POCCUMCKASI AKAJTEMMS HAYK
®EJEPAJBHOE ATEHTCTBO HAYUYHbBIX OPTAHU3AIIMI

OENEPAJIBHOE I'OCY JAPCTBEHHOE BIO/KETHOE YUPEXJIEHUE HAYKHU
HHCTUTYT BUOJIOI'MU BHYTPEHHUX BOJl UM. U /1. TAITAHUHA PAH

«MCITOJIb30OBAHUE
MOJIEKYJ/JIAPHO-TEHETUYECKUX METO/0B
JJIAA U3YUYEHUSA DKOCUCTEM
N 3AINUTLI 3TOPOBbA YEJIOBEKA »

MATEPUAJIBI
VIl HayyHO-IPaKTUYECKON IKOJIBI
JUTSL MOJIOZIBIX YUE€HBIX, ACUPAHTOB U CTYIEHTOB
1o Mpo0IeMaM MOJIEKYJISIPHOM 3KOJIOTUHU U 3BOJIIOLUU

Bopok, 16 — 26 oxts16ps 2014 .



YJIK 614.18:577.18.05
bbK 51.2
1-88

Penxomerus coopHuKa:
1.6.1. Aunpeea A. M. (MBBB PAH), k.6.u. [TaBnosa B. B. (M6BB PAH),
k.0.H. 3a0otkuHa E. A. (MBBB PAH), Pomanosckuii A.B. (MEBB PAH)

Wcnonp3oBanue MOJIEKYJIAPHO-TCHETUYCCKUX MCTOAOB JUJIA H3Y4YCHUS DOKOCHUCTEM H
3amuTel 3M0pOBhsl uenoBeka. VIl Haydno-mpakTudeckas Imkoma IS MOJIOABIX YYEHBIX,
aClIMpaHTOB UM CTYACHTOB IIO l'IpO6J'ICMaM MOHCKyj'IHpHOﬁ OKOJIOTMKM W  DBOJIOIHUH
«lcnoap30BaHue MOJICKYJIAPHO-TCHECTUYCCKUX MCETOAOB Il HU3YUYCHUA 61/10pa3H006pa31/m
DKOCHCTEM M 3aIlUTHI 340poBbs uenoBeka» (Bopok, 16-26 oxrsaops 2014 r.): Marepuaisl.
Koctpoma: Kocrpomckoii neuaTssrit oM, 2014. 148 c.

Utilization of molecular-genetic methods for studies of ecosystems and human health
defense. Proceedings of the VII Scientific-practical school for young scientists, post-graduates
and students devoted to problems of molecular ecology and evolution “ Utilization of molecular-
genetic methods for studying biodiversity of ecosystems and human health defense” (Borok,
16-26 October 2014). Kostroma: Kostromskoy pechatniy dom, 2014. 148 p.

ISBN 978-5-91806-014-8

B pa60Tax, NpeACTaBJICHHBIX B C60pHI/IKe, PacCMOTPEHBI BOIPOCHL MOHeKyanHOﬁ
9KOJIOTHH W IBOJIIOIMH, MOJIEKYJISIPHON THArHOCTUKK U MEIUIMHCKOH uMMyHOsorun. Ocoboe
BHUMAaHHUC YJACJICHO COBPEMCHHBIM IOAXOAaM TC€HOMHUKH W IIPOTCOMHUKH. O6cy>1<z[a}0Tc;1
Borpocsl o npumeneHnn 2D-anexrpodopesa n macc-criektpomerpun MALDI, TTHP u OT-
H]_[P, TEXHOJIOTUH KJIIOHUPOBAaHUs, CCKBCHUPOBAaHUA 1 UMMYHOJIOTUU B OUOJIOTHH U B (bOpMaTe
JIMarHOCTUKHU 3a00JIeBaHUH YeNIoBeKa M X MPOPUITAKTHKH.

Papers presented are devoted to molecular ecology and evolution, molecular diagnostics
and medical immunology. Particular attention is given to modern approaches in genomics and
proteomics. Problems of 2D-electrophoresis and mass-spectrometry MALDI, PCR and RT-
PCR, cloning technologies, sequencing and immunology in biology and human diagnostics and
prophylactics are discussed.

OTBETCTBEHHOCTH 3a MPEIOCTABICHHBIC MaTepUaJIbl HECYT aBTOPHI.
KommerorepHas Bepctka: 3aboTkuHa E.A., PomanoBckuii A.B.

ISBN 978-5-91806-014-8
VJIK 614.18:577.18.05
BBbK 51.2

© KonnekTtus aBropos, 2014
© UBBB PAH, 2014



IIKOJIA OPTAHU30BAHA TP ®UHAHCOBOM MOJIEPKKE

POCCHUMCKOI'O ®OHJIA ®YHIAMEHTAJIbHBIX UCCJIEJOBAHMUIA,
ITPOEKT Ne 14-34-10139

CIIOHCOPBI MEPOIIPUATHUA:

BIO-RAD

www.bio-rad.com

TAA-M
www.dia-m.ru

AHAAM

O Jemdat bt MEODITIPu






OI'/TABJIEHUE

CEKLIUA |
MCMOJIb30BAHHUE IOIX0IOB TEHOMHUKH Y TIPOTEOMMKH
B N3YYEHNH JKOCUCTEM

Hcnoan3oBanne macce-cnektpomerpuu MALDI piast uneHTHdukannu
0eJIKOB pPbIO
AHAPEEBA A.M. ot 7

Macc-cnexkrpomerpusi MAL DI-TOF nis ucciienoBaHusi 6€JIKOB H
NMenTHI0B
TopombITHE MLHO. ....iiii e e 25

IIpoucxoxnenue rpudooB
Anéumn B.B., Muxaitnos K.B., KapnoB C.A. ...t 46

IlepcieKTUBBI MOJIEKYJISAPHON TreHETHKH B MUKPOOHOI IKOJIOTHHN
BernbkoBa H.JL. .o 49

OTKpbITHE HOBBIX TAKCOHOB 3€JIEHbIX BOJOpOc/Ieii: nmouga3Hblii
MOJIX0.]
TeMpameeBa AL ..oovvniiir i 55

HNaentuduxanus BUIOBOH NPUHAIEKHOCTH MOJLTIOCKOB C

HCII0/Ib30BAHMEM MOJIEKY/ISAPHBIX METOA0B
BopommmoBa ML.C. ..o 73

CEKLMA I
3AIIUTA 3JOPOBbs YEJIOBEKA

IIpo6aemMbl pa3padoTKH BAKIMH

FOPKOBA MLC. ottt et et e et e 80
MeToabl MOJIEKYJISIPHOI THATHOCTHKH 3a00J1eBaHMii
FOpKoBa ML.C. ..o 093

MeTtoabl MOJIEKYJISIPHOM AHATHOCTHKH PAKOBBIX 3200J1eBaHU
Ky3bMEHA C.HO. ..ot e 99



JlelikonutapHasi popMyJia KPOBH Y JIaOOPATOPHBIX KPBIC C
NMepeBUTHIM PAKOM MOYKH MPH Pa3HBLIX METOAaX BBeAeHUSA
(naBanounCOAEPKAIMX IKCTPAKTOB

Mynpak J.A., HaBonokun H.A., Teruuna C.A., Kopuakos H.B.,
ITonyxonoBa H.B., MacnsikoBa I'.H., byuapckas A.b. ..................

NMMYyHOIMTOXMMHUYECKHE H HMMYHOTHCTOXMMHYECKHE METO/IbI
aHaJIM3a OHOJIOTUYECKOH AarPecCUBHOCTH OIYX0JIU
Byuapckas A.b., MaciakoBa I'H. ...

N3y4yeHne NUTOTOKCHYHOCTH MJIA3MOHHO-PE30HAHCHBIX
HAaHOMAaTepHaJioB Ha MuKpoBogopocau Dunaliela salina
lomy6eB A.A. Ilpmnenckuit A.1O., borateipeB B.A. ..........cvlills

JAuHaMuKka pocTa nepeBUBaeMoii CapKoOMbI U U3MEHEHHe COCTOAHUS
J1a00PATOPHBIX )KMBOTHBIX MO JeiiCTBMEM IKCTPAKTA aBpaHa
JIeKapCTBEHHOT 0

baiitman T.II., HaBosnokun H.A., ITonykonoBa H.B. ...................

MeTtoan! GuiyopecueHTHOH MUKPOCKONNHU B KJIE€TOYHOI 0HOJIOT T
[Mpunenckuii A.1O., bubukosa O.A., ['onyoes A.A., Borateipes B.A.,
Xae0moB B.H. oo e

JAuHamuka uuToMOp¢oI0ru4ecKuX U3MEHEHHI B KYJbType KJIEeTOK
MOYKHU IMOPHOHA CBHHBM MOJ AelicTBHEM (PI1aBAHOM/ICOAEPIKALIET 0
IKCTpPaKTa

Hasonokun H.A., Tlonykonosa A.B., [lorykonosa H.B., byuapckas A.b.,
MacnsikoBa I H. ..o

109

114

125

130

135

140



CEKLIA |
MCNOJIb30BAHUE MOJAX0J0B TEHOMMKHU U TIPOTEOMUKH
B UI3YYEHUU DKOCUCTEM

VJIK 597:577.322.9.088.5
UCHOJBb30BAHUE MACC-CIEKTPOMETPUHA MALDI
IS UIEHTU®UKALIAN BEJIKOB PhIB
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Hcnonp30BaHue TOMOJIOTUYHOIO IIOAXOJA IO3BOJISET HCIIOIb30BaTh
0a3bl JaHHBIX 10 OeJdKaM pbI0 ¢ CEKBEHUPOBAHHBIMH T€HOMAMH IS
PEKOHCTPYKIIUHU (PparMeHTOB aMUHOKHCIIOTHBIX MOCIIE0BATEILHOCTEH OEIKOB
y pBIO ¢ HECEKBEHUPOBAHHBIMHU I'eHOMaMu. B paboTe mpecTaBiIeHbl TPUMEPHI
uACHTUGUKAIMM ~ OETKOB  pasHbIX  (DYHKIMOHAIBHBIX  KJIACCOB  —
ummynornooymuuos (IGL, IGH), BuTemiorennta, CEpruHOB, SMEHANMUHOB U
Ip. Y MOJCIBHBIX U HEMOJEIbHBIX BUIOB phi0. [locnenHne TeXHOIOTHYHBIE
pa3pabOTKH TTO3BOJISIFOT CEKBEHHUPOBATh T'€HOMBI TMPAKTHYECKH JTHOOBIX
OpraHu3MoB, a UWH(MOPMAIMOHHBIE CHUCTEMBI HOBOTO TIOKOJCHUS —
aHHOTHPOBaTh WX. JlaHHOE OOCTOSATEIBCTBO BBIBOJUT  HCCIICAOBAHHS
HEMOJICTIbHBIX OPraHU3MOB W3 3aBUCHMOCTH OT METOJOB, OCHOBAaHHBIX Ha
TOMOJIOTHH OCJIKOB Pa3HbIX OPTaHU3MOB.

KitoueBsle cioBa: peiObl, mpoTeoM, 2D-anexkrpodopes, MALDI

Work presents the examples of identification of proteins of different
functional classes (ependymins, vitellogenins, immunoglobulins, serpins,
albumins) from fish species with sequenced and unsequenced genomes. Most
proteins except for serum abumins were identified successfully with the use of
MALDI-TOF-TOF mass-spectrometry. Reconstruction of amino acid
fragments was performed with help of databases of fishes with sequenced
genome and mammals. Problems of fish albumin identification are connected
with a high level of ther structura diversity and the absence of sequence
similarity with mammalian proteins.

Keywords: Pisces, proteom, 2D-€lectrophoresis, MALDI



IIpenmer u 3a1a4u NPOTEOMUKH

B ocHOBe Bcex (DM3MOJIOTHMYECKUX TIPOIECCOB M OMOXUMHYECKUX
peakuuii opraHm3ma Jexar Oelku U OENKOBbIE  B3aUMOJICHCTBUS.
HccnenoBanusl TOCIEIHUX JACCATHIICTHA TMOMHSUIA paboThl 1Mo Oeikam Ha
KaueCTBEHHO HOBBIM ypOBEHb, OOECIICUEHHBI CEKBEHUPOBAHHEM TC€HOB H
[EJIBIX TEHOMOB, CIIEJICTBUEM 4YEro CTajio IMOSBICHUE CaMOCTOSTEIHLHOTO
pazmena  Ouonormu  —  TpoTeOMHKH.  [Iporeommka  3aHUMAaeETCS
WHBEHTApH3alMeld BceX OEJKOB, 3aKOJMPOBAaHHBIX B T'€HOME OpraHM3Ma, HX
B3aMMOJICHCTBUSIMU, MOCTTPAHCISIIIUOHHBIMA MOIU(PUKALUAMU, CTPYKTYpPOU
OCTKOB W MHOTMMH JPYTMMH BONPOCAMH, CBSI3aHHBIMH C OpTraHH3anuei
nporeoma. [IpakTHYEeCKUM acleKTOM MPOTEOMHKHU SIBISIOTCS HMCCIIEHOBAHUS
W3MEHEHHI MpoTeoMa Npu 3a00JIeBaHUSIX; BBISBICHUE OCIKOB-MUIICHEH, Ha
KOTOpbIE HAaINpaBJICHO JCWCTBHE JIEKAPCTBEHHBIX NIpernapatoB u 1p. Bce
aCIIeKTHI MPOTEOMHUKH MPEATIONIATAI0T UACHTU(DUKAIINIO OSIIKOB.

CaMbIM BaXXHbIM OOBEKTOM MPOTCOMHUKH SIBISIOTCS OCJNKU YelIOBEKA.
Henwto mpoekta «IIporeom uenoseka», craproBasuiero B 2010 r. B r. Cunnee,
SBIIICTCS ~ WHBEHTApU3allUsg BCEX OENKOB UelIOBeKAa U  BBIICHEHUE
B3aUMOJICICTBUM ~ MEXAYy HHUMH. OTOT MPOEKT SBWICS  JIOTUYHBIM
npojoibkeHneM mpoekTa «['eHoMm uenoBeka». B Xxome pabGoThl MO MaHHBIM
MPOEKTaM CO3AaBaJIMCh 0a3bl JAHHBIX MO CTPYKTYpe OCIIKOB YETIOBEKa, a TAKKe
WX MPOTEOTUTUIECKUX (PParMEHTOB, TOTYYEHHBIX B CTAHAAPTHBIX YCIIOBUSX,
YTO MO3BOJISIET UACHTH(PHUITMPOBATH JIFOOBIC OCITKU YeI0OBEKa 10 MOJICKYJISIPHON
Macce UX MPOTEOTUTHUECKUX (PArMEHTOB, MOTYYCHHBIX B TEX )K€ YCIOBHUSX.
[To Takoii cxemMe MOXHO HACHTH(HUIIMPOBATH W JIO0OM O€loK y BHIa ¢
CEeKBEHHUPOBAHHBIM T€HOMOM. MneHTu(uKamuo OENKOB MPOBOIAT MO Macc-
ciektpam (MS) BX IPOTEOUTHUECKUX (PparMEeHTOB, UCIIOIB3YsT COBPEMEHHYIO
TEXHOJIOTUI0 MAaTPUYHO-aKTUBUPOBAHHOW JIA3€PHOM J1eCOPOLMU/MOHU3AIIH
nmu MALDI.

Crpareruto paboT 1Mo uaeHTHPUKAIKUK OeKa MOXKHO BBIPAa3UTh MPOCTON
cxemoii: 2D-E (mBymepHbIii 3nekTpodope3) — TPHUIICHHOIU3 Oeaka B
¢parmentax ITAA-rens — macc-cnektpomerpust MALDI — nnentudukanms
Oeinka ¢ ucrnosirzoBanueM 0a3 manabix NCBI.

Ha mnepBoMm »tame paboTel OenkoByl0 cMech ¢ mnomolnpio 2D-
anekTpodopes3a pasfensioT Ha OTACTbHBbIE OCNKH WM TOJHNEHTHIB —
MPOJYKTHI OTACIBHBIX TeHOB. Hanbompm pa3penieHueM o0agaeT cucTema,
B KOTOPO# B TIEPBOM HAIpaBICHUH HCIOJIB3YIOT n3odokycuposanue (I"aanb u
ap., 1982), a Bo Bropom — SDS-anmektpodopes (Laemmli, 1970). B stoit
CHUCTEME CIIOKHBIE OHMOJOTHYeCKHe 00pasisl MOKHO nuddepeHupoBarh Ha
Teicsuyy U Oonee mosumnentuaoB (Puc. 1). B 3aBucumoctu or cnenuduxu
WCCIIC/IOBAaHMsI B TIEPBOM HAIPABICHHUH MOTYT HCIIOJB30BAaThC W JPyrUe
CHCTEMBI pa3JieicHusi OCJKOB, Hampumep, Auck-anekrpodopes (Davis, 1964,
Ornstein, 1964).



200 kDA

66 kDA

3 5 6 75 10 pH

Puc. 1. 2D-E nu3zara xiretok smopuona Danio rerio (Lucitt et al., 2008).

Bropoii atanm pabot —310 MALDI-Macc-criekTrpomeTpusi, KOTOpasi Hamia
CBOE ILIMPOKOE MPHUMEHEHHE JUIs aHaJu3a HEJEeTy4YUX BBICOKOMOJIEKYIISIPHBIX
COeMHEHUI, B TOM u4HclIe M OelKOoB W mentuaoB. Macc-cnektpel MS
nony4yatoT Ha TanaemMHoM MALDI - BpeMsAnposeTHOM Macc-CIIeKTPOMETpe
Ultraflex Il BRUKER (I'epmanusi), ocaameraom Y® naszepom (Nd) B pexxume
MOJIOKUTETIbHBIX MOHOB B JINHEHHOI MOJie, C MCIONIb30BaHEM pedieKTpoHa 1
B TanaeMHoM pexxume (I"oydman u np., 2006) (Puc. 2).

]
s
-
/4

z

Puc. 2. Bpemsinponernas MALDI-macc-criekTpomeTpusi, mpuOOpHBIN MapK.



3TO METOJ| «MSATKOW>» HOHHU3AINH, KOTJ]a UMITYJIBCBI JTa3epPHOTO U3TyYCHUS
BO3/ICHICTBYIOT Ha MAaTpUIly C aHAIM3UPYEMbIM BeHIeCTBOM. MaTtpuia
NpeACTaBIsSeT COOOW Marepuall, CMATYalOMIMN JECTPYKTUBHOE BO3JCHUCTBHE
JIA3epHOTO M3ITyYCHUS] M CHIDKAIOIIMN MOHHM3AIUIO aHATU3UPYEMOTO BEIIECTBA.
@DOTOHBI JA3€pHOTO Jy4Ya HOHM3YIOT U WCHAPSIOT MATPUIly MHUIICHH, Ha
KOTOPYIO HaHECeH oOpasel, a o0pa3yromuecs W3 MaTpPHIbI MOHBl MOHU3YIOT
MOJIEKYJBI 00pasiia, He paspymias ux. Tounsnii mexanm3sM MALDI nonuzanuu
HEHM3BECTEH, OJJHAKO B pe3yibTaTe 00pa3yroTcs, Kak MpaBHIIO, OJHO3apsIHbIC
MOHBI, 3aXBaTUBIIIKE MPOTOH JIM0O0 nHOM katnoH (Puc. 3).

Laser

¢$ To Mass

Analyzer

~
Analyte/Matrix

@ Mixture e

Puc. 3. Cxema JIEUCTBUS JIa3CpHOro Jyda Ha Marpyuly MHUIICHH, WOHU3AIUU
MOJICKYJI aHAJIIM3UPYEMOIro BEOIECTBA MW ACTCKIOMM CHTHAJla Ha Macc-
CIICKTPOMETPC.

OOpa3sipl Ui MacC-CIIEKTPOMETPUH TIOTYYAIOT U3 MOJUAKPHIAMHIHOTO
reqst mocie anekTpodopesa OenkoB. Kycouek rens, comepikamuii O€Nok,
JBaKIbI TIPOMBIBAIOT JIJISL yAaJICHUS] KpacuTelns nyrteM uHKyOanuu B 100 Mk
40% pactBopa aneronutpmwia B 0.1 M NH4HCO3 B Teuenne 20 mun npu 37°C.
[Tocne ynmameHust pactBopa misi neruapararnuu reist nqodasmstor mo 100 mxor
AllCTOHUTPHJIA. Y TAJIUB allEeTOHUTPUI M BBICYIIHB KYCOYEK Tejisl, T00aBJIsIOT K
Hemy 4 MK pactBopa momuduuupoBanHoro tpurcuHa (Promega) 8 0.05M
NH4HCO;3 B xonmentparuu 15 mxr/mi. ['maponus npoBoasaT B TeueHue 4 u
npu 40°C, 3arem k pactBopy mobasistor 7 Mrn 0.5% tpudropykcycHoi
kuciaotel B 10%-HOM pacTBOpe BOIHOTO AaleTOHUTPHIA M TIIATEIHHO
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nepemenmBaioT (Coypman u ap., 2006). HaareneBblit pacTBOp HCHOJB3YIOT
JIJIS1 TIOJTYYESHHUS] MAcC-CIIEKTPOB.

O06paboTka Macc-CIeKTPOB MPOBOAUTCS C TIOMOIIBIO TPOTPAMHOTO TTaKeTa
FlexAnalysis 2.4 (Bruker Daltonics, T'epmanus). Ilpu momomy mporpamMMal
Mascot (ommust  «aIenTHAHBIA  (UHTEPIPUHT»,  WWW.MatriXscience.com)
npoBoAsaT mouck B 0Oa3ze maHHeiXx NCBI cpemum OenkoB BceX OpraHHM3MOB.
Kannuaaraele Oenku, MMEIOIIME NapaMmeTp JOCTOBEpHOCTH Score >83 B 6aze
nanaeix  NCBI  cumraror  onpemenenusiMu  HagexxHo (p<0.05). Ilpum
HEOOXOIMMOCTH TONY4aroT cHeKkTpbl (parmenTammn MSMS  oraensHBIX
NeNTHIOB B TaHISMHOM pexume. M Ha 3aKIIOYUTENIFHOM —dTame ¢
UCIIOJIb30BaHUEM TporpaMmHoro obecrnieuenus: Biotools 3.0 (Bruker Daltonics,
['epmaH¥st) MPOBOIAT MOKUCK KaHIUIaTOB (romosioros) mo MSu MS/MS.

1. MoaeabHbIe 1 HEMOAEJIbLHbIE 00bEeKThI

O6a mpoekta — «'eHom uenoBeka» U «lIpoTeoM yenoBeka» — BHECIH
Cepbe3HbIe M3MEHEHUS B COBPEMEHHbIE TEXHOJIOTUH U B OHMOMEIUIIMHCKYIO
HayKy B 1esioM. Ho, kpome 3T0ro, X 3Ha4MMOCTh MPOSBUIACH B MHULIHALUU
paboT 1O CEKBEHHUPOBAHUIO T'€HOMOB M HCCIIEOBAHHMIO MPOTEOMOB APYTUX
OpPraHu3MoOB, B TOM uucie U pbi0. Ha cerognsamnuii 1eHp cpeau poIOd 4nciIo
BUJIOB C CEKBEHHPOBAHHBIMH T'€HOMAaMHU HeBelnKo: manuo Danio rerio, pyry
Takifugu rubripes, cnonossie akynsr Elephantshark u Callorhinchus milii,
aTIaHTHYECKHi jJocock Salmo salar, atmantudeckas Tpecka Gadus morhua,
kapn Cyprinus carpio, 3enensiii Terpagon Tetraodon nigroviridis u p.
Nudopmanust o reHOMax 3TUX peI0 coOpaHa B pazIWYHBIX 0a3zax JTaHHBIX:
ZFIN — Zebrafish Information Network (http://zfin.org/), cGRASP-
consortium  for Genomics Research on All  Samon  Project
(http://web.uvic.ca/grasp/) u apyrux. Jlias  TEpeYMCICHHBIX — BHJIOB
WHBEHTapu3aIus OeNKOB SBJISETCS peadbHON 3amadeii. Ho umcio BUIOB ¢
Hepacmu(pPOBaHHEIM TEHOMOM HecopadMepumo Oosbmie. M, kak mpaBuIIo,
MMEHHO 3TH BUJBI U SBISAIOTCA 00BEKTaMU 3BOJIIOLIMOHHBIX M 3KOJIOTUYECKUX
HCCJICIOBAHUM.

Jlna uccrienoBaHusl MPOTEOMOB ATHX OPraHU3MOB TaKXK€ CYIIECTBYIOT
IIoaAXoObl. O,Z[I/IH 13 HUX OCHOBAH Ha I'OMOJIOTHH 6€J'IKOB. B ero ocHoBe nexuT
MOHMMAaHUE TOTO, YTO B HBOJIOLIMU MO3BOHOUYHBIX BCE OCHOBHBIE THIHYHBIC
JIL  HHUX 6GHKOBBI€ ceMelicTBa MOSBWINCH B HHU3IIMX TaKCOHAaX — y
ppI0000PA3HBIX U PBHIO — M YTO BCE OCHOBHBIE SBOJIOIIMOHHBIE TTPEOOpPa30BaHUS
0enKoB OBLIM B OCHOBHOM 3aBEpIICHBI B 3TUX TakcoHax. [lo 3Toil mpuunHe
co3/aHHble 0a3bl JAHHBIX MO T€HOMaM M OelKaM MIIEKONMTAIOIIUX MOTYT B
pdaAc CiiydacB HCIOJb30BATHCA IJIA I/II[GHTI/I(I)I/IKaI_[I/II/I 6€.HKOB OpraHnu3mMoB
nusmmx Vertebrata, B T.4. u pei6. Pasymeercs, 3TO KacaeTcs IHIIb TEX
CJIy4acB, Koraa MNPOAYKTBHI OPTOJIOTHYHBIX TI'CHOB HMCIOT TOMOJIOTHYHBIC
MOCIEA0BATENbHOCTH. Takoil MOaXoJ MOJApa3yMeBaeT MapajuieIbHO WIYIIUH
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cobop uHpopMauu U GopMHUPOBAHKHE COOCTBEHHBIX 0a3 JAHHBIX 110 TEHOMaM U
OenKaM OpraHu3MOB U3 HU3IIUX TAKCOHOB, B TOM YHCJIE U PHIO.

2. Unentudukanus 6eJ1KOB y MOIeJbHBIX U HEMOAEJIbLHBIX BU/IOB
PbI0 HA puMepe 0eJTKOB MJIa3Mbl 1 TKAHEBOH KMIKOCTH OPraHu3Ma
PaccMotpuM  mpumepbl  MAEHTU(GUKAUA  HEKOTOPHIX  OCIKOB W3

OWOJIOTMYECKUX ~ JKHIKOCTEH  opraHm3Ma  pei0: 1)  CBIBOPOTOYHBIX
ummyHOrooymuHoB  (merkmx  IGL  w  Tokenmsix  IGH  memeit);  2)
[pe/IIIeCTBEHHUKA KEJITOYHOTO Oenka JUTOBHUTEIUTHHA Ca-

dbochoaumonpoTerHa BHTEIVIOTEHHHA W3 IUIa3Mbl; 3) HEHPOCEKPETOPHBIX
OCNKOB  SICHAVMMHUHOB W3 MO3TOBOM  JKHUAKOCTH; 4)  CBHIBOPOTOYHBIX
TpaHcdeppuHOB; 5) ab0yMHHOMOT00HOT0 OEITKa IIa3MBbl.

[Tna3my 3acity’)kKeHHO CUMTAIOT OJHUM W3 HaubOJee CIOXKHBIX 00pa3IoB
s mporeomuku (Anderson, Anderson, 2002). To e camoe MOXHO CKa3aTh U
PO TKAHEBBIC KHUIKOCTH OpPraHMW3Ma, SBJISIOIIHAECS (UIbTpaTaMH IUIa3MBI.
[TomuMO  «HCTUHHBIX OENKOB TUIa3MbI» — BHEKIETOYHBIX  OEJKOB,
MPEIIIECTBEHHUKH KOTOPBIX cozepkaT Ha N-KOHIIE CUTHAIBHBIN MENTH — 3TH
KHUIKOCTH B HE3HAYUTEIHLHOM KOJIMYECTBE COJEpXKAT TKAHEBhIE OCNKH,
MOMABIINEe B KPOBOTOK BCJCICTBHE pa3pyIICHUS KJIETOK, a TaKXke OClKu
HEKOTOPBIX BHPYCOB, Oaktepuii u aposxokei (Anderson et al., 2004; Liotta,
Petricoin, 2006). Texuuka 2D-3nekrpodopesa mo3sonmia auddepeHupoBarh
miasmy Ha aecatku OenkoB (Bowman et a., 2011; Babaei et al., 2013). B ux
cocraBe ¢ nmomouipto macc-ciekrpomerpun MALDI u SELDI (mpsimast macc-
ciekrpometpus 6e3 2D-E) naentuduimpoBano 60jee THICSIH MOJUIIENTHIOB
(Zhang et al., 2004; Luczak et a., 2011), oTHOCAIIMXCSA K HCTUHHBIM OeIKaMm
IUTa3Mbl ¥ JAPYrUM OelKaMm OpraHu3Ma, Kak y BBICHIMX, TaK M y HU3IIUX
Vertebrata.

B kavectBe 00BEKTOB HaMH ObUTH OTOOPAHBI MPEACTABUTEIN XPSIIEBHIX
raHouzioB (CTepisiib) M KOCTHCTBIX pbIO (OpaxupaHuo pepuo, Kapil,
NaJbHEBOCTOYHAsT KpacHomnepka). Cpean HUX — BHUJbI C CEKBEHHUPOBAHHBIM
(Daniorerio) u yactnyno cexBeHupoBanHbM (Cyprinuscarpio) reHomamu,
MpeACTaBICHHBIMHU B DB Proteins NCBI 77641 u 4417
MOCJICIOBATEIbHOCTSIMU COOTBETCTBEHHO; a TaKKe BUJIbI c
HECEeKBCHMPOBAHHBIMH ~ T'€HOMaMH, TmpenacTaBieHHslie B DB Proteins
HE3HAYUTEJIbHBIM KOJMYECTBOM IIOCJICIOBATEIILHOCTEH — NaJlbHEBOCTOYHAS
MeNKoYennyiiHass ~kpacHorepka Tribolodon brandtii  mpencraBnena 64
MOCJIEI0BATEIbHOCTSIMH, crepiasine  Acipenser ruthenus - 89
MOCJIeIOBATEIPHOCTSIMU.

Jlns pemieHust 3aaa4 MACHTH(HUKAIMKA OCENKOB IJ1a3Mbl U MO3TOBOM
KUIKOCTH B KadecTBe ynoOHoW 2D-E cuctemMbl MBI BBIOpad  JTUCK-
anektpodope3 (nmepBoe Hampasnenue) [/ SDS-amekrpodopes  (Bropoe
HAIpaBJICHUE) [T OTCICKUBAHUS MPHHAISKHOCTH TOTO WIIM HHOTO OeNKa Ha
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2D-E onHo# U3 yeTbIpeX OCHOBHBIX (pakuuii OEJIKOB MIa3Mbl — allbOYMHHAM,
anb(da-, 69Ta- 1 ramma-riooynunam o Tuzenuycy (Tiselius, 1937).

BriOpanHbie Hamu JUIsl aHaiau3a Oenku (MEpeYHCIICHBI BBIIIEC) HUMEIOT
Pa3HYIO CTPYKTYPY U BBITIOIHSIOT pa3Hble QyHKIIUH:

Nmmynornobyaunsl |G (aHTUTENa) SBIAIOTCS YacTblO HMMMYHHOI
cucteMbl oprau3Ma. OTHOCATCA K CylepceMeicTBy OenkoB ¢ Y-oOpa3Hou
MPOCTPAHCTBEHHOW OpPraHU3aIUeH, CTIOCOOHBIX CBSI3bIBATH AHTHICHBI, KOTOPBIE
CTUMYJIIUPYIOT uX oOpa3oBanue.lG npoxymupytorcs B-nmumdornuramu u
HAXOJAATCs TUOO B CBOOOJAHOM BHJIC B KPOBH U JIPYTUX KHUIKOCTSIX OpraHU3Ma
(Cexperopnast ¢opma), aHOO B BHAE PEUEHTOPOB HAa MMOBEPXHOCTHBIX
MeMOpaHax KJIeToK (MeMOpaHHas win perentopHas ¢gopma). B mazme kposu
IG conepxarcs B cocTtaBe (pakiuu ramma-rio0ynuHoB. Monekyna |G
BKItoyaeT B ceOs aBe yerkue (L) u nBe Tsokensie (H) menum — IGL u IGH,
CBs3aHHBIE S-S-cBs3amu: kaxnas H-menp cBszana ¢ L-mempro ogHolt S-S
cBs3bt0, iBe H-11enu cBsizanbl 1Bymst S-S-cesizsimu (Rogers et al., 2006).

Burtensorenun Vg BXOAMUT B COCTaB  CeMeiicTBa  OEIKOB,
TPAHCIOPTUPYIOUIUX JIMIUIBI M COJEPXKAIIUX B CTPYKTYpe KOHCEPBATHBHBIM
nomer «ipid transport domain». Dto auUMepHBIH OCIIOK, CTPYKTYPHYIO
dopmyny KOTOpOro MOKHO mpenctaBuTh kak Vg=lipid([Lv-Pv],, toe Lv —
nunoBuTeunH, PV — docsutur (Anderson et al., 1998; Babin et a., 1999;
Wang et a., 2000). benok cuHTE3UpyeTCs B TIEUEHH, MOCIIE Yero MOCTYIAaeT B
kpoBb B Bune Ca-pochomunonporenna. ¥ peid B HOpMe V(J OTCYTCTBYET B
KPOBH CaMIIOB U MMEETCS B HE3HAYUTEIbHBIX KOJIMYECTBAX B KPOBU CAMOK;
1oCJIe ACTPAIUOIOBON HMHAYKIIMH €ro COJEpKaHHE B KPOBH CaMOK pPE3KO
YBEIUYMBACTCSI, a y CaMIOB OCIIOK TMOSIBJIAETCS B KpOBH. JlaHHBIM
00CTOSATETLCTBOM O0YCIIOBJICH MHTEpec K V(J Kak WHAUKATOPY 3arps3HEHUU
BOJIOGMOB, TaK KaK HEKOTOpbIE cOpachiBaeMbie B BOJOEMBI COCIUHCHUS,
HanpuMep SHAOKpuHHbIC nu3pynropsl (EDS) ¢ scTporeHHbIMEH CBOMCTBaMH,
UMUTHPYIOT JCWCTBUE 3CTPOTCHOB M MPHUBOIAT K (PEMUHU3AIUM MTOMYIISIIHN
pe16 (Sonnenschein, Soto, 1998).

Onenaumunbl Epd — HelipocekpeTopHbie Oenku. BriepBbie 00HApYKEHBI
B cocTaBe OCJIKOB CIIMHHOMO3TOBOM JKHJKOCTH KOCTHUCTBIX PbIO M KaKOe-TO
BpEeMsl CUMTAINCH Crielu(UIHBIME T Mo3ra pbid Oenkamu (Shashoua, 1991,
Sterrer et a., 1990; Tang et a., 1999). Ilo3aHee ObuH onpeaeacHbl Y ampuOuit
U B pa3HbIX TKaHsax muekonuraronmx (Apostolopoulos et al., 2001; Nimmrich
et a., 2001) u 6ecno3Bonounsix (Sudrez-Castillo et a., 2007). B mo3rosyo
KHUJIKOCTh TOMAJAI0T B PE3yJibTaTe HEUPOCEKPEeHUu. Y PbI0 MX CBS3BIBAIOT C
J0JIrOBpeMEHHOM mamMaAThio U moBeaenuem (Rinder et a., 1992); y Mammalia
OHHU 0c000 BbIpaxkeHs! mpu psiae marosoruit (Nimmrich et a., 2001).

Tpancdeppunnl. benku u3 cemeiictBa TpaHchEppUHOB PETYIHUPYIOT B
opranusMe ypoBeHb kese3a (Aisen et a.,1976; Harris, Aisen,1989). K stomy
cemercTBy oTHOCAT TpaHcheppuH TFS, maktodeppun LTFS, oBorpancheppun
oTFsu menanotpancheppun (Woodbury et al.,1980; Wally et al., 2006; Wally,
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Buchanan, 2007). CunTe3upyroTcs B Me4YeHH. Y BCEX MIICKOMHUTAMOIIUX 3TO
MoOHOMepHbIe TuKonporenbl ¢ MM okono 80 k/la. [lonmunentuanas 1ens
COCTOUT M3 JBYX JOMEHOB. CTpPyKTypy MOJIEKYJbl cTaOuiu3upyor 18
IUCYIb(QUIHBIX CBS3€H, KOIUYECTBO KOTOPHIX PA3JIUYACTCS Y Pa3HBIX OENKOB
cemeiictea (Wally, Buchanan, 2007). Monekyna TpaHcheppuHa UMEET IBa
caiita csi3biBaHms e,

AJILOYMHH OTHOCHUTCS K OCIIKOBOMY CYIIEPCEMEHCTBY, B KOTOPOE BXOIST
Takke anbda-peronporenH, BuTamMuH D-cBsi3pBaromumii 6enok U adaMuH
(Schoentgen et a., 1986; Haefliger et a., 1989; Lichenstein et a., 1994).
Cunresupyercsi B MEYCHH. O6pazyercst W3 TpeANIeCTBEHHUKA
npenpoansoymuna (Minchiotti et al., 2008). EnuHcTBeHHAs MOJUICNITHIHAS
[eMb MOJIEKYJbl ajdbOyMHHA 4YeNOBeKa COCTOMT U3 TpeX JOMEHOB U
CIHMPAILHOW CTPYKTYPBI, KaXKIbIA JOMEH COCTOMT W3 JBYX CYOBEIMHHIIL,
coenuueHHblx S-S-moctukamu (He, Carter, 1992). Bcero B crpykType
anmsOymuHa 17 S-S-ceszeit (Saber et a., 1977) u onna cBobognas SH-rpynma
(Sugio et a., 1999). 3a cuer cBOOOAHON MMOBEPXHOCTHOM SH-rpymmmbl
albOYMUH N VIVO MOXeT 00pa30BbIBAThH IMMEPhI, TPUMEPHI U TETPaMephl,
SIBJSIFOIIIECS MOHOMEPHBIMU OelikamMu. AJTbOYMHUHBI y4acTBYIOT B TPAHCIIOPTE
TOPMOHOB, JKHUPHBIX KHCJIOT, MeTabomutoB u uonoB (Lu et a., 2008). B
anekTpodopese  anbOyMHUHBI  MIICKOMHUTAIONIMX  MPEJCTABICHBI  OIHUM
makpokomrnoneHToM (TunaeBa u ap., 2007), y pbei0 uX, Kak MpaBHIIO,
XapaKTepU3yeT MHOKECTBEHHOCTh. AJIBOYMHHBI PbIO M MIIEKOMUTAFOIIMX
ONMM3KK 1O CBoicTBaM, HO He romosoruunbl (Andreeva, 2012). HckitoueHue
COCTaBJISIIOT adbOyMHUHBI JBOSKOMBIIIANIMX PbIO, KOTOPbIE TOMOJOTHYHBI

anpoymunam Mammalia (Metcalf et al., 2003).

3.1. UnenTudukanuss ”MMYHOT100yJTUHOB CTEPJISIN —
Jgerkux |GL u Tskeanix | GH neneii

Unentudukaius ceiBopoTounbix IGL crepnsnu. Wnentudukanus L-
[eN¥ HMMMYHOTJIOOYJIMHOB B TPOTEOME CHIBOPOTKH KpPOBH CTEPISAA C
nomouisio MALDI npoxoauT no 0THOCUTENIBHO MPOCTOMY CLIEHAPUIO, TaK Kak
HYKJICOTHIHBIE  TIOCIEIOBATENHbHOCTH  JIKcmpeccupoBaHHbIX  |GL-reHoB
crepasimn B oriamune ot IGH mnpencraBnenst B DBProteins NCBI 9-1o
MOCJIeIOBATEIPHOCTSIMU.

Y pei0 Ha »3nmekrpodoperpaMme B 30HE MOJBIKHOCTH TaMMa-2-
rI100yTMHOB KPOME WMMYHOTJIOOYJIIMHOB HAaXOMSTCS BBICOKOMOJICKYIISIPHBIC
TNIMKO- W JunonpoTennasl. [locne amekTpodopesa nBa HU3KOMOIECKYISPHBIX
oenka ¢ MM okono 25 k/la (maubonee Omuskoit k Moi. macce |GL) Obutn
MPOBEpEeHBl Ha mpeaMeT mpuHamiexHoctd K IGL: mns srtoro Genku 1 u 2
(Puc.4) Beipe3anu u3 reins U aenain MS ux mpoTeOMHBIX KaprT.
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Puc. 4. 2D-SDS-E cwiBopoTku kpoBu crepmsgu. 1-2 -|GL, 3-5 - IGH. M —
MapKep MOJIEKYJIIpHO# Maccel Fermentas.

[Tonck TOMOJIOTOB 1o MS B rporpamme Mascot
(http://Amwww.matrixscience.comV) BeisiBi  fyist OeiakoB 1 w2 HECKOJBKO
KaHIUIaTHBIX OenkoB, cpexu Kotopbix IGL crepmsamm Acipenser ruthenus c
MaKCHMAaJIbHBIM KpPUTEpUEM JIOCTOBEpHOCTH Score 151. AMHHOKHMCIOTHas
MTOCIIEIOBATEIILHOCTh KaHaHuIaTa COCTONT 13 246 octaTkoB, Mojl. Macca 26319 Jla.
[MepekpbiBaHuE ¢ HCCIAEAYEMBIM OEIKOM cTepiisiii coctaBmio 54 % (gij4455795).
IMouck romomoros mo MS/MS noaTBepanIT Moy4YeHHbIE PE3YyIbTAThI M TIOKa3al,
910 uccnenyemsie Oenku 1 u 2 seisrores |GL kanma-tuna.

WUnentudukanus IGH u3 ceiBopotrku kpoBu crepiasan. Ha 2D-SDS-E
CpeIu  CBHIBOPOTOYHBIX  TaMMa-2-TJIOOYIHMHOB CTEepIIsIH, MTOMHMO
HU3KoMONIeKyJsipHbIX  |GL, mpucyrcTBytor Oenku ¢ 0Oojiee  BBICOKUMU
MoKa3zaTeJsiIMH MOJI. Macchl. Tpu Oenka — ¢ Moi. Maccoit okono 130, 75 u 65
k/la (6enku 3-5, Puc. 4) Obuiu mpoBepeHbl Ha MpuHAmICKHOCTE K |GH.
CoBokynubiii mouck 1o MS u MS/MS we BoisiBun mis 130 k/la-Oenka Hu
OHOI'O ajekBaTHOro kaumumara. Ilowck mo MS mug Oenkxa ¢ MOJI. Maccom
okoqio 75 xJla BBIABHJI C HU3KUMH BEIMYMHAMH JIOCTOBEPHOCTH B KadeCTBE
kagauaaroB |GH pycckoro m cuOupckoro ocerpa, a TakKe dYelOoBeKa:
immunoglobulin heavy chain constant region [Acipenser gueldenstaedtii]
(score 63); immunoglobulin heavy chain [Acipenser baerii] (score 54);
immunoglobulin heavy chain variable region [Homo sapiens] (score 48)
(Mascot NCBI bony vertebr MS). Tlouck mo MS/MS mnonrBepaun 3tu
pe3yabTaThi— B KAUECTBE KAHMIATOB C BHICOKMMHU MOKA3aTesIMH SCOr'e ObLIH
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IGH cubupckoro ocetpa, 6emyru, pycCKOro U aMypCKOTO OCETPOB, a TaKXKe
gyenoBeka: immunoglobulin heavy chain [Acipenser baerii] (score 163);
immunoglobulin heavy chain constant region [Huso huso] (score 157);
immunoglobulin heavy chain constant region [Acipenser gueldenstaedtii]
(score 157);immunoglobulin heavy chain [Acipenser baerii] (score 150);
immunoglobulin heavy chain constant region [Acipenser schrenckii] (score
133); immunoglobulin heavy chain variable region [Homo sapiens] (score 57)
(Mascot NCBI chordataMS/MS).

CpaBaenune MS mnokasaio, 4yTo cyObeIUHUIIBI C MOJI. MaccaMu 75 u 65
k/la SBISIIOTCS TOMOJIOTaMu; TIPU TOM OHHM HE TOMOJIOTHYHBI 0enky ¢ MM 130
k/la. Takum o6pazom, Oenku cTepisau ¢ Mojl. Maccamu 65 u 75 x/la sBisitorcest
TSDKEITTBIMH TIENSIMA UMMYHOTTI00y1uHOB |GH.

3.2. UnenTuduranus BUTENJIOTeHNHA
AaJ1bHEBOCTOYHOM MeJIKOYEIIYHHOM KPACHONIEPKHU

Ha 2D-SDSE GenkoB ChIBOPOTKHM KpPOBH CaMOK pbiO ¢ roHagamu |V
craguu 3penoctd (Kak ¥ y JPYTUX KaproBbIX) Ha JOPOXKKE CHIBOPOTOUHBIX
ramma-1-rmo0ynmuHoB Oenok V(Q HaXOAuTCsA, Kak IMpaBWiio, B 00JacTu
BBICOKOMOJIEKYIISIpHBIX OenkoB (Puc. 5). Ha 3Toit e nopoxke pacronaraercs
HU3KOMOJIEKYJISIpHAsl CYObEIMHHIIA C MOJI. MAaccoi okoJio 26 k/{a, KOTopyro MbI
MOTIBITATHCH UICHTH(PUIIHPOBATH.

