirovanovo and Medvezhya Peshchera have
direct links with the similar techniques of the Middle Siberia (Malta-Buret ones), dated back to the
XXV-XV millennia BC. (38, p. 43). Concerning Altynovo and Zolotoruch’e sites, which are located
at the edge western flank of the above mentioned late Paleolithic area and are situated on the east
of the present Yaroslavl Region, they were compared with the middle Volga Region sites
Syukeevsky Vvoz and Postnikov Ovrag, as well as Gornaya Talitsa site (39). Syukeevsky Vvoz and
Altynovo are the basis for the development of the influences, coming from the west, which are
called «the east Federmesser» (40, p. 205). A.Kh. Khalikov considered that the early Mesolithic
sites of the Middle Volga belong to the Siberian circle, which is indicated by the data of the sites
Syukeevsky Vvoz and Postnikov Ovrag (37).

We can make the justified conclusion that the western influences of the early Mesolithic (like
eastern Federmesser and Swider), having formed the Butovo culture, were combined with the
occidental ones in the Upper and Middle Volga Region, concerned with the migrations of the
Siberian groups, having created Altynovo and Zolotoruch’e in the final Palerolithic Age. Thus, the
Upper Volga Region became the zone of intense Paleo-ethnic and Paleo-genetic contacts
approximately in XI-VIII millennia BC (Fig. 6).
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The landscapes of the XVI thousand years BC are highlighted in colors: glaciers in blue,
tundra in pink, «mammoth steppes» in yellow; source (41).

Proceeding from the fact that the north-eastern area of the late Paleolithic extended to the
Upper Volga and the North Dvina, we can consider that it may also be ancestral for the creators of
the Oleniy Ostrov burial ground, the bearers of R1a1-M198-, Cif. The east-Eurasian origin of both
male and female haplotype indicates this possibility. If we consider that the bearers of this type
came from the east, but via the Black Sea Region and penetrated into the Oleni Ostrov from the
south, we can compare their mt DNA with the mitochondrial C of the Neolithic time found
southward. There are some mtDNA haplogroup C findings in the cultures of Dnieper-Donetsk
circle, but they refer to a different subclade C4 (42), having parted with C1 in Paleolithic Age. In
other words, the population of Oleni Ostrov and the bearers of Dnieper-Donetsk cultures have
related, but different mtDNA haplotypes C subclades.

But there’s an argument against the eastern trace. The above mentioned migration came
across Urals, having left Ilmurzinskaya culture. There are statements that Romanovo-
Ilmurzinskaya culture could be relevant to the Elshanskaya one: «The issue of the origin of the
Elshanskaya culture should be solved, firstly, by the comparison of its flint industry with the
relevant industries of the earlier, Mesolithic era. ...... Nevertheless, the data of such sites as
Krasnyi Yar I, Chekalino II, Staro-Torskaya and some other memorials shed light on this
problem. The flint collection of these memorials has definite similarity with the Elshanskaya
one... Basing on the similarity of these industries with the Elshanskaya flint complexes, we come
to the conclusion that the roots of the local Neolithic culture should be sought in its Mesolithic
traditions of Volga-Kama and perhaps some adjacent areas, located to the north or to the north-
west from the Elshanskaya memorials’ area, rather than to the south» (43).

The genetics of the Elshanskaya and related cultures is well-studied by now. The burial of
Lebyazhinka IV possessed mtDNA Usaid (7, p. 25). Also «Bramanti et al. (2009) tested
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Mesolithic remains from several locations across Europe, and found one haplogroup U5a(9,800
ybp) at the Chekalino site in the Volga-Ural region of Russia, one Usai1 (10,000 to 8,000 ybp)»
(44). The Khvalynsk culture contains mitochondrial haplotype Usa (together with U4 and H) (9).
If the migrants moved via the mentioned territories, the found subclades of mt-DNA C in
Mesolithic-Neolithic remains could be the evidence (as they preserved in Yuzhniy Oleni Ostrov and
Dnieper-Donetsk area), but there are no such findings. According to (45), Cif is rather frequent in
Yuzhniy Oleni Ostrov and Bolshoi Oleni Ostrov (also the north of Russia). Thus, C mt-DNA
haplotype has been preserved there till late Mesolithic and Neolithic and was displayed in the first
genotyped findings in the North of Russia but is still absent in contemporal findings in the Volga-
Ural area. Probably, in case if R1a1 has come to the North-East Europe from the East, rather than
from the South, we deal with another population, different from the one, having formed the
Romanovo-Ilmurzinskaya culture, concerned with the late Upper Paleolithic of Kazakhstan and
Urals. But the strong presence of haplotype C in the Black Sea Region in the Neolithic time demand
consideration of the variant of R1a1 migration from the East via the south regions (Near East or
Black Sea).

Thus, we can conclude that the presence of haplotype Ria1 is strongly probable in the
cultures of Comb Stamp Ware (with J2b bearers as well) in the Neolithic context, but the origin and
the trace of R1a1 migration is still unclarified and more data are needed.
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Abstract

Freylinia lanceolata (L. f.) G. Don is the only woody plant of South Africa, which successfully
introduced on the Black sea coast of the Caucasus. Freylinia lanceolata regularly, abundantly and
long lasting blooms in the winter, sets seed, can withstand the average of the absolute minimums
(-5,6°C), does not suffer from summer droughts in the humid subtropics of Russia. Research of
methods introduction based on the results of acclimatization Freylinia lanceolata conducted. This
analysis has allowed to identify promising principles of selection of objects of introduction from the
Cape region.

Keywords: introduction, Western Cape region, Freylinia lanceolata (L.f.) G.Don, Sochi
Dendrarium, the Black sea coast of Caucasus.

BBeaeHnue

CounHCckull «/leHpapuii» SBJsE€TCA WHTPOAYKIMOHHBIM IIYHKTOM B 30HE BJIQXKHBIX
cyorponukoB Poccum. C 1892 roma 3pech OBLJIO HCIIBITAHO CBBIIIE 10 000 BUAOB U (GOpPM
JIDEBECHBIX U KYCTAaPHUKOBBIX pacTeHni. OCHOBHOE BHUMAHUE Y/IEJISIeTCS BU/IaM, ITPOUCXO/ISIITAM
u3 cyorpornuueckux 30H. B IOxHO! Adpuke cyxol cyOTpOIMYECKUU KJIMMAT, KOTOPBIH MMeeT
cxoxkue ¢ UYepHomopckuMm 1nobepexkbeM KaBkaza mokazatenu [8]. Kamckaa ob6sactb
XapaKTepusyeTcsl 00MIneM 5K30TUUECKUX SHAEMUYHBIX pacTeHUH [9], IpeACcTaBIAIOIIUX HHTEPEC
JUIL MHTPOAYKIWU. DKCIEPUMEHTAJIbHO J0Ka3aHO, YTO KYJIbTUBHUPOBAaHHE I0KHOA(DPUKAHCKUX
JIPEBECHBIX PACTEHUH B yCJIOBUAX OTKPHITOTO rpyHTa Coun HecriepcrieKTUBHO.

EnnHcTBeHHBIM /peBecHBIM BuaoM Karckoil o6s1acT, yCHEIIHO WHTPOIYLMPOBAHHBIM BO
BJIasKHBIE cyOTpornmku YepHoMopckoro mobepeskbsa KaBkaza siBisercs Freylinia lanceolata (L.f.)
G.Don cem. Scropulariaceae.