— M kDa
- = 250
ﬁf'g.“ 130
’ =~ Tf Alb ¢ ﬁllb g
o - _@Epd 36
‘Dvgcﬁ-; N

Apo | Apo *

17
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Puc. 5. 2D-SDS-E mna3smel (a) 1 MO3roBoii skuakoctd (0) JanbHEBOCTOYHOM
MEJIKOYCIIYHHON KpacHONEepku. M — Mapkep MOJIEKYIIPHOM Macchl

PageRuler™ Prestained Protein Ladder Plus Fermentas. Vg, Tf, Apo, Alb, Sp—
0003HaueHHsI OCIKOB, MOSCHEHUS B TEKCTE.
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JIns ee umaentudpukamuu (Puc. 5, 6emok Vgc) Ml monmyuaniu MS ee
MIPOTEOMHOMN KapThl U CIEKTPhI Gparmentarmy MS/MS u nipoBoauIN MO0 HUM
nouck. Ilonck romosoros no MS He fan npreMiIeMbIX pe3yJIbTaToB.

Kannunataele mocneaoBaTeabHOCTH OBUTH MPEICTaBICHbl, B OCHOBHOM,
oubmuorekamu k/IHK, ckoHcTpynpoBaHHBIMH Ha ocHoBe mnomyisinuii MPHK
tpeckn Gadus morhua (score 80), uepnoro ToacroronoBa Pimephales
promelas (score 79) u npyrux peio (Mascot EST vertebrates). [Toaromy mouck
roMoJioroB 0wl TpomokeH mo MS/MS mentuanoit kaptel Genka. Cpenn
KaHJMJIaTOB 3TOro OejKa OKa3aJIMCh BUTEIJIOTCHUHBI (IIPEIIICCTBCHHUKH)
pasubix BHIOB pei0O: 1) vitellogenin precursor [Pimephales promelas] (score
312); vitellogenin [Carassius auratus] (score 289); vitellogenin 1 precursor
[Danio rerio] (score 268);vitellogenin 7 precursor [Danio rerio] (score
262);vitellogenin B1 [Cirrhinus molitorella] (score 247); u ap. (Mascot NCBI).
Takum 00pazoM, HU3KOMOJIEKYISIpHAsT CYObEIMHHUIIAC MOJI. MAaccor OKoyo 26
k/la mpencraBnser coboit  C-kOHLEBOM  (pparMeHT  BHTEIOTEHHHA
KpacCHOTIEPKHU.

3.3. UnenTudukanus SneHAUMUHOB U3 MO3TOBOM KUIKOCTH
AaJ1bHEBOCTOYHOM MeJIKOYEIIYHHOM KPACHONEPKHU

[Tnasma m mo3sroBas xuakocte MJK copepxanu OAMHAKOBBIH HaOOP
oenkoB — tpancheppunoB (Tf), ams6ymuuo (AlID), cepmunoB (Sp) u
amosumonporenHoB (Apo) (Puc. 5). U Tonpko oaHa (pakius oTCyTCTBOBAIA B
I1IK u npucyrcrBoBasia B MK — ¢pakuus u3 nsatu GelKOB ¢ MOJI. Maccoil B
nuarazoHe ot 26 mo 32 x/la (Puc. 5). Macc-crieKTpbl WX MENTHIHBIX KapT
COBIIAJIH, YTO CBUCTEIBCTBYET 00 HASHTHYHOCTH OenkoB (Puc. 6).

[Touck romonora mo MS B mporpamme Mascot BBISSBHII KaHIUJATHBIC
MOCJICIOBATEIbHOCTH C HEBBICOKMMH BEJIMYMHAMU JIOCTOBEPHOCTH (SCore 72),
npeactaBieHHble OmOnmmorekamu kJ/HK, ckoHCTpympoBaHHBIMH Ha OCHOBE
nomynsiuit MPHK wmosra Danio rerio (Mascot EST vertebrates). Ilouck
KaHIUIaTOB Mo crektpam (parmentaiud  MS/MS mokaszanm  BBICOKYIO
JOCTOBEPHOCTh pe3ynbTaToB (Score>200). Cpenu KaHAMIATOB OKa3aJIUCh
MPEIIIECTBEHHUKH SIIEHANMUHOB COJHEYHON DPBIOBI, Kapacs, OpaxuIaHHO U
apyrux BujoB pei0: 1) Ependymin; Short=EPD; Fags: Precursor
[Notemigonus crysoleucas| (qi|2494358, score 280); 2) Ependymin |l
precursor [Carassius auratus| (gi|585104, score 247); 3) Ependymin precursor
[Danio rerio] (gi|18858633, score 247); u np. Takum oOpa3zoM, crienuGuIHbIE
st MOK Oenku ¢ Mo, maccoit ot 26 1o 32 k/la sIBIsSroTCs SIIeHIUMUHAMU.
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Puc. 6. Macc-cniekTpbl mATH HelpocnenupuuHbIX O€lIKOB W3 MO3TOBOU
KHUJKOCTH KpacHorepkH. I1o ocu abcuncc — OTHOIIEHHE MaccChl K 3apsity, MO
OCH OpJIMHAT — UHTEHCUBHOCTH CUTHAJIA.

3.4. UnenTnuKanus cbIBOPOTOYHBIX TPaHC(heppHHOB
y Kapna 4 JaJ1bHeBOCTOYHOI KpPacHONepKH

[IpenBapuTensHO nocie THCK-3IeKTpodopesa CBIBOPOTKH
TpaHcheppuHBl BBIABISUIM peaktuBoM Miostepa (Pamour, Sutton, 1971).
[Tocne 2D-SDS-E w3 renst BoIpe3anu nBa (parMeHTa, pacrojiOKEHHbIE Ha
«IOPOKKE» TMOJOXKUTENBHBIX 1O Miomiepy O€lIKOB; TPOBOAWIN  HX
TpuncuHonu3 u nonydanu M S nporeomuoit kaptel 6enkos (Puc. 7).

Macc-cekTpsl  MOJIOKHUTENBHBIX 10  Mrouiepy OenkoB y Kapmna
OKa3aJMCh UICHTUYHBIMH, YTO CBUICTEILCTBYET O ToMoJioruu OenkoB. [Touck
B NCBI| mnoxarBepaun mpeAmnoio)KeHHE O TOM, YTO OCNKH SBISIIOTCA
tpancdeppunamu (gi|189473159, gi[189473165, 0i|189473161, gi|189473163).
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[Ipu uneHTH(]UKALUU CHIBOPOTOUYHBIX TpaHCHEPPUHOB Yy NaTbHEBOCTOUYHOU
KpacHOTIEPKU KaHIUJATHBIMU OeJIKaMU OKa3aJluCh Te ke TpaHc(heppHuHbI Kapra
(01189473159, gi|189473165, gi|189473161, gi|189473163).
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Puc. 7. 2D-SDS-E ceiBopoTku kpoBu Kapma (a; 6enku 1 u 2 — TpancdeppHHbI,
Oenok 3 - anpOyMuH) ¥ Macc-CrieKTphI (0) ABYX MOJIOKUTEIbHBIX 110 Miosiepy
0enkoB (0enku 1 v 2, BbIIeIEeHBI OeIbIMUA paMKaMH, a). M — MapKep MOJI. MacChbl.

3.4. UnenTudukanus ajb0yMHHONOI00HOT0 0eIKa U3 MJIa3Mbl
Kapmna, OpaxXuIaHio pepuo U 1aTbHEBOCTOYHOI KpPacHONEPKHU

Jlnst  anpOymuHOTIOIOOHOTO O€Nka Kapma, CBS3BIBAIONIETO B JIMCK-
anektpodopese aabOyMHUHCIICIIMPUUHBIA KpacuTeidb cuHui DBaHca (Puc. 7,
Oenok 1), KaHIUAATHBIM OCIIKOM OKa3ajCs ydYaCTBYIONIMH B TEILUIOBBIX
amanTtanusx O0enok cepeOpsiHOro Kapra «warm temperature acclimation-rel ated
65 kDa protein» [Hypophthalmichthys nobilis] (silver carp) (GenBank
ACO51168.1, score 173). benok comepkut B cTpykrype «Hemopexin-like»-
MOBTOPBI, CBS3bIBAET TI'eM U TpaHCHoOpTHpyeT ero B mneueHb (GenBank
ACO51168.1).

AHanoru4Ho OeIKy, CBSA3BIBAIOIIEMY CHHUI DBaHCa Y Kapmna, MOJ00HBIHA
0esI0K MmIa3Mbl AaabHEBOCTOYHOM KpacHomepku (Puc. 5, 6emok «Alb») takke
OKa3ajJcsl y4YacTBYIOIIMM B TEIJIOBBIX aJaNTalUsX OelIKOM — <«warm
temperature acclimation-accociated 65 kDa protein [Misgurnus mizolepis]»
(GenBank AEM6043.1, score 451). Kak u kanauaar Oeiika Kapra, KaHIuaaT
0eJKa KpacHOIIEPKH COJEPKHT B CTPYKTYpPE TeMOIEKCHH-TI0I00HBIC TIOBTOPHI,
CBsI3BIBACT TeM M TpaHcmopTupyer ero B mnedenb (Cho et al., 2012). V
OpaxugaHuo pepuo OeJOK, CBS3BIBAIONIMN CHHUN OBaHCa, OKaz3ajics
remorniekcuHoM — hemopexin precursor [Danio rerio] (gi|162287365, score
302). Takum 00pa3oM, y BCeX HMCCIEIOBAHHBIX PBIO CHIBOPOTOUHBINA OCIOK,
CBSI3BIBAIOILMI CUHUM DBaHCa, IPOSBIISAI CBONWCTBA FEMONIEKCHHA.
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3akil0ueHue

[IpencraBneHHble B JOKJIAAE JaHHbIE OTPAKAIOT OOILIYI0 TEHICHIIUIO
OTHOCHTENBHO 0oJiee YCIeITHON HASHTU(HUKALNY TITO0YIHMHOB IIJIa3Mbl, a TAKKe
KOHCEPBATHBHBIX OEJIKOB IO CPAaBHEHHIO C AIbOYMHHOIIOJIOOHBIMU OEITKaMH.
B03MO0kHO, 3TO CBSI3aHO € TEM, YTO OpraHU3alus IM00YIMHOB HE MpeTepresna B
XOJIe ABOJIIOLUHU MMO3BOHOYHBIX CTOJb CYILECTBEHHBIX MpeoOpa3oBaHUil, Kak B
cllyuae anbOyMHUHOB, BEpPOSITHO, IO TMPHYUHE Y3KOW CHEMUPUIHOCTH H
Ba)XHOCTH BBITMOJHAEMBIX TTI00yaMHaMU (YHKIMNA U HApaBJIEHHOCTH 0TOOpa Ha
COXpaHEHUE 3TUX G yHKIHH. Mexny TEM, MHOKECTBEHHBIE
HU3KOMOJICKYJISIpHBIC (ppakimu Iuia3Mbl pei0 (B T.4. aabOyMHHBI) aKTHBHO
peodpa3yroTCs MU adaNnTausaX OpraHu3Ma K MEHSIOIIUMCS YCIIOBUSM CPEJIbI,
KaK BHEIIHEH, Tak 1 BHyTpeHHei (Andreeva, 2012).

Hannune KoHCepBaTHMBHBIX IMOCIIEIOBATEILHOCTEH B CTPYKType OEIKOB
pBIO yIpOIIaeT MOUCK TOMOJIOTOB M UX HACHTH(UKAIHIO. Pe3ynbTaTsl paboThI
MoKa3aJid, 4YTO OJMEHAMMHUHBI, COJEpXalmue B  CBOGH  CTPYKType
KOHCEPBAaTUBHbBIE TIOCIIE0BATEIBHOCTH, BIIOJIHE YCIEIIHO HACHTUDULIUPYIOTCS
y pbi0 C HECEeKBEHHPOBAaHHBIM TE€HOMOM cC wucnonb3oBanuem MALDI B
TaHJEMHOM PEKUME.

[Tpobnembl HASHTU(UKALMKA MHOXKECTBEHHBIX —aJbOYMHHOMOIOO0HBIX
OCKOB pPBIO OOYCJIOBJIICHBI BBICOYAMIIUM YPOBHEM HX CTPYKTYPHOTO
pa3zHooOpa3us, ABISIONIETOCS B CBOIO OYEPEb CIEICTBUEM aKTUBHOTO YYaCTHS
JaHHBIX OEJIKOB B aJaNnTalugIX BOJAHOTO U IUIACTUYECKOT0 OOMEeHa OpraHu3Ma K
YCIIOBUSIM BHEIIHEW W BHYTpeHHel cpenbl. Cnabasi aHTUTeHHAsI HICHTUYHOCTh
aTbOYMHUHOTIOAOOHBIX OEIKOB pPBIO W3 pa3HBIX TaKCOHOB TMOATBEPKIAET
pa3nuuusl MX TOBEPXHOCTHBIX CTpYKTyp (3opuH u nap., 1994). CpaBHeHme
AMUHOKHCIIOTHBIX IOCJIEIOBATEIbHOCTEN anbOyMHHOB Yy aTJIaHTHYECKOIrO
JIOCOCs, YEeNOBEKa M JPYrUX MIICKOMUTAOIIUX He BbUIBHWIO y Pisces u
Mammalia Hukakux OOIIMX MOTHBOB: IPU TPHUIICHHOJIHU3E ITUX OEJIKOB y PHIO
U MJICKONUTAIOIIUX OJMHAKOBBIE TMENTHABI HE O0pa3yloTCs; MPU TOM, UYTO
aTbOYMUHBI HEKOTOPHIX BHJIOB pbIO (JIOCOCEBBIE) MOAOOHO anbOyMHUHAM
MJICKOTIMTAIOIINX  HMEIT B  CTPYKTYpPE  MOJEKYIbl TpPH  JIOMEHA
(UniProtK B/SwissProt). Toibpko y oceTpooOpa3HbIX ¥ IBOSIKOIBIIIAIINX PHIO B
CTPYKType T€HOB albOYMHUHOB OOHAPY)KCHBI MOTHBBI, CXOIHBIE C MOTHBAMU
anp0ymuHoB Mitekonuraronux (Metcalf et a., 2003, 2007).

Takoe pazHooOpasue aJlbOyYMHHOB Yy TO3BOHOYHBIX B LEIOM, M HX
KapMHAJIbHOE HECOBMAJEHUE, C OJHOW CTOPOHBI, Y PbIO Ha MEXPOJIOBOM H
MEXOTPSTHOM YpOBHE, a C JpYyrol — y pbl0 M BBICHIUX ITO3BOHOYHBIX,
00yCIIOBIIEHO OCOOEHHOCTSMH DSBOJIIOIIMMA TEHOB, KOAMPYIOMIMX 3TH OEJKH.
Cunraercsi, 4YTO TeHbl aJbOyMHHA Yy BCEX IO3BOHOUHBIX HMMEIOT oOIiiee, HO
HE3aBUCHMOE MPOMCXOKICHUE W3 AaHILIECTPAIbHOTO TeHa T'eMOIJIO0MHAa WU
MHOTJIOOWHA, KOTOPBIN B CBOIO OYepe/b TaKKe HE3aBHUCHMO B KaXKJIOM TaKCOHE
MIPOU30ILIEN OT T€HOB, KOAWPYIOUIMX IIMTOXPOMBL. B mporiecce 3BOIOIUHN T'eH

20



reMorJIo0OMHA MpeTepIes CEpHIo CIIaBJICHHBIX AyInkanuii. Ha ocHoBe onHOTO

3 ero parMenToB u odpasosaics rex anpoymuna (ILmuar-Huenscen, 1982).

W3 BBIIIECKA3aHHOTO CleAyeT, uTo 0a3bl JaHHBIX IO OeiKam
MJICKOTIUTAIOIINX HE BCETAa MPUTOAHBI IS HICHTU(DHUKAINUU OCIKOB PBIO.
Mexnay Tem, 6a3bl JaHHBIX MO OelKaM pbI0 C CEKBEHHPOBAHHBIMU I€HOMaMU
MOTYT TIOMOYb B  PEKOHCTPYKIIMM  (parMEeHTOB  aMHHOKHCIJIOTHBIX
MOCJIEIOBATEIBHOCTEH O€NKOB y pbI0O C HECEKBEHHPOBAHHBIM T'€HOMOM.
[TocnenHre TEXHOJIOTHYHBIE Pa3pabOTKU TO3BOJSIOT CEKBEHHPOBATH T€HOMBI
NPaKTHYECKH JIFOOBIX OPraHW3MOB, a HWH(OPMAIMOHHBIC CHUCTEMbI HOBOTO
MOKOJICHWSI QHHOTHPOBaTb WX, TO €CTh CUUTHIBATh AMHWHOKHCIIOTHBIC
MOCJICZIOBATEeIIBHOCTH  OTHENIbHBIX ~ OCJIKOB € TEHETUYECKOW  MAaTpPHIIbI
(Armengaud et a., 2014). /lanHoe O0OCTOSITENHCTBO BBIBOAUT HCCIICIOBAHUS
HEMOJICIbHBIX OPraHU3MOB M3 3aBUCHUMOCTH OT METOJIOB, OCHOBAaHHBIX Ha
romoJioruu 0enkoB pasHeix opranm3moB (Armengaud et a., 2014; Papakostas et
a., 2014).

Paboma noooepocana Poccuiickum — ¢hponoom  pyHoamenmanvHoulx
uccneoosanuii (npoexm Ne 13-04-00427-a).
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MACC-CIIEKTPOMETPHS MALDI-TOF
JUIS UCCJEJOBAHMS BEJIKOB U ITENTHIOB

N.10. Toponbirun

Hayuno-uccneoosamenvckuii uncmumym
ouomeouyurcrkou xumuu um B.H. Opexosuua
119121 Mocxkea, ya. I[locoounckas, o. 10, cmp.8
E-mail: toropygin@rambler.ru

Macc-cnektpomerpusi  MALDI-TOFsaBnsiercsi  yHHBEpCAJIbHBIM U
MOMYJISIPHBIM METOJIOM aHaJIn3a Oronornyeckux oopasnos. Hactosmias pabora
MPEACTABISIET CO00M 0030p TeopwH, OOOPYNOBAaHUSISL W3MEPEHHA U
npumenenuss MALDI kak aHanuTHueckoro wMertoga B OUOXMMHH H
MOJICKYJIIPHON OMOJIOTHH.

KitoueBsle cioBa: macc-ciekrpomerpus MALDI-TOF.

Matrix-assisted laser  desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF-MS) has become a versatile and popular method
to analyze biological samples. This work presents an overview of theory,
instrumentation and applications of MALDI as an andytica tool in
biochemistry and molecular biology.

Keywords: MALDI-TOF mass-spectrometry

1. Ucnoab30BaHue MacC-CIIEKTPOMETPHH NP M3yYeHUH OeJIKOB

Macc-crekTpoMeTpusi TPEACTaBIsIeT CO0OM METON  WCCIeHOBAHUS
BEIIIECTB, OCHOBAHHBIA Ha M3MEPEHUM OTHONIIEHWU Macc W 3apsaa UOHOB. B
OCHOBE BCEX CYIIECTBYIOUIMX MAacC-CIIEKTPOMETPOB JISKUT MPUHIUII
M3MEPEHUS NapaMETPOB JBUKEHHUS 3apsDKEHHBIX YACTHIL B JIEKTPUYECKHX U
MarHuTHBIX MOJsX. DakTUYeCKH 3TO €AUHCTBEHHO BO3MOXKHBIN MOAXOM ISt
ONpeIeIeHUsT MOJEKYJISIPHBIX MAacC BEIIECTB, TaK KAK OMNpPEIEICHUE MacCChl
HE3apSKEHHBIX MOJIEKY C COBPEMEHHOW (U3MYECKOM TOYKH 3pEHHUS
HEBO3MOKHO. B 3aBMCHMOCTM OT pemaeMoil 3aJaud WIM NpeaHA3HAYeHUs
npubopa MCIONB3YIOT MOIXOSIINNA METOJ MOHU3AIWU, BBIOMpask THUI Macc-
cnekrpomeTrpa. Macc-CieKTpoOMeTphl JENSTCS MO TUITY HOHHOI'O HCTOYHHKA, a
JUISL KaXJOro THUIMA HWCTOYHMKA CYIIECTBYET ONTUMAJIbHBIM THUI Macc-
aHanu3zaropa (CHCTEMbI pa3jielieHHs: UOHOB Mo Maccam). KOHCTPYKIIMOHHO
m000M Macc-CIeKTPOMETP COCTOMT W3 TPeX OCHOBHBIX YacTeid — MOHHOTO
HMCTOYHHMKA, CUCTEMBI pa3/IeJIEHsI HOHOB U CUCTEMBI PETUCTPALIVH.

XoTenoch Obl UCKIIOYUTH TEPMHHOJIOTHYECKYI0 HEOAHO3HAYHOCTh. st
perucTpanuu pa3ieneHHbIX HMOHOB HUCTOPUYECKHU UCITOJIb30BAIN
CHMHTHWJUISLHIO U (pocopecleHINI0 B BaKyyMHON TpyOKe, (POTOIIIACTUHKY, a
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TakKe HM3MEepsUICs TOK, HWHIYIHUPYEeMBI HOHAMU B JeTekTope. [losTomy,
UCXOAS W3 METOJa PETUCTpAIH, WCIONb30BalM  TEPMHUHBI  Macc-
CHEKTPOCKOMUs, Macc-CleKTporpaduss W Macc-clieKTpomeTpusi. Bo Bcex
COBPEMEHHBIX MPHOOpaxX OCYHIECTBISIETCS H3MEPEHHE DIIEKTPUIECKHX TOKOB B
JETEKTOpE, TOATOMY OOIMIEYyNOTpeOUMBIM H OOOOIIAOIIMM CTall TEPMHH
«MaCC-CIIEKTPOMETPHSIY.

Pa3BuTHe Macc-CIeKTpOMETPUH COCTOSUIO B COBEPIICHCTBOBAHWUU U
M300pETEeHNN HOBBIX METOJIOB TOJYYCHHUsI CBOOOTHBIX MOHOB B BaKyyMe, MX
pasfencHus U JCTeKIMU. 3aMETHBIMH BEXaMH CTaJd MarHUTHO-CEKTOPHBIM
(1940 r., A. Hup) u BpemsnposetHsiii (1946 r., V. CtuBeHc) aHanu3zatopsl. B
cepenune 1950-x romoB B. Ilom paspaGotan KBagpymoibHBIM Macc-
aHaIM3aToOp, a MO3/JHee KBAaJAPYMOJIbHYI0 HOHHYIO JIOBYIIKY, CIEIHaTbHO
npeaHa3HAuUCHHYIO IS 3aXBaTa U U3MEPCHHS MacC MOHOB. bbutn pa3paboTaHbl
MacC-CIEKTPOMETPBI HOHHO-IIUKIOTPOHHOTO pe3onanca (1949, Jix. Xummi). B
Hadane 1970-x M. Kommcapoy, A. Mapmamiom Oblia pazpaboTaHa HOBas
TEXHUKA TMPOBEACHUS W3MEPEHUH, HCIONIB3yIomias npeodpa3zoBanue Dypbe,
9TO Ha HECKOJBKO TIOPSAKOB COKPAaTHUIO BpeMs H3MEpPEHUs, MOSBUIHCH
KBaJpPYNOJbHBIE TaHIEMHBIE MAacC-CIIEKTPOMETPHI, pa3paboraHHble P.
Hoycrom u K. Duke (Audi G., 2006; Miinzenberg G., 2013). B 2000 roxy 6bin
MMOCTPOEH MPHUOOP C DIIEKTPOCTATUYECKONH OpOMTATHLHOW HOHHOW JIOBYIIKOW
(Makarov A., 2000).

Jlonroe BpeMsi €MHCTBEHHBIM METOJIOM IIOJyYE€HHUSI MOHOB B BaKyyMme
SBIISUICS. METOJI 3JICKTPOHHOTO ynapa, npenioxeHHsid A. Jlemncrepom B 1918
rogy. DTOT croco0 0 CHUX TOp HIMPOKO MPHUMEHSETCS MPH HCCIeIOBAHHU
COCIMHEHUH, HAXOAAIIUXCS B Ta3000pa3HOM COCTOSIHUW WJIM TIEPEXOJISIINX B
HEr0 TpHU HarpeBaHWW B BakyyMme. OCTaiabHBIE METOJbl HOHH3AIHMU CTaJIN
MOSIBIIATHCS JIMIL BO BTOpoi monoBuHe XX Beka. VX mpumepamu ciryxar
XuUMHYeckas woHm3anus (mpemiokena B 1966 romy B.JI. Tamepoze, O.
®dungom 1 M. MaHcoHOM), HOHH3AIMsI IPH JekTpopactbuieHnu (1968 r., M.
Jloyn), moneBas aecopbuus/uonusanus (1969 r., beku), wuoOHM3ANUS
O6omOapaupoBkoit ObicTpeiMu aTomamu (1981 r., M. Bap0Oep), woHu3zamus B
HMHIYKTUBHO-CBsi3aHHOM utasme (1974 r., B. ®accen, Mak-®apnaitn)(Audi G.,
2006; MUnzenberg G., 2013).

OnmHako TpU HKCIOJIB30BAHWU ITHX CIOCOOOB HOHHU3AIMH MOJICKYJIaM
cooOIIaeTcsl CIWIIKOM BBICOKAsh DJHEprusi, B clydyae OHONOIUMEPOB
OpUBOASIIAS K WX paspylieHuto. [1odToMy Takwme crmocoObl MpaKTUYeCKH
HETPUTOHBI [T U3YUEHUS MENTHIOB, OCITKOB HIIH HYKJICUHOBBIX KHUCJIOT.

B xonme 1980-x romoB mjisi monydeHUss B BaKyyMe CBOOOJHBIX HMOHOB
J0CTaTOYHO OOJBIINX JIAOWIIBHBIX COSIUHEHUH, HapuMep, OEIKOB, IENTH/IOB,
MOJIUCAXapUIOB WM HYKJIEHHOBBIX KHCIIOT, OBUIO MPEAJIOKEHO JIBa METOA.
IlepBblif U3 HUX, METOA 3JEKTpopacmbuieHus, Obul npemnoxen JI. anp B
CCCP wu JI. ®ennom B CIHA (momyuuB HnasBanue DPUAJl u ESI)
(Anekcanapor et al., 1984; Yamashita et al., 1984; Fenn et al., 1990). B
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OCHOBEC BTOPOIro METOJ1a JICKUT OTKPBITUC I'PYIIILL COGI[PIHCHPIﬁ, 60JIBHII/IHCTBO
U3 KOTOPBIX TPEACTABISIFOT CO00H (heHMIICOIepKAIUe KUCIOTHI, KOTOphIe HE
TOJIBKO OTHOCHTENBHO JIETKO (TMpH HU3KUX DHEPrHsix) OoOpa3yroT HOHBI B
pe3ysbTaTe JIa3epHOU IecopOlUH B BaKyyMe, HO U MPUBOIAT K d(DPEKTUBHON
HOHU3AIIUKU MNPUMCCHBIX AaTOMOB. 9T10T MCTOA MNOJYYCHUSA HWOHOB IOJYYHUII
nazsanue MALDI (Karas, Hillenkamp, 1988; Tanaka et a., 1988). C
I/I306p€T€HI/IeM OTUX JOBYX MCTOAOB HOHHU3AMU TMOABUJIACHE BO3MOXKHOCTH
TOYHOTO U3MEPEHUST MOJICKYIISIPHBIX Macc OEJIKOB U TETITH/IOB.

2. Macc-cnexktpomerpusst MALDI-TOF 6esakoB u nentuaoB

2.1. YerpoiicTBO Macc-cieKTpoMeTpa

XOTsl Macc-CEKTPOMETPBI MOTYT MCIIOJIB30BATHCS U MCIOJIB3YIOTCS JIJIsI
WCCIIE/IOBAaHMSI OTPOMHOTO YHCIa Pa3HOOOPA3HBIX IO MPHPOJE MOJEKYT M
COEIMHEHUH, OCTAHOBUMCSI Ha aHAJIM3€ TOJBKO OJHOTO BHUJA aHAIN3UPYEMBIX
BEIIECTB — OCIIKOB M METTUIOB.

JIro6oit macc-ciekTpomerp coctouT u3 (1) ycrpoiictBa BBoma oOpasiia,
(2) nonnoro ucrounuka, (3) macc-ananusaropa, (4) nerexropa, (5) BakyymHOI
cucteMbl U (6) cucrembl ynpaBiieHHss W 00paOOTKM JaHHBIX. BpiOop THma
KaXXJIOTO 2JIEMEHTa CUCTEMBI OTIpeiesIsieTCsl Ha3HaueHHeM pruoopa.

CyTh  Macc-CIIEKTPOMETPUYECKOTO  HM3MEPEHHUsS  3aKJIo4YaeTcss B
npeoOpa3oBaHWU aHAIM3UPYEMOTrO BelIecTBAa B HWOHBI B Ta30BOi (ase u
U3MEpEHHE OTHOUICHUS Macchl K 3apsny (M/Z) oOpa3oBaHHBIX HWOHOB.
W3yuenne aHaau3upyeMoOTro BEIIECTBA B BUE ra30(asHOr0 MOHA ONpeaessieT
JIBE UCIIOJIb3YEMbIEC B MacC-CIIEKTPOMETPE 0COOEHHOCTH. [lepBast — MBMKEHHEM
CBOOOJHBIX HOHOB B BaKyyMe€ MOXXHO YIOpPaBIsTH C  TIOMOIIBIO
AIIEKTPOMArHUTHBIX IOJICH, B KOTOPBIX 3TH MOHBI HAXOJSTCS, U 10 XapaKTepy
3TOTO JABIKEHHSI U U3MEHEHHH B JIBU)KCHUH MOHOB OINPENEISTh WX CBOMCTBA.
[TapameTpbl TBUKEHHS 3aBUCST OT OTHOIICHHS NMVZ W, B KOHEYHOM UTOTE, OT
MOJIEKYJISIPHOM MacChl aHAJTM3UPYEMOTO BEIIECTBA.

Bropas 0cOOCHHOCTH 3akKiO4aeTcss B TOM, 4YTO HCIIOJIb30BaHUE
razoasHbIX HOHOB O0ECIIEYMBAET BBICOKYID UYBCTBUTEIBHOCTH Macc-
cinektpomerpa. C  TIOMOIIBIO  3JCKTPOMArHUTHBIX ~ TIOJNIEH  MOYKHO
MPOCTPAHCTBEHHO JIOKATN30BaTh W (DOKYCHPOBATH MOHBI, YTO TO3BOJSIET C
BBICOKOH 3(()eKTHBHOCTHIO TiepenaBaTh HOHBI Ha JeTekrop yactull. Cam
JIETeKTOp paboTaeT C BBICOKOH UYYBCTBUTEIBHOCTHIO, B HEM peEaln30BaHbBI
CXEMBbI, aHAJIOTHYHbIE (DOTODIEKTPOHHOMY YMHOXHTEN0. Ha cerogHsmiHui
JICHb HE CYIIECTBYET IPYTUX TEXHOJOTHH CTOJb TOYHOTO U 3(P(PEKTHBHOTO
MaHUMYJIUPOBaHUS HE3aPSDKEHHBIMU YaCTUIIAMHU.

OnHako HEOOXOIUMOCTh HWCIOJB30BaHUS Ta30(ha3HBIX MOHOB SIBISETCS
OJTHOBPEMEHHO OCHOBHOW CJIO)KHOCTHIO B MAacC-CIIEKTpOMeTpHU. VIMeHHO
MePEBO UCCIEAYEeMbIX BEIIECTB B (JopMy CBOOOJHBIX MOHOB B BaKyyMe Oe3
pa3pylIeHUs] MOJICKYJbl €CTh OJHAa W3 OCHOBHBIX CIIOXXKHOCTEH B Macc-
CIIEKTPOMETPUH, W WMEHHO II03TOMY NOTPEeOOBaJIOCh TOYTH CTO JIET s
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pa3paboTKu METOJ0B MOHHU3aIMK Onononumepos (anrin. Matrix Assisted Laser
Desorbtion and lonisation) (Karas, Hillenkamp, 1988; Tanaka et al. 1988). [1pu
UCIOJIB30BAHUU 3TOIO METOJIa HCCIIEYEMOE BEIIECTBO COKPHCTALIU3YIOT B
MPUMECHBIX KOJHYECTBAX CO CIEHUAIbHO MOJOOPAaHHBIM BEUIECTBOM (QHIII.
matrix), necopOIusl U UOHU3AIUS KOTOPOTO MPOUCXOMUT MPH OTHOCHTEIBHO
HU3KHX SHEPTHSIX JIa3epHOT0 HM3JIYYEHHUs, TaK YTO COBMECTHO C OCHOBHBIM
BEIIECTBOM JECOpOMpYETCS M HOHHU3YETCS INPUMECHOE HCCIeayeMoe
COCJIMHEHUE, Jla3epHas JecopOIs KOTOpPOrO B YHCTOM BHJIE MOXET
MPOUCXOUTh TONBKO TPH 3aMETHO OOJNBIIUX DJHEPTHUSIX U3TyYCHHUS.
YMeHbIIAINe SHEPTHIO IeCOPOIUH BEIIECTBA 110 aHAIOTUU C AHTIHUCKUM
Matrix, B 3HAYCHUU <«BMEIIAIONIEE WM COJEpIKAIIee BEIIECCTBO», MPUHSITO
Ha3zwBaTh MaTpuriamu MALDI.

B pycckosi3pIYHON TUTEpaType MOXKHO BCTPETHTHh HECKOJIBKO BapHAHTOB
nepeBo/ia Ha3BaHMUSA MeTo/a, (POHETHUYECKH CXOIHBIX C aHTIHMICKHM, HO HE
MepealoluX HCXOJHOTO CMbICTIA, B peE3ylbTaTe 4Yero NpeCTaBISIeTCS
1e7Ieco00pa3HbIM  UCIOIB30BaTh TOJBKO OONICYNOTPEOUTETbHBIN aKpOHUM
«MALDI».

2.2. O6pa3zoBanue cBo6OAHBIX HOHOB B M AL DI

MALDI sBasieTcss MIMPOKO HMCMOIB3YEMbIM aHAJTUTHYECKUM METOJIOM,
KOTOPBIA MOSBUJICSI M PAa3BUBAJICS TIABHBIM 00pPa30M SMITMPUYECKUM ITYTEM.
OO1enpuHATOro MOHUMaHUS Mpolecca 0 CUX MOp HE CYIIECTBYET, HECMOTPS
Ha JIOCTATOYHO aKTUBHBIE HCCIICIOBAHUS B 3TON 00IACTH.

CymectByeT OOJBLIOE YMCIO MPEIIOKEHHBIX BO3MOXHBIX MoOJeien
MexaHu3sMoB noHuzauuu MALDI. IlpakTuuecku HU y KOO HE BBI3BIBAET
COMHEHHUH, YTO MPOIleCC HOHU3ALMU COCTOUT M3 JBYX OSTaloB. MEPBBIA —
o0pa3oBaHKe MEPBUYHBIX CBOOOTHBIX HOHOB M3 MOJIEKYJI MATPHIIBI, © BTOPOH —
dbopMUpOBaHHE HWOHOB aHAIM3UPYEMOrOo BeIlleCTBA B Ta30BOM ¢asze B
pe3ynbTaTe B3aMMOJEHCTBHUS BBICOKOPEAKIIMOHHOCTIOCOOHBIX MOHOB MAaTPHIIBI
U HEUTpaNbHBIX MOJIEKYJ aHaJu3upyemMoro BemiecTBa. [IporommKUTENbHOCTD
MEepBOro dTama COCTaBISeT mopsiaka 4-5 HC W NPUMEPHO COOTBETCTBYET
npopopkuTensbHocTH umiyiabca Nz wim NA:YAG nasepa, coBmagast co
BPEMEHEM JKM3HU BO30YXKICHHBIX COCTOSHHA MATpHIBl. TOIBKO B ATOT
MPOMEXYTOK BPEMEHU MOTYT CYIIECTBOBATH IJIOTHOCTH M MOTOKU SHEPTHH,
nocratoynbie Ui (opmupoBanust razodasneix moHOB (Dreisewerd 2003;
Karas, Kruger, 2003; Setz, Knochenmuss, 2005; Zenobi, Knochenmuss,
1998.). Bropoii star, mpoaoKUTENbHOCTRIO mopsiaka 10 MKC, COOTBETCTBYET
MepHOly annadaTHUeCKOro pPacHIMpEeHUsi 00pa30BaBIIMXCS IOCIE JIA3ePHOTO
UMITyJIbCA TPOAYKTOB. B 3TO BpeMs MNpOUCXOAST HMOH-MOJIEKYISIpHbIE
MPOLIECCHI, BEAYIINE K 00pa30BaHUIO HOHOB aHATTU3UPYEMBIX BEIIECTB.

Haubonee criopHbl, Wi HauMeHee MOHSATHBI, MPOLIECCHl MEPBOro ATara
MALDI. TIlpexxpe Bcero, HeT OOLICIPUHATOrO MOHUMAHUS TOTO, YTO
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MPOMCXOAUT paHbIIIe — MEPEeX0] MaTpULbl B ra3oByl0 (azy wim obpa3oBaHHE
noHOB. HescHO Takke, HOHM3HpYETCS MaTpulla B MOMEHT JIa3€pHOTO
BO3CUCTBUS WM CIYKUT JIAIIB TSI 00ECTeYeHUs MEXaHHUECKOTO BBIHOCA C
MOBEPXHOCTH TOJ| JIEHCTBHEM Jia3epa BEIEeCTBa B BUJE CBOOOJHBIX MOJEKYI,
aTOMOB WJIM HOHOB. DTOT MPOIIECC MPUHATO HA3BIBATH JIA3EPHOH a0sIuel, eciu
o0pasyeTcs cBeTsIascs mia3Ma, u 1ecopouureii B ciydae TEMHOM M1a3MBbl.

Tak, cymecTBylOT MOJenu, MPEeAroarane MOBeJeHHE MapoB
MaTpULIBl  AQHAJIOTMYHBIM  TOJSPHOM KHMJIKOCTH U  paccMaTpHUBalollue
JalbHEUINEe TMPOLECChl TakK, KaK 3TO TMPUHATO B XUMHH PACTBOPOB.
BonbmMHCTBO MaTpull NpPeACTaBIAIOT COOOW OpraHMYecKue KHUCIOThI H
JNEHCTBUTENLHO CHOCOOHBI MPOTOHHPOBATH MOJIEKYJB aHATH3UPYEMOTO
BeuiectBa. Ilpu aTOoM, ecnu mpocras JUCCOLMALMS HENOCTaTOYHA IS
oOpazoBanusi HMOHOB, TO PK, B ciyyae KOrja O3IIEKTPOHBI HAXOAATCS B
BO30YXJICHHOM COCTOSTHUHU, MOKET 3HAYUTENbHO, 10 10 pa3 ornmyatses ot pK,
KOT/Ia DJJICKTPOHBI HAXOJSATCS B CTAIllMOHAPHOM COCTOSHUU. B HUkHEE
BO30YKIEHHBIE COCTOSIHUSI AJIEKTPOHBI MOTYT MEPEXOAUTD, MOIIONIast (POTOHBI
(Zenobi, Knochenmuss, 1998; Chen et al., 1998).

B OompmmnCcTBe citydaeB oOpasmubl st MALDI mpuroraBnmBaroT B
BOJHBIX pacTBOpax, YacTo ¢ JJ00aBIeHHEM TPUPTOPYKCYCHOM WU
MYpaBbHHON KUCJIOTHI. B 3THX yCIOBHSX aHAIMTHI, 10 KpalHEH Mepe, OeNKu 1
MEeNnTUABl, OKAa3bIBAIOTCS MPOTOHHUPOBAHHBIMU. Takoe COCTOSIHHE MOXKET
COXPAaHSThCS TOCTIE BhICHIXaHMsS oOpasia. B ogHOM U3 3KCHEpUMEHTOB OBLIO
MOKa3aHo, YTO UHAMKATOPHI (OpoM(dEHOII, METHIIOpaHK U Jp.) HE MEHSIOT IBET
MIPU BBICBIXaHUHM B MATPHUIE, YTO YKa3bIBa€T Ha COXpPaHEHHUE 3JIEKTPOHHOTO
cocrosinus (Kriger et a., 2001).

B »Tom cmywae B pesynprare abmammu  00pa3yroTCsS  KIIACTEPHI,
CoJiep>KaIlfe HEeHUTpaabHbIE MOJEKYINBI, HOHBl M CBOOOTHBIC IIIEKTPOHBI. DTH
YacTULIBI OOJbIIEeH YacThi0 PEKOMOWHUPYIOTCS, U COXPAHUBILUE 3aps]l UOHBI
COCTABIISIOT JIMIIH MATYIO YacTh «CUacTIMBO BebKuBIINX» (Karas et a., 2000).

Opnako paszeneHue 3apsSA0B MOXKET MPOUCXOIUTh U B 0Opasyrouiemcs
npu a0isIuy MIa3MeHHOM (pakene, MpyU MEXaHHYECKOM pa3JeIeHUH YaCTHII
WIK B pe3yibTare (POTOMOHM3ALMU HEUTpalbHBIX KiacTepoB. Kpome Toro,
MOKHO JIOMYCTUTh TPOTEKAaHHWE TAaKUX IPOLECCOB M B TOHKOM CJIO€ Ha
MOBEPXHOCTU 00pas3iia noJ 1eHCTBUEM Jiazepa.

[Ipenmonaraercs TakXke, 4YTO aOJAIUS MOXET MOMAJEPKUBATHCS
MMHEBMAaTUYECKH. NPU HarpeBe IMOBEPXHOCTH O0paslia B MOJUIEKAIIEM CIIOe
IPOUCXOIUT 00pa3oBaHME Ta30BBIX ITy3bIPHKOB, CO3AAIOIIUX OOJIBIIOE
JaBjieHHe. DTO BIIOJIHE BO3MOXHO, YUWTHIBas, UYTO MaTpulla pa3jaraercs mpu
tepmuueckoM BozaericTeun (Kinsd et a., 2002; Setz, Knochenmuss, 2005).

3/1ech TOXKE MPEATIOKEHO HECKOJIbKO MEXaHM3MOB pa3JieieHHsl 3apsi/ioB:
HETMOCPEJCTBEHHO B IUIa3ME MM C TOIJIOLNICHHEM HECKOJIbKUX (DOTOHOB WU
nepepacnpeneneHueM 3apsiga. [loTeHnuansl HMOHM3AMM  HCIOIb3yEeMbIX
MaTpHI] JJIs OTIENBHBIX MOJICKYJ HaxoasaTcs B auamasone /-9 3B (Zenobi,
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Knochenmuss, 1998), uro cooTBeTcTBYET 3HEpruM Tpex (OTOHOB, TaK Kak hv
a30THOTO J1azepa coctariseT 3.7 5B, a tperbeii rapmonuku Nd:Y AG-nazepa —
3.5 »B. CoMmHeHHE BBI3BIBAET TO, YTO IMPHU HCIOJIB3yeMbIX HHTEHCHUBHOCTSIX
nmazepa TpexdOTOHHBIE TMEpexXoibl B OJHOM MOJEKyJie MaJOBEpOSITHHI,
BIIPOYEM, MOJIEKYJIBl MATPHIIBl HAXOJISATCS B KOHJCHCHPOBAHHOU (aze, u
KOJUIEKTUBHBIE 3(PEKThl MOTYT 3HaYUTENIbHO CHIKATh MOTEHI[MAI HOHU3AIUH,
no Oosiee BEpOSTHBIX NBYX(OTOHHBIX 3HAadeHW. Ellle OJMH BO3MOKHBIN
BapHMaHT — HMOHM3AIUs KOMIUIEKCOB MaTpulla-aHaauT. Tak, s KoMIuleKca
auruapoxkcuoen3orinoi kuciaotel (DHB) ¢ nposnmHoM moteHiman nonusamuu 7
3B (Kinsel et a., 2002), Ho mpu TOM, YTO ONTHMAIBHOE IS PETHCTPAIMU
CHEKTPOB MOJIIPHOE OTHOIICHHE MAaTpHUlla-aHAIUT COCTABJSET MOpPsIKA 10°,
MOKHO TOBOPHUTH, YTO OCHOBHAsl SHEPTUS U3Iy4YEHUS IOTJIOIIAETCS BCE-TaKU
MAaTpHULIEH.

Tak xak g wucnonsdyembix B MALDI wmHTEHCHMBHOCTEH TOTOKA
W3IYYeHUs PSMOE MHOTO(DOTOHHOE BO30YXIEHUE MAIOBEPOSITHO, B TIOCIIETHEE
BpeMmsi HauOojiee oOCyKAaeMa MoOJelb HOHU3AlUHM, KOTOpas IMpernojiaraet
omHO(OTOHHOE BO3OYXKICHHE HECKOJIBKUX MOJIEKYNT C TMEPEHOCOM JSHEPTHH.
Bo30yxenne HeCKOIBKUX COCEIHUX MOJIEKYI aiisa mHTeHcuBHOocTedt B MALDI
TaKXKe MAJIOBEPOSITHO, HO B KOHJCHCHUPOBAHHOHW (haze BO3MOXKHA MHUTPAIUSL
BO30Y)KJIEHUSI JIBYX COCETHHX MOJIEKYJI C BO30YKICHHBIM 3JIEKTPOHHBIM
COCTOSIHMEM B BHJIE DKCUTOHA C IOCIEAYIOIIEH Nepeadeii KOHIEHTPUPOBAHHON
sHepruu. B TakoM ciyyae BO3MOXHa Jake MOHM3ALUA, TpeOyromas GOIbIINX
3Ha4eHu 3Hepruu. OnpeneneHne 3aBUCUMOCTH TYIICHUST (IyOPECHEHIINH OT
MHTEHCUBHOCTU M3JTyYeHUs U BKJIIOUEHUS MPUMECcel MOKa3bIBaeT BO3MOXKHOCTD
SKCHUTOHHOTO  TIepeHoca  BO30OyXaeHHs, 1o  KpailHe  mepe, B
muruapokcubenszoiitoit  kucimore  (DHB).  DkcutoHHas Momens  aenmaer
BO3MOXKHBIMH ~ KOJIMYECTBCHHBIC OLIEHKHA 3aBUCHMOCTH  J3(PPEKTHBHOCTH
WMOHM3ALIMM OT HWHTCHCUBHOCTH M3JIy4€HHUsS, KOTOpas Corjlacyercsi cC
IKCIIepUMEHTAILHBIMU TaHHbIME (Setz, Knochenmuss, 2005).