Pe3ysibTaT MHTPOAYKIIMK 3TOTO BHA TOJIEKUT WU3YYEHHIO U aHAIU3y. ABjsercs Ju 5TO
CJIyJalHOH y/adel MpAMOTO SKCIIEPUMEHTAa WM €ro MOXKHO OOBSICHUTH C IOMOIIBI0 HAYIHBIX
METO/IOB IIPOTOHO3UPOBAHUS.
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MarepuaJjbl 1 METOAbI

O6bekTOM HcceaenoBaHus ABIAOTCA pacreHus Freylinia lanceolata (L.f.) G.Don B
KOJUIEKIIMH COYNHCKOTO «/leHapapusi».

TakCOHOMHYECKOE OIIpeJIeJIeHHe OCYIIEeCTBIISIIIN 110 ONpeAeTuTeNto «/lepeBbsi U KyCTapHUKH
CCCP» [1].

JInAg OIleHKH MOpO30yCTOHYMBOCTH ObLIa KCIIOJIb30BaHA MOAU(DUIIMPOBAaHHAA IIIKaJIa
sumocroiikoctu H.K. BexoBa [6], xapakrepusyiomas CTeleHb TOBPEXIAEHUSA PaCcTEHUM
OTpUIlaTeJIbHBIMU TeMmepaTypamu: [ — moBpexzeHuil HeT (pacteHue He oOmepsaer); II —
obMep3aeT He 0oJiee TMOJIOBUHBI JJIMHBI OHOJETHUX M0oOeros; III — 0oOMep3aioT OHOJIETHUE
moberu MmoJtHOCThI0; IV — oOMep3aloT BysieTHHE U O0Jiee cTapble YacTu pacTeHuii; V — obMmepaaer
BCA Ha/i3eMHas 4acTh; VI — pacTeHue BEIMeP3aeT MOJTHOCTBIO.

OneHKy aKKJIMMaTHU3alWH  JaBaId IO  5-OaJbHBIM  IIKajJlaM  3UMOCTOHKOCTH,
3aCyXOyCTOMYUBOCTH, PENPOAYKTUBHOCTH, YCTOMUYHBOCTH K BPEIUTESIMH U OOJIE3HIMH,
paspaboTtanHble POCTOBCKMM OOTaHHYECKHUM caJioM [3].

Yenemnocers uHTpOAyKIMK Freylinia lanceolata (L.f.) G.Don oreHuBaIH ¢ O3UITUHA MeTO/Ia
KJIMMaTH4YecKnx aHasmoroB Mayr'a (Matip I'., BekeroB A.); MeTo/ia arpOKJIMMaTHYECKUX aHAJIOTOB
(CenssuunoB I'.T.);60TaHuKo-reorpaduueckoro u wucropuueckoro Merona (KpacnoB A.H.);
60oTaHUKO-TeorpaduIecKoro MEeTOAAUHTPOAYKITUU pacreHuit (BaBuioB H.IM.);
MeToziadioporeHerndeckoro aHanmza (Masee B.II.) u ero momaudukanusa i APEBECHBIX
pacrennii (Kopmuaunuua A.M.); merona moTeHnuaabHbIX apeasioB Good’a (Iym I.); mertosma
nasieobotannueckoir Teopunu Seward’a (Ceioopa A.Y.); MeToZia SKOJIOTO-UCTOPHUYECKOTO aHAIU3a
dbop wiu sxoreHermyeckoro a"Hanuza poja (KysnpruacoB M.B.); sxosioro-6moMopdoI0rudeckKoro
MeTo/ia MHTPOAYKIIUHU C IMO3UINI SBOJIIOIMOHHOTO YUeHHUs W DKOJIOTUM pacteHuil (JlanTeB A.A.);
sKosoro-cucremMHoromerona (Yekasmmua C.B.); meroma GUIOTEHETUUECKUX WM POJIOBBIX
koMmiiekcoB (PycanoB ®.M.); meroma reoboraHmueckux saudukatopoB (Pycano ®.H. —
brikoB b.H.); ¢uUTOIIEHOTHYECKOTO METOJla aHa/IM3a PACTHTEJIbHBIX co00IIecTB ((PpUTOIEHO30B)
(KaprinconoBa P.A.); MeTozia penpe3eHTaTUBHON WHTPOJYKIIMH PACTEHHH NPUPOIHOU (PJIOPHI;
MeTo/la IIPeIBapUTEIBHOTO OTOOpa WHTPOJYIIEHTOB: HHTPOAYKIHA 0e3 W3MeHEHHS IIPUPOJIbI
pacTeHHMHd W WHTPOAYKIMA C CYIIeCTBEHHbIM W3MEHEHHEM HacJIeJACTBEHHOCTH pacTEeHUH
(Coxonos C.fI.); meTona usydeHus uHTpoayleHToB B mpupojse (Kyuepos E.B.); merona BbIGopa
MaTepuasa sl UHTPOAYKIIUU B 3aBHCUMOCTH OT HHIWUBHUAYaJIbHBIX CBOHCTB BUJIOB PacTeHUU
(basuneBckass H.A.); rpaduyeckoro MeTola MHOTOJIETHUX (EHOJOTHYECKUX CIIEKTPOB
(ABpopun H.A.); Merona  MOpGODPHU3UOIOTUUECKOTO  aHaJIW3a  TOAUYHBIX  PHUTMOB
uaTpoayuupyembix pacreHuil (CepreeBa JI.MI. m CepreeBa K.A.); meTo/la TpPOTHO3UPOBAHUSA
pe3yJIbTaTOB HHTPOAYKIMOHHOW paboTel (CoboseBckas K.A.); Meroma yuéra OIbITa
aKKJIMMAaTH3aluu 3a mporuioe BpeMs (ABpopuH H.A.); KaTeropuu MHTPOAYKIIMOHHOMN MPAKTUKU
(IlneixoB I''M.) [2, 4, 5, 7].