Honsl, oOpazoBaHHBIE B YCIOBHSIX BBICOKMX IUIOTHOCTEH BeLIECTBa,
9TOOBI CTAaTh AOCTYMHBIMH IS MacC-CIIEKTPOMETPUIECKOTO aHAN3a, TOJIKHBI
MepeT B COCTOSHUS HHU3KOM IUIOTHOCTH; NpPU ATOM MpPHU PaCIIUPEHHUH
o0pa3yroTcsi BTOpuuHbIe MOHBI. [lepeHoc 3apsiia MOXKET MPOUCXOAHUTH TPEeMS
MyTSIMH — MIEPEHOCOM MPOTOHA, 3JIEKTPOHA WM KaTHOHA, HO B JIIOOOM ciydae
TaKhe UOHBI MOTYT OBITh 3aPETUCTPUPOBAHBI B CIIEKTPE.

[TpoayKThl MOH-MOJIEKYJISIPHBIX IPOLIECCOB Ha BTOPOW CTaJAMU M, Kak
CIIEJICTBUE, BHUJ CIEKTPa ONPEICISIFOTCS KHHETUKOW W TEePMOIMHAMHKON
mpoleccoB mepeHoca 3apsiaa. s oOpa3oBaHHs BTOPUYHBIX HOHOB aHAJIUTa
MEPEHOC 3apsijia JOKEH OBITh SHEPTeTUYECKU BBITOJHBIM, HO €CJIA TPOIECC
MPOUCXOJUT B HHU3KUX IUIOTHOCTSIX BEIIECTBAa, OCHOBHYIO pOJb HIPAIOT
KHHETUYECKUE orpaHnueHus. To eCTh, MPU HU3KKUX SHEPTHUsIX Jlazepa B CIEKTPe
CUTHAJIbl MATPUILIBI OTHOCUTEIHHO CUIIbHEE.
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[lpu ananuse nenTugoB U OeiIKoB Hamboiee 4YacTo HAOIIOAAIOTCA
npotoHupoBanHbie Gopmbl. CpaBHeHHE ap(HUHHOCTH K MPOTOHY B Ta30BOH
¢aze marpuir (840-907 k/[x/Mob) 1 aMHUHOKHUCIIOT MOKA3bIBAET, UTO HauboOJICe
KHCJIBIH, TIIMIUH, uMeeT npuMmepHo paBHoe (885 k/[/Momb) cpoacTBo ¢
MaTpHLIaMH, OCTaJIbHbIE aMWHOKHUCIOTHI Oonee ocHoBHble (955-1025
k/x/Monb), u moimkHBI Jierko mpoTtonupoBathbes (Cole, 2010). OcnoBanus
HYKJICMHOBBIX KHUCJIOT Cl1a0oIeIouHble, U Takue o0pa3ilbl OOJbIINE MOIXOMST
UL aHajdM3a B PEKUME OTPHUIATEIbHBIX HOHOB. /[ 3TUX W3MepeHuil u
MaTpHIla MoAOUpaeTCs C JKeIaTelbHO HanOobiIell TPOTOHHOH ad)(UHHOCTHIO,
Y TIPY JOCTATOYHBIX SHEPTHUSX Jla3epa HHTCHCUBHOCTH CHTHAJIOB KOPPEIHPYIOT
co cpoacTtBoM kK mpotony. Ilpu perucrpamun MALDI-ciektpoB HaGmonaoT
TaK)Ke WOHBI, 00pa30BaHHBIE IEPEHOCOM KATHOHOB TIEPEXOJHBIX HIIH
IIEIOYHBIX METAJIOB. B ciydyae monmMepoB 3TU MOHBI BBOJAST CIEIUAIBHO, B
ApYyruX clydasx, HampuMep, TMPH PErHCTPalud CHEKTPOB HYKIEHHOBBIX
KHCJIOT, BBICOKOE CPOACTBO OCHOBAHMH STHX KHCJIOT K HATPUIO CO37aeT
W3BECTHBIC TPYIHOCTH.

Tpetnii THI MOHOB, HAOMIOZAEMBIH TpPEXJE BCEr0 B CIEKTpax ciabo
MOJISIPU30BAaHHBIX ~ MOJICKYJ,  COJAEPKAIlIUX  TOJSPU30BAHHBIE  TPYIIIIHI,
oOpa3zyercs mepeHocoM »dJekTpoHa. Ilpu perucrpanuu CHEKTPOB TaKHX
BEIIECTB B PEXHME MOJOXKHUTEIBHBIX 3apsoB BO3MOXXHOCTH 00Opa3oBaHUs
HMOHOB OMPEENSIeTCS COOTHOIIEHUEM IMOTEHIIMATIOB HOHU3AIUKA MAaTPUIIBI U
aHAJTM3UPYEMOTO BEIECTBA U CPOJCTBOM K 3JIEKTPOHY B CIIydae PEerucTpaluu
OTpHUIATENILHBIX HOHOB.

TepmoauHaMuka W, 0TYACTH, KWHETHKA TEPEHOCA 3apsia OMpPeelsioT
Apyroe 3aMeTHOE TpU PETUCTPAIMH CIIEKTPOB SBIEHHE — CYIPECCHIO
OTIENBHBIX HMOHOB. JTO MOTYT OBITh MOHBI MATPHIIBI, TAaKOE SBICHUE YacTO
MOYKHO HAOJI0aTh, YBEJIMYUBAs COOTHOIICHHE aHAIUT/MAaTpHuila B Mpooe.
bosiee cyiecTBEHHOM M BaXKHOW JIsI MHTEPIPETALHUH CIEKTPOB SIBIISIETCS
cynpeccusi 00pa3oBaHHs HOHOB aHATM3HPYEMBIX BEIIECTB.

Baxxno ormerutb, uTo 3G(DHEKTUBHOCTH O00pa30BaHUS  KaXIOTO
KOHKPETHOT'O MOHA 3aBUCUT OT COCTaBa KOMIIOHEHTOB HCCIIEIyeMOro o0pasia,
KOJIMYECTB KOMIIOHEHTOB, KOJMYECTBA MAaTPHUIII B 00pa3lie ¥ MHTEHCHUBHOCTHU
UMITyJIbCa J1a3epa. Hampumep, n3MeHeHue coliep:kaHus B 00pasiie KOMIIOHEHTa
C MOXET CYIIECTBEHHO H3MEHHUTh J(PGEKTUBHOCTH M J1a)K€ COOTHOIICHHE
s dexTuBHOCTEH 06pazoBanus noHoB A” 1 B, TIooTOMy O MHTEHCHBHOCTSAM
3apEeTUCTPUPOBAHHBIX MACC-CIIEKTPOMETPOM CHUTHAJIOB MOXKHO JIEJIaTh TOJIBKO
OUeHb TPUONH3UTENLHBIC TMPEABAPUTENBHBIE KOJIWYECTBECHHBIE OIICHKH,
YUUTBIBAsI TIPU 3TOM, YTO OHH MOTYT OKa3aThCsl HEBEPHBIMH. M3 3TOro Takxke
CIIEIyeT, YTO pPa3InYHble HOPMHPOBKU CHTHAIOB B CHEKTPE MO CyMMAapHOM
WHTCHCUBHOCTH WJIM TIO0 PETNEpPHBIM CUTHAIAM MOTYT MPHBOAMTH K JIOKHBIM
pe3yabTaram.
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Takum oOpazoMm, nonuzanus MALDI — cnoxHoe siBieHHe, lexamue B
€ro OCHOBE (M3MYECKHE M XUMHYECKHE SBJICHUS MPOIOJKAIOT MHTEHCHUBHO
M3y4yaThCA.

2.3. U3mepenne Macc MOHOB

AHanmu3 Macc B Macc-CIIEKTPOMETPE MO3BOJSET ONPEAETUTh BEIUYUHY
NVZ HOHOB aHAIM3UPYEeMOro BemiecTBa. IIpu 3TOM Maccy HMOHa NPHUHSITO
BBIpa)XaTh B a.€.M., 4aCTO MCMOJIB3Ys A 3Toro tepMmuH [anbToH, Ma, a aus
oompmmx Macc kJa wm MJla. 3apsa mpuHATO BbIpaXaTh B EIUHHIIAX
JIEMEHTApPHOI0 3apsja — €, TO €CTh B 3apAjax MPOTOHA WIH — C OOpaTHBIM
3HAKOM — DJIEKTpoHa. Bennumnua Mz 6e3pa3mepHasi, HO HHOTIAa UCTIOJIB3YeTCs
BHecucTeMHas equauna — TomcoH, 1 Th=1a.e.m./1 e.

[Tpu ananuse mr0060TO Macc-CIEKTpa, OMEpUpPYsl BETUYMHAMH MAacChl U
Mz, He0OXOMMO TIOHUMATh, YTO OHH, BOOOIIE TOBOps, He paBHBI. [Ipexie
BCEro, HaOII0IaeMblii HOH MOXKET HECTH HECKOJBKO 3JIEMEHTApHBIX 3apsJioB;
Takue HMOHBl Ha3bIBAIOT MHOT03apsAgHbIMU. Takke HEOOXOIMMO YUYHUTHIBATh,
KakiuM 00pa3oM MpPOHU30LUI0 00pa30BaHMsS HMOHA: MPHUCOETUHEHHEM IPOTOHA,
MHOI0 KaTHOHA, WIM B pe3ysibTaTe yTparhl iekTpoHa. Hampumep, mentupn c
maccoii 1000 [la, Hecymmii 1Ba 3apsaa B BUJAE MPUCOEAMHEHHBIX MPOTOHOB,
Oymer Habmogatbes kak woH ¢ MYz 501. 3 mpuBeaeHHOro mpuMepa BHIHO,
4TO Macca MOJICKYJbl MOXKET OBITh BBIUUCICHA W3 BEJIMYHHBI MVZ
MOJIEKYJIIPHOTO MOHA, €CJIM HM3BECTHO, KaK 00pa3oBajicsi MOH M KAaKOB €ro
3apsin. Kpome MOJEKyJIspHBIX HOHOB, 4YacTO BaXKHBIM OKa3bIBACTCS U
omnpenelieHne NVZ MOHOB, 00Pa30BaBIIKMXCS B pe3yibTare (pparMeHTaIlu, 4To
OTKPBIBAET BO3MOXKHOCTb MOJYYEHHUSI CTPYKTYPHOM HH(pOpMAIIHH.

2.4. N3oTonus
MomnekyssipHasi Macca TEeNTUAa, KaKk U MOHA, ONpPEACIsIeTCs MePBUIHOM
CTPYKTYpOH MenTuaa, W 3Ta Macca MOXET ObIThb pacCYyMTaHa U3 HM3BECTHBIX
Macc aMHHOKHCIIOTHBIX OCTAaTKOB WJIM COJIEPIKALINXCS B MOJIEKYJIE aTOMOB.
OnHako yXe B MEPBBIX MacC-CIIEKTPOMETPUYECKHX HKCIEPUMEHTaX ObLIO
OOHApy)KEHO, YTO XHWMHYECKH HEPa3IUYUMbIe aTOMBI HMEIOT HECKOJIbKO
Pa3IMYHBIX MACCOBBIX YHCeN. TOYHO TakK ke, COCTABIISIONINE MOJIEKYILY aTOMBI
OJTHOTO M TOTO K€ JIEMEHTa OyAyT UMETh pa3nuHbie Macchl. [Ipumepno 1.1%
%rlnepona B TIPHpPOJE MpeACTABIseT co00i m3oton “°C, 4.2% cepbl — H30TOI
S, a30T BOJOpOAAa W KHUCIOpPOJA TaKKe HMMEIOT CTa0WIbHBIE H3OTOIIHI.
[TosToMy B coctaB Ja1000r0 menTuaa Uik Oenka ¢ HEKOTOPOl BEpOSATHOCTHIO
BKJIFOUCHBI H30TOEl C, >*S 1 1p., @ 9TO MPHBOJKT K TOSIBICHHIO HECKOIBKIX
Pa3NUYHBIX Macc OJHOTO M TOTO K€ MenTHaa. BeposTHOCTh BKIIOUEHUS B
nenrrun °C u **S pacrer ¢ yBenmueHneM oGILEro 4mcia aTOMOB YIIEpoja H
cepel B ero cocraBe. B mentume maccoir okono 1000 Jla comepkutcs
npumeprno 50 aromoB yriaepoma (B MPHUPOJHOM PpacCHpeAeICHHH JIOJIs
CTaOMJIBHBIX M30TOIOB JPYTUX 3JEMEHTOB KpaiiHe Maljia, U OCHOBHOH BKJIaJ
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BHOCHT MMEHHO yriepos). Pacuer BepOSTHOCTH COEpKAHHSA B MOJEKylIe ~C
MOKa3bIBaeT, uTo mpuMepHo 50 % Mosekyn OyaeT comepkarh TOJIBKO 2C, 30%
Gyzer comepxarh oauH aroM —C, 10% — 1Ba, HEKOTOPbIE MOJEKYIIBI, XOTS X
KOJINYECTBO OKAXKETCA HE3HAYMTEIbHBIM, OyayT conepkaTb TpU U Oosee
atomoB °C. JIerko BHIETh, 4TO TIPH YBETHUCHHH Pa3Mepa IeNTH/A YBETHIHTCS
U YHUCIIO aTOMOB YIJIEpo/a B €ro COCTaBe, a B pe3yJbTaTe AOJIHU MOJEKYJ
TENTH A, COEPKALINX OMH, 1Ba U Gosee n3otonos C. IIpy Maccax mernTuia
8-10 k/la uncio MoJIeKyJ, He COAEpPIKAITUX HUA OJTHOTO 13C, COCTAaBIIsIET MEHEE
1% ot o61ero uncina. MHOTHE COBpEMEHHBIE MacC-CIIEKTPOMETPHI paboTaroT ¢
paspelieHrneM, 10CTaTOYHbIM AJIsl TOTO, YTOObI pa3IMuuTh MOJIEKYINbI IENTUIA,
BKJTIOYAIOIIIE PAa3HOE YHCIO M30TOMOB ~C. Kablii MeNTHX B CIIEKTpax,
IIOJyYEHHbIX HA TakuX MHpuOopax, NpPEeACTaBIEH HECKOJbKMMU IUKaMH —
M30TONHBIM NakeToM. J[is ynobcrBa 00pabOTKM U OMMCAaHUS BBEACHO MOHITHE
«MOHOM30TOIIHAsE Macca» — Macca MOJIEKYJ, MMEIOUIMX B COCTAaBE TOJIBKO
caMble JIETKUE U30TOIILI DJIEMEHTOB: lH, 12C, 14N, %0 u *%s,

WHorzma B ciekTpe He ylaeTcs pa3peliuTh W30TOMHBIE CUTHAJBI, B 3TOM
cllyyae M3MepsieTcsl cpelHsis Macca. Eciu B SKCIIEpUMEHTE HE HCIOJIb30BaHbI
M30TOIHBIE OOOTalleHus, OHa OyleT COOTBETCTBOBAaTh MOJIEKYJISIPHOM Macce,
BBIUUCIIEHHONH CHOCOOOM, OOBIYHO MPHMEHSEMBIM MpPU CTEXUOMETPHUYECKUX
pacuérax, ¢ MCIIO0JIb30BaHUEM IPEACTaBIECHHBIX B Nepuoandeckoil tadmauie Jl.
W. MenzaeneeBa «CpeIHHX AaTOMHBIX Macc» MU <«CTaHJAPTHBIX aTOMHBIX
Macc», SBJSIIOIIUXCS CPEJIHEB3BELICHHBIMM BCEX CTAOMIIBHBIX HM30TONOB
COOTBETCTBYIOIIETO  XMMHMYECKOIO DJJEMEHTa C  Y4ETOM  IPUPOJHOMU
pacnpocTpaHEHHOCTH B 3eMHOU KOpe 1 aTMocgepe.

BaxHo He myTaTh MOHOM30TOITHYIO M CPETHIOI0 MacChl, TAK KaK OHU BEChMa
3HAYHUTEIBHO paznmyaroTcsa. Hanpumep, mis nentuaa maccoir 1000 Jla pa3uuria
cocrasisier nmpumepHo 0,7 [la, a 1t nentuaa maccoit 5000 [la - yxe 3 Jla.

2.5. BpeMsinpoJieTHBII Macc-aHATU3ATOP

W3mepenune NMVz ocymiecTBisieTcss B Macc-aHanu3aTope. Pazpaborano u
UCTIOJIB3yeTCsl OONIBIIOE YUCIO PA3IMYHBIX THUIIOB TAKUX YCTPOMCTB, UX BBIOOP
OIIpeIeNIAETCSl METOJIOM MOJTyYEHHs HOHOB M ITOCTABIEHHBIMHU 3aJjauyaMH.

Wounnsenii ucrounuk MALDI paGotaer B HMIyIbCHOM pEXHUME; IS
UCTOYHMKOB ~ TaKOro Tuma  HaubOosee  11e1ecOO0pa3HbIM  SIBIISIETCS
BPEMSAIIPOJIETHBIM Macc-aHAJIN3aTopP.

[IpuHiun gelcTBUA ATOr0  aHAIM3aTOpa JOCTATOYHO MPOCT ISt
noHUMaHus. Pa3zernsieMble HOHBI YCKOPSIIOT B JIEKTPUYECKOM I10JIE, TJI€ OHU
MOJy4YaloT OJMHAKOBYK) KHHETHYECKYI 3Hepruto. OOBIYHO HCHOJIB3YETCs
yckopsiromee  HampspkeHue ot 20 mo 30 xB. IlomyuuB yckopeHue, HOHBI
MPOJIOJDKAIOT Apelid B OecrmoiaeBoM IPOCTPAaHCTBE CO CKOPOCTHIO, OOpaTHO
MIPONOPIMOHAIEHON Macce HOoHa.
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JIBMK€HHE HMOHOB BO BPEMSIIPOJETHOM aHAIM3aTOPE OIUCHIBACTCA
hopmyroit

mv?/2=ezU (1)

r7e € — eQUHUYHBIN 3apsan siekTpoHa, U — HampsbkeHue, a M, Z U V —
Macca, YKCIIO 3apsI0B U CKOPOCTh HOHA, COOTBETCTBEHHO.

N3-3a 3701 00paTHOM TPOMOPIIMOHATIBHOCTH MAcChl U CKOPOCTH MOHBI C
MEHBIIIUM NVZ IBUTAIOTCS OBICTPEE HOHOB ¢ OOJIbIIMM MVZ. TIpUHSATO TOBOPHUTH,
YTO HMOHBI Aped(yroT, MPHU 3TOM CKOPOCTH IBMKEHHUS HOHOB COCTABIISIIOT
cothn M/c. Bpems, HeoOxommmoe UOHY Ha Japeii B OecroineBoM
MIPOCTPAHCTBE, U3MEPSETCS] U HCIOJIb3YETCS AJIsl BBIUMCICHHUSI CKOPOCTH, a B
KOHEUHOM cueTe — NVZ noHa.

Jlerxko BUIETH, UTO

v = (ezUz/m)"?

Wi

v ~ (zm)¥2

CunpHO yHpOIIEHHAs CXeMa BPEMAINPOJETHOIO Macc-CIeKTpOMETpa
npeacrasieHa Ha Puc. 1.

NcTouyHnk 3oHa cBo6ogHOroO Apeida Hetekrop
Nazep
Gy Gg
1/
N I

Puc. 1. YopoueHHas cxema BpeMAIPOJIETHOIO MacC-CIIEKTPOMETpa

2.6. OcHOBHBIE MapaMeTPbl MACC-aHATU3ATOPOB

OCHOBHOW XapaKTEPUCTUKON Macc-aHaJIM3aTopa SIBISETCS pa3pelleHue.
B macc-criektpomerpun paspenrenue (R) mpuHsITO onpenensTh KaKk OTHOLICHHE
M3MEpSIeMOM MaccChl K IIMPHUHE MHKa Ha TIOJIOBUHE BBHICOTHI ITHKA!

R = (m/2)/(Am/z)

Takum oOpa3zom, yem Oosblie pazperieHne, TeM yKe MUKW CUTHAJIOB U
Jydile pa3ieieHre UOHOB ¢ OJM3KUMH 10 BeIWYnMHE MVZ curHamamu. Takxke
YBEIMYUBACTCS W TOYHOCTh ONPEACICHUS MVZ, TOCKOJBKY YIIydIIaeTcs
TOYHOCTHb  ONpENeNICHWs  [EHTpa  MOHOHM30TONMHOro  muka.  OObIYHO
JOCTaTOYHBIM CYHMTAETCSI pa3pelleHue, MO3BOJISIONIee pa3inyaTh M30TOIHBIE
Kiactepsl. Ecim pa3pemenne HetocTaTOqHO, TO, KaK YK€ OTMEYaIoCh, BMECTO
M30TONHOTO TIAKeTa B CHEKTpe HaONIOAAI0TCs €eIWHUYHBIE MHUKU KaXJIOTro
HenTHaA.

CriencTBueM BBICOKOTO pa3pelIeHusi SBISETCS M BBICOKAas TOYHOCTb
U3MEpeHHs Macchl HMOHA. [Ipy MOHOHM30TOITHOM pa3pelieHHHd OHA MOXKET

34



nocturath 0.01 [la wnu wmenee. PaspemnieHre MOHOW3OTOMHBIX CHUTHAJIOB
MO3BOJISIET TaKXe ONpEeAeNUTh 3aps] HOHA, a 3HAYUT, YCTAaHOBUTH €ro
MOJIEKYJISIPHYIO Maccy.

Kak wu mr00oe wu3MepeHue, ompefeiacHue MZ XapaKTepusyercs
TOYHOCTBIO, TO €CTh OTJIIMYHMEM H3MEPEHHOTO 3HAYEHUsS OT HCTUHHOTO, U
BOCIPOU3BOJUMOCTBIO. B IPOTEOMHBIX HCCIEI0BaHUAX TOYHOCTh MOXKET OBITh
ompejieNieHa W3 CpPaBHEHHS WM3MEPEHHBIX 3HAUYEHUH C TEOPETHUYECKU
MOJIyYeHHBIMH, HamlpuMep, BbIUHUCICHHBIMU M3 T€HOMHBIX JaHHBIX MaccamH
MIENTH/IOB.

B wuaeanbHBIX ycnmoBusAX pasperieHue macc-cnekrpomerpoB MALDI-
TOF B nmamazone 100-5000 [la cocraBmser He MenHee 20000. Ilpu sTom
TOYHOCTh MOKET ObITh He MeHee 5-20 MUILTHOHHBIX fojeh (M.O. Wi ppm).
[Tox maeanbHOCTBIO YCIIOBHM HAJAO MOHMMATh XOPOILIO MOATOTOBJICHHBIA IS
UCCIIEIOBAaHUM ¥ HMEIOLIUHCS B JOCTAaTOYHOM KOJIMYecTBe oOpasell.
[TomydaeMble B peaqbHOM JKCHEPUMEHTE TOYHOCTh U BOCIPOHM3BOJAUMOCTH
paszpeleHus MOTyT ObITh HECKOJIBKO UJIH 3aMETHO XYKeE.

[TonyunTh yka3aHHBIE XapaKTEPUCTUKH CIEKTPOB yHaeTcs Omaromaps
OCOOCHHOCTSIM KOHCTPYKLIIMHU NPUOOPOB, MPEXkAE BCEro 3a CUeT HaJUdus
CHCTEMBI 33JICPKKH SKCTPAKIIMU U OTpaxkarens — pediekTpoHa (CM. HUXKeE).

2.7. YiyullleHue XapaKTePUCTUK BPeMSINPOJIETHOI0 aHAJIHU3aTopa

Hawnbonee 3HaumMo Ha paspelnieHue MNpudopa BIHSAIOT OCOOCHHOCTH
nporecca noHuzauuu. lIpexxae Bcero, 3TOT MPOLECC JUIMTCS HEKOTOpoe, He
MEHbIIIEe TMPOJODKUTEIILHOCTH JIa3ePHOTO HMMITYJIbCa, KOHEYHOe BpeMms. B
pe3ysbTare HMOHBI OJHOTO NVZ MPHJIETAIOT B JCTEKTOP HE OJHOBPEMEHHO,
pacmmpsisi moxy4aeMbiid curHail. Emie Oonbie Ha pa3pelieHne BIUsSET TO, U4TO
oOpasyromuecss HMOHBl  HM3HAYaJIbHO  HMEIOT  HEKOTOpbIE  CKOPOCTH,
OTJIMYAIOIINAECS 10 BEJIUYMHE M HANPABICHUIO, U ITOT pa3dpoc CKopocTei
COXPaHSIETCS TIPH JIEHCTBUU YCKOPSIFOIIETO HAMIPSIKCHHUS.

Bnusiane HawanpbHOTO pa3dpoca CKOpOCTed ymaeTcs MUHUMH3UPOBATH,
UCIIONIb3YSl BBICOKHE YCKOPSIOIINE HANpPSOKEHUS W OONBIIYIO JJIUHY 30HBI
npeiia HOHOB: YeM JJIMHHEEe TpyOa Macc-CIeKTPOMETpPa, TEM BBIIIE
paspemenue mpubopa. [eiictButensHo, Oonee miuuHHAS Tpyda oO3HAYaeT
Oonpiiee Bpems aperida, a 3HaUUT, OTHOCUTEIBLHBIN BKJIA] pa3dpoca BpeMeHH
o0pa3oBaHUsl HMOHAa M CKOPOCTEH yMEHbINAeTCs. AHAJIOTUYHO, OoJbIlee
YCKOpSIIOIIee HampsHDKEHHE COoOOIMaeT HWoHaM  OOJBIIYI0 KHHETHYECKYIO
SHEPTUI0, M BKJIAJ MCXOJHON KMHETUYECKOW SHepruu (pazdopoc CKOpoCTeid)
CTaHOBHTCS OTHOCHUTEIIEHO MEHbIIIE.

UYroObl emie OoJibllle YMEHBIIUTH BIUSHHE Ha pa3pellieHne MOMEHTOB
o0pa3oBaHMsI MOHOB M CTapTOBOrO pazdpoca WX CKOPOCTEH HCHOIb3yeTcs
CleluanbHas CXeMa YCKOPEHHs HOHOB — C 3aJIepXKKOW 3KCTPAKIIMH.
Yckopsitoniee 1mojie HE TOCTOSHHO, HEKOTOPOE BpeMs OHO SKpaHHPYETCs
3aMMUPArONIIM HaMpsHKEHUEM, W 32 3TO BpeMsi MOHBI OTYACTH BHIPABHUBAIOTCS
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10 PHEPTHUSM 32 CUET CTOJIKHOBEHHIA; OJHOBPEMEHHO C 3TUM HOHBI Jpei(yroT
B 00J1aCTh, B KOTOPOH C 3aJIepKKOI OyJeT CO3/1aHO yCKOPSIOIIEe 1MoJIe, U HOHBI
c Oosbliell KMHETUYECKON »Heprueil BXOAAT B 3Ty 00JAacTh Ha OOJBIIYIO
rmyouny. B pesymprare mocie BKIIOUYEHHS TOJNS HOHBI ¢ Oosbliei
KUHETHYECKOW PHEPrueil yCKOpSIFOTCS MEHBIIUM YCKOPSIOIIUM HAIPSKEHUEM.
Bpemst 3agepxkku skctpakumm coctaBisier 10 50-200 He m momOupaercs: B
3aBUCHMOCTH OT HCCleayeMoro auana3zona macc (Brown, Lennon, 1995;
Guilhaus, 1995).

PedbrnekTpoH

— —

MOHbI C OWHAKOBbIM m/z UPEMEKTPOHa

® ‘veaneHHble’

QO “bbicTpble’
[eTtekTop

Puc. 2. ®okycupoBka HOHOB B peIIeKTpOHE.

Eme oaunH, noxamyif, camblii 3¢ (EeKTUBHBINA, CIOCOO YMEHbIICHHS
BIMSIHMA ~ pa30dpoca  HayajgbHBIX KHHETUYECKMX HHEPrUid  HOHOB  —
MCIOJIb30BaHNE HOHHOTO OTpakaTelsi, uiu pediaexTpona MambipuHa. B koHie
BPEMSATPOJICTHOW TPYOBI TOA HEOOJBIIMM YIJIOM K HampaBJICHHIO aperda
HMOHOB CHCTEMOH 3JIEKTPOJOB CO3JAeTCs OOJACTh 3JIEKTPUYECKOTo IMOJs ¢
pPa3sHOCTBIO  TOTEHLMANOB, HECKOJBKO  IPEBBIIAIOIIEH  YCKOpSIOLIee
HanpsOKeHWEe B HCTOYHHMKE HOHOB. JlocTwras 3Tod 001acTH, COOCTBEHHO
pedaekTpoHa, HWOHBI TOPMO3ATCS, a 3aTeéM YCKOPSIOTCS B OOpaTHOM
HanpaBieHuu. llocie 3TOro OHM TPOAOIDKAIOT Jpeld B HampaBIeHUU
JETEKTOpa, PACIOJIOKEHHOTO B pailoHe HOHHOro wucrounuka (Puc. 2).
YacTuipl, clerka pa3jiuyarollydecsl M0 SHEprud, TPaTaT pa3HOe BpeMs Ha
pasBOpOT: MMEMOLME OONBIIYI0 3HEPIUI0 IMPOJETAIOT JAajbllleé B IIOJE
pediekTpoHa M MPOXOAAT OOJBIIUIM MYyTh Pa3BOPOTA, MEHBIIYIO SHEPTHUIO —
MeHbIIMH myTh. Hampsbkenue mnoaduparoT Tak, 4YTOOBI OHM OKa3alMCh
cdokycupoBansl Ha aerektope (Kaparaes u ap., 1971; Mamsipun u 1p.,1973).

2.8. ®parmentanus nentuaos B MALDI

O6pazyromuecss B MALDI noHBI menTtumoB MOTyT TOJYYHTHh H, Kak
MOKHO CYIUTb TIO CIHCKTpaM, MNOJYyHYarOT OSHCPruro, MAOCTATOYHYIO JIA
dbparMeHTanMy WIM pacnana Ha OTIeNbHBIE YacTH MOJeKyJd. MexaHu3M
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MOJy4YeHUs HMOHAMH W30BITOYHOM OSHEpruM He BIojgHe siceH. OreHuBas
SHEPruM, HeoOXoauMmble ISl (parMeHTaluu, MOKHO IMPEANONIOKHUTh, YTO
MOJIyyaeTcss OHa B pe3yJlbTaTe CTOJKHOBEHHWH MOHOB C HEHTpallbHBIMU
MOJIEKYJIaMH B Ipoliecce ja3zepHoi aecopOuuu. [1o ctabunbHOCTH HOHBI MOTYT
ObITh pasneneHbl Ha Tpu kKiacca: () cTaOWibHBIE MOHBI, HE 00JANAIOIIUE
JI0CTaTouHOM it (hparmeHTanuu BHyTpeHHer sHeprueii; (I1) mecrabuibHbIE
MOHBI,  TOJYYMBIIME  JSHEPrui0, JOCTATOYHYIO Ui  HEMEJIEHHOU
(bparMeHTaIHH; u (1 MeTacTaOUIIbHbBIE WOHBI, oGnagaronme
POMEKYTOYHBIM IO BEIHMYMHE N30BITKOM BHyTpeHHel sHeprun (Paizs, Suhal,
2004). B cayuae wmacc-cnektpomerpurn MALDI GenkoB u menTumoB
BCTpEYaloTCss 00a THUIA CIOCOOHBIX K (hparMeHTanuu MoHoB. HectaOuibHble,
pacmagaromuecss B uctounmke woHbl (ISD, in source decay, anrm.),
PETUCTPUPYIOTCS B OOBIYHBIX YCIOBHSIX PETHUCTPALMH, TaK KaK (parMeHTHI
00pa3yroTcs 10 YCKOPEHUS YacTHll, U BeAYyT ceOsl KaKk HOHBI COOTBETCTBYIOIIEH
Maccel.  MetactabunpHble  00pa3yloT  (parMeHThl  Tocie  JelcTBUA
YCKOPSIIOIIEro HampspKeHus, B Iepuoj cBoboaHoro apeida (PSD post source
decay, aHru.), u B ciiydae JMHEWHOTO aHamU3aTopa BCe (parMeHTHI pacraja
HMOHOB OIpEAENEeHHOW MacChl JOCTUTAalOT JETeKTopa OJHOBPEMEHHO CO
CTa0WJIBHBIMA HOHAaMM TOW JK€ Macchl. B ciydyae HCIONBb30BaHUS CHUCTEMbI
pazneneHus ¢ pedrekTpoHOM, (pparMeHThl METacTaOUIBLHBIX MOHOB, 00JIamas
MEHbIIIEH KHHETUYEeCKON 3Heprueil, OpicTpee MOKUIAIOT mose pedaeKkTpoHa u
PETUCTPUPYIOTCS KaK CUTHAJIBI HOHOB C MAaccOi MEHbIIE POJUTENbCKOU, MPU
3TOM HE COOTBETCTBYIOIIEH CBOEH [EWCTBUTEIBHOM Macce U HUMEIOLIUe
XapaKTepHOE yBEJIMYEHHE IIMPUHBI CUTHANA, MO0 JOCTUTAIOT JETEKTOopa [0
Hayaja PerucTpaliy CIeKTpa U B CIIEKTP HE MomajgaroT. BeposarHocTs myTeit
(dbparMeHTalMK OMpEENeTCs TOJBKO DJHEprued M CTPYKTYpOH Kaxaoro
otaensHO B3sitoro nonHa (Paizs, Suhai, 2004; Eckersall et a.,2012).

[lenTuabl SBISIOTCS CIOKHBIMH MOJIEKYJIaMH, COCTOSLIMMH M3 THICSY
aToMOB (B cilyyae OEJIKOB pa3Mepbl U KOJIMYECTBO aTOMOB IPOMOPIIHOHAIBHO
BO3pACTalOT), MOATOMY KOJHYECTBO BO3MOXHBIX MyTel (parMeHTanum
MPAaKTUYECKH He orpaHnyeHo. OHAKO BEPOSTHOCTh TOTO WJIM MHOTO BapUaHTa
3aBUCHUT OT BHYTPEHHEN SHEPruM U CKOPOCTH KOHKPETHOM peakuuu. B ciyuae
NENTUIOB 3TO BBHIpaXkaeTcsi B 0ojiee BEpPOATHBIX pa3phIBax CBs3ed BIOJIb
CKeJIeTa MOJIEKYJIbl ¢ 00pa3oBaHUEM XapaKTEepPHBIX JAOYepHUX MOHOB. Tak Kak
IPU PErUCTPALMM CIHEKTpa YYUTHIBAIOTCS CUTHAJIBI OOJBIIOrO YUCIIA WOHOB
(105-108 IITYK), HA HTOTOBOM CIIEKTPE HAOJIFOIal0TCSl CUTHAIIBI, 00pa30BaHHbIC
OT OJJHOKPATHBIX PA3PHIBOB MO PA3TUYHBIM CBS3SM.

B 3aBHCHMMOCTH OT TOTO, Kakasi CBsI3b Pa3pbIBacTCs, U Ha KaKOW 4acTu
MoJIeKynbl coxpansercs 3apsn (Ha N- wim C-koHue), Obuia IpeioxKeHa
nomenknarypa (Roepstorff, Fohlman, 1984; Johnson et al., 1987),
BBIJICJIAIONIAS CJIENYIOIME CEepUM HOHOB. (PparMeHThl, B KOTOPBIX 3apsn
coxpansierca Ha C-KOHIIEBOM 4acTH MOJIEKYJIbl, 0003HaualTCs Kak X, Y U Z, Ha
N-KOHIIEBOM YacTH HMCXOJHOW MOJICKYJbI, — cuMBosiaMu @ b u C (Puc. 3)
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(Johnson et a., 1987). Yacro BcTpedaeTcss XapaKTepHBIH BHYTPCHHUI
(dbparMeHT — MOH UMHUHUS.

x3 33 z3 T2 nd oz
a Ry Rs Ra
H,N-CH (; NHtCH (; NH+CH 'tg NH CH-(E-OH
O O O O
C C
L p 1 b, a3 b, 3

Puc. 3. Homenkiarypa HOHOB (hparMeHTAIlUH MENTHI0B B 3aBUCUMOCTH
OT TOYKH pa3pblBa U JIOKATU3ALUH 3apsia.

Takum o00pa3zoMm, cHEKTpbl (parMEeHTallMl OKa3bIBAIOTCS BeChbMa
MH(OOPMATUBHBIMU U1 OMNpeNeJeHHs] BHYTPEHHEH  CTPYKTypbl WM
CeKBEHHpOBaHUs menTuaoB. Kak ykasaHo Bbiie, ¢parmMeHtsl pacraga |SD
JIETKO PEruCTPUPYIOTCS C KOPPEKTHBIMU MaccaMU B OOBIYHOM pPEKMME Macc-
cnekrpomerpa. s peructpaunn PSD Obuim pa3zpaboTaHbl cHelHMaibHBIE
TaHaAeMHbIe Macc-criektpomerpel  (Suckau et a., 2003). KomuuecTBo
nojBepkeHHbIX PSD  pacmany MeTacTaOWIBHBIX MOJIEKYJI OTHOCHUTEIHHO
HeBelnnKo. UYUToObl MONydyuTh OOJ€e HMHTEHCHUBHBIE CHTHAIbBl, CO3/al0TCA
yCclIoBHsI, HWHAyHUpyromme pacnaax wmojekyna (Sleno, Volmer, 2004).
Koncrpyknueii coBpemernnsix MALDI macc-ciekTpoMeTpoB NpeaycMOTpeH
HaIyCK Trasa, OOBIYHO aproHa, CTOJKHOBEHHE C MOJIEKYJaMH KOTOPOTO
YBEJIMUYMBAET SHEPTUI0 U HHTEHCUBHOCTh (DparMeHTALUU UCCIIEIyeMbIX HOHOB.
Oto Tpernit THn ¢parmentarun B MALDI — BbicokosHepreTHuHas
cronkHoButenbHas guccormanus (HECID, HighEnergyCID, hCID wiu
keVCID) (Domingues et a., 1999; Nikolaev et al., 2001).

Tun ¢parmeHTtanuu omnpeAenstoT BeIMYMHA U30BITOYHON JHEPruH U
BpeMs IepepacnpesieNieHus] BO30YXKIEHUS BHYTPU MOJIEKYINbI, OT KOTOPBIX
3aBUCAT  MPEANOYTUTEIbHbIE TyTH  (parMeHTaluu. 3aMe4yeHo, uTo
apUHHOCTH K TMPOTOHY OOpa3ylIIUX CBA3b AaTOMOB KOPPEIUPYET C
BEPOATHOCTHIO €€ pa3pbiBa. KucioTHbie rpynibl OOKOBBIX 1ieTieil aMUHOKHUCIIOT
MOTYT CTAOMJIM3UPOBATh MOJOXKHUTEIBHBIN 3apsi, T[O3TOMY pPa3pbIBBI
MEeNTUIHON CBA3UM PSIAOM C OCTAaTKOM TJyTAMHMHOBOM M acmaparuiHOBOM
KHUCJIOTHI OOBIYHO MPUBOJAT K HanOoJiee MHTEHCHBHBIM ITUKaM B CIIEKTpe. DTU
HaOMIOJIEHUST JIeKaT B OCHOBE OOBSACHEHHS (PparMeHTallud TUIIOTE301
nonsmxkaoro mportona (Wysocki et a., 2000) . Yacto mOBBIIMICHHON
MHTEHCUBHOCTBIO OOJaNal0T NMHUKH HOHOB, 00pa3oBaBIIMXCA B pe3yjbTaTe
pa3pbpiBa aMUJHBIX CBsi3ell B IIGHTpalbHOW 4YacTu Mmousiekynsl (Paizs, Suhal,
2004). BropuuHas CTpyKTypa TMENTHAa TakXe OKa3blBaeT BIHSHHE Ha
MOJTy4aeMble CIIEKTPHI.
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Hekotopbie OOKOBBIE IPYIITBI AMHHOKHCIIOT OTBEYAIOT 32 CHICHU(PHYCCKUE
HarpasiieHus: (parMeHTaluH, He CBA3aHHBIE C Pa3pbIBOM IMENTUIHBIX CBsi3eil. B
YaCTHOCTH, CEPUH U TPEOHHUH, COJIEPIKAIUe THAPOKCHIIbHBIC IPYIIIBHI B OOKOBBIX
IETISX, JIETKO OTIHICTUISIOT MOJICKYJTY BOJIBI.

JIns MHTepHnpeTanuu CIeKTPOB (pparMeHTaluu IOJIe3HO 3HATh, YTO B
ycnousix MALDI B pesynbrare MOHM3allMM B HMCTOYHHUKE OOpPa3yrOTCS
NPEUMYILECTBEHHO C- U Z-MOHBI, a B ClTy4ae JIOCTaTOYHO HHM3KHX SHepruii psd
OCHOBHBIC THIIBI 00pa3yroImmxcss HOHOB — b- u y-uomsl (Puc. 3). B
3aBUCHMOCTH OT HamOoJiee BBITOJHOW JIOKAJTH3alUM MPOTOHA HA HCXOTHOM
HOHE, B CreKTpe OyayT mpeoOmagarh muku b- win y-cepun (Wysocki et al.,
2000). Ecniit B N-KOHIIEBO# YacTH MOJIEKYIIbI HAXOSATCS apIUHUH WU JIU3UH, B
Macc-creKTpe OyayT ITOMHHHpOBaTh NHKH HOHOB cepuu b-. Ecmu atu
aMHUHOKHCIIOTHI 3aMbIKatoT C-KOHell enTuia, Hanbojiee MHTEHCUBHBIMU OYIyT
MUK UOHOB cepur Y-. B ciydae aktuBanmm ¢parmentanuu CID, momumo
cepuil D- M Y-MOHOB B CIIEKTpax MPUCYTCTBYIOT &/X-, C-/Z- MOHBI, a TakKe
HOHBI, 00pa30BaBIIMECS B pe3yJbTaTe YTpaThl YacTH OOKOBBIX TPy M
BHYTpEHHHE HOHBI, Takue kak noHbl umuHus (Paizs, Suhai, 2004, Domingues
et a., 1999; Nikolaev et a., 2001).

2.9. U3mepenne M/Z pparmeHTOB

Kak yxe ormeueno, B ycnmousix MALDI obpa3syiorcs ¢parmeHTHBIE
HOHBI, 110 KpaitHel mepe, Tpex tumos (Paizs, Suhai, 2004).

Houbl, 00pa3oBaBIIdecs B UCTOUHUKE, PETUCTPUPYIOTCS TaK e, KaK U
HOHBI [ENbIX MoJekyn. OmHako dToObl H3MEpUTh NVZ  (parMeHToB,
00pa30BaBIIMXCS TMOCIAE TOr0, KaK HOHBI MOKHHYJIM MCTOYHHK, & TaKKe
WHIYIUpOBaTh oOOpa3oBaHue Takux wuoHoB wMerogamu HE CID, wmacc-
CIIEKTPOMETPBI OCHAINAIOTCS JOMOJHUTEIBHBIM 000PYJI0BaHUEM U pabOTAIOT B
ocobom pexxume (Medzihradszky et a., 2000). IIpexe Bcero, yBeInIuBaeTcs
MOIITHOCTh Jia3epa Juist 00ecTieueHus OONBIIETO KOJIMYECTBA UCXOJHBIX MOHOB.
Yckopsironiee HanmpsoKeHWE YMEHBIAeTCs 10 BEIWYHHBI mpuMepHo 8 kB. D10
YBEJIMYMBAET BpeMs Japeliha HOHOB U BPEMEHHOW WHTEPBAI, B KOTOPOM MOKET
MPOUCXOIUTH (PparMeHTAaIIHS.

YroObl momyuuth ¢parMentsl, oOpasyroumecs B pedyasrare HE CID,
OCYIIECTBIISICTCS HAINYCK Tra3a, YBEIMYMBAIONIETO YacTOTY CTOJKHOBEHHI,
00bIYHO aproHa. Kak mpaBuiio, aHaJM3upyeMoe BEIIeCTBO MPEICTABIIACT COO0M
CMecCh, HO (hparMeHTHI pacrajga KOHKPETHOTO POJAUTENBCKOTO HOHA APer(yroT
BMECTE. JTO IMO3BOJIACT PEIIUTh 3a7ady BBIICICHUS TPYIIbl TaKUX HOHOB
CEJIEKTOPOM POJAMTENBCKHX HOHOB — TPYIIOW DIIEKTPOAOB, HAa KOTOPHIE
MOJIACTCS OTKJIOHSIOIIEE HAMpPSDKEHHE, OTKIII0YaeMOe TOJIbKO Ha KOPOTKHMA
MIPOMEKYTOK TPOJIeTa KOHKPETHOTO HOHA U €T0 ()ParMEeHTOB.