[TepeunciieHHbIE METOABI MOKHO OOBEAUHUTH B HECKOJIBKO TPYII IO MPHUHIUITY H000pa
MHTPOJYIIEHTOB: 1) IOMCK CXOJHBIX YCJIOBUM IpOU3pacTaHUsA BHAa (Kak IMEPBUYHBIX, TaK U
BTOPUYHBIX ITYHKTOB-ZIOHOPOB); 2) aHaJIu3 HCTOpUM (GOPMUPOBAHUs U Pa3BUTUS BHUJA;
3) BBIsIBJIEHHE BHYTPHUBH/IOBOTO T'€HETHUYECKOTO Pa3HO00Opa3us; 4) aHAIU3 HKCIIEPHUMEHTATbHBIX
pe3yJIbTaToB.

Pe3yabTaThl

Ha Yepnomopckoe mobGepexxbe Freylinia lanceolata (L.f.) G.Don BiepBhle momana c
CHMHOHMMUYHBIM HaszBaHueM Freylinia cestroides Colla B Cyxymu miu barymu Ha pybexe XIX—
XX BeKkoB. ATO KpymHBIH (B ycstoBusax Couu 710 3 M), BEUHO3EJIEHBIA KyCTaPHUK.

MouJtiogsie IoGeru 4-X-TpaHHbIE, 3eJ€HBIE, CJ1ab0 OmyIEHHbIe. 3pesble Toberu 0e3 TpaHel,
OTHOCHUTEJIbHO TOHKHE (1,5 CM B JHaMeTpe), MaJIOBETBUCTHIE, IMOKPHIThIE TJIAJIKOM, JKEJITOBATO-
KOPUYHEBOI KOpOH. JIMCTOpacCIoJIoKeHe CynmpOTHUBHOE. JIUCThS JIaHIIETHBIE, 7-17 CM JIIMHBI U
0,4-1,5 CM IIUPUHBI, I[eJIbHOKpaWHNEe, HATIOMUHAIOIIHE JUCThsI UBbI. CBEpPXy TOJIble, OJIeCTsAIINe —
3eJIéHble, CHU3Y TYCKJIble Hu3-3a cyiaboroomymieHus. JIUCThsI 3a0CTPEHHBIE HA BEPXYIIKE, C
KJIMHOBHUIHBIM OCHOBAHHUEM, IIOUTH CUJISTIHIE.