Crenyromasi TpyIma 3J1eKTPOIOB JOMOJHUTEIBLHO YCKOPSET BBIOpaHHBIC
(dbparMeHThl yCKOPSIOIMMM HamnpspbkenueM npumepHo 19 kB. Ilpu satom Gonee
nerkue (parMeHThl MPUOOPETArT OOJBIIYI0 CKOPOCTh, Ooyiee TSHKENble —
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MCHBIIYIO, a IMOCJICIHUMHU BBUICTAOT HCPACHABIIMECA POAUTCILCKHUC HMOHBI.
@®parMeHTBl  CBOOOJHO  JOCTHTAIOT  pedIeKTopa, KOTOPBI  H3MEHSET
HaIpaBJICHUC IBUKCHUA YaCTHUILl U HAIIPABJISACT UX B JCTCKTOP.

He mopnseprmmecst ¢parMeHTallil pPOTUTEIBCKUE HOHBI, MOCICTHUMHU
MOKHUJA0OIINE 30HY JOMOJHUTCIBHOI'O YCKOPCHUS, KaK IIPaBUJIO, YAAJIAKOTCA U3
MaKeTa, OHM OTKJIOHSIOTCSl HANPSHKCHUEM, KPaTKOBPEMEHHO IMOJAIONIMMCS Ha
TPEThIO TPYIIY 3JIEKTPOAOB — (HIBTP POAUTENBCKUX HOHOB. DTO JIeNaeTcs,
9TOOBI  HM30€XaTh 3acCOPEHHs] CIEeKTpa (parMeHTanuu Mapa3uTHBIMU
HCI/I,Z[GHTI/I(bI/H_[I/IpyeMBIMI/I CUTHaJIaMH TIPOAYKTOB pacriaza MeTaCTaGI/IHBHBIX
poautensckux nonos (Suckauet al., 2003).

2.10. leTekTOop BPpeMSINIPOJIETHOI0 AaHAJIM3ATOPA

JInsi perucTpaliii BpPEMEHM IPOJIeTa MOHOB HCIOJIB3YIOT JIETEKTOp Ha
MHUKPOKaHaIbHBIX I1acTuHax. [lociaennue oObIMHO MPENCTABIAIOT COOOM AUCK
TOJNIIMHOM 2 MM, TIPOHU3AHHBIA PACIOJIOKEHHBIMH O]l HEOOJBIINM,
npuMepHo  8°, OTKIOHEHMEM OT MEepHeHAMKYIspa K  IUJIOCKOCTH
napajieIbHBIMUA KaHaJlaMu TuameTpoM 6-10 MxMm.

Kak mpaBuio, OeTeKTop NpeAcTaBisieT coOOH [Be HaxoZslluecs B
AJIEKTPUUYECKOM TOJIETIaCTUHBI, TIOBEPHYTHIE B MIocKkocT Ha 90° Tak, 4TOOBI
KaHanbl O0€MX IIACTUH OKa3alMuCh IOJA YIJIOM Jpyr K Jpyry. Kaxnasii
MHUKpOKaHaJl ~ JEUCTBYET KaK  BTOPUYHO-DJIEKTPOHHBIM  YMHOKHTEIb.
VY CKOpEeHHbIE YaCTHUIbl CTAIKMBAIOTCA CO CTEHKAaMM MHKPOKAHAJIOB, BBI3bIBAs
SMHCCUIO OJHOTO WJIM HECKOJIBKHUX JJIEKTPOHOB, YCKOPEHHE U IMOBTOPHYIO
HMUCCHUIO JIEKTPOHOB. B pe3ynbraTe Takoro kackajaa TOK Ha aHOJE JETEKTOpa
YCUJIMBAETCsl HA HECKOJIBKO TMOPSIIKOB BEIMYHUHBI.

3aBUCUMOCTh TOKa B JETEKTOpE OT BpPEMEHHM 00pa3zyeT Macc-CIEeKTp,
PETUCTPUPYEMBII Ha BPEMSINPOJETHOM Macc-ClieKTpoMeTpe. TunudHble
MHTEPBAJIbl MEX/y MOMEHTOM MMITyJIbCa J1a3epa U MOMEHTOM BO3HUKHOBEHHUS
ToKa B JeTektope cocTaBimsitor oT 1 mo 100 mMkc, mostomy B Macc-
CIIEKTPOMETPax MCHOJIB3YIOTCS LH(poaHANoroBsle IpeoOpa3oBaTesin ¢
9acTOTOU AucKperuzanuu oT 2 10 4 ['T.

Kak Buano u3 ¢opmynsl (1) 3aBucuMocTh MeXay M/Z u Bpemenem t —
KBaJpaTU4Hasl. ITO 3HAYUT, YTO ONPECITUB BpeMEHa MPOJIETa TPEX U3BECTHBIX
MOHOB, MOXXHO ITOCTPOUTH YHCIICHHYIO 3aBHCHMOCTb JUISl BBIYUCICHUS MVZ
HEM3BECTHBIX HOHOB.

3. Macc-cnekTpoMeTpusi B 0M0JIOTHM M MeTHIIHE

IlepBoii 3amaueil mpu u3yyeHHH OejKa, Kak MPaBUIIO, SBISIETCS €ro
UACHTU(UKALMS, WK [IPY COBPEMEHHOM pPa3BUTUU OMOXMMMH, ONpEAETIeHHE
reHa, C KOTOpPOro OH cuuThiBaeTcs. WaeHtudukanus Oenka 1O  €ro
MOJICKYJISIPHOM Macce B  OONBIIMHCTBE CIy4aeB HEBO3MOXKHA H3-3a
HE/I0CTaTOYHOW TOYHOCTH M3MEPEHMs MAcChl MOJEKYJ, Oojiee TSKEIbIX, YeM
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10 x/la, HO Takke M W3-32 TMOCTTPAHCISALMOHHBIX Moaudukarmii. J{mns
uneHTHuUKAIMU OeKa Ha MPAKTHKE HUCIONB3YIOT MAacC-CIIEKTPOMETPUICCKUE
NenTUIHbIe KapThl (B aHIIOA3bIUHBIX myOnukamusx PMF — peptide mass
fingerprint), KoTopble MPeACTaBISIOT COO0M HAOOP 3HAYEHHI Macc MENTHIOB
nocjae CrnenuUYHOro THIAPOIM3a — XUMHUYECKOro, HO 4Yalle BCEro
dbepmentarusuoro (O’ Farrell, 1975; Jensen et al., 1999).

B xadectBe crenupuuHON mMpoTeasbl OOBIYHO HCIOJIB3YETCS camas
JOCTYIHAs W3 W3BECTHBIX MpOTea3 — TPUICHH, (GEPMEHT C BBICOKOMH
AKTUBHOCTBIO, BBICOKOH CHEIU(PUYHOCTEIO W CTa0MIbHOCTHIO. [locie
THIPOJIM3a MPOBOAAT PETUCTPALMI0 MAacC-CIEeKTpa MOJYYEHHOH CcMech
MPOAYKTOB PEaKIMM W TOUCK 1O 0a3aM JaHHBIX. B 0a3bl JaHHBIX BXOIST
MOCJIEZIOBATEIBHOCTH ~ W3BECTHBIX ~ OEJKOB,  TPAaHCIMPOBAaHHBIC  TEHBI
IKCIpeccHpyeMbIx nocienoarenbHocteld (EST), mo KOTopsIM IpecKa3bIBatOT
MOJICKYJIIPHbIE MAacChl TPUNTHYECKUX TMENTHIOB. M3 HUX ONpeaessiroTcs
KaHJUIaThl, HauOoyiee OJMM3KHE K THMKaM MAacC-CIEKTpa, IOJYYCHHBIM B
skcnepumente (Mann et a.1993; Pappin et al.1993; Shevchenko et al., 1996;
Perkins et a., 1999).Yame Bcero mis MOHMCKa HCHOJB3YIOT Haubolee
oOmupHyr0o  0a3y  OenkoB W reHoB  HammoHampHOTO — IIEHTpa
ounorexnonornyeckoir madopmanuu CIIA (NCBINr), uiu Hanbonee moaHO
AHHOTUPOBAHHYIO  0a3y OCIKOB, TMOJICPKHUBACMYI0  MEXKIyHAPOIHBIM
korcoprmymom UniProt (SWISS-Prot-UniProt).

[lpu »>TOM HAOMIOJAETCS HEMOJIHOE COOTBETCTBHE pACUYETHBIX H
AKCICPUMEHTAJIbHBIX HAOOpPOB MENTHIHBIX MAacc, KOTOpOe OOBSICHICTCS
HECITOCOOHOCThIO HEKOTOPBIX MMENTHUAOB K HOHH3ALUH, CTEPHUSCKHMHU
OTPaHUYCHUSIMH TIPU THAPOJHM3E WIA OCOOCHHOCTSIMU CIEIU(PUIHOCTH
nporeas, a TaKKe NPUPOTHBIMH W HHCTPYMEHTAIBHBIMH MOIAU(DUKAIIMIMA
OEJIKOB U MEINTU/IOB.

Kak mpaBuno, naeHtudukainus Oeika ¢ HCMONb30BAHUEM MENTHIHBIX
KapT BO3MOJXKHA TOJIKO B CIIy4ae WHIUBUAYAJLHOTO OEJKa MM HECIO0XHBIX
cMecell M3 JBYX-TpeX, peako deThipex OenkoB. CambiMu 3 GEeKTUBHBIMHU
crocobamMu  pasfieNieHHs] SBJISIOTCS OJHOMEPHBIA WM JIBYMEPHBIH, IO
O’ ®apemny (O’ Farrell, 1975), sanextpodopes B rene. ['uapoan3 BeIACICHHOTO
OeJKka Jarie BCero mpoBOIAT HEIOCPEACTBEHHO B T'elie, MOCIIE Yero MenTHIHbIE
OPOMYKThI ~ JIETKO  JKCTPArupyrOTCs W HCIOJB3YIOTCS Ui Macc-
CIIEKTPOMETPUYECKOTO aHan3a. [IJis TaKOro aHaju3a JOCTATOYHO HECKOJIBKHX
KyOMYEeCKUX MUJUTMMETPOB Treisi, coaepkamero okojo 20-100 Hr Oenka
(Jensen et al., 1999).

[TocTaBisieMble B MOCIEAHUE TOIBI MAcC-CIIEKTPOMETPBI TTO3BOJISIOT HE
TOJILKO HW3MEPATh MOJICKYJIIPHBIE MAcChl IENbIX HOHOB TENTHAOB, HO H
noJy4aTh CHEKTphl (MX YacTO HA3bIBAIOT TaHIEMHBIMH) (HParMeHTOB
OTJENBHBIX TENTUI0B B CIOXKHBIX CMECSX, HAlPUMEP, B CMECSAX MPOTYKTOB
ruaponu3a OenkoB. Takue CHEKTpbl HWHOTIA TO3BOJISIOT pacimppoBaTh
HEU3BECTHYI0 aMUHOKHCJIOTHYIO TOCIIEAO0BAaTEIbHOCTh mentuaa. Eciu 3T1o
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HEBO3MOXXHO, HalpuUMep, B cllydae HEMOJHOW (parMeHTaluu KOHKPETHOTO
MEenTUAa, MOJTYYEHHBIH CHEKTp (parMeHTallud MOXHO HCIOJIb30BaTh IS
moucka B 0a3ax MaHHBIX TENTHIA, KOTOPBIA MOT OBl HMETh CHEKTp
(dbparMeHTalMM, AaHAJOTHYHBIN SKcHepuMeHTanbHOMY. Hammuuue crnexTpoB
¢dparmMeHTanuu IByX W Oojee TENTHAOB OJHOTO Oelika TIO3BOJISIET
UICHTUQUIHUPOBATHL OEIOK C BBICOKOM JIOCTOBEPHOCTHIO. ITO  Jaer
BO3MOXXHOCTh IPOBEJEHHUS BBICOKOIIPOMU3BOIUTENILHOTO aHAINM3a CIIOKHBIX
cMmeceil OelIKOoB IMyTeM IPOBEJIEHHUs Ha MEPBOM JTare Tuapoimu3a cmecu 0e3
MPEIBAPUTEIILHOTO pa3/IeICHUs] KOMIIOHEHTOB, C TTOCIEAYIONUM pa3IeIeHHEeM
MPOJIYKTOB METOJIOM BBICOKOA(D(PEKTUBHOM KHIAKOCTHOW XpomaTtorpaduu
(B2XKX) 1 mMacc-CeKTpOMETPUYCCKIM aHAJTU30M U UIACHTU(DUKAIIUCH OCIKOB
o creKkTpaM ¢pparMeHTaI|H MEeNTUIOB.

Pa3BuTHe METOI0B BHICOKOIIPOU3BOIUTENBHOTO U IOCTATOYHO JIEIIEBOTO
aHayin3a OeJKOB C HCIIOJIb30BAHUEM MAacCC-CIIEKTPOMETPUHU A0 BO3MOXKHOCTh
MIPOBEJICHUS] UCCIIEIOBAHUS COCTABOB, CTPYKTYP, MOAN(PUKAIINN U HA3HAYCHUS
BceX OEJIKOB OpraHM3Ma WM €ro OTAeIbHBIX TKaHel. [l 0o003HaueHHs TaKuX
MOJIXOJIOB U METOJIOB 10 aHAJIOTHH ¢ TeHOMHUKOHN U reHoMoM B 90-x roabr XX
Beka Mapk YWJIKHHC BBEJl TEPMHUHBI «IIPOTEOMHKA» U «IIpOTeOM». B oTinuue
OT KJIACCHYECKOW OENKOBOH XUMHUH, NPOTEOMHBIE TOIXOIbI  JAIOT
BO3MOXXHOCTh H3Yy4aThb CIIO)KHBIE CMECH O€NKOB, OEJIKOBBbIE CHUCTEMBI Kak
eIMHOE IIEeJIOE.

WNHorma omucanue pasnmuyuii B CUCTeMax OEIKOB B BHJE H3MEHCHUH
KOHKPETHBIX HMJIEHTHU()UIMPOBAHHBIX OENKOB HEIOCTaTOYHO HH(POPMATHUBHO.
OpnHako ecnu Takue M3MEHEHUs! €CTh, OHU MOTYT OBbITh OOHApYKEHbI, U B TOM
9uclie C TIOMOIIBIO MAacC-CIIEKTPOMETPUYECKOro aHanm3a. B 3ToM ciydae
paznuuus WM HU3MEHEHHMs] B cucrteMe OyayT BbIpaXaTbCsd B HaJIMYUH,
OTCYTCTBHHM WJIH W3MEHEHUH WHTECHCHUBHOCTH ONPEICICHHBIX CHTHAJIOB
(mukoB). COBOKYITHOCTH MacC-CIIEKTPOMETPHUECKHX CHUTHAJIOB, OTPaKArOIIUE
pa3IUYHBIE COCTOSIHUS O0pa3loB, 00pa3ylT mnpoduin 3TUX 00pasIoB.
Cyl1ecTBYIOT METO/IbI aHaJIM3a, OCHOBAHHbIE HA CPAaBHEHUH U KiIacCU(UKALUU
MOJTyYEHHBIX TPOQHIIEH.

Haubonee npuBiekaTeabHbIMU B IJIaHE CKOPOCTH U MPOU3BOJUTEIHHOCTH
BBITJISIIAT BapHaHThl M3YYECHUsT OMOJOTHMYECKOro oOpasia 0e3 Kakoi ubo
00paboTKH, MyTEeM HENOCPEICTBEHHOTO BHECEHHS €ro B Macc-CHEeKTPOMETD,
PETHCTPAlli  CIIEKTPOB, TOCTPOeHMs mpodwmieii, oO0paboTKH MOCPEICTBOM
KJIacCU(UKATOPOB WM CO3JaHus 0a3 JaHHBIX Tpoduiae coctosHuid. Takue
MOJIXOB! ACWCTBUTEIHHO pa3paOOTaHbl U MOKA3aU XOPOIIUE PE3YIbTaThl MPH
KiIaccu@UKauMyu — KIMHAYECKUX  HM30JTOB,  IUITaAMMOB W TOMYJISIUI
MukpoopranusmoB. IIpu s3tom peructpupoBanmuce MALDI  macc-cekTpsl
nensix OakrepuansHbix Kiaetok (llina et a., 2009). CymectByror paboThl, B
KOTOPBIX MPOBOJWIICS MAacC-CIEKTPOMETPUYECKUI aHan3 (HU3HOIOTUIECKUX
KHUJIKOCTEH U CPe30B TKaHEH >KMBOTHBIX M YEJIOBEKa, OJHAKO MOJ00HOrO poja
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aHaJIn3 60Hee CJIOKHBIX O6’beKTOB BBI3bIBACT CYIICCTBCHHBIC 3aTPYJAHCHUS, a €ro
nHPOPMATHBHOCTH He Beeraa gqocrarouna (Koomen et al., 2005).
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PaccmarpuBaroTcss ~ HayainbHBIE — 3Tambl  3BOJNIONMHM  TI'pUOOB,
BOCCTAaHOBJICHHBIE Ha OCHOBAaHWUM (PHUIOT€HETHYECKMX PEKOHCTPYKIHH.
OO6cy>xmaercss BO3MOXKHAsI POJIb MPEAKOBBIX (GOPM IpHOOB B BBIXOE PACTEHUI
Ha CyIy ¥ 00pa30BaHUH MTOYB.

KmroueBble  crmoBa:  3Bomronmst  rpu0oB,  (uIIOreHETHYECKHE
PEKOHCTPYKIIUH

Initial stages of fungi evolution revealed by phylogenetic
reconstructions are considered. Possible role of ancestral fungi taxons in
colonization of land by plants and soil formation is discussed.

Keywords: fungi evolution, phylogenetic reconstructions

Ha cymie, B mpecHBIX BOJax U MOPSIX MHOTOYHMCIIEHHBIE BUIBI TPUOOB 1
OaxkTepuil BOBJIEUEHBI B PEAYKLHIO OpraHMYecKux ocTaTkoB. Ho Bcerma nm
COCTaB PEAYIIEHTOB OBLT TAKOW KaK celyac, WM OH MEHSUICS B YBOJIIOIIMOHHOM
rucropun 3emiin? BoJbIIIMHCTBO COBPEMEHHBIX TPUOOB — 3TO OOUTATETN TTOYBBI
WM TIApa3uThl WM CUMOMOHTHI BBICIIMX pacTeHwid. [IporcxoxkneHue rpuboB
JIOTUYHO CBSI3bIBaTh C Ha3eMHBIMH cooOmiectBamMu. Ho Beicuias HazemHas
pacTHTensHOCTh Ha 3emiie Oblla HEe BCerna. B HacTosiee BpeMsi pa3TuvHbIe
cyOcTpaThl Ha cylie, B TOM 4YHCIE JIMIICHHbIE IIOYBBI, 3acelsioTcs
OJTHOKJICTOYHBIMU BOJOPOCIISIMU KaK B TYMHJIHBIX, TaK U apUAHBIX 30HaX. Her
OCHOBaHUM OTPULIATH TaKyl0 CIIOCOOHOCTH BOJOPOCIEH U B ITaBHUE BPEMEHA —
710 TIOSIBJICHUS BBICIIUX pacTeHwid. [Ipon3BOIuMYI0 Ha3eMHBIMHU BOJIOPOCIISIMU
OpPraHMKYy TMOTPEOJIAIOT HX BHYTPUKIETOUYHBIE Napa3uThl: adenuabl Hu
posemuasl (kpunromukots) (Karpov et al., 2014). Ha ¢usoreneruueckom
JepeBe OHHM 00pa3yloT paHHIOK BeTBh Holomycota, cectpuHCKyro rpudam
(Karpov et a., 2013; Letcher et a., 2013). Bsicokas J0CTOBEPHOCTb
(bUIOreHEeTUYECKUX PEKOHCTPYKIMI, MO3BOJISIIOMIAs yTBEPXKAATh HMEHHO
TakoW XapakTep pOJCTBA, OOYCIOBICHA pPa3BUTHEM KOMITBIOTEPHBIX
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TEXHOJIOTUI (coBepLICHCTBOBAaHHEM QITOPUTMOB MOCTPOCHHUS
(GWIOreHeTUYECKUX JEpPEBbEB, BO3MOYKHOCTBIO  IIPOBOAUThIIAPAIIIEIbHBIC
BBIYHCJICHUS C HCIOJBb30BAaHHEM CYNEPKOMIIBIOTEPOB) H  MacIITaOHBIM
TEeHOMHBIM CEeKBeHHpoBaHHEM. CeCTpHMHCKHE OTHOIIEHUS TI'pHOOB U KIaJbl,
00beTUHSIOIEeH adenua c KPUIITOMUKOTaMH, MOJTBEPKIAI0TCS
(bUII0OreHeTHYECKUM aHaJIN30M OOJIBIIOrO YKciia TeHoB. B aToM aHanuse myuine
BCEro 3apeKOMeH/oBan celsi 0aiiecoB MOIXOJ C HCIOJIb30BAHUEM MOJIEJeH
MOJIEKYJISIPHOM 3BOJIOIMH, ITApaMETPbl KOTOPBIX MOJOUPAIOTCS B UCIIBITAHUSIX
Mourte-Kapino ¢ ucnonpzoBanueM MapkoBckux neneil. Onupasch Ha BBICOKYIO
arloCTEPUOPHYIO BEPOSTHOCTh (PUIOTEHETUYECKUX PEKOHCTPYKLUM, MOXKHO C
BBICOKOM JIOCTOBEPHOCTBIO JIENIaTh 3aKIIOUEHHs 00 OpraHu3aiy OJKaiiero
oO1ero npeaka rpudoB, po3esutua U adenus.

Adenuapl M po3ENTHIBI  SABIAIOTCS TNPOTUCTAMH, HEAAJEKO TI10
BHEIIHEMY BHJy M CHocoOy MHUTaHUs YyUIeAUMMHU OT ame0 HyKiIeapui, u
COXpaHSIOT 00pa3 XHU3HH INpenKkoB TIpuboB. s paccenenuss 300cnop OHU
HYXXJAIOTC B KalleJIbHO-)KUAKOW Biare, MOAOOHO HH3IIUM XHUTPHIUEBBIM
rpubaM, cpeau KOTOPbIX Tak)Ke€ MHOTHE BHUJABI SBISIIOTCA IapasuTaMu
OJHOKJIETOYHBIX ~ BOJOPOCIEH, a CpeAM  OCTaBIIMXCS  IpeodiataroT
canpoTpodbl,  OPUEHTHPOBAHHBIE HAa  MEJKOJIUCIIEPCHYI0  OpPTaHHUKY.
PaznooOpazue xuTpuaneBsix HandoIee BRICOKO B BBICOKOTOPHBIX JTaHAmadTax
(Freeman et al., 2009) — GnmxalIIMX COBPEMEHHBIX aHAJIOTaX JPEBHEH Cymin
710 TOSIBJIEHUS] TIOYB U 3aperyJIMpPOBAHHOIO CTOKA. J{eATeNbHOCTh MUOHEPHBIX
Ha3eMHBIX COOOIIECTB, COCTOSBIIMX M3 OJHOKJIETOYHBIX BOAOPOCIIEH M HX
KOHCYMEHTOB (adenmi, po3e/UTHI, a BIOCICACTBHM ¥ XHTPUAUCBBIX),
CIIOCOOCTBOBAJIa  HAKOIUICHMIO HA Cylle OpraHuku  (IajeornoyB) |
MOJrOTaBJIMBaNIa BBIXOJ HA CYIy IPEAKOB BBICIIMX PACTEHHH, KOTOPBIH, Kak
Tenepp  MPHUHATO  CYUTATh, MPOUCXONWJI B  COCTaBe  KOMIIJIEKCOB
(apOyckymsipHOM MHKOpH3BI) pacTeHmii ¢ rpubamu (James et al., 2006).
Hanpumep, TakCOH BBICOKOTO paHTa rpu0OB ¢ HECENTHPOBAHHBIM MUIIEITHEM,
IJIOMEPOMUKOTBHI, NIPEJICTABIEH MOYTH UCKIIOUUTEIbHO JTUITAHHUKOBBIMU WIIN
napasuTu4eckuMu (popmMamMu. MHOTOKJIETOYHBIE Tella BBICIIUX pPAaCTCHUN
(KMBBIX WM MEPTBBIX) — 3TO JOJTOBPEMEHHBIE CYOCTpaThl, CIIOCOOHBIE
MOJACP>)KUBATh BHYTPH Ce0sl JUINTENbHOE CYIIECTBOBAHUE M PAa3BUTHE BBICIINX
MULETUAIBHBIX  IpuboB. Mcrtopuss rpubOB, HayaBIIMCh C Mapa3UTOB
OJTHOKJICTOYHBIX BOAOpPOCIEH, uepe3 JIMIIAWHUKO- U MUKOpHU3000pa3oBaTeneit
IpHBEJa K BBIXOAY Ha CYIy BBICIIUX PAaCTEHUIl, MOSIBICHUIO OOJIBIIMX 3aI1acoB
OpraHMKH, IPeoOpa30BaHUe KOTOPHIX MHUIIEIHAIEHBIME Ipudamu (IIpH y4acTuu
APYTUX MHKPOOPIaHW3MOB) MPUBENIO K OOpa30BaHHIO TIOYB, PErYIHPOBAHUIO
CTOKa M B KOHIIEKOHIIOB (POPMUPOBAHUIO COBPEMEHHOT'0 O0JIMKA 3eMIIH.
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O6cyxnatores COBpEMEHHBIE BO3MOXKHOCTHU MOJICKYJISIPHO-
OMOJIOTMYECKMX METOAOB JUIsi HM3yd4eHHUs pa3HooOpas3us, CTPYKTYpbl H
(GyHKIMOHATLHON aKTUBHOCTH MUKPOOHBIX COOOIIECTB.

KitoueBble clloBa: TaKCOHOMHS OaKTepHid, MOJICKYJISPHBIE METOIbI,
[P, PB-IIIP, merareHoMuka, (pyHKIHOHAIbHAS AKTUBHOCTH MHUKPOOHOTO
coo0I11ecTBa

The modern use of methods of molecular biology for the study of
diversity, structure and functional activity of microbial community is
discussed.

Key words: bacterial taxonomy, molecular methods, PCR, RT-PCR,
metagenomics, functional activity of microbial community

MoJeKyIsIpHO-TEHETHYECKHE IMOAXOABl MPOU3BEIM  PEBOJIOIUIO B
mukpobuonorun B 90-e rompl XX Beka M MO Mepe COBEpIICHCTBOBAHHUS
TEXHOJIOTHYECKON W peareHTHOW 0a3bl YCHIMBAIOT CBOE BIIMSHUEC B PasHBIX
00J1acTsIX MUKPOOHOJOTMUYECKUX HcCieoBanuii. Ha camoM mepBoM sTame ux
aKTHBHOE HCIIOJB30BAHHE B MHKPOOHON OKOJOTHH OCHOBBIBAIOCH Ha
NPUMEHCHUH TOJIMMEPA3HOW IIEMHOW PEeaKIMh U MOCICAYIOIIEro aHan3a
aMILTHKOHOB ¢ MMOMOIIbI0 Kiaonuposanus (Lane et a., 1985; Stahl et al., 1985;
Amann et al., 1995 u np.) WM AECHATYPUPYIOLIETO T'PAJAMEHTHOTO Teib-
anektpodopeza (Muyzer et a., 1995; Ferris et a., 1996 u np.). Dt
WCCIIC/IOBAHMSI  BBISBUJIM ~ OTPOMHOE  pa3HOOOpa3we MHKPOOPTaHH3MOB,
MHOKECTBO HEKYJIbTHUBUPYEMBIX TPYII M OTKPBUIM IIMPOKHE BO3MOKHOCTH
Ui u3ydeHuss OakTepuil 0Oe3 KyJbTUBUPOBAHMS, HEIMOCPEACTBEHHO B
npupoaHoM obpasie (Amann et al., 1995; Theron, Cloete, 2000; Pernthaler,
Amann, 2005; Lewis et al., 2010 u np.). brarogaps 3Tum padoram K KOHITY XX
BEeKa B TAKMX HAIpPAaBICHHUAX KaK KyJbTHBHPOBAHHWE W TAKCOHOMHMs OaKTepHii
uccliieoBaTeu cHOpMyJIMPOBAIM IENIbIA CHEKTP HOBBIX IeNiel W 3aj1ad, B
OCHOBHOM OTBEUAIOIIMX Ha BOMPOCHI «KTO?» M «rnue?». [locteneHHo ObLIN
BBIJICTICHbI  IIEJIBIC  KJIACTEPhl ~ HYKJICOTHIHBIX  IOCIEI0BATEIbLHOCTEH,
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XapaKTepHBIX [UIS TPEACTABUTENCH CaMbIX pPa3HOOOPAa3HBIX MHKPOOHBIX
coo01iecTB. bbuin MpeAnpuHATH yCHelHbIe MOMBITKH M0J00pa CeNeKTUBHBIX
YCIIOBUW  JUIsi  KyJbTUBUPOBAHHS ~ KOHKPETHBIX  MHKPOOPTaHH3MOB U
MOATBEPK/IEHO CYIIECTBOBaHME HOBBIX TaKCOHOMMYecKUX JnHuUM. [Iporpecc,
KOTOPBI TPOWCXOAUT B KJIACCHYECKOM MHUKPOOMOJIOTHH, OYEBUICH, a
KOHLEMIUS <«HEKYJIbTUBUPYEMOCTHU» HEKOTOPbIX OaKTepHalbHBIX TPYIII
paspymaeTcss o0 Mepe pa3BUTHS METOJMUYECKUX IOJXOJ0B, PEAareHTHOUW H
uHcTpyMeHTanpHOU 0a3el (Duetz, 2007; Alain, Querellou, 2009 u nap.).
Hanpuwmep, oaHa U3 caMbIX pacpOCTPaHEHHBIX IreTepoTpodHBIX OakTepuil Ha
mianete — Pelagibacter ubigue SAR-11 — Gbia yCrenHo KyJIbTHBUPOBaHA U
M30JIMPOBaHa C HUCIIOJIB30BAHUEM MOPCKOM BOJBI C HU3KOW KOHLIEHTpauuen
dbochopa u ammonus (Rappe et a., 2002). IlepBoiii Me30(HIBHBIN
npezacraBuTenb KpeHapxeor — Nitrosopumilus maritimus, Takke moBceMecTHO
pacnpoCcTpaHEHHBIH [0 BCEMY MHUPY, YIalOCh BBIICTUTh B KYIbTYpPY
MOCIIEI0BATEIBHBIM Pa3BECHUEM HAKOMHUTEIbHBIX KYJIbTYP, BBIPAIICHHBIX HA
GbuIBTPOBaHHONW MOPCKOM BOjE ¢ mobaBieHneM xjopuaa ammonus (Konneke
et a., 2005). Takum o00Opa3oM, MOJEKYJspHAs MHUKPOOHOJIOTHS CHayaja
MOCTaBUJIa T0J] COMHEHHE YBEPEHHOCTh MHKPOOHOJIOrOB Hayalla MpOILIOro
BeKa B TOM, YTO KYyJIbTUBHUPYEMbIE Ha CEIIEKTHBHBIX MHUTATEIBHBIX Cpeaax
MHUKPOOPTaHHU3Mbl OTPaKalOT UCTUHHYIO KapTUHY NMPUPOIHOTO pazHOOoOpa3us,
a 3aTeM M OCHOBHOM TIOCTYJaT  KJIACCHYECKOH  MHUKpPOOHOJIOTHH,
YTBEPKAAIOIINM, UTO «HH OJIMH OPTaHU3M HE MOXKET OBbITh KJIacCU(UIIMPOBaH,
He Oyayud KyJbTHBHPOBaHHBIM» (ompeaenutenb bepru). BosibmuHCTBO
(haHTOMHBIX  (PWJIOTEHETHMYECKUX  JIMHUM  OakTepuid, TEpPBOHAYAIBLHO
OIpEJIEIEHHBIX TOJBKO MO HYKJICOTHIHBIM IOCIEI0BATEIBLHOCTIM (parMeHTra
reHa manoi cyowseaumHuiel pudocomuoit PHK, rom 3a romom HaxomsT cBomx
KYJTbTUBHPYEMBIX TPEICTaBUTENCH, M X KIacCUPUKALK HAYMHAET 00peTaTh
tpamuironnsie ouepranus (Cohan, 2002; Gevers et al., 2005; Cohan, Perry,
2007; Gao, Gupta, 2012 u mp.).

O4eBHIHO, UTO MOJIEKYJISIPHO-TEHETUYECKUE TEXHOJIOTUH CHAOAUIU U 10
CHX TMOp CcHa0XalT Hac OecnpeleeHTHbIM JIOCTYIIOM K OIHMCaHHUIO
pPa3sHOOOpa3us U cocTaBa OaAKTEPUATBHBIX COOOIIECTB PA3IMYHBIX IKOCUCTEM U
BIIEPBBIC JIAIOT BO3MOXKHOCTh MACHTHU(HUIMPOBATH YUCICHHO JTOMUHUPYIOIINE
OpraHM3Mbl W Yy3HaTh OoJyibllle 00 HMX paclpoCTpaHEHHUH BO BPEMEHH H
MPOCTPAHCTBE. Hecomnenno, pa3BuTHE TEXHOJIOTHI
BBICOKOIIPOU3BOJIUTENIBHOIO ~ CEKBEHHUPOBAHUS  IO3BOJWIO  UCKIIOYHUTH
Hanbosiee TPYAOEMKYIO CTaJuI0 — KIOHHUPOBAHUS — M3 IMPOLEcca MOTyYeHHUs
METareHOMHBIX JTaHHBIX. MeTareHoMiKa — OTHOCUTEILHO HOBOE HalpaBJIeHHE
B HAy4yHBIX HCCIEOBaHUAX, HO 3a 15 g;er cBoero oOQUIMATHLHOTO
CYLIECTBOBAHMSI MPOIILIAa UHTEPECHBIHN 3BOIIOIUOHHBIN MMYTh U SIBISIETCS OJTHUM
u3  Hauboiee  pe3yNbTaTUBHBIX  HMHCTPYMEHTOB B MOJIEKYJISIpPHOU
MukpoOuonoruu. IlepBoHayalbHO — WCKIIOUUTENBHO OMNKCATEIbHAS IO
npupoje, Tpenjararomas He Ooiee, 4eM CIMCOK BHJOB JJIS MHOXECTBa

50



paznuunbix skocucteM (Grahn et a., 2003; Gilbert et al., 2008; Wu et al., 2012
u 1p.). [lo3aHee, OpHEHTHPYACh HA HAOOpP TeHOB, HAWICHHBIX B MPHPOIHBIX
oOpa3uax, TMOSBWJIACh  BO3MOXKHOCTH  IpelCcKa3aTh  (YHKIHMOHAJIbHBIC
0COOEHHOCTH MHUKPOOHBIX cOOOIIeCTB. B HacTosIee BpeMs 3TO HampaBieHHE
B Ouomormueckoil Hayke oOperaer cBoe coOCTBeHHOe «S». Habop
METOJIMYECKUX TOAXO0A0B, OHMOMH(OPMALIMOHHAS MOJAEPKKA, TEOPETHUUECKOE
000CHOBaHME TOJIYYEHHBIX pe3ynbTaToB. OJHAKO A0 CHX MOpP OOJBIIMHCTBO
UCCIIEIOBaHMM, HCIOJIB3YIOIUX MOJEKYISPHbIE METOIbl Ul ONpEeIeHUs
0aKTepHaIbHBIX TAKCOHOB B MIPUPOIHBIX BOJAOEMAX, SIBIISIOTCS HCKIIIOYUTEIHHO
OnucaTeNbHBIMU IO MPUPOJIE, MPE/JIaraloliuMu He 0oJiee YeM CIHCOK BHOB
Ul pa3MYHBIX DKOCHUCTEM WJIM TIPECIOBYTOE <«COOpaHUE KIOHOB», U
OTBEYAIOIIMMHU Ha BOTIPOCHI KKTO?» U <«TIE?».

Hecmotpst Ha TO, 4TO OMUCATENbHBIN TOIXOJ SBISETCS HEOOXOIUMOM
MepBOI cTaguell B Tporpecce JIF0OOW €CTECTBEHHOW HAyKd, OH HE MOXKET
CHaOIUTh HAC CIOCOOHOCTHIO TPEIBUIETH, HEOOXOAMUMOW [UISl CO3AAHHUS
CUHTETMYECKOTO TIOHMMAaHUsl JKOJIOTMH MHUKpPOOHBIX coobmectB. s
3¢ (HEKTUBHOTO JalbHEHIIEro pa3BUTHUS HEOOXOAMMO OTBETUTh HA BOIPOCHI
«KaK?» W «moueMy?», chOpMHUPOBATh CTPYKTYpy HWJIM Kapkac, B pamMKax
KOTOPOTO ONPEENUTh KOJIMYECTBEHHOE paCIpeleIeHHEe TaKCOHOB WM
(GUI0TUIIOB, OCHOBAaHHOE Ha IMpoliecce WM MexaHusme. [[isi KOMITIEKCHOM
OLIEHKHM MHUKPOOHBIX COOOIIECTB HEOOXOAUMO MOTYYHTh, CPABHUTH U OI[CHUTh
CIIeyIOIIHe TOKA3aTeNH:

1 Pa3nooOpasue — xapakTepu3yeTcs 0 HaATMYUIO/OTCYTCTBHIO KaK
KPYNHBIX OaKTepHaIbHBIX TaKCOHOB, TaK M OTHAEIbHBIX POJOB U BHUJOB
MHUKPOOPIaHU3MOB, SBJSIIOIIUXCA HHIUKATOPAMU ONPEACICHHBIX (PU3UKO-
XUMHUYECKHUX TapaMeTpOB Cpeibl 0OUTaHUS.

2. Crtpykrypa cooliiecTBa — ONPEAENsSeTCS KOIUYeCTBEHHBIMH
COOTHOILIECHUSIMU OTJIENbHBIX OaxkTepuaIbHBIX rpymn pa3zHoro
TaKCOHOMMYECKOT'O YPOBHS.

3. OyHKIIMOHATBHAS aKTUBHOCTH MHKPOOHOTO cOO00OImecTBa —
OLIEHUBAETCS 110 HAJIUYUIO TEHOB, KOAMUPYIOUIMX KIIOYEBbIe (epMEHTHI
KaTabOIMYEeCKUX PeaKIThil.

JUIs KOJIMYECTBEHHBIX OLIEHOK OTIENbHBIX TAaKCOHOMUYECKUX IpyNIl B
CMEMNIaHHBIX MHKPOOHBIX TOMyJsAnuax ucnoisdyercs I[P B peambHOM
Bpemenu (konmuuectBennas [P, kI1L[P, anrn. Real-time PCR, qPCR). Otor
71ab0paTOpHBIN METOJ| HCIONb3yeTCs Ui OAHOBPEMEHHOW aMIUIM(pUKALUU U
U3MEpEHUsl KOJIMUYECTBA OINpeAesieHHoro Buaa nociuenosarenpbHocteid /JHK B
oOpasie (M3MepeHre HEMOCPEJACTBEHHO KOJMYECTBA KOMHM, JIMOO U3MEpeHUE
Konuii oTHOcHTENbHO BHeceHHOU JIHK iy 1omonHuTenbHBIX KaIMOPOBOYHBIX
reroB). OcHoBHOe omimure oT III[P cocrour B TOM, YTO H3MEpPSIETCS
KonnyecTBo amruudunmposantoi JJHK B peanbHoM BpeMeHH TOCIE KaKI0TO
nukia ammmdukanuu. s KoNM4ecTBEHHOTO OMpeesieHUs] UCIONb3YIOT Ba
MeToAa — (DIIyOpECIeHTHBIE KPACUTENH, HHTEPKAJIUPYIOLIUE B ABYLEIOYCUHBIE
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monekynel JIHK, u wmomudunupoBaHHbIE I€30KCHHYKICOTUBI, KOTOPHIC
(baroopecIupyoT mociie THOPUIM3AIMH ¢ KOMIUIEMEHTAPHBIMHU ydacTKaMu
JIHK. [l KOppeKTHOW KOTWYECTBEHHON OIICHKH HEO0OXOIUMO HCIIOIh30BATh
cneruduunbie JITHK crangapter. 910 moxer ObiTh JIHK, m3onupoBanHas w3
BAJIMMPOBAHHBIX ITAMMOB Ipokapuot, uin miazmuanas JIHK, conepxamas
BCTaBKY (pparMeHTa 1eJIeBOro TeHa W3BECTHOTO MUKpoopranusma. [Ipodiemst,
BO3HUKAIOIINE MPHU KCIOJIb30BAHUM U3BECTHBIX IITAMMOB, OYEBUJIHBI. HE BCE
TAKCOHBI, IOMUHUPYIOUIME B T€X WJIM UHBIX MPUPOIHBIX IKOCUCTEMAX, IO CHX
op SBISIOTCS KYJAbTUBHUPYEMBIMH, HE [JIsi BCEX IITAMMOB HW3BECTHA
KOIMUMHOCTh 1eJieBbIX TreHoB B rTeHomHoi JIHK. Ha »sToit  cragum
nenecooOpa3Hee  WCMONB30BAHUE  TPAAWIIMOHHOTO W MPOBEPEHHOTO
JNECATWICTUSAMHA MOJICKYJISIPHO-TEHETUYECKOr0 TO0JX0Jla, OCHOBAaHHOIO Ha
amMIuTUKaIY, KIOHUPOBAHHUH 1[€I€BOT0 aMIUIMKOHA, M €ro WACHTU(UKaIH
C MOMOIIBI0 ceKBeHUpoBaHus 1o CaHrepy. Takue OMOIMOTEKH, COAEpIKalIne
KynbTypel Escherichiacoli ¢ mnmasmunamu ¢ 1eJIeBBIMH T€HAMH aKTUBHO
WCIIONB3YIOTCS 711 U3YYECHHS HE TOJIBKO CTPYKTYPhl MUKPOOHBIX COOOIIECTB,
HO W (PYHKIMOHATHHOW AKTUBHOCTH OTICNBHBIX (DU3MOJOTUYECKUX TPYIII
mukpoopranuzmoB (Takai, Horikoshi, 2000; Yu et al., 2005; Lim et a., 2008;
Boteset a., 2013 u p.).

Takum 06pa3om, HCTIOIB30BaHUE MOJICKYJISIPHO-OUOIOTHIECKUX METOJIOB
B MHKPOOHOW SKOJOTHH BKIIOYACT IMUPOKUH CHEKTP MOIXOAO0B, OCHOBAHHBIX
Ha aHaIM3€ HYKIEHHOBBIX KHCIOT. OHHM 00JagaroT psAIOM  SIBHBIX
MPEUMYIIECTB o CpaBHEHUIO v OMOXUMHUYECKUMHU R0
MUKPOOHOJIOTHYECKUMHA ~ MeToJaMu. HEeCOMHEHHO  OCHOBHOE —  3TO
BO3MOKHOCTh aHAJIM3a U UACHTUPHUKAIMK OaKTepHii 6e3 X MpeaBapUTEIHLHOTO
KyJabTUBHpOBaHUs. OIHAKO K O3TOMY CIEAyeT J00aBUTh YHHUKAIbHYIO
BO3MOXKHOCTb KOMILICKCHOTO aHanmsa MUKPOOHBIX NOMYJISLNN,
XapaKTEPUCTUKU HE TOJIBKO WX Pa3HOOOpa3Hsi M COCTABJICHHS «CITMCKA BHIOBY,
HO W CTPYKTYpbI, (QYHKIMOHATBHBIX OCOOCHHOCTEH W aKTHBHOCTH. ITO
CTAHOBUTCS BO3MOXXHBIM OJjlarojiapsi COYETaHWUIO TaKUX METOJOB Kak
KJIaccu4ecKas 51 KOJIMYECTBEHHAS [1LLP, KJIOHUPOBaHUE 51
BBICOKOTIPOU3BOIUTEIIBHOE CEKBEHUPOBAHHUE.
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OTKPBITUE HOBBIX TAKCOHOB 3EJIEHBIX BOJIOPOCJIEM:
MOJIMP®A3HBINA MOJIXO]]

A.Jl. TempaJjieeBa

Hucmumym ¢usuxo-xumuueckux u 6U0102u4ecKux
npobnem nougosedenus PAH
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Ha npumepe COOCTBEHHBIX U JIMTEPAaTypHBIX JAHHBIX OIKMCAHO
COOTBETCTBHUE pa3HbIM TaKCOHOMMUYECKUM paHram HEKOTOPBIX
MOpPQOJIOTHYECKUX IPHU3HAKOB y MPEJICTABUTEIEH 3€JIeHBIX BOAOPOCIEH.
PaccMoTpeHO ncIosib30BaHUE Pa3IMUHBIX T€HOB IPU BBIACICHUU U ONMCAHUU
HOBBIX TaKCOHOB. [IoKa3aHa 3HAYMMOCTH KOJIOTMYECKHUX XAPAKTEPUCTHUK IIPU
BUZIOBOM HIeHTH(UKALIUU 3€JeHbIX Bogopocieil. CaenaH BBIBOA, YTO
BBIICJICHUE HOBBIX TAKCOHOB 3€JIEHBIX BOJOPOCIECH WU IEPEONHCAHHE H
pasfelieHne yXKe CYIIECTBYIOIIMX BCErJa JOJDKHO OCHOBBIBAaTbCS Ha
nonudasHOM TMOJX0Jle, KOMOWHHUPYIOIIEM Ha0op MOP(OIOTHYECKUX U
9KOJIOTMUECKUX IPU3HAKOB M JMANa30HOB BHYTPUBUIOBOM, MEXBHIOBOU U
MEXPOJOBOM T'€HETUYECKOW M3MEHUMBOCTH II0 KaXAOMY M3 HMCCIEIOBAHHBIX
MOJIEKYJISIPHBIX MapkepoB. IloquepkuBaercs, 4To JaHHBIE CBOMCTBA SIBISAIOTCA
WHIVBUAYAJIBHBIMU B 3aBUCUMOCTH OT YPOBHSI TAKCOHOMUYECKOW KaTETOPHUH H
OMOJIOTHYECKUX OCOOCHHOCTEN MCCIelyeMOM IPYIIIBI 3€JIEHBIX BOAOPOCIIEH.