[IBeTKM MesKMe, CHapy:Kd KPEMOBBIE, BHYTPH OpAH>KEeBaTO-KEIThIe. Yameyka 2-3 MM
JUIMHOU, TJIyDOKO 5-JIONAacTHasi, BEHYMK 1,3 CM JUIMHOW W 3 MM IIHUPUHOH, TpPyOUaThiil, ¢
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5 TPEYTOJIbHBIMU JIONAcTAMH (puc. 1). THIYMHOK 5, OHU CKPBITHI BHYTPH BEHUUKA. 3aBA3b BEPXHSA,
2 rHe3/tHasA. [[BeTKH, coOpaHbl B MUPAMUJAIbHbIE METEIKH JINHON 10-15 CM.

Puc. 1. CouiBetrie Freylinia lanceolata (L.f.) G.Don

B oyiHOM corBeTHH 0OBIYHO 110 50-60 I[BETKOB. MeTEIKU pacIiosiaraloTes B Ia3yxax JINCThEB
BEpXHEW YacTH MMOOEeroB TEKyIero roja. ApomMaT IIBETKOB B COUHMHCKHUX YCJIOBUSAX HENPUATHBIH,
HECMOTpPsI Ha YIIOMUHAHHE 3TOTO PACTeHUs KaK «MeJIOBble KOJIOKOJIbYMKH» 3a CJIAJKHH 3aliax.
B ycimoBusix YepHomopckoro nobepekbss KaBkasza cefiuac I[BeTeHHE JUIMTCS C HOsOps IO MapT,
XOTsI B 1960-€ TO/IbI OHO IIBEJIO B aBTyCcTe—CEeHTSOPeE.

[lnomonocut QpeiyinHusa B uiwJe-aBrycre. I[lnosm — JBycTBOpYaras, MHOTOCEMSHHAs
KOpOOOYKa JI0 7 MM JIJIMHBI ¥ 3 MM IIIUPUHBI, AHIEBUTHON (HOPMBI.

Freylinia lanceolata 1ieHUTCS B 3€JIEHOM CTPOUTEIHCTBE 3a OOMJIBHOE MPOIOIKUTETHHOE
IIBETEHHE B XOJIOJIHBIN mepuo rofa. Ha posiriHe 1BeTEHUE TaK»Ke MPOXOJAUT B 3MMHUU MEPUO/, B
cooTBeTcTBUM /i1 FOKHOTO TOJTyIIapusi ¢ UIOHS (3UMBI) /10 aBrycra (paHHeH BecHbI). DTO, KaK U
HaJTUYHE TUI0IOHOIIEHUS, CBUIETETLCTBYET 00 aKKIMMATHU3aI[UH PACTEHUS.
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Puc. 2. Jlekabprckoe 1nBerennie Freylinia lanceolata (L.f.) G.Don

CamoMy KpyHDHOMY IIBETYIIEMY OSK3eMIUIApY GpPeWINHUN JIAaHIETHOM B COYMHCKOM
«lengpapumn» 30 jsier. C yKpBITUEM OH BBIJIEPKAT HECKOJIBKO 3UM C MTOHIKEHUEM TEeMIIEPATYPhI
Bozayxa /10 -8°C. be3 yKpbITHs OTMepP3aeT /10 KOPHEBOU IIEHKH, HO TIOTOM OTpacTaeT OT mHs. [8].
B niexkabpe 2013 roga oTMeUeH CpeaHUI U3 aOCOIOTHBIX TOAOBBIX MUHUMYMOB, paBHBIN Ji1s1 Coun
-5,5°C [6]. IIpouspacramliue B 3alUINEHHBIX OT BeTpa MeCTax IMapKa B3pPOCJIble PaCTeHUs
Freylinia lanceolata ue mocTpafanu gaxke 0e3 YKPBITHA. Y MOJIOABIX pacreHuii (1o 8 ier)
TIOJTHOCTBHIO OOMEp3Jiu ofHOoJIeTHHE Toberu (cTemeHb Moposocroiikoctu III), HO KpoHaA XOpOIIO
BOCCTAHOBWJIACH B TIOCJIEIYIONINI BereTalluOHHBIN ITEPHO/I.