KitoueBble coBa: HOBBIE TAKCOHBI, 3€JIEHBIE BOJOPOCIH, (HIOTEHMS,
crcTeMaTHKa, NoJauQasHbIi MOAX0

DISCOVERY OF NEW TAXONS OF GREEN ALGAE:
POLYPHASIC APPROACH

A.D. Temraleeva

Institute of physico-chemical and biological problems of soil science of RAS
142290 Moscow region, Pushchino, Institutskaya st., 2
E-mail: temraleeva.anna@gmail.com

The correspondence of some morphological characters to different
taxonomic ranks of green algae is described based on author’s and previously
published data. We considered use of different genes for discovery and
description of new taxa. The significance of ecological characteristics for green
algae species identification was proved. We concluded that discovery of new
taxa of green algae or reconsideration and distinguishing of existing ones must
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be aways based on polyphasic approach which implies a set of morphological
and ecological features and ranges of intra-, interspecific and intergeneric
genetic variability for every of molecular markers studied. We would like to
stress that these features are specific to the taxonomic level and biological
peculiarities of green algae groups under study.

Key words. new taxa, green algae, phylogeny, systematics, polyphasic
approach

Cucrematuka — 3TO Hayka O MHOrooOpasMM OpPraHu3MOB M UX
COBOKYMHOCTEH. OCHOBHOM €€ 3a/Jauei SBJISETCS MOCTPOEHUE €CTECTBEHHOM
CHCTEMBl ~ OpPraHMYeCKOro  MHpa, KOTOpas  NIpPaBWIbHO  OTPaXKaeT
Ouopa3zHoOOpa3ue OpraHu3MOB W HMX B3auMocBsizu. [lo pesynbTaram
KJ1accu(UIUpOBaHUS pa3pabarbIBarOTCA JMAarHOCTHYECKUe KJIIOYH,
MO3BOJISIIOIIME  OMpPENEeNsATh CHUCTEMAaTHUYECKOEe TIOJIOKEHHE HCCIIEqyEeMbIX
opraHu3MoB. /[[ng BblAETICHHS HOBBIX TAKCOHOB HCIOJB3YIOT pa3IMyHbIe
MpU3HAKU BOJOpOCIEH, BBICTyHaroIMe B poiau KputepueB. [IpusHaku
KJIaCCU(QHUUUPYIOT 1O yPOBHIO WX HM3MEHYMBOCTH (cTaOWwibHBIE U
HU3MEHYMBBIC), 110 XapakTepy MposiBiicHUs (KaueCTBEHHbBIC U KOJIMYECTBEHHBIE),
1o TpeAMeTy uccienoBanus (Mopdonoruyeckue, OMoXxuMuueckue u 1.71.). Ha
mporspkeHn 19 w20 BB. OCHOBHOHM TaKCOHOMHUYECKHH BeC TMpH
UACHTUUKAIIMM ~ 3€JIEHBIX  BOJOpOCield wuMenu Mopdosiornyeckue u
pa3MepHble  XapakTepucTukud. Mopdonoruueckas  KOHLENUHMA  BHJA,
JOMUHHUPOBABIIAS B OSTOT NEpPUOJ, paccMaTpuBaja BHJ Kak TpYIIy
MOp(}ONOruuecky HMIEHTUYHBIX MM CXOJHBIX Opranu3moB. OJHAKO BHIOOD
MOP(OJIOTHYECKOT0 KPUTEpUs JUISI TOYHOM BHJIOBOM JHArHOCTHUKU WU
OMMCaHHs HOBOT'O TaKCOHA JOCTATOYHO cJOXKeH. MHorue mopdonoruyecku
CXOJIHBIE 3€JIEHbIE BOJOPOCIU BCJIEACTBHE KOHBEPTEHTHON JBOJIOIUH U
yhpoIieHus MophOoJIOTUN 10 OJHOKJIETOYHBIX MIJIM MPOCTBHIX HUTYATHIX (Popm
sBisiiorest  noiudunernunbiva - (Lewis, McCourt, 2004). 3a mocienHee
necstTuiieTue ObUla MoKa3zaHa MOMUGMIMS psAa POJOB 3€JEHBIX BOIOPOCIEH:
Chlorella (Luo et a., 2010), Trebouxia (Skaloud, Peksa, 2010),
Chlamydomonas (Préschold et al. 2001; Proschold, Leliaert, 2007), Planophila
(Friedl, O’'Kelly, 2002), Chlorosarcinopsis (Watanabe et al., 2006a) u ap.
KonBeprenTtHasi 3BOJNIOIMS, OCOOEHHO Yy MPOCTHIX (OPM MHUKPOOPTaHHU3MOB,
MOJKET HPUBECTH K HEIOOLEHKE OMOJOrMYECKOro pazHooOpasus, Kak ObLIO
YK€ HEOJIHOKPATHO MPOAEMOHCTPUPOBAHO B HUCCIEIOBAHUAX KPUITHUECKUX
BUJIOB 3elieHbIX Bogopocaeii (Lewis, Flechtner, 2004; Skaloud, Peksa, 2010). C
Jpyroil CTOPOHBI, (peHOTUIHYECKas! INTACTUYHOCTh MOXKET IMPUBECTH K PEIKOMY
YBEIIMYECHUIO  KOJNMYECTBAa BUJOB  BCIEACTBUE TMPHHATUS  PA3TMYHBIX
Mop¢onoruueckux (opMm 3eleHbIX BOJOpOCHel 3a pa3iuuHble BHABI, a,
ClIeZIOBAaTeNbHO, K MEPEOleHKE BUA0BOrO pazHoobpasus. Hampumep, BuoBoe
00raTcTBO HEKOTOPBIX POJOB 3€JIEHBIX BOJOPOCIEH SBIAETCS YIWBUTEIHHO
oonpimmM, Hanpumep pox Chlamydomonas cocrout u3 1166, Scenedesmus —
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u3 486, Chlorella —u3 106, Chlorococcum — u3 84, Characium — u3 93 BunoB
Y BHYTPUBHUJOBBIX TAaKCOHOB, OMMCAHHBIX MIPEUMYIIECTBEHHO IO MOP(OIOrun
(Guiry, Guiry, 2014). JI.A. Jlesuc u B.P. ®nextuep (Lewis, Flechtner, 2004),
IPUHAB BO BHUMAHHE BBICOKYIO (DEHOTHIIMYECKYIO IUIACTMYHOCTh pOJa
Scenedesmus, npearnonararoT, YTO MOJICKYJISIPHBINA aHAIH3 BBISIBUT HA MOPSIOK
MEHbILIE BHJIOB, 4Ye€M YK€ OIMCaHO B JIUTEpaType ¢ IOMOIIbIO
Mop¢oJorHUecKux KpurepueB. TakuMm o00pa3oMm, ymop HCKIIOYUTEIHHO Ha
MOP(QOJIOTHIO 3€JIE€HBIX BOJOPOCIEH M MPENNOOKEHHEe O TOM, YTO CXOJAHas
MOp(OJIOTHS CBUACTENBCTBYET O OJNM3KOM TI'€HETHYECKOM pOJICTBE, MOXKET
IIPUBECTH K HETOYHOCTSM U JaXKe OIINOKaM B cUCTEMaTHKe TakcoHOB. [1o mepe
HAKOIJICHUS HOBBIX JIAHHBIX 00 YIBTPACTPYKTYPHBIX M  (DU3HOIIOrO-
OMOXMMHUYECKUX CBOMCTBAX BOAOPOCIEH CTa0 OYEBUHO, YTO UCIOIb30BAHUE
UCKJIIOUUTENBHO  (EHOTUIUYECKHX MPU3HAKOB, B HEKOTOPBIX CIydasx
HECTa0MJIBHBIX M BeChbMa H3MEHYMBBIX, HEIOCTaTOYHO JUIsI YETKOIro
pasrpaHMuYCHHs] TPaHHUI TaKCOHOB pa3iauyHoro panra. C pa3BuTHEM
MOJICKYJISIPDHBIX ~ TEXHOJIOTUHM,  (UIOreHeTHYecKas  KOHLENUUs  BUIA,
OCHOBAaHHAasi Ha TEHETUYECKOH OJHOPOAHOCTH TOMYJISIMM, BBIXOJUT HAa
nepBblii muaH. OAHAKO UCMNONB30BaTh €€ HeoOXOAMMO HE B3aMeH
TPaIUIIMOHHBIM MOX0JaM B CUCTEMAaTHKE BOAOPOCIIEH, a COBMECTHO C HUMH.
VIMeHHO wM3-32 OTCYTCTBHSI OJHO3HAYHOIO M YHUBEPCAJIBHOIO KpUTEpUs
OIpeNiesIeHUs] BHJA JUIS OLIEHKM OOIIero OorarcTBa BHJOB M pa3zHOOOpa3us
3€JIEHbIX BOJOPOCIEH B BOJHBIX U HA3€MHBIX dKOCHCTEMaX, HHTEPIPETALNU UX
9KOJIOTUM U Ouoreorpaduu Tpedyercs monudasHbIil MOAX0J, YUYUTHIBAIOIIUN
MOP(OJIOTHYECKHUE, YIATPACTPYKTYPHBIC, OMOXUMHYECKHUE, (PU3HOJIOTHUUECKHE,
HKOJIOTUYECKHE M  MOJEKyJsipHble JaHHble. [losTomMy  GOJBIIMHCTBO
COBPEMEHHBIX PadOT 10 OTKPHITUIO HOBBIX JUIs Hayku TakcoHoB (Watanabe et
al., 2006a, 6; Aslam et al., 2007; Zhang et al., 2008; Nakada, Nozaki, 2009;
Nemcovaet a., 2011; Neustupa et al., 2011, 2013a, 6 u ap.) WK PECBU3UH YKE
onucannbx (Darienko et a., 2010; Fucikova, Lewis, 2012; Hegewald et .,
2013; Skaloud et a., 2013; Matsuzaki et a., 2014 u ap.) OCHOBBIBaeTCS

MMCHHO Ha 5TOM IIOAXOAC.

Hcnoan3oBanne Mop¢oIoruyeckKuX JaHHBIX NPH Bbl/1eJIeHUN U ONIMCAHUHT
HOBBIX TAKCOHOB 3eJICHBIX BO/IOPOC.Iei

B cootBerctBHMM ¢ monuGazHbIM IMOAXOJOM IEPBBIM IIATOM K
BBIJICTICHUIO M BaJIMJAlMM HOBOTO TaKCOHA 3€JEHBIX BOJOPOCIEH SBISETCS
oInucaHue ero Mop(hoJIOTHH U >KW3HEHHOTro nukia. Cpean Mopdosiornyeckux
NPU3HAKOB TIPM TAaKCOHOMHYECKOM OIPEAETICHUH 3€JCHBIX BOJOPOCIEH
TPaIUIIOHHO UCIIONB3YIOT CIEAYIOIINE:

1. Tum opraHu3aIUU TALIOMA,

2. (opma BereTaTUBHBIX KIIETOK;

3. KoimuecTBO U (hopMa XJIOpOIIACTa;

4.  crnocoOHOCTH K 00pa30BaHUIO KOJIOHHH U X (OopMa;
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5. CcTpoeHHE KIJIETOYHBIX OOOJI0YeK W  HAIUYUE  CIU3UCTHIX
o0pa3oBaHMii,

6. HaiMMuyue, KOITUYECTBO M CTPOCHUE MTUPEHOUIOB,;

7.  KOJWYECTBO S7Ep;

8.  Tum pa3sMHOXEHUS,

9. Hammuue, hopMa B paCIONOKEHNE CTUTMBI;

10. pacnonoxeHue, KOIUYECTBO U THIT KT'YTHKOB,

11. HakoIUleHUe 3alacHBIX ITUTATEIbHBIX BEIIECTB.

Pazbepem  cooTBeTCTBHE  TAaKCOHOMHUYECKHMM  paHTaM  JIaHHBIX
MOp(}OTOTHYEeCKHX TPU3HAKOB Yy TPEACTaBUTENIeH 2-X KJIacCOB 3EJICHBIX
Bonopociueit Chlorophyceae u Trebouxiophyceae, ucnonb3ys coOcTBeHHBIE U
JUTEPATypHBIC TaHHBIC.

Tum opraguzaliuy TaaIoMa

MHorue CHUCTEMBI 3€JI€HBIX BOJOPOCEH Ha OCHOBE MOP(OIOTHUECKOM
KOHIIENIIMK BHUJIA TMPHU3HABAIM THII OpPraHU3allMd TajyloMa TMPH3HAKOM Ha
ypoBae mopsaakos (Auapeesa, 1998; Proschold, Leliaert, 2007). C pa3sutuem
MOJIEKYIIIPHO-(DUITOTEHETHYECKOTO aHallk3a ObUT0 HEOJHOKPATHO IMOKA3aHO C
MOMOIIBIO  PA3IMYHBIX HE3aBUCHUMBIX MOJEKYJISAPHBIX MapKepOB, YTO
OJM3KOPOJCTBCHHBIE TAKCOHBI YacTO HMMEIOT a0CONIOTHO — Pa3IHYHYIO
OpraHM3alio  TauioMa. Tak BOAOPOCIM  HEKOTOPBIX BHJOB  poja
Chlamydomonas ¢ MonagHOW oOpraHu3aiyell TeHeTHYeCKH OoJiee OJIM3KH K
capuMHOMAHBIM  BHaamM poaoB Fasciculochloris, Heterotetracystis wu
Hemiflagellochloris, a He monamusiM pomam Lobochlamys, Oogamochlamys,
Chloromonas(Watanabe et al., 2006 6). [To manusiMm JI.A. JleBuc u D.P.
Tpaitnop (Lewis, Trainor, 2012) MHHUMaQJIbHOE T'CHETHYECKOEC pa3IUYUNE
moKasaid KOKKOHIHBIE Bomopociu poxa Jpongiochloris, pox Protosiphon c
cudponanpHoi  (HekimerouHoW) opranmsammeii u  Chlorosphaeropsis,
o0Opa3yromuii capimHOUAHBIC TTAKEeThl KJIETOK. TakuMm 00pa3oM, HAKOTUICHHBIN
OIBIT B 00JTACTH MOJIEKYJIIPHOM CHCTEMATHKH HE MO3BOJISIET CYMTATh JaHHBIN
NpPU3HAK HAJCKHBIM U pa3rpaHUYeHUs] TAKCOHOB HA YPOBHE MOPSIKOB U
CEMEMCTB, HO XOPOIIIO pa3aeisieT OJM3KOPOACTBCHHBIE POIBI.

dopMa BETeTATUBHBIX KIETOK,
CcH0COOHOCTH K 00pa30BaHUIO KOJIOHUM U uX opMa

B TpaagummonHoi cuctematuke (opma KIETKH 3€JEHBIX BOIOPOCIICH
HCIOJIB3YCTCA KaK ,Z[I/IaFHOCTI/I‘-IeCKI/Iﬁ IIpU3HAK Ha POAOBOM U BHUJAOBOM
ypoBussx (AngpeeBa, 1998). Hampumep, pasmuunas ¢opma KIETOK,
CIOCOOHOCTh O00pPa30BBIBATH KOJOHUM M HMX pa3nuyHas (Gopma SBISIOTCS
HAJEKHBIMH JUAKPUTUYECKUMHU MPHU3HAKAMU, Pa3eIiolUMU POJIbl 3€JeHbBIX
Bojopociieii  cemeiictBa Selenastraceae:  Ankistrodesmus, Kirchneriella,
Monoraphidium, Nephrochlamys, Podohedriella, Quadrigula, Raphidocelis,
Rhombocystis, Selenastrum wu Tetranephris. [lanubie MOpQoIOrHyYecKue
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CBOWCTBA XOpOILIO COTJIACYIOTCS € MOJIEKYJIsipHBIM aHanmu3zom 18S p/IHK
(Krienitz, Bock, 2012).

KonnuectBo XJIOPOILIAaCTOB U UX d)ODMa

B coBpemeHHOl cucTeMaTHKe 3€J€HBIX BOJOPOCIEH THIT XJIOPOIIACTOB
(ueHTpaJbHBI WM TPUCTEHHBIH) M HMX KOJMYECTBO OIICHUBAIOTCS Kak
NpU3HAaKHd  POJOBOTO  YpOBHA, (opma Xjopormjacra, Kak IIPaBHIIO,
UCIIOJIb3YETCsI TP paszrpanndeHuu BuIoB (Auapeesa, 1998). Ham HensBecTHO
HU OJHOTO DOJia 3€JEHBIX BOAOPOCIEH, BUABI KOTOPOTO HMMENH Obl pa3HbIe
THUIBI XJIOPOIUIACTOB B 3pEINBIX BEreTaTWBHBIX KieTkax. OIHAKO Hajau4ue
OJJHOTO THIIA XJOPOIIACTa WM OJMHAKOBOE HX KOJIMYECTBO Yy JBYX
onmmskopoacTBeHHbIX poxoB, Hampumep Chlorella u Parachlorella, ne
O3HayaeT uX TakcoHommueckoi Hepaauanoctu (Krienitz et al., 2004).

CTDOGHI/IG KJIETOYHBIX 000J10Y€K U HAIMYKE CIIM3UCTHIX 06Da30BaHPII>'I

[Ipu onpeneneHnn BoIOpOCICH 0OBIYHO OTMEUAIOT TOJIIIUHY CIU3UCTOU
00O0JIOYKM M €€ HW3MEHEHHS MPU CTAPEHUH KYIbTYphbl, TOMOTEHHOCTH WIIH
CIIOUCTOCTh CJM3U, HAJIWYUE OTIENbHBIX BBIPOCTOB W YTOJILEHUN, OCTaTKOB
CIIOpaHrueB M JAp.B TpaIuIMOHHOM CHUCTEMAaTHKE 3€JIEHBIX BOJOPOCIEH
pa3iIuyYHbIe THUMBl CIU3UCTHIX OOpa30BaHUU HCIIOJIB30BAIUCH B KayecTBe
MIPU3HAKOB, Pa3ACNISIIONIMX BUABI U poabl. Hanmpumep, pasrpaHnuueHue BHIOB
Bracteacoccusminor u B. pseudominor B TpaauiiiOHHOM CHCTEME OCHOBAHO Ha
OTCYTCTBUM Y TIOCJEAHET0 MY3BIPEBUHOTO CIM3UCTOIO BBIPOCTAa Ha
KJIETOYHO# obomouke (Auapeesa, 1998). Ananu3 smeproro rena 18S p/ITHK u
IUTACTUHOTO TeHa [FDCL moaTBepAwiu CcaMOCTOSTEIbHOCTh OSTHX BHJIOB
(Fucikova, Lewis, 2012). Eme OgHHM OPUMEPOM MOKET IOCITYKUTH
pasnencuue poaoB Scotiellopsis u Coelastrellana ocHoBe Hanmuuus MONSIPHBIX
YTOJIIEHUN KJIETOUYHOM 000JI0UKH Y MEPBOTO POJAa U UX OTCYTCTBHUS Y BTOPOTO
(Kalina, Punc¢ocharova, 1987). Opnako majdbHEHINNI aHaaM3 Ha OCHOBE
nauubix o 18S p/IHK u ITS2 mokasan HECOCTOSATEILHOCTh ATOTO pa3/ieICHUs
(Hegewald, Hanagata, 2000; Kaufnerova, Elias, 2013). CoOcTBeHHBIE TaHHBIE
M0 U3y4YEHUI0 MOP()OIOTHH, YIbTPACTPYKTYPhl U (DUIOTEHUU UYJICHOB KJIAJbI
Watanabea (Trebouxiophyceae, Chlorophyta) cBunmerenscTBytOT, uTO
knacrepusanus poaos Heveochlorella, Kalinella, Chloroidium, Heveochlorella
or rpymnel Watanabeat Viridiella mno gamneim  18S  p/IHK  Ttakke
MOJTBEPKIACTCS HAIMYUEM Y TOCIECIHEH OJHOCIONHON KJIETOYHOW CTEHKH.
[TosToMy maHHBIM NPU3HAK B UCCIENOBAHHOM KJIaJ€ MOXHO HMCIIOJIb30BaTh B
CUCTeMAaTHKe HaJpOJOBbIX TAKCOHOB — BO3MOKHO, CEMEICTB.

Hannuue, KOJMYSCTBO U CTPOCHUE IMPESHOUIOB

BOJBIIMHCTBO ~ CHCTEMAaTHKOB  CXOAATCS ~ BO ~ MHECHHH,  9YTO
HaHHqu/OTCYTCTBI/Ie MUPCHOUJO0B SABJACTCA JUATHOCTHUYCCKUM IIPHU3HAKOM
BugoBoro ypoBus (KoncrantmnoBa, bommuna, 2000). W.Heycryma ¢
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kouteramu (Neustupa et a., 2007) oOHapyXwid, YTO IMITaMM BOJOPOCIH,
omucaHHbIi ucxomHo kak Mopdosua Klebsormidium marinum, mo
MOJICKYJISIDHBIM JIaHHBIM OTHOCUTCS K poxy SichOcoccus, HecMoOTpsi Ha
NPUCYTCTBUE MUPEHOUA C KpaXMaJIbHOW OOBEPTKOH, YTO CYMTAIOCH OJTHUM H3
JAUAKPUTHYICCKUX MPU3HAKOB, PA3CISIFOLINX ITH TAKCOHBI. JTOT ke KOJUICKTUB
aBTopoB B 2009 roay omucai HOBBIH poj 3ejeHbIX Bogopocicit — Kalingla ¢
tunoBeiM BuOMK. bambusicola, xmopormiact koTopo#t comepxan MHUPEHOUS
(Neustupa et a., 2009). Crnycrs 4 roga uMu ke ObII OOHAPY)KEH HOBBIA BH/I
nannoro ponaa — K. apyrenoidosaces nupenouaa (Neustupa et a., 2013a). Eme
OJMH TIOKa3aTeIbHBIH TPUMEpP — TPAAUIMOHHOE pa3jielieHue pPOJIOB
Chlamydomonas u Chloromonas Ha oOCHOBE OTCYTCTBHS NHPEHOHIA Y
nocaenuero (Ettl, 1970, 1983). [TepBoe ke MOJIEKYIIPHOE UCCICTOBAHHE ITHX
MOP(MOJOTHYECKH  Pa3IMYHBIX TAaKCOHOB IIOKAa3ajl0 HECOCTOSTENbHOCTh
nogobuoro pasaenenus (Buchheim et al., 1997) u B Hacrosiiee Bpemsi poj
Chloromonas BxitogaeT B ce0st BUBI Kak ¢ MHUpeHoHIaMu, Tak u 6e3 (Hoham
et a., 2002; Matzuzaki et a., 2012). Hamu Obl1 ommcaH HOBBIH BHA poja
Watanabeac mupenounnom, xots y tunosoro Buaa W.reniformis mupeHoun
OTCYTCTBYET.

KoanyectBo samep

Kak mpaBwio, KJIETKM  3€JIEHBIX  BOJOPOCIEH  OIHOSJIEPHBIE,
MHOT" OH,Z[GprIe BEIr¢TaTUBHBIC KIICTKHN BCTpe‘-IaIOTCH HEYacCToO. OGBGI{I/IHCHI/IC
OJHOSIICPHBIX M MHOTOSIEPHBIX BHJIOB B OJWH DO, Hampumep, Deasonia
(=Ascochloris) u Neospongiococcum (Deason, 1984), He onpaBabsiBajIoCch Mpu
HcCcae0OBaHUU  (PUIIOTEHETHYECKUX B3aMMOCBS3€M 10 JaHHBIM TeHoB 18S
pAHK u rbcL (Skaloud et a., 2013). [To-BuaumMomy, pa3InIHOE KOJIUUIESCTBO
siIep CBUIETENBCTBYET O PA3IMUYUAX KaK MUHUMYM Ha YPOBHE poja.

Tum pa3MHOXKEHUS

CrnocobaM pasMHOXEHHUS B HACTOSIIEE BpPEMs MPUIAETCS CEPHE3HOE
JAMarHoctTuueckoe 3Hadenue. OcoOblii BEC B COBPEMEHHOW TaKCOHOMHUH
3eJIEHBIX BOAOPOCIIEH UMEIOT THIT KJIETOYHBIX MOKPOBOB Y 300CIOpP M TOHKOE
CTPOCHUC IKI'YTHUKOBOI'O amnrmapara MOHAAHBIX KJICTOK (BeFeTaTI/IBHBIX NN
300CIOp). DTH MPU3HAKM XOPOILIO COMNIACYIOTCS C  MOJIEKYJISPHBIMHU
UCCIieIoBaHMsIMU 3eJIeHbIX Boopocieii (Watanabe et a., 20060).

Hannamue, (bODMa " pacIioJd0KCHUEM CTUT'MbI

Jlns  pasrpanudeHuss BuaoB pojga Microglena Obutn  ycremHo
UCIIOJIb30BaHbl TAKHE XapaKTCPUCTHKH CTHUTMbI Kak JJiMHA, (opma u
nosnoxenue (Demchenko et a., 2012). I'pynmna ykpanHCKUX ajbrojIOrOB MO
pykoBoactBoM M.IO. KoctrkoBa onucana HoBbIi Bua poga Chlorochytrium —
Ch.hypanicus (Koctukos u ap., 2012). HoBblif BUI OTJIMYAaETCs OT TUIIOBOTO —
Ch.lemnae — nepeaneii cturmoii y 300ocmop. AHanu3 gaHHbIX reHa 18S p/IHK
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000OMX BHUIOB HE TMO3BOJHMJI HANEKHO HUX pa3AeluTh, OMIHAKO CpPaBHEHUE
WHTPOHOB B JIAHHOM T'€HE MOJKET MOATBEPAUTh OOOCHOBAHHOCTH BBIJICIICHUS
HOBOI'O BHJA.

Pacnonokenne, KOJIHIECTBO M THII KT'YTHKOB

MoHaiHble BEreTaTUBHbIE KIJIETKH M MOHAJHBIE CTaJUU B >KM3HEHHOM
UKIIe (300CMOPBI M TaMeThl) BOAOPOCTIeH CHA0KEHBI )KIYTHKaMH, KOJIMYECTRO,
IIiHA, MOP(OJIOTHs, MECTO NMPHUKPEIJICHUS U XapaKTep IBHKEHUSKOTOPHIX
JOCTaTOYHO  pa3HOOOpa3Hbl y BOAOPOCHEH, HO TOCTOSHHBI BHYTpPHU
POACTBEHHBIX rpymm. B 1memoM, Mopdonorndeckue pas3iauuusi >KXIYTHKOB
BEre€TAaTUBHBIX KJIETOK WJIA 300CHOp, BUIWMBIE MPHU CBETOBOW MHUKPOCKOIIHH,
MIO3BOJISIFOT PA3JENATh 3€JE€HbIE BOAOPOCIM Ha YPOBHE BHUJIOB U POJOB; IS
UCCIIeI0BaHMI O0Jiee BRICOKUX TAKCOHOMHYECKHUX PAHTOB (ITOPSIIKOB, KJIACCOB)
HEOO0XOAUMBI YIBTPACTPYKTYPHBIE UCCIIEAOBAHUS KI'YTHKOBOT'O arapara.

Hakormienne 3almacHbBIX THTATEILHBIX BEIISCTB

B kadecTBe 3amacHBIX MUTATENBHBIX BEMIECTB Y 3€JCHBIX BOJOPOCICH
OOBIYHO YKa3bIBAIOT KpaxMall, JIMIHIbI, HM3pPENKa BOJIOTHH U OCIKOBBIC
rpaHynbl. Hekoropele TIpymnmbl — 3e€lE€HBIX  BOJOPOCIEH  CIIOCOOHBI K
TUIIEPCUHTE3y BTOPHYHBIX KAPOTHHOMIOB. JlaHHBI TNpHU3HAK HapILy C
apyrumu M.1O. KoctukoB (Koctukos u ap., 2012) npeasiokusi UCroiab30BaTh
s BeiAenacHHs mopsaka Protosiphonales suyrpu kmacca Chlorophyceae,
COOTBETCTBYIOIIETO MOJIEKYJIsipHOH Kiane Sephanospharinia (Nakada et al.,
2008). Heckonbko OIM3KOPOJACTBEHHBIX pojaoB Tmopsaka Sphaeropleales
(Chlorophyceae) — Muriella, Bracteacoccus u Chromochloris — Taxke
00BEAMHSACT CIMOCOOHOCTh CHHTE3UPOBATh KAPOTHHOWIbI, OKPAIIMBAIOIINAE
KyJIbTyphl B sipko-opamkeBbliii 1Bet (Fucikova et a., 2012). Jlns HemaBHO
OTKPBITBIX 3-X HOBBIX POJOB jgaHHoro mopsaka: Rotundella, Tumidella u
Bracteamorpha — taxxe Obuta xapaktepaa 3ta ocobenHocts (Fucikova et al.,
2014). Cnemyer OTMETHTH, YTO JaHHAS CIHOCOOHOCTH, BO3MOJKHO, CBSI3aHa C
MOYBEHHBIMH YCIOBUSIMH JKU3HH BCEX MEPEUNCICHHBIX TAKCOHOB.

Tem He MeHee, HEKOTOpble MOP(HOJOrHUYSCKHE XapaKTePUCTHKH
SIBJISIFOTCSL TIPUCTIOCOOMTEITLHBIME M 3aBHCAT OT YCJIOBHI OKPY)KAIOIIEH Cpejibl,
a, CJIeJ0BATEIbHO, MOTYT OBITh JOCTATOYHO BapuadeabHbIMU. Hampumep,
CITU3b, COEIMHSIONINE TSOHKHM, OJMHOYHBIN MM KOJOHHUAIBHBIA 00pa3 »KHU3HH,
dbopmuposanure uria y BugoB Chlorella-knaap! sBastoTcst aTanTHBHBIM OTBETOM
Ha (paKTOPBI OKPYIKAIOIIEH Cpe/Ibl, TAKHE KaK BBICIaHHUE, SHIOCUMONOTHIECKOE
wi HazemHoe cymiectBoBanue (Luo et a., 2010). IlpeacraButenu poaa
3elleHBIX  Bojgopocieii  Mychonastes  TpaaMIMOHHO — OTJIMYANId  OT
Pseudodictyosphaerium mo o6pa3y »KH3HH: CBOOOJHOXXHBYIIHE B IIEPBOM
ciydae U KOJOHHaIbHbIE BO BTOpOM. OHAKO 3T0 MOP(HOIOTHIECKOE Pa3IUIHE
POIOB HE MOATBEPIUIIOCH MOJICKYJISPHBIMH JaHHBIMH, U 00a TaKCOHa ObLIH
oobenuHensl B poa Mychonastes (Krienitz et a., 2011). B HekoTopbsix padoTax
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yOeIUTENIbHO MOKA3aHO, YTO Takhue MOP(HOJOTHUSCKUE MPU3HAKH BUIOB Kak
OpucyTCTBUE W (hOpMa MIUIOB, BEIUYMHA KOJIOHWHU Y MPEACTaBUTECH poja
Scenedesmus 3aBucCAT OT TeMIlepaTypbl OKpykaromierd cpeast (Trainor, 1991,
Trainor, Egan 1991). Takum o0pa3om, NepeuncICHHbIE MPU3HAKKH HE MOTYT
ObITh JHATHOCTHYCCKH 3HAYMMBIMH [P TAKCOHOMHYECKOM pa3/IeliCHUU
JIAHHBIX POJIOB.

Hcnonb3oBanue MoJIeKYJISIPHO-TEHETHYECKUX JTAHHBIX

NPH BbIJIeJIEHHU H ONHMCAHNH HOBBIX TAKCOHOB 3€JIEHBIX BOJAOPOCJIei

Ha coBpemeHHOM 3Tarne pa3BUTHS HayKd OMMCAHUE U BaJIHJalus HOBBIX
TaKCOHOB HEBO3MOXXHA 0€3 TPUMEHEHHUS MOJEKYISIPHO-TCHETUUECKUX
MetonoB. OpHuM W3  momyJdapHbIXx — moaxoxoB  sBiserca  JIHK-
MITPUXKOJAUPOBAHUE, CYTh  KOTOPOTO  COCTOMT B  MOJEKYJISIPHOU
KJaccupuKalud BHUJOBOIO Pa3zHOOOpa3usi BCEro >KMBOIO MHpa Ha OCHOBE
pacmppoBKM OZHOTO W TOro ke ydactka reroma (JJHK-mrpuxkon),
MOCIIEI0BATEIBHOCTh KOTOPOro Oy/leT OJUHAKOBOM y 0c00€eil 0JTHOTO BHUJIA, HO
pasnudHa JUIS  pa3sHBIX BHUIOB. [l TaKCOHOMHYECKON WIACHTH(PHUKAIIUU
3eJIeHBIX BOJOPOCIEH U OIpeneseHus] UX CHCTEMaTH4YEeCKOro MOJIOKEHUS
UCIIOJIB3YIOT IIEJIBIH Psill MOJIeKy IsipHBIX MapkepoB (Tempaneesa u ap., 2013).

1. Tpagummmonno sinepubii ren  18S  p/IHK  sBisercs rimaBHBIM
(GUIOTeHEeTHYECKUM  MapKepoM  JuIs  3elieHbIX  Bojopocieil.  OmHako
UCMOJb30BAHUE OJHOIO O3TOrO0 KOHCEPBATUBHOIO T€HA YacTO HE MOXKET
obecrieunTh JOCTAaTOYHOMN BapualOeIbHOCTH Ui pa3aeneHus
ONMU3KOPOACTBEHHBIX BHUJOB, 4, CIIE€JAOBaTEeNIbHO, HAIEKHO OIPENCIUTh UX
TaKCOHOMMYECKYIO IIPUHAIIEKHOCTh. Tak, Harpumep, B cratbe E.B. MuHueBoi
¢ coaBt. (2013) moka3aHO, YTO HCIOJIB30BaHHE Mapkepa 18S He mo3BossieT
MOJITBEPINTh TAaKCOHOMHUYECKHW CTaTyC 3€JeHBIX BOJOPOCIEH  pOJOB
Draparnaldioides, Draparnaldia u Chaetophora, B ommmune ot ITS.
Pasrpannuenue BuioB poaa Chlorosarcinopsis ¢ nomonipio 18S Mapkepa taxxe
HEBO3MOYKHO, B OTJIMYKME OT BHIOB pona Bracteacoccus (Hall et al., 2010).
Takum oOpasom, wucmons3zoBanue 18S p/IHK nenecoo6pasHO HMMEHHO B
(dbunmoreHeTHUECKNX padboTax: IS pa3eeHHs 3BOJIOIMMOHHO OOjiee IPEBHUX
ponoB (Hampumep, B paborax Aboal, Werner, 2011; Neustupa et a., 2011) uu
BBISIBIIEHHUS HOBBIX (rtoreHeTnyeckux auauii (De Wever et a., 2009; Horath,
Bachofen, 2009). B To Bpemst kak [uis 1eji1eld HACHTH(QHUKALUKE BOJOPOCIeH Ha
YpOBHE BHJOB, B TOM UYHCJIE€ ONHCAHUM HOBBIX, OH MOXET OKa3aThCs
HEYCHEIIHbIM MOJIEKYJIApHBIM MapkepoM. Kpome toro, ren 18S p/IHK
3eJIeHBIX BOJOPOCIEH HE YIOBJIETBOPSIET TaKOMY Ba)KHOMY TpeOOBaHHMIO K
MITPUXKOAY Kak KopoTkas jymHa — He Oonee 700-800 m.H. mnst oOnerdeHus
Bhienienus, amiumnpukanun u cekBenupoBanus JIHK (IlImeep, 2009a).
MeToau4ecKuM pelIeHUEM YKa3aHHOW MTPOOJIEMBI SBISIETCS TPEIOKCHHE
ucronb3oBath B kKadectBe JIHK-mtpuxkoma ¢parMeHT 3TOro reHa AIMHON
okoio 400 m.H. — peruoH V4, KOTOpBI OB YCHEIIHO MCIOJIB30BaH IS
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TAaKCOHOMHUYECKOW WAECHTH(UKAIIMK AMATOMOBBIX Bojopociei (Zimmermann
eta., 2011).

2. I'en xJoporutacTHOH pubocoManbHOM OonbIIoN cyObeauHuIbl 23S
(yauBepcanpHbIii TIacTUAHBIA aMuimkoH UPA) Takke HCIOab3yeTcs B
MOJICKYJISIPHO-TEHETUYECKUX HCCIEOBAaHUIX 3€JIeHBIX Bojopociei. OqHako
MOCJTICTHUE  WCCIENOBAaHHUS TOATBEPAWIM, 4YTO OH SBISETCS MEHee
BapuaOeIbHBIM, YeM JIPYrHe MapKephl, B T.4. U JAPYTrUe XJIOPOIUIACTHBIC TCHBI
(Sherwood et al., 2008; Clarkston, Saunders, 2010).

3. XnopomnactHelii TeH rbclL, xomupyrommii GONbIIyI0 CyOBETUHHILY
dbepmenta pubynozobudochar-kapOokcuiaspl, TMOCTEIEHHO CTaHOBUTCS
CTaHIApTHBIM BTOPBIM MapKepoM sl 3eJIeHBIX Bojopocieid mocie 18S, u
TOTIOJIOTAN (PUIIOTEHETHYECKUX JEPEBHEB, TIOCTPOCHHBIX Ha OCHOBE 3TUX JIBYX
MapKepoB, KaK MpaBHiIO, COBHanaroT. OIHAKO CYIIECTBYIOT M HMCKIFOUCHHS.
Hamnpumep, Tomosorus qepeBa Ha OCHOBE JaHHBIX M0 TeHy rbcL oTmuuaercs ot
takoBoi mo reny 18S p/IHK: cemeiictBo Oocystaceae He oOpasyeT kimacrep
Buytpu nopsiaka Chlorellales (Thus et a., 2011; Novis, Visnovsky, 2012).
Kpome Toro, He pa3paboTaHbl yHUBEpCabHBIC paiiMepbl, KOMIUIEMEHTAPHBIC
(dbparMeHTy TaHHOTO T€Ha, KOTOPBIE OBl YCIENTHO aMIUTH(UIIUPOBAIHICH Y BCEX
npencrasuteneir otnena Chlorophyta (Nozaki et a., 1995, 1999, 2000;
Buchheim et al., 2010). Bcreacrue upesBbivaiinoit BapuadeapHocTH bl y
3€JIEHBIX BOJOPOCJICH OH HE SIBISICTCS, 10 CYTH, YHHBEPCAIbHBIM TeHoM. Kax
anpTepHaTHBa rOCL ObUIM MpemIoeHbl ApPYyrHe IUIaCTHAHBIE TeHbl: Matk,
komupyrommii Matypasy K, rpoB u rpoCl, kxoaupyromue cyobpenuuuisl PHK-
mojuMepas, M MEKIEeHHBIH creiicep trnNH-psbA, pacmogoKeHHBIH MEKIY
renamu ructuanHoBoid TPHK u renom, koHTponupytommm cunte3 Oenka D1
dorocucremsr || (MarBeeBa u ap., 2011). B pa6ore JI. Kemnu ¢ coast. (Kelly
et al., 2010) moka3ano, yro yokycel matK wu rpoCl smisitorcst HambOolee
BapraOeIbHBIMH Y BOJHBIX pacTeHuil cemeiicrBa Podostemaceae. PabGouas
rpynna no wu3ydeHuto JIHK-mrpuxkommpoBanus pacrenuit (CBOL Plant
Working Group, 2009) pekoMeHmoBaiia HCIOJb30BaTh B  KadyeCTBE
MOJICKYJISIPHBIX MapKepoB HazeMHbIX pacTenuit rbcL u matK. Onnako noka He
ynanocs amiumnduimposars mMatK y semensix Bomopocnein (Pombert et al.,
2005; Buchheim et d., 2011) u mxoB (von Crautlein et al., 2011).

4. T'en tufA, xomupyrommii (akTop 3J0HTalUU OCIKOBOTO CHHTE3a
XJIOPOIIACTOB, OBUT TPEIUIOKEH OTHOCUTEIBHO HENaBHO W HCCIICJIOBaH B
OCHOBHOM y MOPCKHX 3elleHbIXx Bojopocieit (Fama et a., 2002). B memnom,
TEHOMBI XJIOPOILIACTOB TIOJIE3HBI U (DHIOTCHETHYECKUX PEKOHCTPYKIIMA
BCJICJICTBHE OTHOCUTEIFHO BBICOKOTO COJICPIKaHUS TEHOB U 0oJiee TUIOTHOM MX
yrnakoBkd. Kpome TOro, B OTJIMY4ME OT MHOTHX SIJICPHBIX T'€HOB, KOTOPBIC
SBIISTIOTCSL TI0 CBOEH MpHUpoAe MYJIBTUKONMHHBIME W MOTYT 3aIlyTaTb
(UITOTEeHETHYECKYIO PEKOHCTPYKIIUIO, T€HBI OpraHeIlI, KaK MPaBUIIO, SBISIFOTCS
OJTHOKOITMITHBIMM U HE BbI3bIBaOT Takux mpoodsem (Leliaert et al., 2012).
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5. Buyrpennue tpanckpuodupyemsie creiicepsl (ITS1 u ITS2) speproro
prOOCOMAITLHOTO OTEpOHa IIMPOKO HCIIOJIB3YIOTCS JUIS pa3leIeHUs] 3eJICHBIX
Bojiopocieit Ha BumoBoM yposae (Verbruggen et a., 2006; Coleman, 2007,
Mei et a., 2007; Keller et a., 2008; O'Kelly et a., 2010). ITS1 pacnonoxen
MEXy TeHOM MaJiol siiepHoi prubocomaibHOM cyobenuauibl (18S) u reHom
5.8S p/IHK, ITS2 — mexay renom 5.8S p/IHK u renom OGombiioii simepHoOi
pubocomanbHOM CcyObeaunuipl (28S). JlnuHa JIOKyca B 3aBUCHMOCTH OT
TAaKCOHAa BapbHpPyeT OT HECKOJIBKHX COTeH 10 OoJjiee YeM THICSYM Tap
HykineoTunoB. | TS1 u ITS2 BapraGenbHbl 1 MHOTOKOIIUIHEI, YTO MO3BOJISIET UX
Jerko aMIuiMuIUpoBaTh y mpakTHdeckd Bcex Viridiplantae ¢ momoinsro
oJHOTO Habopa yHuBepcanbHbIX npaiimepoB (White et al., 1990). Kpome Toro,
OHM TIPUMBIKAIOT K KOHcepBatuBHOMY y4acTKy 5.8S p/IHK u dbmankupoBansl
KoHcepBaTuBHBIME TeHamu 18S u 28S pJIHK, urto obneruaer co3nganue
npaiimepoB (Illreep, 20096). ITo s3ddhexkTrBHOCTH aMIUTU(DUKAIIUK Y 3€TEHBIX
Bojopocieit ren ITS2 mpeamourutensHee rbcL (Buchheim et al., 2011).
Omnako k Hemoctatkam |TS1 wm ITS2 MOXHO OTHECTH BBICOKYIO
BapuaOeIbHOCTh JUIMHBI W HHICNCH, CIOXKHOCTh B BbIpAaBHHUBAHHH U
onpenenenuun opronoruu (Feliner, Rossel 6, 2007; Poczai, Hyvonen, 2010).

6. 5'-pparment CyObeTMHUIIBI 1 MUTOXOH/IPHAJIBHOTO
oenokkoaupyromero reqda uToxpom C okcumassl (COL wmu coxl), mmpoko
UCIIOJNIb3yeMbIH Juts )kuBOTHBIX (Moore, 1995; Ferri et al., 2009; Wilson, 2010),
HEKOTOPBIX TaKCOHOB KpacHbiXx (Sherwood et a., 2008; Le Gal, Saunders,
2010), oypeix (McDevit, Saunders, 2010) u nuaTomoBbIX Bojgopocieii (Evans
et a., 2007), Haubosee IeTaIbHO U3YYEH M3 BCEX MOJIEKYIIIPHBIX MAPKEPOB.

Ecim cpaBHuBaTh Mex1y co0oil Bce MpeuioKeHHbIe JOKychl, To rbcl,
ITS2 u tufA obnamaroT yMepeHHOM U CHIBHO cTenenbio BapuabensHoctr (Hall
et da., 2010). COl, 18S u 23S (UPA) wMmecHbIle HOAXOAAT B KadyeCTBE
MOJIEKYJISIpHBIX MapkepoB: 18S u 23S nenpocrarouno BapuabenpHbie, a COL He
amruuuuupyercst y oonbimHcTBa TakconoB (Hall et al., 2010). nst onucanus
HOBBIX TakcOHOB M. Byxreiim ¢ komneramu ucronp3oBaid Mapkepsr 18S p/IHK
u 26S pAHK wu ITS2, BeimenuB 4 MOMOJHUTENBHBIX poxa: Jtauridium,
Pseudopediastrum, Monactinus u Parapediastrum (Buchheim et a., 2005).
Onnako X. Makmanyc u JI. Jlesuc (McManus, Lewis, 2011), npumensis s
MOJIEKYIIIPHO-(DHUITOT€HETUYECKOTO aHali3a JBa MOJICKY/ISIPHBIX Mapkepa (26S
pJAHK u rbcL), Beinenunu B Tom xe cemeiicte Hydrodictyaceae Tonbko 2 poaa
— Stauridium 1 Monactinus 1 moa4epKHYIIH, YTO CHCTEMATHKA OCTaIbHBIX POJIOB
TpeOyeT yTOYHEHUS U KOMIUIEKCHOTO U3YUCHHSI.

B menom, mpu BbIOOpE MOJIEKYIISIPHOTO MapKepa JUIsi OTHUCAHHS HOBBIX
TAKCOHOB  3CJIEHBIX  BOJIOPOCICH M  WHTCPHPETAMA  TOJYUYCHHBIX
(bUITOTEHETHYECKUX PE3YTbTATOB UCCIIEAOBATEIIO CIEIYeT PYKOBOJICTBOBATHCS
CIICAYIOIIMMU TIPUHITUITAMU:

1. Jlns monydeHHss HAIEKHOTO pe3ysibTara HEO0OXOJWMO HCIIOB30BATh
HECKOJIbKO HE3aBHCHUMO SBOJTIOIIMOHUPYIOIIUX MapKepPOB, HAITPUMED SIACPHBIX U
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XJIOpOTIacTHRIX. Kak TpaBuiio, MONEKYNSPHBIM aHATU3 OJHOTO TeHa He
o0ecreynBaeT JOCTaTOYHOTO Pa3pelieHus Il ONpeaesieHUs] CUCTEMaTHUECKOTo
MOJIOKEHHSI OONBITMHCTBA OPTraHU3MOB, a WHOTAA JaeT MPOTUBOPEUUBEIC
pe3ynbTaThl (Kak OTMEUSHO B MPHMEpax BBIIIE), KOTOPBIC YaCTO CBA3BIBAIOT C
OTPaHUYEHHBIM YHCIOM BBIPOBHEHHBIX HYKJICOTHIIOB WM C Pa3TUYHOU
CKOPOCThIO TE€HETUYECKOW HBOJIOLMH MHUKPOOPTaHW3MOB. MOJIEKYJISpHBIN
aHaM3, OCHOBAHHBI Ha WCIONB30BAHUU HECKOIBKUX TEHOB, YBEIHMYUBACT
¢buoreHeTHYECKOE paszpellleHre U JIydlle coriacyercs ¢ Mopdorornyeckumu
npusHakamu TakcoHa (Gontcharov et al., 2004).

2. Ilpy omnucaHuM HOBBIX TAaKCOHOB CO 3HAYUTEIbHBIM YPOBHEM
JMBEPreHIuy (CeMelcTBa, MOPSAAKH) HYXCH MEHEee HW3MEHYMBBIM Mapkep
(manpumep, 18S) 1o cpaBHEHHUIO C T€M, KOTOPBIHA MOTPEOYETCs IS OMMMCAHUS
HOBBIX BUJIOB M pOIOB. TO €CTh, €CIIM B MOJICKYJISIPHOM aHAJIM3€ HCIIOIh30BATh
OYeHb H3MEHUYUBBII Mapkep, TO B CcCllydae MOMYISIUOHHO-T€HETHYECKUX
UCCIIeIOBaHU OH OyaeTr paboTaTh XOpOINO, HO HAa BHUIOBOM ypPOBHE ILIOXO.
CymiecTByeT pHCK  CIy4alHOTO TPOSIBICHUS  3aBBIIICHHBIX  OLIEHOK
TeHETUYECKOTO PACCTOSHUS U, KaK CIIEJICTBUE, MOJBUBI CTAHOBSTCS BUIAMHU.
B paGotax wacTo MOXHO HaOMIOAATH APOOJICHHE OJHOTO BHJA HAa HECKOJBKO,
0e3  MOAKpEIUICHUS  MEXBHUIOBBIX  PA3NMUUUd  MOP(OIOTHIESCKHMH,
(GU3MONOTMYECKUMH ¥ LUTOJIOTUYECKUMHU XapaKTepUCTHUKAaMHU, a TaKxke
9KOJIOTHYECKUMH OCOOECHHOCTSIMHU.

3. AOCONIOTHYIO TOYHOCTh BHJIOBOM WJICHTU(PHUKAIIUM MOXKET JaTh
tonbko 100%-e coBmazeHrne HYKICOTUIHBIX IOCIEI0BATEIBLHOCTEH Mapkepa
IpU CpPaBHEHUHM HCCIIEJOBAHHOIO IITaMMa BOJOPOCIEH C STAJIOHHBIM
(BayuepnbiM). Ho U 31ech eCTh UCKIIFOUEHHS, HAPUMEpP, NPU HCCIICIOBAHUU
buoreHeTHYECKUX CBsI3eH BHYTpH Kiaasl Stephanosphaerinia mamu 0ObLTO
oOHapyxeHo, uro y aByX BumoB poaa Chlorochytrium(Ch. lemnaeuCh.
hypanicus) Her 3amMeH TpU CpaBHEHHWH HYKJICOTHIHBIX IOCIIEI0BATEIbHOCTEN
rena 18S p/IHK. Tem He meHee, paziauuus B JUIMHE U MOCJIEIOBATEIbHOCTH
MHTPOHA, a TaKkke MOp(OIOrHuecKue M SKOJIOTHUECKHUE OTIMYUS MO3BOJIAIOT
pasrpaHW4YUTh OSTH JBa BUJAa. BO BceX OCTAlbHBIX CIIy4asX, KOTrja
TOMOJIOTMYHOCTh HYKJIEOTHIHBIX MOCJIEI0BATEIbHOCTEN T'€HOB IBYX IITAMMOB
menbine 100%, Bo3HHKAET BOIPOC O MPOBEIEHUH BUJOBBIX U POJIOBBIX I'PAHMUII.
Tak mpu U3yueHUH TOMU K€ KJIaJpl HaMU OBUIO MOKA3aHO, YTO HEOOXOIUMBIN U
JIOCTATOYHBIM YPOBEHb MEKBHJIOBBIX T€HETHUECKUX pa3imuuuii cocrapmusieT 0.8-
1% u mexpomoBbix — 1.4-3.2% nns rena 18S p/IHK, a mns rbcl — 3.9-5.7% u
5.8-11.9, coorBercrBeHHO. [Toq00HBIE NUAMa30HBI T€HETUUYECKUX AUCTAHIIAN
CI€AyeT YCTAaHOBHUThH [JI1 KaXKIOW KOHKPETHOM TpyNmbl BOAOPOCIECH U
MCIOJIb30BaTh UX MPH BBIICIICHUN HOBBIX BHIOB U POJIOB.
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Hcnoab3oBanne YKOJOrMYECKHX TAHHBIX MPH BbIAeJEHHH U ONMUCAHUT
HOBBIX TAKCOHOB 3€JIEHBIX BOIOPOCJIeii

IMpu Beigenennu HoBoro Buma Ch. hypanicus N.FO. KoctukoB ¢
COABTOpaMH OTMETHJIM €r0 CBOOOJHOXHBYIIUN 00pa3 H3HU, B OTIMYHE OT
supoduTHOr0 TUmoBoro Bupa Ch. lemnae. Dto oTinure B COBOKYITHOCTH C
JAPYTMMH CBOMCTBAMH U TIO3BOJIMJIO aBTOPaM OMKCAaTh HOBBIA TaKCOH
(Koctukos u ap., 2012). Kak nmokasasno uccinenoBanue Skaloud u Peksa (2010),
JaHHBIE 00 odKoormuecko Hume poxa Asterochloris wmoryr ObITh
UCIIOJIb30BAHBI  JTaKe JUIS  Pa3[AeiicHus MOPQOIOTHUESCKH  HIACHTUIHBIX
(kpuntuueckux) BuAOB. K coxkaneHHro, Ui yXKe OINHUCAHHBIX |
JIETTIOHUPOBAHHBIX B aJbrOJOTMYECKHE KOJUIEKIIHH IITAMMOB BOJOPOCIIEi
OYEHb PEIKO BCTPEYAIOTCS TMOAPOOHBIC OMUCAHUS JKOJOTHUSCKHX YCIOBUMH
MECTOOOMTAHUS, YTO 3aTPYIHSET HMHTEPHPETANUI0 HMX (DUIOTCHETHUECKHX
CBsI3¢ C  YCIOBUSIMH  OKPYXKAalOIIed cpelbl ©  IMOWCK  HAJCKHBIX
MOP(OIOTHYECKUX XAPAKTEPUCTHK.

Takum o0pa3om, MOpGHOJOTHYECKHE W IKOJOTHYECKHE JaHHBIE BO
MHOTHX CJIydYasX HE MPOTHBOPEYAT JAaHHBIM MOJIEKYJISPHON (UIIOTCHUH, a
MOJIEPXKUBAIOT ee. TeM He MeHee, JAUAarHOCTHYeCKHe MOp(hOIorHyecKue
NpPU3HAKK, HCIOJAb3yeMbIe B  TPAJMIIMOHHONW  CHCTEMAaTHKE  3EJICHBIX
BOJIOPOCIICH, CIIeAYyeT MEePECMOTPETh U OLIEHUTh UX HAJICKHOCTh H 3HAYMMOCTh
Ha KOHKPETHBIX TaKCOHOMHYECKHX YPOBHSX. BbIIe/eHHe HOBBIX TaKCOHOB
3€JIeHBIX BOJIOPOCIICH WM TEePEONUCaHne M pa3/ielieHHe yKe CYIIECTBYIOIIMX
BCEr/ia JIOJDKHO OCHOBBIBATHCSH Ha TMONMGpasHOM moaxojae. VIMEHHO Takoi
MOJXOJ HCMOJIb3yeT Habop MOpPQOJIOrUIeCKUX, YIbTPACTPYKTYPHBIX U
HKOJIOTMYECKUX MPU3HAKOB W JIHANAa30HOB BHYTPHBHIOBOM, MEXBHIOBOW M
MEKPOJIOBOI MCHETHUYECKON HM3MEHYMBOCTH MO KaXKIOMY M3 HCCIIECIOBAHHBIX
MOJIEKYJIAPHBIX MapkepoB. CieayeT MOMYEPKHYTh, YTO JaHHBIC CBOMCTBA
SIBJSIFOTCSL. MHIUBHIYaTbHBIMU B 3aBUCHUMOCTH OT YPOBHS TaKCOHOMHYECKOW
KaTeropud M OMOJOTMYECKUX OCOOEHHOCTEH HccieayeMoii rpymmsl. OgHaKko
JaXke TPH YYeTe BBINICTICPEUUCICHHBIX PEKOMEHIAINN BBIJICICHHE HOBOTO
TaKCOHA W OMpEJIeIeHUE €ro MOJOXKEHUS B CHCTEME OPTaHMYECKOTO0 MHUpa 6e3
OJTHO3HAYHBIX U YETKUX KPUTEPUEB BHJA SIBISETCS MHEHHEM KOHKPETHOT'O
JKCIIEpPTA.

Cnucok aureparypsl

Anopeesa  B.M. llouBeHHBIe ¥  a’pOodWILHBIC 3€JICHBIE  BOJOPOCTH
(Chlorophyta: Tetrasporales, Chlorococcales, Chlorosarcinales). CII.: Hayka, 1998.
351c.

Koucmanmunosa uaA., Borouna O.H. CpaBHHTETBHBIN aHaIn3

YIABTPACTPYKTYPBI MHPEHOMIOB 3€JICHBIX MOHAIHBIX M KOKKOWIHBIX Bojpopocieit //
®wusnonorus pacrenuid. 2000. T. 47. Ne 5. C. 747—751.

66



Kocmuxos ulio., Jemuenko D.H., FBoiiko B.P., Tonuapos
A.A.Chlorochytriumhypanicussp. nov. (Chlorophyceae) u ero mecro B cucTeme
Protosiphonaes// Ansromorus. 2012. T. 22. Ne 3. C. 227-249.

Mameeesa T.B., llasnosa O.4, bocomas /[.U. u dp. MonekynspHble MapKephl
JUTST BUTOMACHTH(DUKAIINA U (PIIOTCHETHKN PaCTCHHM /I Dxonorudeckass TeHETHKA.
2011. T.9. Ne 1. C. 32-43.

Munuesa E.B., Ilepemonuuna T.E., Uxcbonouna JI.A. u Op. DBOTIOIUOHHBIC
CBS3U DHAEMHYHON 3eleHOi Bomopocnn o3epa baiikam Draparnaldioidessimplexc
HeOaiikanbckumMu  TakcoHamu — cemeiictea Chaetophoraceae  (Chlorophyta)  //
Monexynsapuas 6uonorust. 2013. T. 47. Ne 1. C. 181-184.

Tempaneesa AJI., Munuesa E.B., lllepbaxos /[1O., [unckuu J.JI. JTHK-
MITPUXKOIUPOBAHNE 3eNIEHBIX Bogopocieii: 0630p // Amsromorus. 2013. T. 23. Ne 4.
C. 396-418.

Ulneep B.C. JHK-mTpuxxoaupoBaHue BUIOB JKUBOTHBIX M pacTEHHI — cI10co0
HX MOJIEKYIISIPHO#N uaeHTH()HUKAIIMN U n3ydeHus ouopasHoobpasus // XKypuan obmeit
ouonorun. 2009a. T. 70. Ne 4. C. 296-315.

Ulneep B.C. JHK-mtpuxxoaqupoBaHie — HOBOE HAIIPABIEHHUE B CPABHUTEIBHON
renomuke pactennii // I'enernka. 20096. T. 45. Ne 11. C. 1436-1448.

Aboal M., Werner O. Morphology, fine structure, life cycle and phylogenetic
analysis of Phyllosiphon arisari, a siphonous parasitic green alga // Eur. J. Phycol.
2011. V. 46. Ne 3. P. 181-192.

Aslam Z., Shin W.,, Kim M.K. et al.Marinichlorella kaistiae gen. et sp. nov.
(Trebouxiophyceae, Chlorophyta) based on polyphasic taxonomy // J. Phycol. 2007.
V. 43. Ne 3. P. 576-584.

Buchheim M., Buchheim J., Carlson T. et al. Phylogeny of the Hydrodictyaceae
(Chlorophyceag): inferences from rDNA data // J. Phycol. 2005. V. 41. Ne5. P. 1039—
1054.

Buchheim M.A., Buchheim J.A., Chapman RL. Phylogeny of Chloromonas
(Chlorophyceag): a study of 18S ribosomal RNA gene sequences// J. Phycol. 1997. V.
33. \e 2. P. 286-293.

Buchheim M.A., Keller A., Koetschan C. et al. Internal transcribed spacer 2 (nu
ITS2 rRNA) sequence-structure phylogenetics. towards an automated reconstruction
of the green algal tree of life // PLoS ONE. 2011. V. 6. Ne 2.P. 16931.

Buchheim M.A., Kirkwood A., Buchheim J.A. et al. Hypersaline soil supports a
diverse community of Dunaliella (Chlorophyceage) // J. Phycol. 2010. V. 46. Ne 5. P.
1038-1047.

CBOL Plant Working Group, Hollingsworth P.M., Forrest L.L., Spouge J.L. et
al. A DNA barcode for land plants // Proc. Nat. Acad. Sci. 2009. V. 106. Ne 31. P.
12794-12797.

Clarkston B.E., Saunders G.W. A comparison of two DNA barcode markers for
species discrimination in the red algal family Kalymeniaceae (Gigartinales,
Florideophyceage), with a description of Euthora timburtonii sp. nov. // Botany. 2010.
V. 88. Ne 2. P. 119-131.

Coleman A.W. Pan-eukaryote ITS2 homologies revealed by RNA secondary
structure // Nucl. Acids Res. 2007. V. 35. Ne 10. P. 3322—-3329.

67



Darienko T., Gustavs L., Mudimu O. et al.Chloroidium, a common terrestria
coccoid green alga previously assigned to Chlorella (Trebouxiophyceae, Chlorophyta)
/l Eur. J. Phycol. 2010. V. 45. Ne 1. P. 79-95.

De Wever A, Leliaert F., Verleyen E. et al. Hidden levels of phylodiversity in
Antarctic green algae: further evidence for the existence of glacia refugia // Proc.
Roy. Soc. B Biol. Sci. 2009. V. 276. Ne 1673. P. 3591-3599.

Deason T.R. A discussion of the classes Chlamydophyceae and Chlorophyceae
and their subordinate taxa// Plant. Syst. and Evol. 1984. V. 146. Ne 1-2. P. 75-86.

Demchenko E, Mikhailyuk T., Coleman A.W., Proschold T. Generic and species
concepts in Microglena (previously the Chlamydomonas monadina group) revised
using an integrative approach // Eur. J. Phycol. 2012. V. 47. Ne 3. P. 264-290.

Ettl H. Die Gattung Chloromonas Gobi emend. Wille (Chlamydomonas und Die
Néachstverwandten Gattungen I) // Nova Hedwigia. 1970. Beihefte 34. P. 1-283.

Ettl H. Chlorophyta |. Phytomonadina. In: Stl3wasserflora von Mitteleuropa
(Ed. by H. Ettl, J. Gerloff, H. Heynig & D.Mollenhauer), vol. 9. Gustav Fischer
Verlag, Stuttgart & New York, 1983.807 pp.

Evans K.M., Wortley AH., Mann D.G. An assessment of potentia diatom
«barcode» genes (coxl, rbcL, 18S and ITS rDNA) and their effectiveness in
determining relationships in Sellaphora (Bacillariophyta) // Protist. 2007. V. 158. Ne 3.
P. 349-364.

Fama P., Wysor B., Kooistra W.H.F.C., Zuccarello G.C. Molecular phylogeny
of the genus Caulerpa (Caulerpales, Chlorophyta) inferred from chloroplast tufA gene
/' J. Phycol. 2002. V. 38. Ne 5. P. 1040-1050.

Feliner G.N., Rossel6 J.A. Better the devil to know? Guidelines for insightful
utilization of NrDNA ITS in species-level evolutionary studies in plants // Mal. Phyl.
Evol. 2007. V. 44. Ne 2. P. 911-919.

Ferri E., Barbuto M., Bain O. et al. Integrated taxonomy: traditional approach
and DNA barcoding for the identification of filarioild worms and related parasites
(Nematoda) // Front. Zool. 2009.Ne 6.P. 1.

Fried T., O’ Kelly C.J. Phylogenetic relationships of green algae assigned to the
genus Planophila (Chlorophyta): evidence from 18S rDNA sequence data and
ultrastructure // Eur. J. Phycol. 2002. V. 37. Ne 3. P. 373-384.

Fucikova C., Lewis L.E. Intersection of Chlorella, Muriella and Bracteacoccus:
Resurrecting the genus Chromochloris Kol et Chodat (Chlorophyceae, Chlorophyta) //
Fottea. 2012. V 12. Ne 1. P. 83-93.

Fucikova K., Lewis P.O., Lewis L.A. Putting incertae sedis taxa in their place: a
proposal for ten new families and three new generain Sphaeropleales (Chlorophyceae,
Chlorophyta) // J. Phycol. 2014. V. 50. Ne 1. P. 14-25.

Gontcharov AA., Marin B., Melkonian M. Are combined analyses better than
single gene phylogenies? A case study using SSU rDNA and rbcl segquence
comparisons in the Zygnematophyceae (Streptophyta) // Mol. Biol. Evol. 2004. V. 21.
Ne 3. P. 612-624.

Guiry M.D., Guiry G.M. 2014. AlgaeBase.World-wide electronic publication,
National University of Ireland, Galway. http://www.a gagbase.org; searched on 28 July
2014.

Hall J.D., Fucikova K., Lo C. et al. An assessment of proposed DNA barcodes
in freshwater green algae // Cryptogamie, Algol. 2010. V. 31. Ne 4. P. 529-555.

68



Hegewald E., Bock C., Krienitz L. A phylogenetic study on Scenedesmaceae
with the description of a new species of Pectinodesmus and the new genera
Verrucodesmus and Chodatodesmus (Chlorophyta, Chlorophyceae) // Fottea. 2013. V.
14. Ne 2. P. 149-164.

Hegewald E., Hanagata N. Phylogenetic studies on Scenedesmaceae
(Chlorophyta) // Algol. Stud. 2000. Ne 100. P. 29-49.

Hoham RW., Bonome T.A., Martin C.W., Leebens-Mack J.H. A combined 18S
rDNA and rbcL phylogenetic analysis of Chloromonas and Chlamydomonas
(Chlorophyceae, Volvocaes) emphasizing snow and other cold-temperature habitats //
J. Phycol. 2002. V. 38. Ne 5. P. 1051-1064.

Horath T., Bachofen R. Molecular characterization of an endolithic microbid
community in dolomite rock in the central Alps (Switzerland) // Microbiol. Ecol.
2009. V. 58. Ne 2. P. 290-306.

Kalina T., Puncoch&ova M. Taxonomy of the subfamily Scotiellocystoideae
Fott 1976 (Clorellaceae, Chlorophyceae) // Algol. Stud. 1987. Ne 45. P. 473-521.

Kaufnerova V., Elias M. The demise of the genus Scotiellopsis Vinatzer
(Chlorophyta) // Nova Hedwigia. 2013. V. 97. Ne 3-4. P. 415-428.

Keller A., Schleicher T., Forster F. et al. ITS2 data corroborate a monophyletic
chlorophycean DO-group (Sphaeropleales) // BMC Evoal. Biol. 2008.Ne 8.P. 218.

Kely L.J., Ameka G.K., Chase M.W. DNA barcoding of African Podostemacese
(river-weeds): atest of proposed barcode regions // Taxon. 2010. V. 59. Ne 1. P. 251-260.

Krienitz L., Bock C. Present state of the systematics of planktonic coccoid green
algae of inland waters // Hydrobiologia. 2012. V. 698. Ne 1. P. 295-326.

Krienitz L., Ustinova |., Friedl T., Huss V.A.R. Traditiona generic concepts
versus 18S rRNA gene phylogeny in the green algal family Selenastraceae
(Chlorophyceae, Chlorophyta) // J. Phycol. 2001. V. 37. Ne 5. P. 852-865.

Krienitz L., Hegewald E.H., Hepperle D. et al. Phylogenetic relationship of
Chlorella and Parachlorella gen. nov. (Chlorophyta, Trebouxiophyceae) // Phycol.
2004. V. 43. Ne 5. P. 529-542.

Le Gall L., Saunders G.W. DNA barcoding is a powerful tool to uncover agal
diversity: a case study of the Phyllophoraceae (Gigartinadles, Rhodophyta) in the
Canadian flora// 1bid. 2010. V. 46. Ne 2. P. 374-389.

Leliaert F., Smith D.R., Moreau H. et al. Phylogeny and molecular evolution of
the green algae // Crit. Rev. Plant Sci. 2012. Ne 31. P. 1-46.

Lewis L.A., McCourt RM. Green algae and the origin of land plants // Am. J.
Bot. 2004. V. 91. Ne 10. P. 1535-1556.

Lewis L.A., Trainor F.R. Survival of Protosiphon botryoides (Chlorophyceae,
Chlorophyta) from a Connecticut soil dried out for 43 years // Phycol. 2012. V. 51. Ne
6. P. 662—665.

Lewis L.A., Flechtner V.R. Cryptic species of Scenedesmus (Chlorophyta) from
desert soil communities of western North America // J. Phycol. 2004. V. 40. Ne 6. P.
1127-1137.

Luo W.,, Préschold T., Bock C., Krienitz L. Generic concept in Chlorella-related
coccoid green algae (Chlorophyta, Trebouxiophyceae) // Plant Biol. 2010. V. 12. Ne 3.
P. 545-553.

69



Matsuzaki R., Hara Y., Nozaki H. A taxonomic study of snow Chloromonas
species (Volvocales, Chlorophyceae) based on light and electron microscopy and
molecular analysis of cultured material // Phycologia. 2014. V. 53. Ne 3. P. 293-304.

Matzuzaki R., Hara Y., Nozaki H. A taxonomic revision of Chloromonas
reticulata (Volvocales, Chlorophyceag), the type species of the genus Chloromonas,
based on multigene phylogeny and comparative light and electron microscopy //
Phycol. 2012. V. 51. Ne 1. P. 74-85.

McDevit D.C., Saunders G.W. A DNA barcode examination of the
Laminariaceae (Phaeophyceae) in Canada reveals novel biogeographical and
evolutionary insights// Phycol. 2010. V. 49. Ne 3. P. 235-248.

McManus H.A., Lewis L.A. Molecular phylogenetic relationships in the
freshwater family Hydrodictyaceae (Sphaeropleales, Chlorophyceae), with an
emphasis on Pediastrum duplex // J. Phycol. 2011. V. 47. Ne 1. P. 152-163.

Mei H., Luo W.,, Liu G.X., Hu Z.Y. Phylogeny of Oedogoniales (Chlorophyceae,
Chlorophyta) inferred from 18S rDNA sequences with emphasis on the relationships
in the genus Oedogonium based on ITS-2 sequences // Plant Syst. Evol. 2007. V. 265.
Ne 3-4. P. 179-191.

Moore W.S. Inferring phylogenies from mtDNA variation: mitochondrial-gene
trees versus nuclear-gene trees // Evolution. 1995. V. 49. Ne 4. P, 718-726.

Nakada T., Misawa K., Nozaki H. Molecular systematics of Volvocaes
(Chlorophyceae, Chlorophyta) based on exhaustive 18S rRNA phylogenetic analyses
/I Mol. Phylogenet. Evol. 2008. V. 48. Ne 1. P. 281-291.

Nakada T., Nozaki H. Taxonomic study of two new genera of fusiform green
flagellates, Tabris gen. nov. andHamakko gen. nov. (Volvocaes, Chlorophyceae) // J.
Phycol. 2009. V. 45. Ne 2. P. 482—-492.

Nemcova Y., Elias M., Skaloud P. et a. Jenufa gen. nov.: a new genus of
coccoid green agae (Chlorophyceae, incertae sedis) previously recorded by
environmental sequencing // J. Phycol. 2011. V. 47. Ne 4. P. 928-938.

Neustupa J., Elias M., Skaloud P. et al.Xylochloris irregularis gen. et sp. nov.
(Trebouxiophyceae, Chlorophyta), a novel subaerial coccoid green alga // Phycol.
2011. V. 50. Ne 1. P. 57-66.

Neustupa J., Nemcova Y., Elids M., Skaloud P. 2009. Kalinella bambusicola
gen. et sp. nov. (Trebouxiophyceae, Chlorophyta), a novel coccoid Chlorela-like
subaerial algafrom Southeast Asia// Phycol. Research. 2011. V. 57. Ne 3. P. 159-169.

Neustupa J., Nemcova Y., Vesela J. et al. Leptochlorella corticola gen. et sp.
nov. andKalinella apyrenoidosa sp. nov.: two new Chlorella-like green microalgae
(Trebouxiophyceae, Chlorophyta) from subaerial habitats // Int. J. Syst. and Euk.
Microb.2013a. Ne 63. P. 377-387.

Neustupa J., Nemcova Y., Vesda J. et al.Parachloroidium gen. nov.
(Trebouxiophyceae, Chlorophyta), a novel genus of coccoid green algae from
subaerial corticolous biofilms// Phycol. 20136. V. 52.Ne 5. P. 411-421.

Neustupa J., Elias M., Sginohovd L. A taxonomic study of two
Stichococcus species  (Trebouxiophyceae, Chlorophyta) with a starch-enveloped
pyrenoid // Nova Hedwigia 2007. Ne 84. P. 51-63.

Novis P.M., Visnovsky G. Novel alpine algae from New Zealand: Chlorophyta //
Phytotaxa. 2012. Ne 39. P. 1-30.

70



Nozaki H., Itoh M., Sano R. et al. Phylogenetic relationships within the colonial
Volvocales (Chlorophyta) inferred from rbcl gene sequence data // J. Phycol. 1995.
V. 31. Ne 6. P. 970-979.

Nozaki H., Misawa K., Kajita T. et al. Origin and evolution of the colonial
Volvocales (Chlorophyceae) as inferred from multiple, chloroplast gene sequences //
Moal. Phyl. Eval. 2000. V. 17. Ne 2. P. 256-268.

Nozaki H., Ohta N., Takano H., Watanabe M.M. Reexamination of phylogenetic
relationships within the colonial Volvocaes (Chlorophyta): an analysis of atpB and
rbcL gene sequences// J. Phycol. 1999. V. 35. Ne 1. P. 104-112.

O'Kely C.J., Kurihara A., Shipley T.C., Sherwood A.R. Molecular assessment
of Ulva spp. (Ulvophyceae, Chlorophyta) in the Hawaiian Islands // J. Phycol. 2010.
V. 46. Ne 4. P. 728-735.

Poczai P., Hyvonen J. Nuclear ribosomal spacer regions in plant phylogenetics:
problems and prospects// Mal. Biol. Rep. 2010. V. 4. Ne 4. P. 1897-1912.

Pombert J.F., Otis C., Lemieux C., Turmel M. The chloroplast genome sequence
of the green aga Pseudendoclonium akinetum (Ulvophyceae) reveas unusual
structural features and new insights into the branching order of chlorophyte lineages //
Mol. Biol. Evol. 2005. V. 22. Ne 9. P. 1903-1918.

Proschold T., Leliaert F. Systematics of the green algae: Conflict of classic and
modern approaches // Unravelling the Algae: the Past, Present, and Future of the
Algae Systematics. London: Taylor and Francis, 2007. P. 123-153.

Préschold T., Marin B., Schiésser U.W., Melkonian M. Molecular phylogeny
and taxonomic revison of Chlamydomonas (Chlorophyta). |. Emendation of
Chlamydomonas Ehrenberg and Chloromonas Gobi, and descripription of
Oogamaochlamys gen. nov. and Lobochlamys gen. nov. // Protist 2001. V. 152. Ne 4. P.
265-300.

Sherwood AR, Vis M.L., Entwide T. J. et al. Contrasting intra versus
interspecies DNA sequence variation for representatives of the Batrachospermales
(Rhodophyta): Insights from a DNA barcoding approach // Phycol. Res. 2008. V. 56.
Ne 4. P. 269-279.

Skaloud P., Kalina T., Nemjova K. et al. Morphology and phylogenetic position
of the freshwater green microalgae Chlorochytrium (Chlorophyceae) and
Scotinosphaera (Scotinosphaerales, ord. nov., Ulvophyceae) // J. Phycol. 2013. V. 49.
Ne 1. P. 115-129.

Skaloud P., Peksa O. Evolutionary inferences based on ITS rDNA and actin
sequences reveal extensive diversity of the common lichen alga Asterochloris
(Trebouxiophyceae, Chlorophyta) // Mol. Phyl. and Evol. 2010. V. 54. Ne 1. P. 36-46.

This H., Muggia L., Pérez-Ortega S. et al. Revisiting photobiont diversity in
the lichen family Verrucariaceae (Ascomycota) // Eur. J. Phycol. 2011. N. 46. Ne 4. P.
399-415.

Trainor F.R. The format for a Scenedesmus monograph // Algol. Stud. 1991. V.
61. P. 47 -53.

Trainor F.R., Egan P.F. Discovering the various ecomorphs of Scenedesmus //
Arch. Protistenk. 1991. V. 139. P. 125-132.

Verbruggen H., De Clerck O., N’ Yeurt A.D.R. et al. Phylogeny and taxonomy of
Halimeda incrassata, including descriptions of H. kanaloana and H. heteromorpha
spp. nov. // Eur. J. Phycol. 2006. V. 41. Ne 3. P. 337-362.

71



von Crautlein M., Korpelainen H., Pietilainen M., Rikkinen J. DNA barcoding:
atool for improved taxon identification and detection of species diversity // Biodiver.
Conserv. 2011. V. 20. Ne 2. P. 373-389.

Watanabe S, Mitsui K., Nakayama T., Inouye |. Phylogenetic relationships and
taxonomy of sarcinoid green algae: Chlorosarcinopsis, Desmotetra, Sarcinochlamys
gen. nov., Neochlorosarcina, and Chlorosphaeropsis (Chlorophyceae, Chlorophyta) //
J. Phycol. 2006a. V. 42.Ne 3. P. 679-695.

Watanabe S, Tsujimura S., Misono T. et al. Hemiflagellochloris kazakhstanica
gen. et sp. nov.: a hew coccoid green alga with a flagella of considerably unequal
lengths from a saline irrigation land in Kazakhstan (Chlorophyceae, Chlorophyta) // J.
Phycol. 20066. V. 42.Ne 3. P. 696—706.

White T.J,, Bruns T., Lee S, Taylor J. Amplification and direct sequencing of
fungal ribosoma RNA genes for phylogenetics // PCR Protocols. San Diego: Acad.
Press, 1990. P. 315-322.

Wilson J.J. Assessing the value of DNA barcodes and other priority gene
regions for molecular phylogenetics of Lepidoptera / PlIosONE. 2010. Ne 5. P.
€10525.

Zhang J., Huss V.AR,, Sun X. et al. Morphology and phylogenetic position of a
trebouxiophycean green alga (Chlorophyta) growing on the rubber tree, Hevea
brasilienss, with the description of a new genus and species // Eur. J. Phycol. 2008.
V. 43. Ne 2. P. 185-193.

Zimmermann J., Jahn R., Gemeinholzer B. Barcoding diatoms: evaluation of the
V4 subregion on the 18 S rRNA gene, including new primers and protocols // Org.
Div. and Evol. 2011. V. 11. Ne 3. P. 173-192.

72



YK 577.29
UJIEHTU®UKAIIUS BUTOBOM MPUHAIJIEXKHOCTH
MOJUIIOCKOB C UCIIOJIb3OBAHUEM
MOJIEKYJIAPHBIX METO/J0OB

N.C. BopoumjoBa

Hncmumym 6uonoeuu enympennux 600 um. M.J[. Illananuna PAH
152742 Apocnasckas oba., Hexoysckuii p-#, noc. bopox.
E-mail: issergeeva@yandex.ru

PaccmoTpensr pasIuyHbIC THIIBI FeHETHYECKUX MapKepoB,
I/ICHOHB3yeMBI€ JJI I/I,Z[GHTI/I(I)I/IKaLII/II/I BHI[OBOP'I HpI/IHaI[JIe)KHOCTI/I
MOJUTIOCKOB. TaKCOHOMUYECKHUE KJIIOYH, OCHOBAaHHBIE Ha MOP()OIOTHYECKHUX
MpU3HAKaX, HE BCErJa IMO3BOJSIOT HAAECKHO pa3indaTh BHUIBI MOJUIFOCKOB. B
TaKuX CIy4dasX B JIOMOJHEHHE K MOP(OJOTHYECKUM MpPU3HAKAM TI0JIE3HO
IIPUMEHATH T€HETUYECKUE MAPKEPEL.

KiroueBsie cnora: JIHK, Mommtocku, uaeHTHOUKAINS, BU/L.

Different types of genetic-markers to discriminate species of mussels are
considered. Taxonomic keys based on shell morphology are not always able to
differentiate these species with confidence. In such cases genetic markers are
useful in addition to morphological features.

Keywords: DNA, mussels, discrimination, species.

OmpeneneHne BUIIOBOM TNMPUHAICKHOCTH — HEOOXOAMMBIM ATam MpH
M3YYCHHH TMPAKTUYECKH BCEX OOIIEOMOIIOTMYECKUX BOIPOCOB, TMOCKOIBKY
HETIpaBUJIbHAS ~MJCHTU(PUKAUS MOXET CTaTh MNPUYHMHOW  OITMOOYHBIX
BBIBOJIOB. [IpriMeHEHNE MONEKYIISIPHO-TEHETUUECKUX MAapPKEPOB, B TOMOJIHEHNE
K TpPaJUIMOHHBIM  METOAaM, TMO3BOJAET CYIIECTBEHHO  PACIIMPUTH
BO3MOKHOCTH MCCIIEIOBATEIICH.

B kakux ciiyyasix paliMOHAJIbHO MPUMEHSITh TeHeTHYECKHE METOIbI

s nAeHTHPUKATUN BHI0BOH MPHHAIIEKHOCTH MOJLTIOCKOB?

Hoenmudghuxayuss no gpaemenmam mena HEOOXOoAUMA TPH HIyUYECHUH
MONYJISAIMA PEAKUX BUIOB U YHHKAJIbHBIX 00pa3moB. OmnpeseneHne BUI0BON
MPUHAICKHOCTA 00BIYHO MIPOBOIAT MMYTEM aHAJIM3a MPOO MBIIICYHBIX TKAHCH.
[Tpu akkypaTHOM O0TOOpE MaTepHaia KPYITHBIX MOJUTFOCKOB MOYXHO BEPHYTH B
WX €CTECTBEHHYIO Cpeqy oOuTaHusi 6e3 moTepH *KU3HEeCIocoOHOCTH ocodeil. B
HEKOTOPBIX CIy4asX BO3MOXKEH aHAJIM3 PaKOBUH MOTHOIIMX €CTeCTBEHHOU
cMmepThio MouTiockoB (Geist et al., 2008).

Brympusudosoii  noaumopgusm, mepamonocuyeckas uUMeHYUBOCMb.
Onpeodenenue OIUZKOPOOCMBEHHBIX U KPUNMUYECKUX BUO08, MEHCEUOOBLIX
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eubpudos. MHOTHE BHIBl  MOJUIIOCKOB  XapaKTEpU3YIOTCS  BBICOKHM
BHYTPUBUJIOBBIM Pa3HOOOpa3MeM MO KOJIMYECTBEHHBIM U KaueCTBEHHBIM
Mopdosiorudeckum  xapakrepuctukam  (XKammn, 1952). BryrpuBHIoBbie
BapHaHThl, CYIIECTBEHHO OTKJIOHSIOUIMECS OT THUIHMYHBIX Ui BUAA
0CcOOEHHOCTEH, a TaKKe TEepaToJIOTMYECKHe BapUaHTHl WHOT/A BCTPEUYAIOTCS
IpU aHaIM3€ TAaKCOHOMHUYECKM 3HAUMMBIX MPHU3HAKOB, TaKWX Kak Qopma
PaKoBMHBI M JETald CTPOCHUS MATKOro Tteia. Jlake aHamm3 NPH3HAKOB,
HEMOCPEACTBEHHO CBSI3aHHBIX C (DOPMHUPOBAHHEM PEMPOAYKTUBHON M30JISAIUH,
HampuMep MHJAEKCa KOMYJIATUBHOTO armapara, JajleKo He BCerja MO3BOJISET
OJTHO3HAYHO YCTAHOBUTH BHIOBYIO MpUHaAIeKHOCTE (Bunapckwii, 2013).

[Ipobnembl  uaeHTH(UKALNH, BO3HUKAIOILINE B pe3yibrare
nonuMopdu3mMa, 0COOCHHO aKTyaJIbHBI MPU M3YUYCHHH OJIM3KOPOJICTBEHHBIX U
KPUNTUYECKHX  BUIOB,  OOpPa3yIOMIMX  CHUMIIATPUYECKHE  TOCEICHHS.
[IpumeHeHne Te€HETHUYECKUX METOJOB HEOOXOIUMO IS WACHTU(UKALUU
MEXBHUOBBIX THOPHJIOB, TOCKOJIBKY MOJUTFOCKH XapaKTEePHU3YIOTCS HEOOIBIINM
HAaOOpOM TPU3HAKOB, NPUTOJIHBIX [ WIACHTH(PHUKAIUUM UX BHUJIOBOU
NPUHAIIICKHOCTH, B pe3yibTare TMOpUAHbIE 0COOM MOTYT COOTBETCTBOBATH
MpU3HAKaM OJIHOTO U3 POAUTEIbCKUX BHUJIOB.

[lpu u3y4yeHWH CUMIATPHUUYECKUX TOCEJICHUH CIENHUaIMCThl MpeaIararoT
aHAJIM3UPOBATh HE OTIENBHBIX 0COOEH, a BRIOOPKY WM JaKe CEpPUU BHIOOPOK B
IIEJIOM, C HMCHOJIb30BaHHEM CTAaTHCTHYECKUX MeTonoB (BuHapckwii, AHIpeeBa,
2007; Bunapckwuii, 2013). Eciu B pacniopskKeHHH MCCIIEA0BATENST HMEETCSI BCEro
HECKOJIBKO ~HETUIHMYHBIX O0CO0€H, BHIOBYIO IPHHAIICKHOCTh KOTOPBIX
HE00XO0AUMO ONPEAETUTh, MOXKHO BOCIOJIb30BaThCS T€HETHUECKUMH METOJaMH.

Hzmenenuss 6 xode omnmoecenesa. OOBIMHO JHMATHOCTUYECKHE KITIOUU
MO3BOJISIIOT OINPEAETATH B3POCIBIX MOJUTIOCKOB. MoJo/ible 0coO0U 4acTO UMEIOT
MEHee BBIpaXCHHBIC MPHU3HAKH, a MPOMOPIHUUA PAKOBUHBI MOTYT HU3MEHSTHCS
BCJIE/ICTBUE aJUIOMETpHuYecKoro pocra. Hepeako omnpeaenuTs BHIIOBYIO
MPUHAIIISKHOCTh MOJIOIU N0 MOP(HOJIOTHYECKUM MPU3HAKAM MOXKET TOJIBKO
CHEIUATTUCT, UMEIONTUH OOJBIIION OMBIT padOTHI C ATOW TPYIIION MOJITIOCKOB.

Hns  wuneHTU(UKANMA  JIMYUHOK  BBISBICHBI  BHJIOCTCIIM(UIECCKHE
MPU3HAKH, TUATHOCTHUPYEMBIE C UCIIOJIb30BAHUEM CKaHUPYIOIIEH 3JIEKTPOHHOM
MUKpockonuu. TeM He MeHee, JJaeKo He BCE BUJbI MOTYT OBITh OIpEesIeHbI
3TUM MeToaoM. Kpome Toro, uneHtTudukanus JUIMHOK, MapasuTUPYIOMIUX Ha
xabpax pbIO, 1O MOP(OIOrMYEeCKMM NpU3HAKaM HE BCerJa BO3MOXHA,
MTOCKOJIBKY CTBOPKH MOJUTIOCKA MOTYT OBITh J1e(hOpMUPOBAHBI PU UX OUHCTKE
OT MATKUX TKaHEM.

I'eneTnueckue MeTOAbI 1 MapKePbI, MPUMEHsIEMbIE /151
UICHTU(PUKALMHA BUAOBOM MPUHALIEKHOCTH
Annozumvi.AHaMU3 aJUIeNbHBIX BApUAHTOB OJHOTO M TOTO K€ JIOKYCA,
JNETEPMUHUPYIOMNUX OTJEIbHBIE BapUaHTHl TOJMMCHTHIHONW IeNu Oerka
(am03uMBI),  TO3BOJIIET  MCCIENOBaTh  MOJUMOP(U3M  KOJUPYIOIIHUX
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MOCIIEZIOBATEILHOCTEH TEHOB, KOHTPOJHMPYIOIIUX WX CHUHTE3. M3ydeHwue
nouMopdu3Ma OEIKOB TPOBOIAT € TMTOMOIIBIO AJIEKTpodope3a B KpaxMalbHOM
U TONHAKPWIAMUIHOM TeNsX C  TOCIHCAYIOUIMM  TUCTOXUMHYECKHM
okpamuBanueM. Eciu mpencraBuTenu pa3HbIX BUAOB pa3inyaroTcs HabopaMu
QIJIENIBHBIX BAPUAHTOB IO OTAEIBHBIM JIOKyCaM, TO aJJIO3UMBI MOXHO
NPUMEHSITh B  KadecTBE MapKepoB Ui  WACHTU(UKAIMM  BHJIOBOM
MPUHAICKHOCTH 0CO0€H, MOATBEPKACHUS THOPHIHOTO IMPOUCXOXKICHUS.
Meroa 1O3BOJISIET pa3TpaHUYMBATh OJIM3KUE BUIALI W BUABI-ABONMHUKH. C
MTOMOIIBIO ITUX MApKEPOB MOJTBEPKIEHO CYIIIECTBOBAHUE THOPUIHBIX 0COOEH
D. bugensisxD. polymorpha (Bopormnosa u ap., 2010). Hapsay ¢ apyrumu
TeHETUYECKUMU MapKepaMH aJUIO3WMbl YCTECIIHO MPUMEHSIOT AJIS W3YYCHHS
MHUKpPO?BOJIOIMOHHBIX ~ MPOLIECCOB B CHUMIATPUYECKHX  IMOCEIEHUSX
OJMM3KOPOJICTBEHHBIX BHJOB MUAWKA, ITUTTOPUH, YHUOHHI U psAa BHUJIOB
HAa3eMHBIX MOJIJTIOCKOB.

Ananuz anonummuvix nocireoosamenvrocmeti (memoost RAPD, AFLP,
ISSR) B Hacrosmiee BpeMs CpPaBHHTEIBHO PEAKO  MPOBOMAT IS
UICHTH(UKAIIUN BUIOBOW MPUHAICKHOCTH MOJUTIOCKOB. B HacTosiee Bpems
3TH METOJIbI MCTONB3YIOT ISl MOMCKA BUAOCTEIU(PUYHBIX YUaCTKOB T€HOMA U
CO3MaHUS  TPaliMepoB, TO3BOJSIOMUX  WACHTU(DUIHUPOBATH  BUIOBYIO
MPUHAJICKHOCTh 0co0el W HcClienoBaTh MEXKBHUIOBYIO THOPUIU3ALIUIO
(Muxatinosa, 2012).

B nocneanue roapl Hanbosee 4acTo UCTONIB3YIOT MapKepbl, pa3paboTaHHbIe
Ha OCHOBE M3BECTHBIX mocinenoBarensHocTer JJHK, KoTOphIe CHHTE3UPYIOTCS C
UCIIOJIb30BAHUEM TpaiiMepoB, MO3BOJSIOMIMX AMIUIM(UIIMPOBATh HCCIIEAYEMBbIit
¢bparmenT siaepHoi nim mutoxoHapransHoi JTHK.