3UMOCTOMKOCTh pacTeHHsi 3 0Oasuta, 3acyXOyCTOMYHMBOCTH 3 0Oajuta, YCTOWYHUBOCTh K
BpenuTessiM U 00JIe3HAM 4 O6ajuia, penpoAyKTUBHAsA oneHKa 3 6ayuia. Koaddunuent aganranuu
65 — OTPAaHUYEHHO IIePCIEKTUBHAA [3].

Freylinia lanceolata ierxko depeHkyeTcs. B 3uUMHUI IepHOJ HECKOJIBKO PpAaCTEHUH
BBIpAIIIBAETCs B OPaHKepee, /IJIsl COXpAaHEHU TAKCOHA B CJIydae HACTYIUIEHUS CUJIBHBIX MOPO30B.

@peiiyinHUA — OBICTPOPACTYIIUM KYCTapHUK, MPEANOYUTAIIINN OCBEIIEHHbIE YYaCTKU, C
IUIOZIOPO/IHOM, BJIQXKHOU, JIDEHUPOBAHHOW IMOYBOU. /11 KyJIbTUBUPOBAHUSA XOPOIIO MOJAXOJAT
Oepera py4b€B Ha CKJIOHAX IOTO-3aTa{HON SKCIIO3UIIHH.

Freylinia lanceolata (L.f.) G.Don cmoco0Ha BbIZEP:KUBATh MPOJOJIKUTEIbHBIE JIETHHE
3aCyXy W 3aTsSKHBble 3UMHUe JIMBHU, XapaKTepHble 711 UepHoMopckoro mobepexxkbs Kaskasa.
B mocieqHre roApl OTMeUYeH IOJHBIM ITMKJI pa3BUTUA pacTeHHN. OHHM eXerojHO I[BETYT M
IIJI0JIOHOCAT.

OO0cyxkaeHne pe3yJabTaTOB

Pacrenus Freylinia lanceolata (L.f.) G.Don afanTUpOBaJIMCh B YCIOBUSX BJIAYKHBIX
cyorpornmnkoB  Poccun. OpelyiMHHA —IPEANOYHUTAeT Oorarble, JAPEHHPOBAHHBIE, XOPOIIO
YBJIQKHEHHBIE TIOYBBI M COJIHI[E. XOPOIIO pa3MHO’KaeTcsi dYepeHKoBaHWeM. OTHOCUTCA K
OBICTPOPACTYIINM KyCTapHUKAM.
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Pon Freylinia aBnsercsa sHAeMUYHBIM 1A HOkHON AGPHKU M HACUUTHIBAET 110 PA3HBIM
HCTOYHUKAM OT 4 /10 8 BUIOB. [IpAMBIX ncTopuueckux, GIOPUCTUUECKIX, TeHETHYECKUX CBA3EH ¢
YepHOMOpPCKUM MT0OEpeKbEM, KAK OCHOBBI 711 MHTPOIYKITUYU HAMH He 00HAPYKEHO.