I'enemuueckuii 6apxooune (JJHK-6apkooune, JTHK-umpuxkoouposanue)
— D3TO METOJl, B OCHOBE KOTOPOTO JIEKUT HCIOIb30BaHNE KOPOTKUX
TEeHETUYECKUX MapKepoB JUIsl ONpeiesieHUss TaKCOHOMHMYECKOTO MOJIOKEHUS
opranuzMa. Merox npemnoxkeH B 2003 rony kaHajackuMm yudeHbIM [lonom
Xebeprom (Hebert, 2003). B 2004 romy ObUT OCHOBaH MEXTyHAPOIHBIN
korcopimym «ltpuxkon »xwusum» (Consortium for the Barcode of Life,
CBOL). bapkoaunr mpemamnosiaraetr cozganue oudmmorekn JJHK-mrpuxkomos
STAIOHHBIX ~ Yy4acTKOoB  reHoma. Jlns  waeHTHUUKANMK  BHIOBOM
MPUHAIICKHOCTH MOJUTFOCKOB 3TUM METOJIOM HCIOJIb3YIOT MPEUMYILECTBEHHO
HYKJICOTH/IHBIC TOCIIEI0BATENILHOCTH MUTOXOHApuanbHbX renoB (COIl, 16S,
cytb).

Hyxkneotuanabple OCIeI0BaTEIPHOCTH UMEIOT XapaKTEPHBIE MEKBHUIOBBIC
pa3Iu4us B ONMPENETICHHBIX y4acTKax MUTOXOHApUaIbHOW niun sigepHon JTHK.
DT0 MOTyT OBITh KakK OJHOHYKIICOTHIHBbIC 3aMeHbl (Mapkepbl SNP), Tak u
MyTallMOHHBIE  W3MEHEHHs  HeOompmux  ydactkoB  JIHK.  Anamms
BUJOCTICIU(PUUECKUX CAUTOB IMO3BOJSET CYIIECTBEHHO CHU3HTH 3aTpaThl HA
MIPOBEJICHUE MCCIEAOBAHUS U MPU HEOOXOJUMOCTH aBTOMATU3UPOBATH METOIbI
JETEKIIUU C UCTOJIb30BAaHUEM COBPEMEHHBIX TeXHOJOTHi TectupoBanus SNP,
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KOTOpBIE ceiiyac O4eHb MHTEeHCUBHO pasBuBatoTcs (Cymmumona, 2004; Sobrino
et a., 2005). M3 nHamboimee MPOCTBHIX CIIOCOOOB METEKIMH, TOCTYITHBIX
NPAaKTUYECKH B KAXKIOH TI'CHETUYECKOH J1abopaTOpHH, MOXHO OTMETHTh
suoocneyuguyeckyio, arnenv-cneyuguuecxkyro INIP u aumanuz II[P-1I/][P®
(norumopghusm onun pecmpuxkyuonuvlx gppacmenmos).

CBoiicTBa MapKepoB

Mapxepor mumoxonopuanvnou /JHK. Jlna mutoxonapuanbHon JIHK
XapakTEepHO TMOCIEAOBATEIbHOE HAKOIUIGHHE MYTallUi, YTO IMO3BOJSET
OTpEACNUTh MPOUCXOXKACHUE M CTeneHb Au(QepeHinanuu MeXBUIOBBIX
BapMaHTOB HYKJIEOTUAHbIX mocienosarenbHocTelt JHK. Kpome Toro, B
MexayHapoaHoi 0a3ze maHHbBIX NCBI nmms 607pIIMHCTBA BUIOB MOJUTFOCKOB
YUCJIO MUTOXOHJIPHAIBHBIX HYKJIEOTUIHBIX mocnenoBarenbHocTeit JJHK
ropa3go Oombiie, ueM sAepHbIX. (CrenoBaTelbHO, BHYTPUBHIOBOM
MOJIMMOP(PH3M MUTOXOHAPUAIBHBIX TEHOB MU3YUEH JIY4Ille, a 3HAYUT, MAPKEPHI
Mt/IHK B 1enom Oomee HaaexHbl a1 HWACHTH(GUKAIMK  BHIOBOMN
MPUHAJISKHOCTH 0coOeil. Tem He MeHee, CYHIECTBYIOT MPOOJIEMbI, KOTOphIE
HEO0OXOIMMO YUYUTHIBATh MPU UX IPUMEHEHUHU:

- HeOonbmme paznuumsi MEXIy BHYTPUBHIOBBIMH W MEXBHUIOBBIMU
BapHaHTaMH HYKJICOTUIHBIX IMOCIIEOBATEIbHOCTEH MOTYT CTaTh UCTOYHUKOM
npobyiieM TpU WACHTU(DUKAINHA HBOJIOMUOHHO MOJOIBIX BHUJAOB, a TaKXKe
TaKCOHOB C HU3KOM CKOPOCTBIO IBOJIIOLIUH.

- TIlceBmorenbl. Ecnm yuuthiBaTh BCE pa3sHOOOpazwe  ICEBIO-
MOCIeI0BATEIbHOCTEH, TO MO OIIMOKE MOXKHO OMNHCAaTh HECYIIECTBYIOIIHE
BH/JIbI OPTaHU3MOB.

- JIBoiinoe HacnenoBanue mutoxouapuansHoi JJHK (Hamuune myskckoro
u sxeHckoro BapuantoB MT/JHK).

- MexsunoBas rubpuauzanus. Mutoxonapuanbaas JIHK nacnemyetcs
MIPEUMYILECTBEHHO IO MATEPUHCKOM JIMHHWH, MO3TOMY MHUTOXOHIPHAIIbHbIC
MapKepbl He MO3BOJISIOT UACHTU(UIINPOBATH MEKBUIOBBIX THOPHUIOB.

Tanoemno nosmopsrowuecs nociedosamenvrocmu sioeprou JJHK. T'eHbl
pubocomansuoit PHK wu wMexrennwsie cnetlicepsl |ITS coBmectHO ¢
MUTOXOHJPHAIILHEIMH ~ T€HaMH  HauOoliee  YacTO  HUCIHOJB3YIOTCS B
bunoreneTrueckux uccaeaoBanusax (0o3op: Hillis, Dixon, 1991).

[TocTerneHHO HaAKAIIMBAIOTCS CBEACHHS O MOTUMOPPU3ME TaHIEMHO
MOBTOPAIOIIMXCA  nociegoBarenbHoctet  saepHot  JIHK. TouHOCTH
UICHTH(QUKAIIUM BO MHOTOM 3aBHCHT OT TOTO, HACKOJIBKO TIIATEIHHO
MPOBEJEHO TECTUPOBaHHE HA TMPEAMET BBIABICHUS BHYTPUBHUIOBBIX
BAPUAHTOB, CHWKAIOIIUX JUArHOCTUYECKYI0 3HAYUMOCTh MapkepoB. K
mpuMepy, Ha OCHOBE HYKJICOTHIHOW TMocienoBareabHOCTH reHa 28S PHK
pa3pabotanbl Bupocnenuduyeckue npaiMepst Uit uaeHTuukanun Dreissena
polymorpha u Dreissena bugensis (Hoy et al., 2010). IIpeanonaraercs, 4ro
HYKJICOTH/IHBIE TIOCJIEIOBATEILHOCTH S/IEPHBIX T€HOB KOHCEPBATUBHBI, HO JJIsi
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D. polymorpha u3BecTHbI J1Ba CYIIECTBEHHO Pa3IUYAONINXCS BHYTPUBHIOBBIX
Bapuanta 28S PHK, oGo3naueHnbic aBropamu Kak Tunel A u B (Park, O
Foighil, 2000). VYuactku JIHK, Ha KOTOpPBIX MPOUCXOAUT OTIKUT
npaiiMmepaoaHoro u3 BapuantoB Dreissena polymorpha (tum A) u Dreissena
bugensis unentuunsl. CremoBaTenbHo, Takue ocodbu D. polymorpha moryt
ObITh  ommbouyHO umAeHTHHUIMpoBaHb kKak D. bugensis. Pesymnbrarhi
MPAKTUYECKON TPOBEPKU 3TOTO METO/Ia MPH €0 COBMECTHOM HCITOJIb30BAaHHH C
MopdonorrnueckuM a"Haim3om u  [IHP-ITIJIP® wmrJHK noareepammu 310
MPE/IO0I0KCHHUE.

Vuukanvheie cenbi B HACTOSIIEE BPEMsl PEIKO WCIONB3YIOT IS
UACHTU(DUKAIIMM ~ MOJUTIOCKOB, IOCKOJBKY JiIi  OOJIBIIMHCTBA  BHUJOB
MOJUTIOCKOB €Il He pa3padOoTaHbl YHUBEPCAJIbHBIC MpaiiMephl, O3BOJISIONINE
amruuIpoBaTh GparMeHThl YHUKaIbHBIX reHoB (Plazzi, Passamonti, 2010).

[Ipu BEIOOpEe MeTOma W MapKepoB Ui HWIACHTU(UKAIUH CIEIyeT
YUUTBIBATh, YTO OMpPEJICICHUE MOJUIFOCKOB Ha Pa3HBIX CTAIUSIX XHU3HCHHOTO
[UKJIa UMEET CBOM ocoOeHHocTH. IlpaiimMepsl st uaeHTU(HUKAIIMA BUIOBOU
MPUHAJIC)KHOCTH MOJUTFOCKOB B OOJIBIIMHCTBE CJIY4acB OTKUTAKOTCS Ha
KOHCEPBAaTHBHBIX YUACTKaX MUTOXOHAPHUAIBHBIX U SIIEPHBIX TEHOB, CXOTHBIX Y
pa3IMYHBIX TPYII OECHO3BOHOYHBIX YXHUBOTHBIX. J[JIs ompesencHus THIYHHOK
ucnoip3yor ¢pparmentsl renoB COIl (Gustafson, Iwamoto, 2005; Boyer et al.,
2011), ND1 (Kneeland, Rhymer, 2007; Kneeland, Rhymer, 2008; Boyer et d.,
2011), 12S PHK (White et a., 1996), 16S PHK (McCartneyet al., 2009), u
mexrennbie crericepsr ITS (White et al., 1994; White et a., 1996; Gerke,
Tiedemann 2001; Kong et al., 2002; Kalergo et a., 2005; Zieritz et al., 2012).
[Tockonbky B mpoOax xabp pbpIO MOTYT MpPHUCYTCTBOBaTh TKAaHU
Mapa3suTUYECKUX M CBOOOJHO JKUBYIIMX OECIIO3BOHOYHBIX, HMCCIIEIOBATEIN
pexkomenaytoT BoiaenaTh JHK w3 rimoxwmus, oTaeneHHOro ot xaldp pbio
(White et al., 1996;Gerke, Tiedemann 2001; Gustafson, Iwamoto, 2005;
Kneeland, Rhymer, 2007; Zieritz et a., 2012).

B 3axmroueHue ciemyer OTMETUTh, YTO UISl MICHTH(HUKAUU BUIOBOM
MPUHAJICKHOCTH MOJIJTFOCKOB HEOOXOJMMO B IOJIHOW Mepe HCIOJIb30BaTh
BO3MOYKHOCTH MOP(OJOTHYECKUX METOJOB, KOTOpbIE TMO3BOJSIOT TpHU
CYIIECTBEHHO MEHBINIUX (UHAHCOBBIX 3aTpaTax aHaJM3UPOBATh MAaCCOBBIN
Matepual. [ eHeTnyeckre MeToabl HISHTH()HUKAIIMY BUAOBOH MTPHHAIIIC)KHOCTH
MOJUTFOCKOB HEOOXOJUMBI ISl PEUICHHS TeX BOIMPOCOB, KOTOPBIC MO Pa3HbIM
NPUYMHAM HE YIAeTCs PENIUTh C IMOMOIIBI0 MOP(OIOTHYECKOrO MOIXOA.
[lepcrieKTUBHBIM HANPABICHUEM MOXET CTaTh OTOOp HauboJiee HaJCKHBIX
IUAarHOCTHYECKUX MOP(OJIOTHYECKUX TPH3HAKOB, OCYIIECTBISIEMBIA B XOJ€
MCCIICIOBaHMSI, BKJIIOYAIOMIETO MOP(OJOTHUSCKUN M TEHETHYCCKHI aHaIu3
(Voroshilova, 2013).

Paboma evinonnena npu gpunancosoii noodepacxke PODU (epanm — 14-
04-00213 - 4, 12-04-00594-a, 14-04-31112 - mon_a) u MK-2455.2013.4,
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SAIIUTA 31O0POBbS YEJIOBEKA
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ITPOBJIEMBI PABPABOTKH BAKIITUH
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B pabGote mpejcTaBiieHbl pe3yNbTaThl HCCICIOBAHUS CTPYKTYphI Oeika
E2 o6onouku Bupyca renaruta C, npeasapsroniie padoTy HaJl IOTEHIUAIbHOM
BakiuHON. CIOXXHOCTH B co37aHMU BakiuHbl TpoTuB BI'C 00ycnoBiieHBI
TPYAHOCTSMHU B paboTe ¢ BUPYCHBIMHU Oenkamu, B TOM uucie O6enka E2 BBungy
WX HECTaHJapTHhIX CcBOHCTB. IloBenenme pexkomOuHantHoro E2 Ha
anekTpodopese B TpagueHTE MOUYEBUHBI OKA3aJlOCh HE THIIMYHBIM — €ro
JCHATYpallus W pPEHaTyparus TMPOUCXOASAT IUIABHO U TIOCTENCHHO, He
JEMOHCTPHPYSI KOOMIEPATHBHOCTH U HE 00pa3ys TOUKH IMepexoja M3 OJHOTO
cocTostHUs B apyroe. [ToakiroueHne Moax0A0B OrPaHHYEHHOTO MPOTEONIH3a U
MMMYHOOJIOTTHHTA TIO3BOJIUJIO YCTaHOBUTH, 4YTO OCHOBHAas 4YacTh FecE2
COCTOUT U3 4 TOMEHOB.

KiroueBsie cJIOBa: BaKI[MHA, renmatutr  C, 0eJIoK reci2,
KapOOKCHMETHIIUPOBAHUE, OTPAaHUYCHHBIN MPOTEOJIN3, aHTUTEIIA

Work presents the results of investigation of the protein E2 - structure
from the hepatitis C virus shell, which anticipate the work with the potential
vaccine. Complexities in the creation of vaccine against VGC are caused by
difficulties in the work with the virus proteins, including of the protein E2 in
view of their nonstandard properties. The behavior of recE2 in electrophoresis
in PAG with the gradient of urea was not typical - its denaturation and
renaturation occur smoothly and gradually, without cooperativity and transition
point from one state to another. The connection of the approaches of the
limited proteolysis and immunoblotting made it possible to establish that major
part of recE2 consists of 4 domains.

Keywords: creation of vaccines, hepatitis C virus, recE2

ens pgaHHOTO JOKJIaAa — O3HAKOMHUTH ayAUTOPHUIO C METOJIAMH,

MPOLIECCOM U pe3yibTaTaMU KOHKPETHOW palbOTHl MO M3yYeHHUIO0 Oenka
ob6onoukn Bupyca remaruta C. ['enmatut C 4yaimie Bcero mpeacTaBisieT coOoi
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XPOHUYECKYI0 HMH(EKIHI0, KOTOpas NPUBOJUT K XPOHHUYECKOMY TeMaTUTy,
IUppo3y TedeHu U renaroneunosipaon kapuuHome y 20-30% O0ibHBIX.
Cratuctudeckue aannbie o Poccuu — okono 3 — 5% HaceneHust cTpaiarT ot
xponnueckoro remaruta C. IIpoGmema He pereHa B MUPOBOM MaciiTade,
MOCKOJIBbKY TpoTUB rematuta C He CYIIECTBYET BaKLUHBI, a JUIs OOJBHBIX
MPOBOAMUTCS Hecnenuduyeckass aHTU-BUpycHasaTepanus. OYeBUAHO, UTO
UMeeTCss  HAcTOsATeNbHAs NOTPeOHOCTP B TNPEBEHTUBHOM, a  Jydile
TepaneBTUYECKOM, BaKIMHE, U MHOTHE Hay4yHble Ja0opaTOpuu M Jlaxe
CIEUANBHO CO3JaHHbIE IIEHTPBI 3aHUMAJINCh 3TON MPOOIEMO.

Bupyc remaruta C (BI'C) sBuseTcs 000J0YEUHBIM BHPYCOM, T€HOM
kotoporo (+PHK) xomupyeTr equHbIi MOIUIIPOTEHH, KOTOPBIH MOIABEPracTcs
MPOLIECCUHTY TOJ JelcTBHEM TMpoTea3 BUpyca M XO03dMHa, oO0pa3ys
CTPYKTYpPHBIE U HECTPYKTYPHBIE BUPYCHBIE OEIIKH.

Host sygnal Virus
peptidase protease setine protease
C | £t E2 AV Ns3 BN AL B NE5B
1 192 354 747 310 1027 1653 1712 1973 2421 3011
[p2r] [ a0 |[pi | r[] 758
gp31 (] | 270 | [77 ] 65

Puc. 1. [IponieccuHr BUpyCHOro NENTHA.

B kauectBe OJHOTO M3 OCHOBHBIX KaHAUWJATOB Ha co3fgaHue aHTU-BI'C
BaKIIMHBl paccMaTpUBalld TNIMKoNpoTenH E2, Bxonsmwmii B cocTaB 000JOUYKH
BUpyca (aMHHOKHCIOTHI TonunporenHa ¢ 385 mo 746). Dtor Oenok
B3aUMOJICHCTBYET ¢ TpeArnoaraeMbiM KieTouHbiM penenitopom BI'C, CD81,
OPOTHB HEro BbIpA0ATHIBAIOTCA (€CIU OTO CIIydaeTcs) HEHTpaM3yIoIne
aHTHTeNa, a TAaK)Ke OH UTPaeT 3HAUUTEIbHYIO poJib B Mopdorenese Bupyca. Bee
3TO MOCIIYKUJIO OCHOBaHUEM I O0jIee TOJPOOHOTO €ro H3y4eHHU .

[Tockonbky E2 sBnseTcss TIIMKONPOTEHMHOM, TMpeAbIAYIIe padboThl
o0pamianich K aHajJu3y €ro INIMKO3WJIMPOBAaHHBIX (hOpM, KOTOpBIE 007anatoT
MMMYHOT€HHON aKTHUBHOCTBIO TOJBKO B TOM ciiydae, ecinu E2 mopaseprancs
ceun(UIeckoMy  KOP-TJIMKO3WJIMPOBAHUIO BHYTPH  UEJIIOBEUECKUX  HIIU
KUBOTHBIX KIJIETOK; IOJIHOCTbIO TJIMKO3UJIMPOBAHHBIM U CEKPETUPOBAHHBIM
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OCTOK  aHTUTEHOM  TMpPAaKTUYeCKH He  sBhsercsa. [lomyueHue  Kop-
[NIMKO3WJIMPOBAHHBIX ~ (OpPM  O4YeHb  JIOpPOro,  IMOCKOJIbKY  TpeOyeT
WCIOJIb30BAaHUS KYJIBTYP XUBOTHBIX KJIETOK M TIOCIHEAYIOUIEH OYHMCTKH W3
opranemi (ammapara ['oabmku). MHbopMarus o ctpykrype E2 monydena ne
ObLIa, 0TYACTH U3-3a TOr'0, YTO JITOT OEJIOK OUEHDb CIOMKEH IS OMOXUMHUYECKON
paboThl, OTYACTH H3-3a TOTO, YTO TE€TEPOre€HHOE TMIMKO3WJIMPOBAHHE BHOCUT
JIOTIOTHUTEIbHBIE TPYAHOCTH B  ONpeleleHue CTPYKTypel. Ha  ¢one
MIPUBEICHHBIX JIUTEPATYPHBIX JAHHBIX MBI HadaJil padboty ¢ 6enkom E2.

Hamu Obuto moka3aHo, YTO TOJYYECHHBIH B OaKTepUAIBHBIX KJIETKaX
HETJIMKO3WJIUpoBaHHeM  E2  dyHKOMOHameH, a HWMEHHO  CIOCOOeH
B3aMMOJICHCTBOBATh CO crenuduueckuMm KiaeTodnbiM perientopom CD81 u
aHTH-E2 MOHOKJIOHAIbHBIMU aHTUTETIAMH.

1 2 3 4 5 6

Puc. 2. BzaumoneiictBue pexomOunantoro E2 c¢ peuentopom CD81. 1 —
ounmeHaslii CD81; 2 — ounmienusii E2; 3 — ounmennsiii CD81 + ouniiieHHbII
E2; 4, 5 u 6 — nocnemoBarenpabie smronun komruiekca CD81+E2 ¢ Ni-
cedaposbl. JJuck-3nekrpodopes B rpaauentHoM rese (10 — 20%).

1 2 E 4 H L] T L]

B2 dilufions 1:2

Puc. 3. BzaumopeiictBue "MMOOMIIM30BaHHOTO MOHOMEpa PEKOMOWHAHTHOTO
E2 ¢ antu-E2 MmonokonanbsHbiMu aHTUTEIaMu (AP33).
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B pexkomOunantHOM E2, kak ciexmyer U3  aMHHOKHCIOTHOM
nocnenoBareabHOCTH, uMeercs 17 SH-rpynm. Kak mpaBuio, B mpaBHIBHO
peHaTypupoBaHHOM Oenke SH-Tpynmsl 3aMKHYTHI MTOMAPHO B AUCYIb(QHUIHBIE
cBsi3u. s TOro, 4roObl OLIEHWTH, 3aMKHYTHI JHU IUCYIb(QUIAHBIE CBI3H B
MOJlyYeHHOM HaMH Iperapare Oesika, Mbl CPaBHHJIM KOJIMYECTBO CBOOOIHBIX
SH-rpynnt B recE2 mocne pedonaunra u B recE2, B xoropom SH-rpymmb
BOCCTAHOBJIEHBI MeTofioM OJnmana. OOmiee komuuectBo SH-rpynm B
BOCCTaHOBJIEHHOM FE€CE2 cocraBnsimo 6 HM B o0pasiie, B TO BpeMsi, Kak B
Oenke mocne pedonauHra kKommuectBo SH-rpynm 6buto menee 0.5 HM.
CooTHeceHue TMONYYEHHBIX pPE3ylIbTaTOB C KOJIMYECTBOM Oelka B oOpasie
(0.38 HM) moxkasbIBaeT, 4TO METOJ JaeT afeKBaTHbIE pe3yibraThl (15-17 SH-
IPYIIT Ha MOJIEKYITY), U 4TO OONBIIMHCTBO SH-Tpymm B peHaTypHpPOBAaHHOM
recE2 maxomsitcs B OKUCICHHON (hopme, T.e. OHM BOBIICYCHBI B JOPMUPOBAHUE
TUCYIbGUIHBIX CBSI3EH.

YroObl MOATBEPAUTH CACTaHHBIN BBHIBOJ, MbI MPOAHATM3UPOBAIH CTATYC
LUCTEMHOBBIX OCTaTKOB c MTOMOLUIBIO MeToja JBOITHOTO
KapOOKCUMETWIMpOBaHus. Meroa 3akirodaeTcss B TOM, 4YTo SH-rpynmbl
HATHBHOTO 0ejIKa MOAM(DHUIUPYIOT C MOMOIIBIO Hoa-ykcycHOM KucioTel (I1AA),
mocje 4Yero BCE OCTaBIIMeCS AUCYIb(QUAHbIE CBS3M BOCCTAaHABIUBAIOT U
MOIUGUIMPYIOT HOBOOOpasoBanHbie SH-rpymmber Homgameramugom (IAM).
[lepBuynas Moaudukanus HOA-YKCYCHON KHCIOTOH HPOUCXOIUT TOJBKO C
BOCCTaHOBJICHHBIMH CBOOOIHBIMH SH-TpymnmamMu M He 3aTparuBaeT S-S CBS3H.
ITocne  BoccTaHOBiIEHUS  AMCYIb(UIHBIX  CBA3€H  COOTBETCTBYIOIIWE
LMCTEMHOBBIE  OCTaTKM  CTAHOBATCS  JOCTYNHBIMU ISl JalbHEHIIen
MOIU(DHUKUIIIH C TOMOIIBIO Honaneramuaa. B To Bpems kak HonaneraMmua cam
mo cebe HEWTpaJeH W HE HW3MEHSET 3apsa] MoIu(UIMpPOBaHHOTO OelKa,
NPUCOETUHEHNE HOI-YKCYCHOW KHCIOTHI Ao0aBisser Ha SH-rpynmy Oenka
OJIMH OTpHUIATENbHBIA 3apsn. U3meHeHwe cyMmmapHOro 3apsga Oernka
MO3BOJISICT BBIUMCIUTH KOJUYECTBO IUCTEHHOBBIX OCTATKOB, BOBJICUCHHBIX B
dbopmupoBanue nucynbGUIHBIX cBs3ed. [1omoOHBINM aHamu3 ObUT TIPOBENEH C
UMMOOMIN30BaHHbIM [€CE2, wn3MeHeHWe 3apsiga Oenka Onpenensuid 10
anektpodopesy B 8 M wmoueBuHe 0Oe3 SDS. IlomydeHHBIE pE3ynbTaThI
CBHJIETENILCTBYIOT O TOM, YTO OOJIbINIAsi YaCTh IIMCTEMHOBBIX OCTaTKOB [ECE2 He
JNOCTYNHBI  JUIsl  TEPBUYHOTO  KapOOKCHMETWJIMPOBAHHS  HOJ-YKCYCHOM
KUCIOTOW M MOTYT OBITh MOJU(PHIMPOBAHBI HOAALETAMHUIOM IIOCIIE
BoccTaHOBIeHUI S-S cBsaszeil. CrnemosarebHO, OONBIIMHCTBO OCTAaTKOB
ucTernHa B reCE2 BoBieueHsl B pOpMHUPOBAHUE TUCYIb(PHUIHBIX CBSI3EH.

B3aumogeiictBue co cnenuduaeckumu 1yt npupoaHoro E2 monexynamu
0003HaYaeT COXpaHEHHE HATUBHOM CTPYKTYpbHl B pekoMOMHaHTHOM E2.
[ToaToMy MBI NpPUMEHWIM JIOCTYIHBIE CHOCOOBI OMHCAHMSI CTPYKTYPHI K
pexombunantHoMy E2. Hampumep, snextpodope3 B TpaJueHTe MOYEBHUHBI
naer obmee (ommcareNbHOE) MPEACTaBIECHHE O CTPYKType Oelka,
KOOTIEPaTUBHOCTH U CUJIC BHYTPHUMOJICKYJISIPHBIX B3auMmoaencTuil (Puc. 4).
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IToBenenne pexomOuHantHoro E2 Ha nsnektpodopese B TpaaueHTe
MOYEBHHBI COBEPIICHHO HE THIUYHO — €ro JeHaTypauus W peHaTypanus
MPOUCXOJIAT IJIABHO U MOCTENEHHO, HE IEMOHCTPUPYS KOOIIEPATUBHOCTH U HE
00pa3ys TOYKH Iepexo/ia U3 OJJHOTO COCTOSHUS B IPYTOE.

refolded E2
=
=
| =5
bt
V om S B M
urea gradient
denatured E2
=
=
| =3
2
V oM = B M

urea gradient

Puc. 4. Ananuz pactBopumoro MoHomepa E2 ¢ momompio amektpodopesa B
rpaiu€HTC MOYCBUHBI.

Eme oauH moaxo, MO3BOJSIOMIUKA KOCBEHHO CYyIUTh 00 oO0mIei
OpraHu3aIi TPETHUYHON CTPYKTYPHI OCJIKa — OTpaHUYEHHBIN TPOTEONIH3. DTOT
MCTOJ HCIIOJB3YCTCA B TCX ClIydadX, KOorga APyruc¢ METoAbl HC MOI'YyT 6BITB
npuMeHeHsl. [IpoTeonn3y B epByio ouepeb M0IBEPraloTcs aMUHOKHUCIOTHBIE
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OCTaTKH, PACIIOJIOKCHHBIE HA TMOBEPXHOCTU MOJUMENTHAA, B TO BpEeMs Kak
AMHHOKHUCIIOTHBIE OCTaTKH, CIIPSATaHHbIE BHYTpPH, OoJjiee YCTOHYMBHI K
nporeonusy. Takxke Ooliee yCTOWUMBBIMU SBISIFOTCS OCTATKH, BOBJICUCHHBIC B
dbopMHpOBaHHE JKECTKHX CTPYKTYp B  O€lke, T1I0 CpaBHEHUIO C
AMUHOKHUCIIOTHBIMH ~ OCTaTKaMH  HECTPYKTYPUPOBAHBIX  y4acTkoB. Jlis
HanOoJIbIIIeH HHGHOPMATUBHOCTH, TIOCIIE POBEACHUS MPOTEOIN3a HEOOXOIUMO
UICHTH(QUIIPOBATH MMOTyYCHHBIE MENTUABL. TakuMm 00pa3oM, OCHOBHIBAsICh HA
W3BECTHOW  aMHHOKHCJIOTHOW  MOCeq0BaTeIbHOCTH — monunentuaa  (u,
COOTBETCTBCHHO, PACIOJIOKCHUU TOTCHIMAIBHBIX CAWTOB IMPOTEOJU3a), a
TaK)Ke Ha JAHHBIX, B KAKOW OYEPETHOCTH TOSBISIOTCS IPOTECOTUTHUECKUE
(bparMeHThI, MOKHO CIIeNaTh MPEANOIOKEHHS 00 001Iell KOMIaKTHOCTH OelKa,
U O CTPYKTYpE €r0 OTIENbHBIX YIaCTKOB.

B nocnenoBatensHocTi E2 ectb 20 caliToB JUIst THAPOIU3A TPUTICHHOM —
OCTaTKOB aprWHMHA W Jm3uHA. Hamm ObuTM  TOMOOpaHBI  YCIIOBUS
(koHIIGHTpalMs TPUIICHHA M BpeMs Jerpajaliu) JUis OrPaHHMYCHHOTO
npoTeonu3a reCE2. O6pasisl 0OTOMPATKCh B TeueHHe Bcero mporeounsa (1o 90
MHUHYT) W 3aTeM AaHaJM3UPOBAIMCh C TIOMOIIBIO 3JeKTpodope3a u
MOCJIEIYIOMIEr0 UMMYHOOJIOTA C pa3lWyHbIMU aHTHTenamMu k E2. Ilenmtumsl
UICHTHPUIIMPOBAIH, YUUTHIBAS UX MOJEKYISIPHYIO Maccy, a TaKXKe JaHHbBIE IO
CBSI3BIBAHUIO CO CHEIM(PUIHBIMHI aHTUTEJIAMH K U3BECTHBIM 3muTonam E2.

264 [ ] AL

AP436
JEM333. u ALPa2[ ] ALPQE.

364 412 423 464 475 h24 535 640 644 665 659
1 Fi

e

HYRI

Puc. 5. Kapra snutonos E2, pacrio3HaBaeMbIX MOHOKJIOHAIBHBIMU aHTHTEIAMH.
ONUTOMNbI AHTUTEJ, UCTIOJIb30BAHHBIX B 3TOH pab0Te, OTMEUEHBI YUEPHBIM.

[TonydyeHHble pe3yibTaThl CBUACTENBCTBYIOT, uTO N-KOHIIEBas 4YacThb
recE2, HVR1 (384-410 aMWHOKHCIIOTHBIE OCTAaTKH), TIOJBEPracTcs
HEMEUIEHHOM Jerpaganuu npu jgobasieHun tpurncuaa (Puc. 6A), w,
ClIeZIOBAaTeNbHO, 3TOT YYacTOK [ECEZ He mMeeT KeCTKOW CTPYKTYphl. IDTO
ClIeNyeT W3 aHalIM3a MPOJIYKTOB MPOTEOJIM3a C MCMOJb30BaHueM aHTH-HVR1
KpOJINYbEll MOJTUKIOHAIBLHONW aHTUCBIBOPOTKH, TIe HE I€TEKTUPYETCSl HUKAKUX
MIPOYKTOB MIPOTEO0JIM3a Cpa3y Mmocie J0OaBICHHs TPUTICHHA.
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C-xonmeBass 4acth reCE2 (651-663 aMHHOKHCIOTHBIC OCTaTKH), MO-
BUJIUMOMY, TOXE SIBIIIETCA HECTPYKTYpHUpoBaHHOM. OO0 3TOM CBUIETENHCTBYET
TOT (hakT, 9T0 MOHOKJIOHANBHEIE aHTUTeNna ALPL, y3natonme ¢parment ¢ 650
mo 659 aMUHOKHCIIOTHBIE OCTAaTKH, MEpPECcTaloT ACTEKTUpOoBaTh FECE2 m ero
(dbparMeHThl BCKOpe mocie Hadana mporeonusa (Puc. 6B). B To ke Bpewms,
antutena ALPI8 (644-655 aMUHOKHCIOTHBIE OCTATKH), y3HAMONUE (ParMeHT,
4acTUYHO MepekphiBaromuiica ¢ snurtonoM ALPL, mpopomkaroT y3HaBath
cTabwibHBIC (PparMeHThI ¢ MoJIeKyIsspHO Maccoit 21.4 k/la n 14.3 x/la naxe
nocie okonuanus mpoteonusa (Puc. 6C).

E2 E2 mod E2+CD81
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Puc. 6. Tpuncunonus recE2, nerekuus ¢ pa3inyHbIMH aHTUTENaMu kK E2. A —
KPOJIHYbs MOJMKIOHANbHAs aHTHChIBOpoTKa K HVRI (N-konen); b — anturena
ALPl (C-xonen); B — anrurena ALP98; I' — anturena AP33. Jlns Bcex
naneneit — K (koHtposs) — reCE2 no tpuncunonusa; pamee 3 popoxku (E2)
MOKa3bIBAIOT BPEMEHHBIC TOYKU TPUIICHHONIN3A [ECE2; crnenyromye 3 TOpOKKU
(E2mod) mpeacTaBasOT Te K€ BPEMEHHBIC TOYKHM TPHIICHHOJM3a FeCE2, B
KoTopoM —SH rpynmbel  CHadana IOJIHOCTHIO  BOCCTAHOBHJIM, 3aTe€M
KapOokcuMeTwIMpoBann, 3  3aBepmaromme  jgopokkn  (E2+CD81)
MPEJCTABISAIOT BpEMEHHbIE TOUKU TpurnicuHonu3a FecE2 B kommiekce ¢ CD81.
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WNuTepecHble pe3ynbTaThl ObUTH MOMYYEHBI MPH MCIIONIB30BAHUN aHTHUTEIN
Ha IeHTpalbHyIO YacTh E2, AP33 (412-423 aMHHOKHCIOTHBIC OCTaTKH) H
ALP98 (644-655 aMHHOKHCIOTHBIE OCTAaTKH). Pe3ymbraThl IpoTeosm3a
npencrasieHsl Ha Puc. 6B u 6, u cxemarnuecku npencrasieHs Ha Puc. 7. B
Hauase mnpoteosnm3a aHtutena AP33 y3HaoT OONBIION TPOMEXYTOUHBIN
¢parment pasmepom 21.4 k/la, coorBercTByromui, mo-puaumomy, 411-606
AMUHOKHCJIOTHBIM OCTaTKaM, a TaKKe MUHOpHBIN ¢parment 16.7 x/la (411-
562). Tlo3anee mosBiseTcs MpoMekyTouHblii ¢parment 19.4 xJla (411-587).
DTOT MENTHI MOXKET SBIATHCS pe3yiabpTaTtoM ruapoinsa 21.4 x/la ¢pparmenta mo
cocenctByrommm caiitam Arg 587 u Lys 588. [Ia pparmenra, 16.8 u 12.1 k/la,
JIETEeKTUPYIOTCSI B KOHIIE MPOTEONH3a M IPEICTaBIAIOT COOOH MPOIYKTHI
MOCIIEZIOBATEILHOTO THApOIH3a ucxoaHoro (pparmenta 21.4 x/la no caiiram LysS
562 u Arg 521 cootBercTBeHHO. HeoOxoauMo oTMeTHTh, uTO B (hparmente 411-
521 npucyTcTBYIOT emie 3 MOTCHIMAIbHBIX CaiTa TPUIICHHOJIM3a, 10 BCeH
BUIVMOCTH, OHHM HE JOCTYIHBI JEHCTBUIO TpuIlicMHa. Ham He ymamoch
JNETeKTUpOBaTh (parMeHTt, cooTBeTcTByrOmMA 411-648 aMUHOKHCIOTHBIM
ocTaTKam, 3TO, 10 BCEH BUAMMOCTH, 03HAYAET, YTO TUAPOIH3 10 caiTy Arg 648
MIPOHMCXO/IUT MPAKTUIECKH Cpa3y Mmocie H00aBICHMs TPUTICHHA.

B nawane mporeonuza anturena ALPI98 nerextupyror 2 Ma)OpHBIX
¢parmenta 21.6 m 14.3 k/la, coorBercTBytonme 456-648 u 522-648
aMUHOKHUCIIOTHBIM ocTatkam. OO6a ¢dparmMeHTa JETEKTUPYIOTCS B CMeECHU
MPAaKTHYECKH J0 OKOHYAHMS TPOTEoNn3a. B KOHIlE TPHIICHHONM3a B CMECH
ocraercs ¢parment 14.3 k/la, a Takxke menTui MeHbIIEH MOJIEKYISIPHON
Macchl, BO3MOXKHO, TIPOJYKT ero mporeonn3a. Oparmentsl 21.6 u 14.3 x/la
HecyT 11 m 10 moTeHUMaNbHBIX CAWTOB Sl TPUIICMHA COOTBETCTBEHHO,
Bimrovyass Arg 606. DTu ngaHHBIE MOTYT O3HaudaTh, 4YTO OTH CaWTHI C€Iabo
JOCTYITHBI IPOTEMHA3€E 32 CUET )KECTKOU CTPYKTyphl Ha C-KoHIle Oenka recE2.

Ha ocHOBaHMH TOJYYEHHBIX pE3yJbTAaTOB MBI IPEIIOjaraeM, 4ro B
Oenke reCE2 cymiecTByer JBa albTepHATUBHBIX IyTH TipoTeosin3a (Puc.7).

Crnemyer HalmOMHUTB, YTO CHayaja MPOXOAUT THApoiu3 N-KOHIEBOU
gactu Oenka mo LysS 410 m C-xonueBoii dactu mo Arg 648 u Arg 651.
[TepBUYHBII TUAPOINU3 HEHTPATBHON YaCTH, MO-BUIUMOMY, MPOXOAUT WJIU IO
caiity Arg 455, unu Arg 606. B cryuae, ecinu ruaponus npomien o Arg 606,
TO caiT Arg 455 cTaHOBUTCS HETOCTYITHBIM JIsl TpUIicuHA. Toraa manbHerImia
MPOTEONIN3 MPOXOAUT Mo caiitam 588, 521 u 562, B cMecu HaKarnBalOTCA
crabmnbnbie pparmentsr 411-521 (12.1 xJla) u 411-562 (16.8 x/la). Ilpu
ruaponuse mo Arg 455, noctynmHocts Arg 606 mist TpuricMHA 3HAYUTEIHHO
YMEHBINAETCS, TUAPOIU3 MPOUCXOIUT MPEUMYIIIECTBEHHO 10 caiity Arg 521, u
B pe3yJIbTaTe Mbl MOXEM JETEKTUPOBaTh B cMecu (parmeHThl 456-648 (21.6
k/la) nu 522-648 (14.3 x/la). MoKHO MPEAIOI0KUTh, uTO obaactu Oenka E2,
KOTOpBIE OKPYKAalOT aMUHOKHUCIOTHBIE ocTaTku Arg 455 u Arg 606, siBnsitorcs
MeHee CTPYKTYPHPOBAHHBIMHU, Y€M TTOJTHOPA3MEPHBIH OEIOK.
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Puc. 7. Cxema tpuncunonmusza recE2. IlpencraBneHsl Ba ambTepHATHBHBIX

MyTH TpUrcuHoNIM3a: A — hparMeHTsl, feTekTupyemblie antutenamu AP33; b —
¢bparmeHTsl, geTekTupyemble antuteaamu ALPO8.
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OpHako, pU TUAPOJIH3E M0 OJHOMY M3 YKA3aHHBIX CANTOB, B MOIYYArOIIEMCS
¢dbparmenTe 411-606 wnm 456-648 ctpykrypa mo cocenctsy ¢ Arg 455 u Arg
606 cTtanoBuTCS O0JIEee KECTKOM, M 3TU CAMThl CTAHOBITCA MEHEE JOCTYIHBIMHU
IUIsE TpUNCHHA. MBI TpeanonaraeM, 4ro TaKhe HM3MEHEHHUS B CTPYKType
OTpaXKaroT B3aMMOJEUCTBUE COOTBETCTBYIOIIMX PErnoHOB B reCE2: 411-456 u
607-648, u ruApoIM3 B OJHOM M3 ATUX PETHOHOB MPHUBOJUT K HU3MEHECHHSIM
CTPYKTYPBI Ipyroro perunona recE2.

PesynbTaThl TO3BOJSIFOT TMPEINOJIOXKHUTh, YTO OCHOBHAash 4acTh FECE2
(411-648 aMUHOKHCIOTHBIE OCTaTKH) COCTOUT U3 4 nomeHoB: 411-455, 456-
562, 563-606 u 607-648 aMHUHOKHCIOTHBIE OCTAaTKH, W TIEPBBIH TOMEH
B3aMMOJICHCTBYET C YETBEPTHIM.

CD81

14 14
I I I I I I |

385 410 455 563 606 649 746

CTpYKTypHbIi _ CTpykTypHbINA TpaHcMeMGpaHHbIi
Mnep- AoMeH 1 CTpyKTypHLIA OoMeH 3 AOMeH
BapuabGenbHblii OOMEH 2 CTpyKTYpHBli
AQMBH OOMeH 4

Puc. 8. Cxema nomenHoit opranuzanuu E2.

AHanu3 pe3ynbTaroB, MOJYUYCHHBIX MPU U3YYCHHUH MpOoTeonu3a recE2 c
Pa3IMYHBIMU aHTUTEJIaMH, TTO3BOJIMII HAM MPEATNOJIOKHUTh, KaKHe CallThl JIETKO
JOCTYIHBI JCHCTBUIO TPHIICMHA, U, CJIEJ0BATEIbHO, PACIOJIOXKEHbI Ha
noBepxHocTu Oenka recE2, sto Arg390, Lys410, Arga55, Arge06, Arge48/651
u Arg657/659.

B aT0i1 paboTe MBI Takke HUCCIEIOBAIM POJb NUCYIb(GUIHBIX CBS3EH B
MOAJIEP)KaHUU CTPYKTYphl FeCE2. MbI mpoBomiIn BoccTaHOBIeHHEe SH-Tpymm
B UMMOOWIN30BaHHOM IeCE2 u oOpatuMo MOAM(PHUIIUPOBAIA UX C MOMOIIBIO
IAM. TTonyuennsriii npenapat reCE2 (E2mod) 6bu1 mogBepruyT TPUNCHHOIU3Y
U TpOaHAIM3UPOBAH, KaKk OMMcaHO Bbime. CpaBHUTENbHBIN aHAIU3 MoKa3al,
9YTO BOCCTAHOBJICHHE S-S CcBs3el HE MPUBOIUT K 3HAYUTEIBHBIM WU3MEHEHUSIM
B KapTuHe TpurcuHoiau3a reCE2 (Puc. 6, mopokku 5 — 7 Ha Ka)x10# MaHeIn).
Te ocratku nu3MHA W apruHUHA, KOTOpble B FeCE2 He moaBepraroTcs
TPHUIICUHOJIN3Y, OCTAIOTCS TAKOBHIMH W B MoaudummupoBanHoM recE2. Ilo-
BUIUMOMY, S-S CBSI3U HE BOBJICYCHBI B CTA0WIM3AINIO CTPYKTYphI I€CE2, mo
KpaifHe# Mepe, B TeX 001acTsIX, KOTOPhIE MOABEPTAIOTCS MPOTEOIHU3Y.
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Jinss  TOoro 4YTtoObl OLEHUTh, €CThb JIM pasHUIA B CTPYKType
nMMoOuI3oBanHoro recE2, u recE2 B xommiekce ¢ perentopom CD81, mbl
NPOBEJH TUAPOIN3 TPUIICHHOM Komiutekca reCE2-CD81 (Puc. 6, mnopoxku 8 —
10 na kaxaoi manenu). Pe3ynaprarel mporeonusa reCE2 B Takom KOMILIEKCE,
nony4yennbie ¢ antureidamu Ha HVR1 (385-410) u anturenamu ALPL (650-
659), 1eMOHCTPHUPYIOT OBICTPBIM THIPOJIN3 COOTBETCTBYIONIMX YacTeill recE2,
Kak U B clyyae ojauHOyHOro  reCE2. Takxe MbI MpoaHATU3UPOBAIN
pesyibpTaThl TuUapoin3a Komiuiekca recE2-CD81 ¢ anturenamu AP33 u
ALP98, uyTo mo3BoaMIIO HAM POCIEAUTH THIPOJIN3 LIEHTPAIbHOM yacTu recE2.
Ananmu3 C-KOHIIEBBIX (pParMeHTOB C HCMOJb30BaHMeM aHtuten ALPI8
MoKazaJl, 4YTo Habop WASHTUPHUIMPYEMBIX (ParMeHTOB, a TaKke HX
KOJIMYECTBO HE M3MEHHWIIMCh 10 CPaBHEHHIO ¢ MHTaKTHBIM FeCE2 (Puc. 6B).
OnHako aHaiIM3 MOJYYMBHIMXCS (parMeHTOB ¢ momomeio aHturen AP33
yYKa3bIBaeT Ha TO, 4TO B ciydyae komruiekca reCE2-CD81 B nauane rumgposnusa
o0pasyeTcs MeHble ucxogaHoro ¢parmenra 21.4 x/la, yem recE2, xors nadop
(dbparMeHTOB, MOJTy4YalOUIMXCSd B pe3yiabTaTe THAPOIU3a, HE OTIMYAETCS OT
takoBoro y recE2 (Puc. 6 TI). I'mmore3a o cCymIeCTBOBaHUHM JIBYX
aIbTepHATUBHBIX IMyTel nmpoTeonu3a B FECE2 moMoraeT B aHa/IM3€ MOTYYEHHBIX
pe3ynbpTaToB. Kak yxe yka3bIBaJoCh BBIIIE, THIPOIM3 OCHOBHOM yacTu recE2
npoucxoauT B mo3uiu Arg 455 uimm Arg 606. 'maponus no caiity Arg 455
NpUBOAUT K oOpazoBaHuio C-koHieBoro ¢parmenta 21.6 k/la u uHuIUHpYyeT
nanee TepBbId TyTh mpoteonusa; N-xonmeBoit d¢parment 21.4 x/la,
MHUIMUAPYIOMIMKA BTOPOM MyTh NPOTEONIM3a, MOJIy4YaeTcs IpH TUIAPOIIU3E
ocHOBHOM vactu recE2 mo caiity Arg 606. Tot ¢akr, uTo HaOOp U KOJIMYECTBO
C-koHieBbix (parmeHToB (HaumHas ¢ nepBuuHoro 21.6 k/la ¢parmenra),
JIeTeKTUpyeMbix ¢ aHtutenamu ALP98, mpaktuueckm He MeHsercs,
CBUJETEIBCTBYET O TOM, 4YTO HaudaJbHBIH THUAponM3 mo caiity Arg 455
MIPOUCXOIUT C OJUHAKOBOU 3(P(HEKTUBHOCTHIO B MHTAKTHOM I€CE2 u B cocTaBe
kommuiekca recE2-CD81. B 1o ke Bpems, komuyectBO N-KOHIIEBOTO
¢dbparmenTa 21.4 x/la CymecTBEHHO YMEHBIIAETCS, CIEAOBATEIBHO THAPOIH3
Arg 606, mpuBosmuii K 00pa30BaHUIO TaKOTO (hparMeHTa, CTaHOBUTCS OoJee
3aIMIIEHHBIM OT TIpoTeonn3a B Komiuiekce eCE2-CD81l. B pesynbrare,
MPOUCXOIUT TepepacrnpenesieHne IByX INyTeil mnporeonusa. BeposTHO, B
komruiekce reCE2-CD81 menneHHee MPOMCXOAUT TEPBUYHBIA THIPOJIU3 B
nonoxennn Arg 606. Takum obpazom, B kommiekce recE2-CD81 Arg 606
CTaHOBUTCS OoJjiee 3allMIIEHHBIM OT NEHCTBHUSI TPUIICMHA, Y€M B MHTAKTHOM
recE2, cnenomarenbHo, peuentop CD81  moxer HaxoauThcs B
HETIOCPEJICTBEHHOM KOHTaKTe C 00iacthio, mobmauszoctu ot Arg 606, T.e. ¢
COOTBETCTBYIOLIMMH YaCTSIMHU TOMEHOB 3 U 4.