HaubGosiee mpuemyieMbIM OOBSCHEHHEM YCIIEIIHOW WHTpoaykiuu Freylinia lanceolata,
BEPOSITHO, CJIe/lyeT CINTATh CTYIIEHYATYI0 aKKJIMMATU3aNMIo BU/la. BriepBele HHTPOAYIIMPOBAaHHAS
B Utanmio B cax rpada ®peiisinHo B 1817 ToAy OHA IMOJIyYHIa PACIPOCTPAHEHHE BO BTOPUYHBIX
WHTPOJIyKIMOHHBIX MyHKTax. [lo omeHkam eBpomelickux cueruanuctoB Freylinia lanceolata ue
MOKET BBIHOCUTH MOpPO3bI Hike -2-5°C. Ho, Te 3K3eMIUISIpBI, 110 CyTH, BHYTPHUBHIOBbIE (DOPMBI,
KOTOpBIe TMPOILIN AKKJIMMATHU3AIUI0 B UHTPOJYKIIMOHHBIX MTyHKTaX YepHOMOPCKOTO MOOepeKbst
BBISIBUJIM CKPBITbIE BO3MOXKHOCTH Bujia. HaunbGosiee OTBEYAIOT JAHHOMY IIOJIOKEHHIO METO]IbI
KJIMMAaTUYECKUX aHAJIOTOB U HHTPOAYKIIMOHHOH MPAKTUKHU.

OnauMm u3 ciHOHUMOB Freylinia lanceolata siByisietcst HazBanue Buddleja glaberrima Loisel.
Bo3M0kHO, UTO reHeTHuYecKas OJIU30CTh POJOB MOXKET OBITh IPUYMHOHN YCTOWYUBOCTH JAHHOTO
BUjla Ha YepHOMOpCKOM mOOepexkbe, I/ie KyJBTUBUPYIOTCS pas3jId4yHble BHUABL Oymjuield u3
Bocrounoi A3un u I0xxHOM AMepuku (MeTo/ GHIOTeHETUUECKUX KOMILIEKCOB).

JlauHBI BHA Ha Teppuropun Poccun wuMeerTcs TOJIBKO B KOJUIEKIIMU COYHMHCKOTO
«lenapapusi». OpelMHUI0 TIPU MacCOBOM O3eJIeHEHHH MOXKHO pPacCMaTpPUBATh TOJIBKO Kak
JIOTIOJTHUTEJIbHBIA AaCCOPTHUMEHT.

3akJIoueHue

JlabHEUITNA WHTPOAYKIMOHHBIA IMOUCK 00BEKTOB Kamckoil obsiacTu ciiefyeT BeCcTHUBO
BTOPUYHBIX IYHKTAX-A0HOPAaX UCXOAHBIX YCJIOBUU MPOU3PACTAHUA, aHAIU3UPYS (PUIOTEeHHI0 poza
Y BU/Ia, QUTOIIEHOTHYECKHE CBA3H, C YIETOM BBISABJISIEMOTO BHYTPHUBH/IOBOTO Pa3HOOOpa3us.
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Annoramus. Freylinia lanceolata (L.f.) G.Don eguHcTBeHHOE peBecHOe pacTenne KOkHOM
Adpukn, KOTOpOe YCHENTHO WHTPOAYIIMPOBaHO Ha YepHoMopckoe mobepexbe KaBkasza.
B ycioBusix BiaaxkHbIXx cybtpommkoB Poccuu Freylinia lanceolata perynsipHO, OOWIBHO U
IIPOJIOJIKUTENIPHO I[BETET B 3WMHHUH IEPHUOJ], 3aBSA3bIBAE€T CEMEHA, BBIZIEPIKUBAET CPEAHUN U3
abcosoTHRIX MUHUMYMOB (-5,6°C), He cTpaziaeT OT JIeTHUX 3acyX. I[IpoBe/léH aHaJIN3 MeETO/OB
WHTPOJIYKIIUU C Y4YETOM pe3ysbTaToB akkauMmatuzanuu Freylinia lanceolata, mo3BosuBiIve
BBISIBUTH IIEPCIEKTUBHBIE IPHUHIIMIIBI [10100pa 00BEKTOB HHTPOAYKIINY 13 Karnckoi o6iacTy.

KirroueBsbie ciioBa: mHTponykius, Kamckas obiacts, Freylinia lanceolata (L.f.) G.Don,
counHckui «Jlenapapuii», YepaoMmopckoe nobepesxbe KaBkasa.
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