MHorue uccienoBaTelid CYATAroT, uTo calT cBsa3eiBaHus CD81 B Oenke
E2 umeer cnoxHYIO CTPYKTYypy M BKJIIOYaeT B Ce0Sl HECKOJBKO YYaCTKOB
uccinenyemoro Oenka. Pe3ynbrarsl, moiydeHHbIe B 3TOW paboTe, a Takke B
OPEBbIAYIIUX HUCCIENIOBAaHMSX, JOMOJHAIOT Jpyr Jpyra W IOMOTaoT
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MPOSICHUTH Haile nmoHnManue B3aumozeiictsust E2 u CD8L. [lonydennsie HaMu
pe3yIbTaThl TAKXKE€ MOTYT CBHJIETEIIBCTBOBATH O TOM, UTO cBsi3biBaHne ¢ CD81
HE TMPHUBOJUT K 3HAYUTEILHBIM KOH(POPMAIMOHHBIM U3MeHeHusM B E2; oqHako
CTPYKTypa HEKOTOPbIX pPETHOHOB CTAHOBUTCS MEHEE JKECTKOH, 4YTO
BBIPAXKAETCS] B HEKOTOPOM YBEITUYCHUH YYBCTBUTEILHOCTH K TPUIICHHOJIH3Y.

buoxumuueckoe u3yuyeHUE BUPYCHBIX OEJIKOB SIBISIETCS HEOOXOIUMOM
cTajiuel, nmpeaBapsoIeil padoTy HajJl MOTCHIMATLHOW BakMHOK. [l OenkoB
Bupyca renatuta C 3Ta mpenBapuTenbHas paboTa 10 CUX MOp TaK U HE
3aBeplleHa, 3TUMU OelKaMu 3aHMMAaeTCs BCE MEHbIIe JlabopaTopuil, W,
COOTBETCTBEHHO, BakIuHbI NpoTHB BI'C HEeT. DTO 00BsACHSETCS, pazymeeTcs,
BBILICONMCAHHBIMU TPYJHOCTSIMU B padote ¢ Oenkamu BI'C (ae Tonbko E2, HO
U JPYrMMH), a TaKKe WX HECTAHIAPTHBIMH CBOMCTBAMH — Kak, HampuMep,
MOBEJICHHE Ha 3JeKTpodope3e B rpaJiueHTe MOUYEBUHBI — KOTOPBIE TaK U HE
MOJIy4aroT 00BACHEHUS JOCTYITHBIMH METO/IaMHU.
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B pabote npencraBiieH KOHCIIEKTUBHBIN 0030p HanboJiee HCIOb3yeMbIX
B MEIUITMHCKOW MPAKTUKE METOJ0B MOJIEKYJISPHOW MUArHOCTHKH, TaKUX Kak
[P, OT-TILP u UDA. /IuarHocTHKa ¢ MOMOIIBIO MEPEYUCICHHBIX METO/I0B
a¢dexTrBHA B TOM Cllydae, €l MaTOJIOTHIECKOE COCTOSIHUE XapaKTepU3yeTCs
MPUCYTCTBUEM KAKUX-JIMOO MapKEPHBIX MOJIEKYJ, OTCYTCTBYIOIIUX B HOPME.
KiroueBsie cnopa: [1IP-nmuarnoctuka, OT-TITLP, nMMmyHObepMeHTHBIN aHAIN3

Work presents the concise survey of the most utilized in the medical
practice methods of molecular diagnostics, such as PCR, RT-PCR and ELISA.
Diagnostics performed with the help of the enumerated methods is effective
when pathologic state is characterized by the presence of any marker
molecules, which are absent in normal conditions.

Keywords: molecular diagnostics of the diseases, PCR, RT-PCR, ELISA

Memoo III]P 3akntodaercs B MHOTOKPATHOM YBEJIMYEHUH KOJIMUYECTBA
(ammumuukanuun) onpenencaroro Gparmenra JIHK. Peakius ocyiecTBiseTcs
nox neiictBueM TtepmoctabuinbHoro Qepmenta Tag-JAHK-nmommmepasslr; B
peakuoHHy cMech nobarmsitor depment, JTHK — marpuity, mpaiimMepsl u
Ne30KCUPUOOHYKIEOTHIBI. B pesynbTare peakuuu  aMIudUIUpyeTcs
¢parment JIHK, orpanunueHHblii mnpaliMepamMu; €ro MOXKHO YBUIETH B
yIbTpadUOIETOBOM CBETE B BHJE IMOJIOCHI Ha 3JEKTpodope3e B arapo3HOM
reJie ocje OKpaluBaHusi OPOMHUCTBIM STUAUEM.

[MLIP-muarnocTuka TpPUMEHsSETCs B Ciydae, eclid Bo30yauTeNb
3a00JIeBaHMs UMEET reHeTndeckyro nupopmanmo B dpopme JJHK (xmamumauw,
renatut B, TyOepkyIes3, UTOMEraioBUpyc, TOKCOIUIa3MO3 | T.J.). B n1aHHOM
cydae 3agada COCTOMT B TOM, 4uToObl peakuust [IIIP Opima crabuibHO
BocnpousBoguMoii. [loaToMy, Kak mMpaBuiao, aMITUPUIUPYIOT HE OYCHb
oonpmioii  pparment (manpumep, okomo 400 Hm), uYTo obOecmeunBacT
CTaOUIBLHOCTE PabOTHI MOJIMMEPA3bl U COKpaIlaeT BpeMs aHanuza. [Ipaiimepsr
noabuparT cnenudpuyeckre K KoncepBaruBHbIM yaacTkaM JIHK Bo3Oynutens.
3T0 0cOOEHHO Ba)XKHO B CiIydae, €CIM BO30YAMUTENb MMEET HECKOJBbKO (hopMm
(moxTHIIOB, BAPHAHTOB).
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OT-II[]JP nupuMeHsieTcsl A BBIABIEHUS BHPYCOB, T'€HETHUYECKas
uHopMaims Kotopsix npeacrasiena B Bugae PHK; sto BUY u BI'C (Bupyc
renatura C). Merox oTiM4aercs OT ONMMCAHHOIO BBINIE JOOABICHUEM eIl
OJTHOM MpeABapUTENHHON CTaIMN — PEAKIIUH OOPATHON TPAHCKPHUIIIH, KOTOPYIO
ocyuiecTBisieT (epMeHT oOpaTHas TPAHCKPHIITa3a, TaKXKe M3BECTHas Kak
peBepraza wiu  PHK-3aBucumass  JIHK-momumepaza (K@ 2.7.7.49),
katanmmsupyromias cuare3 kK IHK (komruiementaproii JJHK) va marpunie PHK. B
PEaKIMOHHYI0 cMech a00aBisa0T ¢epment, muruOutopel PHKaze, PHK —
marpuily, omuH (0OpaTHbI) mpaiMep U Je30KCUPUOOHYKIeOTHUAbL. B
pe3ynbTare peakuuu oOpaTtHOM TpaHckpunmmu monydaercs kJIHK, koropas
3aTeM HCIOIB3YEeTCsl B KadecTBe Marpulbl i peakuuu 1P, onumcanHOU
BBIIIIE.

i3 o 3I 5'
otkur npaimepa 50 - 65°C m
PHK

3|

r 1
. | | +
1 | |

5 O6patHas TpaHcKpUnTasa
Noctpanearme uernn JHK 37°C aHT®

5|

— | b =

Puc. 3. Peakuust 0OpaTHON TPAaHCKPUIIIHH.

Kak wm B mpegpinymem ciiydae, pe3yjabTaTOM aHalIHW3a SIBIAETCS
HAJTMYKE/OTCYTCTBHE TOJIOCHI OXHIAEMOro pa3mepa B 3iekTpodopese B
arapo3HoMm rene. Kak mpaBmiio, B HaOopax JUisi AMATHOCTUKH YCTAHOBJICH
MOpor, TMpU TPEOJOJICHUU KOTOPOTO pe3ylbTaT aHaju3a CyYUTaeTcs
MOJIOKUTEIBHBIM, @ TAKXKE MPUIIATAIOTCS MOJIOKUTEIbHBIE U OTPUIIATEIIbHbIC
KoHTpoau. [IpoGnema J10KHO-TIOJNOKUTENBHBIX WM JIOKHO-OTPULIATENbHBIX
pe3yabTaToB 0coOeHHO 3ameTHa uMeHHO B cirydae OT-TILP, mockonsky PHK
ropasno nabmipHee, yem [IHK, a B ciayuae BI'C, manpumep, B XpOHUYECKOH
cTanuu 3a00JIeBaHUS KOJUYECTBO BUPYCHBIX YAaCTHI[ HACTOJBKO Mallo, YTO
Cpelu pe3yibTaTOB aHaJIW3a IOBOJBHO BEJIMKO KOJIMYECTBO OIINOOK.

HUmmynogpepmenmuwiti ananuz (MPA) B pa3HO# MOCTAHOBKE MPUMEHSIOT
KaK JIJIs OTIpe/IeTICHUS] HATMYMsI aHTUTE, TaK U APYTUX OeNKOBBIX MOseKkya. OH
He TpeOyeT OONBIINX MaTepHUATbHBIX 3aTpaTr, MPH OTHOCHTEIHHOW MPOCTOTE
o0jaaeT BHICOKOM YYBCTBUTEIBHOCTHIO, YTO Ja€T BO3MOXHOCTH MPOBOAUTH
UCCIEAOBaHUE TMPU HATUYUU MHUHUMAJIBHOTO KOJHMYECTBA IOJOMBITHOIO
Marepuana. [[ns onpeneneHus HAIMYKS aHTUTEN NPUMEHSIOT mpsiMon MDA
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Puc. 4. Cxema npsimoro MDA.

Ha momnoxke B 96-TyHOYHOM MIaHIIETe COPOMPYIOT HWHTEPECYIOUTHA
aHTHreH (B HaOOpax JJIsi IMAarHOCTHKHU 9TO CHEJaHO 3apaHee), 3aTeM B JIyHKU
J00ABIIIOT UCCIIEAYEMYIO CHIBOPOTKY.

Puc. 5. 96-1yHOUHBI [TaHIIET C OKpAIIEHHBIMU JTYHKAMHU.

Ecnu B CHIBOPOTKE MNPHCYTCTBYIOT AaHTUTENa Ha COpPOMpPOBAHHBIN
aHTUTEH, OHU CBSUKYTCS ¢ HUM. HecBsi3aBmiuiicst Marepuan OTMBIBAIOT, IOCIE
4ero MHKYOHMPYIOT ¢ KOHBIOTaToM. B amarHoctmueckux HaOOpax 3TO, Kak
OpPaBHUJIO, AHTUTENA JKHBOTHOTO (KO3bI, HAMpuUMep) K HMMYHOTJIOOYIHHAM
4eJI0BeKa, KOHBIOTHPOBAaHHbBIE C MEpoKcHaa3oi xpena. [lepokcnmaza xpena —
(bepMeHT, K KOTOpOMY HOJ00paHO JOBOJBHO MHOTO CYyOCTpaTOB, CIIOCOOHBIX
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M3MEHATh OKPacKy B pesynbTare peakuuu. Hambosee yacto mCnosib3yroTcs
opro-heHuneHIMaMUH  (TPOJAYKT  JKEITO-KOPUYHEBBIH,  PacCTBOPHUMBIH,
noryomaer npu 492 um); 3,3,5,5-TerpamernnOeH3uauH (IPOAYKT roiy0oid,
pactBopuMbIii, morjiomiaer npu 450 uHM). B 7gabopaTopHORl MpakTHKE
npuMeHsietcs  Oofbplnee  pa3sHooOpa3we  cyOcTpaToB, B TOM  YHCIE
XEMOJIOMUHECIIEHTHBIN, YTO 3HAYUTENIbHO TMOBBIIIAET YYBCTBUTEIHLHOCTD
Metona. Peakmuio ocranaBnmmBaroT nob6asneHueM 0.5M cepHOU KHCIOTHI,
OINITHYECKOE MOTJIOIEHNE U3MEPSIOT B crieinansHoM pubope ELISA reader.
Meton nenpsmMoro M®A mnpuMEHSAIOT Ul ONpEAENeHUs MPUCYTCTBUSA
APYrHX KOMITOHEHTOB, MOMHUMO aHTUTeNn (MenTHI0B, TOPMOHOB). UTOOBI
OTIPENIeNIUTh MENTH]I C TTOMOLIbI0 MeToa HenpsiMoro MDA, HyKHO UMETh J1Ba
MOHOKJIOHQJIBHBIX aHTUTENA K JIBYM HEIMEpeKphIBAIOIIUMCS SMUTOMNAMITOrO
nentuaa. OQHO U3 3TUX AHTUTENI KOHBIOTUPYIOT ¢ IEPOKCH1a30i1 XpeHa.

Tt

<o

Puc. 6. Cxema Henpsimoro NDA.

Ha mommoxxke copOWpyrOT TiepBbIE aHTWTENA. 3aTeM B JIyHKaX
UHKYOUPYIOT UCCIEAYeMYyl0 OHOJIOTHYECKYI0 JKHIKOCTh, a 3aTeM (win
OJIHOBPEMEHHO) — BTOPBIC AHTHUTENA, KOHBIOTHPOBAHHBIC C TEPOKCHIA30M.
PesynbraTom Tecta sBisiercs, Kak ¥ B ciydae npsMoro M®A, okpammBaHue
cyOcTpara mepokcuaassl B JyHKax. C momompio meroma HMDA crano
BO3MOXXHBIM JTMarHOCTHPOBATh INUPOKUHM CHEKTP Pa3IMYHBIX HH(EKIUi.
Hanpumep, Bupycusie nndekimu (riuromeranoBupyc, BUY, reprec, renarutsi),
OONBIIMHCTBO HMH(EKIHUH, MepeaaBaeMbIX MOJOBBIX MyTeM (MHKOIUIA3MO3,
cumianc, XJIaMHAMO3, Yypearuia3Mo3), a Takke Ooppennos, sHIedaauT
KJIeLeBOI M mpoune. B 3axitoyeHne NMpUBOAMM B KadyecTBE NMpHUMepa TaOIuIy
IUarHocTHueckoil — maboparopuu.  BemiecTBa, — BBISBISIEMbIE  METOAOM
UMMYHO(EPMEHTHOTO aHAIIN3a, IPE/ICTABIICHBI B IPABOM CTOJIOLIE TaOIIHIIbI.
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Tab6anna. Bemectsa, BEIIBIsIEMBIE ¢ TOMOILILEI0 DA,

0061acTh IMATHOCTHKH

Mapkepsbl cocTosiHus (3200/1eBaHMIA)

Tl'opMoHBI 1 Mapkepsl
3a00JIEBAHUI
U TOBUIHOM JKeJIE3BI

Tupeonepoxcunaza (TT10), Tupeornodynus (TT),
Tupeorponnsiii ropmon (TTI), Tupoxcun (T4)
Tpuitonrupornd (T3), CeodoaubIi THpOoKCcHH (T4)
CBoOoanbii TpuiioaTUponuH (T3)

Huarnoctuka
penpoAyKTUBHOU
hyHKIIIHT

JIrorennusupyromuii ropmon (JIIN), @ommukyso-
crumyupyrouuit ropmon (OCTY), XoproHnueckuit
rouagorporud (XT'), IIponakTus, IIporectepoH,
Octpanuon, Tectoctepon, Kopruzon, Crepoun
csi3biBaronuii ro0ysmH (CCIY), Ansdaderonporens
(ADII)

OHKOMapKepbI

Xopuonunueckuit ronagorpornus (XI'), IIpocrar-
crneruduueckmii anturen (IICA), CA — 125, CA —
199, CYFRA -21-1, M - 12 (CA -15.3), MUC -1
(M -22),

MUC1 (M — 20), AnpBeomynu, K — tiens, L — 1iems,
daxTop Hekpo3sa omyxoeit (PHOw),

vy —uHTepPepoH, PakoBo->MOpHOHATLHEIN aHTUTCH
(PDA)

Huarnoctuka
HHDEKITHOHHBIX
3a00JIeBaHNI

Tokcomnasma (19G, IgM), Kpacuyxa (1gG, 1gM),
Muromeranosupyc (19G, IgM), T'epriec (19G, IgM),
Ty6epkynes (19G, IgM), Kops (1gG, IgM), T'ennatur I,
E, A (BT, BT'E, B['A), I'enatut C (at BI'C,
BI'Ccore), I'ematut B (HBS, HBe HBcore),
Vpeamnasma (1gG, IgM), Mukomnasma (1gG, IgM),
Xaamunus (19G, IgM), Mukormtasma (19G), Cudmmuc
(19G), Acneprumnés (19G),

JIsm6muu (1gG), Helicobacter Pylori (19G),
IceBmorydepkyies (1gG, IgM), Kanmuna (19G),
I'epriec (19G, IgM), Dmureiin-bapp (19G, 1gM),
ITuromeranosupyc (19G, IgM)

JlmaranocTuka
ayTOMMMYHHBIX
3a00JIeBaHUl U
onpezecHHe UMMYHHOTO
craTyca

|QE — o6mmii, C-peaxtuBHbIi 6enok (CPB), [uaanu
(IgG, 1gA), 1gG4, O6uwmit 1gG, 19gG2, O6mwmii 1A,
Cexpetopnsrii [gA, O6mwmii 1gD, O6muit 1gM,
upkynupyromrie MMMyHHBIE Komiutekesl (LIK)

Mapkepsl  3a00seBaHHMA

cepana

Tpononun |, Hatpuii-nuyperudeckuii mentug Mo3ra

98




Y JIK 616-07 + 616-006.6.08 .
METOABI MOJIEKYJISIPHOU JUATHOCTHUKHA
3JIOKAYECTBEHHBIX HOBOOBPA3OBAHUI

C.I0. Ky3bmuHa

Hnemumym 6uonocuu enympennux 600 um. U.J[. [lananuna PAH
152742 flpocnasckas ooa., Hexoysckutl p-on, noc. bopox.
E-mail: Lisichka_light@mail.ru

OOuwmii 0030p TPaIUIMOHHBIX METOAOB U METONOB MOJEKYJSPHBIX
TEXHOJIOTHH B JMArHOCTHUKE 3JI0KAYECTBEHHBIX HOBOOOpa3zoBaHmii. O030p
OCHOBHBIX OHKOMapkepoB. B cTarbe paccMOTpeHa MpaKTUyYecKas IEHHOCTh
MPUMEHEHUSI METO/I0B MOJIEKYJIIPHO-TEHETUYECKUX HCCIIE0BaHUH.
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TecThl, OHKOMapkepsl, [ II[P-auarnoctuka

Overall review of traditional methods and molecular technology methods
in malignant neoplasms diagnostic. Oncological markers review. The article
describes application of molecular-genetic researches practical value.

Key words: diagnostic, prognostic, predictive tests, oncological markers,
PCR-diagnostics

Onkonorudeckue OOJE3HU SIBISIOTCA OJHUMM M3 CaMbIX JPEBHUX TPy
3aboneBaHuid. TepMUH «pak» BBEI B 00palleHNne «OTel MEAUIMHbI» [ Ummokpart.
Paxk, kak Gosie3Hb, OpaXxarolasi 4YeJI0BeKa, U3BECTEH C HE3alaMsITHBIX BPEMEH.
[TaneoHTONOrN OOHAPYKUIIU OMTYXOJIEBBIE H3MEHEHHUS B YETFOCTH IEPBOOBITHOTO
YeJI0BEKa, JKUBIIEIO OKOJIO MOJIYMWUIMOHA JIeT Hasad. Pak ynoMmmHaercs B
CTapUHHBIX Mmanupycax. st 3710KkauecTBEeHHBIX HOBOOOPA30BaHUil, B YaCTHOCTH
OIyXOJIeH, XapaKTepHbI JBa OCHOBHBIX Ipu3HaKa: 1) OeckoHTpoibHas (He
perynupyemasi BHEUIHMMH CHTHAJIAMH) Tpoiudepanus KICTOK U 2) uX
CIIOCOOHOCTh IPOHMKATh B OKPYXKAIOUIME TKAHU W OTAAJIECHHBIE OpraHbl
(MHBa3MBHBIA POCT U MeTacTa3upoBaHue). Eciu mepBblil MpU3HaK CBOMCTBEHEH
HE TOJIBKO 3JI0KaYE€CTBEHHBIM, HO U I00pPOKaueCTBEHHBIM OITyXOJISIM, TO BTOPOH

OTJINYAaeT  3JIOKAYCCTBEHHBIC  OMYXOJHM.  3JI0KAYECTBEHHBIC  OIMYXOJHU
SMUTEIHATBHBIX ~TKAaHEH HOCAT Ha3BaHWE paK, WIM KapuuHOMa, a
HESMUTEIHANBHBIX (ME3eHXMMHBIX) TKaHeii — capkoma. Jlo 90 % Bcex

3JI0KQYECTBEHHBIX OITyXOJEeH cocTaBisieT pak. [Io3TomMy BCe 3710KaueCTBEHHBIE
00pa3oBaHUs IPUHATO HA3BIBATH PAKOBBIMHU.

3710KaueCTBEHHOE  HOBOOOpPA30BaHUE  pa3BUBAECTCA B  pe3yibTare
FEHETUYECKUX HapyILIEeHUN €AVMHCTBEHHOMN KIIETKH. Ennnngnoro
TEHETHYECKOTO MOBPEKIECHUS, KaK MIPaBUIJIO, HEJOCTaTOYHO I IIPEBPAICHUS
KJIETKA B ONyXosieBywo (TpanchopmupoBaHHyo). Jlumpe HakormieHue 5 — 10

99



MyTalluid B TEYEHHE MPOJODKUTEIBHOTO BpeMeHH (Y4acTO MHOTHX JIEeT),
MPUBOJUT K TOSBIICHUIO 3]I0KAYECTBEHHOTO HOBOOOpa30BaHUSI.

@akTopbl BHEUIHEH UM BHYTPEHHEW Cpeibl, KOTOpblE MOTYT OBITh
MpPUYMHAMU BO3HUKHOBEHHUS OIyXOJeH M CHOCOOCTBOBAaTH HX Pa3BUTHIO,
Ha3BIBAIOTCS KaHIeporeHHbIMU. [1o qanapiM KomuTeTa 1o npodunakTike paka
BO3, 90% omnyxoneit cBsa3aHo ¢ Bo3nelcTBeM BHemHuXx (akropos, a 10%
3aBUCAT OT IeHeTH4YecKuX (hakTopoB U BupycoB. Ho Takoe MHeHHE BecbMa
CIOPHO.

VYCTONUMBOCTD KJIETKM K OMYXOJEBOH TpaHCc(hopMaluyu OOECIIEeYHBAIOT
3alUTHBIE MEXaHU3Mbl HMMMYHHOW CHCTE€MBl opraHuzma. Ho ogHaxasl
MMMYHHasi cuUcTeMa JaerT cOoi, MO0 KaKUM-TO HEIOCTATOYHO H3Y4YEHHBIM
MpUYMHAM MPOMycKas "OpaKkoBaHHYIO" KJIETKY, CIOCOOHYIO K OecrpephIBHOMY
Pa3MHOKEHUIO U HEKOHTPOJIIMPYEMOMY poCTy. PakoBast KjieTka HAUMHAET JKUTh
M0 CBOEHM COOCTBEHHOM mporpamme, 06e3yaep:KHO Pa3MHOXKasACh U UTHOPUPYS
CUTHAJIBI U3 OKpYyxkeHus. OHa oOpa3yeT MHOXXECTBO cebe MOJO0OHBIX KIETOK,
KOTOpbI€ MPUOOPETAIOT CIIOCOOHOCTH OTPBIBATHCSA OT CBOETO MEPBOHAYAIBLHOTO
MeCTa, MUTPHPOBATh B JPYrHe YacTH Tella M Pa3MHOXKATHCS TaM, 00pa3ys
MeracTasbl. Uem Janblie, TeEM arpecCUBHEE CTAHOBATCS ATH KIIETKH, U B KOHLE
KOHIIOB, KOIJla OHM IIOpPaXaloT MKU3HEHHO BaXXHbIE€ CHCTEMbI,0PTaHNU3M
norubaer. [lo Bcelt BEpOSATHOCTH, UMEHHO HApPYIICHHS WMMYHHON CHCTEMBI
SBIIAIOTCSL  ONPEACHAIOIIMMU B Pa3BUTHUM  OIYXOJEH,  IOCKOJIBKY
BO3HUKHOBEHHE KIJIETOYHOTO «Opaka» HEM30€XHO, M BCE 3aBUCUT OT TOTO,
HACKOJIbKO 0€30TKa3HO U 3(PQPEKTUBHO OH PACMO3HAETCSI U CBOECBPEMEHHO
yHHUTOXaeTcs. HeOmaronpusiTHele YCIIOBUS, B KOTOpbIE IMONAAAIOT KIETKU
BHYTPEHHUX OPTaHOB, HAPYMIAIOT UX (YHKIHUIO. BoJbIlle BCETO 3TO 3aMETHO Ha
TOPMOHAJIBHO 3aBHCHUMBIX OpraHax M JeJle3ax BHYTPEHHEH Cekpeuuu. ITO
00yCIIOBJIMBAET MOBBIIIEHHBI PUCK BOZHUKHOBEHUS Paka MOJIOYHOU KEJe3bl,
MaTKl U SIMYHUKOB Yy >KCHIIMH, IPEACTATEIbHON JKEIEe3bl Y MYXYUH WU T.I.
YacTo MMEHHO 3Ta IPUYMHA CTAHOBUTCSA IJIABHOM B PAa3BUTUU OIYXOJIEU Yy
JII0AEH MOJIOJIOTO BO3pacTa.

Pak sABisieTcst OMHON U3 OCHOBHBIX IIPUYMH CMEPTH B Mupe. 1lo maHHbBIM
BO3 kaxmaplii Tog OT OHKOJIOTHYECKUX 3a00JI€BaHUN B MUPE YMHUPAIOT OoJiee
7.5 MiH. 4enoBek. ExxeronHo OOJIBIIMHCTBO CIy4aeB CMEpPTH OT paka
MIPOMCXOAUT OT paka JIETKUX, >KENyJKa, MEYEeHH, TOJCTOr0 KHIIECYHUKA U
MOJIOYHOH kene3bl. [lo mporHosam, 4Yuciio ciiydyaeB 3a00J€BaHUS OT paka
Oynet npoaoixkaTth pactu oT 14 mumronoB B 2012 rony 1o 22 MIJITHOHOB B
CIIeyIoIue necaTuieTus. [ maBHasi 3aqaya mpopUIaKTHKN 3JI0Ka4€CTBEHHBIX
HOBOOOpa30BaHUN CBOJIUTCS K aKTUBHOMY BBISIBICHUIO U JICUEHUIO OOJIBHBIX
MPEIONYXOJIEBbIMA 3a00JIEBAHUSMU ¥ BBHISBICHHUIO U JICUCHHIO OOJILHBIX Ha
paHHel craguu 3a0oyeBaHUsA. BOJBITMHCTBO OHKOJOTMYECKHX 3a00J€BaHUMA
MOJJAOTCS JIEUEHUIO IIPU UX CBOEBPEMEHHOM BBISIBJICHHH.

K TpaguunoHHBIM METO/1aM TUATHOCTHKU OHKOJIOTUYECKUX 3a00J1eBaHMA
OTHOCAT PEHTTE€HOJIOTMYECKHE METO/Ibl, peHTreHorpaduyeckoe obcaenoBaHue,
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MamMMmorpaguio,  KOMIBIOTEpHYIO M  yIbPa3BYKOBYIO  ToMorpaduio,
SHAOCKOMUIO, OMOICHIO, ITUTOJOTUYECKHE U LIUTOTUCTOJIIOTUYECKUE METOJBI.
Jlnst AMarHOCTHKY MCTIONB3YIOT M COBPEMEHHBIE JJOCTH)KEHUS! HAyKu B 00JacTh
Jy4eBOM, MAarHUTHOW M SIACPHON (PU3WKK — PaZIUOW30TONMHYIO TUATHOCTHKY,
PalMOHYKJIMIHBIA METOJ, MarHWTHO-pPEe30HAHCHYI0 ToMorpaduto, SMP-
CIIEKTPOCKOMHUIO iN  VIVO, TMO3UTPOHHYIO OSMHUCCHOHHYI TOMOrpaduio,
TepMorpaduio.

B nocnennue ronpl B CBSI3U C pa3BUTHEM OWOXUMHH M MOJIEKYJISIPHOM
OMOJIOTUU OTKPBHIBAIOTCS 3HAYMTENIbHbIE MEPCHEKTHBHI B CBOEBPEMEHHOMN
IUarHOCTHKE M JICUEHHWH OHKOJOruueckux 3aboneBanuil. [loHumanue
MEXaHU3MOB KaHIIEPOTeHEe3a, OTKPhITHE OMOMAapKepOB U pacuIn(poBKa TeHOMa
YeJIOBEKa MO3BOJIMWJIM  CO3[aTh JUArHOCTUYECKHE, IPOTHOCTUYECKHE U
NPEIUKTUBHBIE TECTHI B cpepe OHKOIOTHH.

MouJiekyJisipHble TeXHOJIOTHH
B IMarHOCTHKeE 3JI0KA4eCTBEHHbIX HOBOOOPA30BAHM I

JlocTvKeHUsT MOJIEKYJSIPHOM OHKOJIOTMM TIO3BOJIIIOT  paccMaTpUBaTh
OHKOJIOTHUYecKoe 3aloJieBaHME Kak O0oJie3Hb, KOTOpas XapaKTepusyeTcs
KJIOHAJIbHOM 3BOMIOLMEH TpaHCHOPMUPOBAHHBIX KJIETOK B TOM WJIM HHOM
OpraHe WM TKaHU. V3BECTHO, YTO paKoOBbIE KJIETKHM BO3HHMKAIOT BCIEICTBUE
HAKOIUICHHsI MyTalluii B KPUTHUECKUX MPOTOOHKOI'€HAX M ACCOLIMMPOBAHHBIX C
OITyXOJISIMHM T'eHax-cymnpeccopax. Ha ocHOBaHMM 3TOr0 JIOTHYHO NPEANIOIOXKHUTS,
YTO paHHEE BBIIBJIECHUE OIYXOJEBOI'O 3a4yaTkKa BO3MOXHO, XOTA U CIIOKHO
Metoandecku. OOHApYKUTh OIMYXOJIb HAa PAHHUX CTAIUSIX €€ Pa3BUTHUS MOXKHO
Py HUCCIEIOBAaHUM OHOJNOTMYECKUX JKHJIKOCTEH, B KOTOPBIX MOTYT OBITh
oOHapyKeHbl TE€ WIM UHbIE OHOMOJEKYJbl, SBJSIOMIMECS MPOAYKTaAMU
AKU3HEIEATEIIbHOCT PA3BUBAIOLICHCA OMYXONIM WIM PE3YylIbTaTOM pPEAKIUU
Pa3IMYHBIX CUCTEM OpPraHru3Ma Ha NOSIBUBLIMECS OIYyXOJIEBBIE KIETKH.

Ectb u npyroit acmekT mnpoOieMbl, KOTOpBIA CBA3aH C paHHUM
pacro3HaBaHueM MeTacTa3zoB. Hannune MUHUMAIBHOM OCTaTOYHOW OMYXOJU U
MHUKpPOMETACTA30B CYLIECTBEHHO OIPaHMYMBAET NEPCIEKTHBY AAJIbHEHIIETO
YBEJIMYEHUS I0KA3aTelnel BbDKMBAEMOCTH. J[0 IOCIIEIHEro BpPEMEHU ITOMCK
MHUKpPOMETACTa30B  OCYLIECTBIISZIM  TOJBKO TPAJUIMOHHBIMM  METOAAMHU
CBETOBOM MHUKPOCKONHH, KOTOphIE B OOJIBLIIMHCTBE CIy4yaeB OKa3bIBAIOTCA
HedPPeKTHUBHBIMHA. Pa3BuUTHE HMMYHOIMTOXMMUYECKHMX M MOJEKYISIPHO-
OMOJOrMYEeCKHX  TEXHOJOTHMH  Cclenajo  BO3MOXXHOM  MJIEHTH(UKALHUIO
€IMHUYHBIX W30JIMPOBAHHBIX OMYXOJEBHIX KIETOK B JHMM(aTHUYECKUX Y37ax,
CEPO3HBIX KUAKOCTAX OpPTraHu3Ma, MepudepuyecKkoil KpoBU U KOCTHOM MO3TeE.
B uacTHOCTH, ymaercsi BBIIBUTH OJHY OMyXoieBylo kieTky cpeau 1000000
pa3HoOOOpa3HBIX MO CBOEH MPHUPOAE KPOBETBOPHBIX KJIETOK KOCTHOTO MO3Ta.
CoBpeMeHHass MArHOCTUKa OIyXOJIeH MpeaycMaTpuBaeT —o00s3aTerabHOoe
NPUMEHEHHE Hapsiay C KIACCHUYECKUMHU MOP(OJOTHYECKUMH METOAaMHU
MMMYHOLUTOXUMUYECKUX U MOJIEKYJIIPHO-T€HETUUECKUX METOOB.
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Mapkepbl 01yX0J1€BOTr0 pOCTa U UX BbISIBJICHHE

CymiecTByeT Tpu TIpyHIlbl MapKepOB ONYXOJIEBOTO pPOCTa, KOTOPHIE
accormupoBansl ¢ 6enkamu, PHK u JIHK. benok-acconumnpoBannbeie MapKepbl
MOTYT  ONpeneNniaTbcs B OOBIUHBIX  MpoOdax  KPOBH  PYTUHHBIMU
OMOXMMHYECKUMH ¥ HMMYHOXUMHUYECKUMHU MeTomamu. Cpeam Takux
MapKepoB cCieayeT yHnoMsHyTh mpocrarocnernupuuecknii anturen [ICA npu
pake mnpexacratenbHoi kene3pl, CA 125 mnpu pake SUYHHKA, PAKOBO-
AMOpPHOHANIbHBIN aHTUTeH PDA Tipu KapliMHOMax OpraHOB MHINEBAPUTEITHHOTO
TpaKTa, YEJI0BEYECKUI XOPUOHUYECKUN FOHAJOTPOIINH npu
TpohoOIaCTUUECKUX OTyXOJISIX, anbda-heTonpoTenH npu
TemaToNeIUTIONIPHOM pake W SMOPHOHAIBHBIX KaplMHOMAaX. BEISBICHHE dTHX
OENKOB Ba)XHO JUIsl OMpEJENIeHHs MPOTHO3a M MOHMTOPHHra 3aboyeBaHus,
paHHero OOHapyKEHHS METacTa30B M PEUUIUBOB omyxonu. OIHaKo ux
MPUMEHEHHE OrPaHWYEeHO, TaK KaK OHMU HEIOCTaTOYHO CHEHU(UYHBI IS
KaKOH-TMO0 OZHOM OMYyXOJIM WIJIM THIIAa OMyXOJIEeH, a UX MPUCYTCTBHE B KPOBU
4acTO YKa3bIBaeT Ha YK€ PaCIpOCTPaHEHHBIN MPOLECC.

Hcnonp3oBanue MmapkepoB, accouuupoBaHHbix ¢ PHK, ocHoBaHO Ha
HaJM4YUM MYTallMid B MPOTOOHKOINE€HAaX M TIEHAax-CyIpPEeccopax OIMyXOJIEeH,
KOTOpBbIE MOTYT onpeaensarbes u B Tpanckpuntax. PHK — menee noaxonsmuii
cyOcTpaT uisl KIMHWYECKOW JAuarHocTuku omyxoiei, yeM JIHK, Tak xak ona
JErKo JAerpagupyer, HO oueHka skcnpeccun Ha ypoBHe PHK Bce xe
ocyniectBuMa. COBpPEMEHHBIE METOJbI MO3BOJISIIOT ONPENEIATh JKCIPECCHUIO
T€X WIM UHBIX MYTAHTHBIX T'€HOB, B YaCTHOCTU IyTeMm BbiaeneHus ux PHK-
MPOAYKTOB M3 KJIMHUYECKOTO MaTepHalia C TOCIenyronein o0paTHOU
tpanckpunmueir (OT) u mnomumepasHoit uenHoi peakiueit (ITLIP) s
ammmudukarun JJHK (OT-IIL[P). DToT MeTox JaeT BO3MOKHOCTD OIPEACIIAThH
OKCIIPECCHI0 TEHOB B KJETKaX KPOBH, JUM(ATUYECKUX Y3JI0B M KOCTHOTO
Mo3ra. AHaiau3 LEeJbHOM KPOBH M KOCTHOTO MO3ra Ha HaJIMYHWE aHOPMaJIbHBIX
TPAHCKPHIITOB, IMOJYYCHHBIX W3 TPAaHCPOPMHUPOBAHHBIX KIETOK, MPUMEHSIOT
JUIE MOHUTOPHUHTA OOJIHBIX C XPOHHMYECKHM MHENIOIEHKO30M, MUHUMAIbHOM
pesuayansHOi Oose3Hbro. Hambonee mNepCrneKTUBHO HCMOIb30BAHUE 3TOTO
MeTo/a s OOHapyXeHHsT MHUKpPOMETAcTa30B — EIMHMYHBIX OITyXOJIEBBIX
KJIETOK B TKaHSIX.

JIHK — uneanbHblii cyOcTpaT AJisi MOJICKYJIIPHON JHArHOCTUKH, TaK Kak
OHa BechbMa CTaOMIIbHA U MOKET OBITh OBICTPO aMILTU(HUIIMPOBAHA C TIOMOIIBIO
texauku [P, 9To maeT BO3MOKHOCTh 00OWTHCH MUHUMAJIBHBIM KOJTHYCCTBOM
KJIETOYHOTO MaTepuayia. Yaanoch OOHapyxuTh MyTranuu reHa pS3 B JIHK,
orpezensieMoil B Moue OOJbHBIX PAKOM MOYEBOIO IY3bIps, a TAaKKe€ MYyTallUH
onkoreHa Ras B JIHK, oOHapyxeHHOIl B BBIAEICHUAX NPH KOJIOPEKTAIHLHOM
pake. Mytanuu o6oux reHoB BbisiBlieHbl B JIHK, comepkamieiicss B MOKpoTe
OOJIBHBIX PAaKOM JIETKOTO.

UtoOs1 ananmusupoBath JIHK omyxoneBoro mpoucxokIeHus B IIIa3Me
KpPOBHM TIpM MAacCCOBBIX OOCIIeJOBaHMSX, HeoOXoAamma Oblla BBICOKAS
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9yBCTBUTEIHLHOCTh METO/Ia. DTO CTAJI0 BO3MOXHBIM IOCIE pa3pabOTKH METOAa
nonumepasuoii nennoi peakuuu (ITL[P), koTopast MO3BOJSET TECTUPOBATH
JECSATKH WK Jaxke eIMHUYHbIe nocienoBaTenbHoct JJHK.

[Tpu mro6o¥ JTOKaTM3allik paka B KPOBb IMAI[MEHTA IOMAJal0T. a) CaMH
PaKOBbIE€ KJIETKH — U3 CTEHOK MO3aWYHbIX KalWUISPOB y3€lKa U3 PaKOBBIX
KICTOK B 1-2 MM B auameTpe W 0) TeHbI-MapKephl M3 IMOTHOIIMX PaKOBBIX
KJIETOK €IlIe 3aJ0JIT0 J0 MPOsBIICHUS KaK MEPBUYHOTO Oyara paka, Tak M €ro
METacTa30B. JTO U MO3BOJISET BBISBIATH PaK y MallMeHTa ¢ CaMOro Havaina, T.e.
C pa3Mepa y3enka B 1-2 MM B 1uaMeTpe.

s BemonHenust [11P-ananmu3a nmpuroans! aro0as TKaHb, OHOIOTHUYECKast
JKUJKOCTh U BBIACHEHUS demoBeka. [ILIP mo3Boiser B OHMONIOTHYECKHUX
KHUJKOCTSIX OT OOJIbHOTO BBISBIISITH CaMble HaualbHbIE U3MEHEHHS B CTPYKTYpe
JHK knerok, a B cymHocTH npeapak; ¢ nomouipio I[P ynaercst oOHapyXuTh
naxke onHy nedekTHyro Wi MyTaHTHyro Mmojiekyny JIHK u3 pakoBeix kieTtok
Cpeau MHOTUX JIPYIMX MOJIEKYJ B MCCIIEAYyEeMOM >KHJIKOCTH; YyBCTBUTEIHHOCTh
atoro Merona a0 100%. Takum o6pazom, [11IP — 310 yHHBEpCanbHBIA METOT IS
paHHEH TMAarHOCTUKH PAKOBBIX KJIETOK JIFO0O0M JIOKAIM3ALMHY paKa y MalueHTa.

OTrmuutenbHON  0ocoOeHHOCThI0O MeronoB [IIIP m meroma oOpaTHO
TPAHCKPHIIIHY SIBJSIETCS HCIIOIB30BaHIK Maioro Koimdectsa (250 M) 00béma
KalWUISIPHOM KpOBHM B KauecTBe oOpasia. B nmreparype umeroTcs cBeAeHU,
9TO OMyXOJib M e€ MeTacTasbl CHOCOOHBI BBIOPACHIBATH B IUPKYISAILUIO HE
TOJIBKO €IMHHUYHBIE KJIETKHM, HO W MNPOAYKTHl HX JErpajalyd, HMMYHHBIE
KOMILIEKCHI, a TaK:K€ HYKJICWHOBBIE KHUCIOTHI, B TOM YHCJE U crenuduyeckue
PHK. Ot PHK cBs3pIBatOTCs ¢ OenKamMu 1ia3Mbl ¥ TIOBEPXHOCTH (POPMEHHBIX
3JIEMEHTOB KPOBHU, UTO MPEAOXpaHsieT ux or aerpaganuu. CrenoBareiabHO, UX
MO>KHO JIETEKTUPOBATh B JIU3aTax HEOOIBIIMX 00pa3IioB KpoBU. Takum oOpazom,
meronel [P m OT oka3pBafoTCS MAaJOMHBA3MBHEIMA M JOCTATOYHO
MH(GOPMATUBHBIMU JJISi CKPUHUHTA U TIEPBUYHOM AMAarHOCTUKH. MeTonbl TaKxke
MPUMEHUMBl B KJIMHUKE JUIS TIOCIICONEPAIMOHHOTO MOHHUTOPHHTA BBIOpOCA
(GbparMeHToB OIyXOJIM B KPOBOTOK, OLIEHKHM YTPO3bl METAcTa3UpOBaHUS U B
Ka4yeCcTBE BCIIOMOTATENbHBIX METOJIOB AU(PepeHIINATHLHON THATHOCTUKH.

Baxxnoe Mecto B oOHapyXeHHHM OMYXOJEBBIX KJIETOK 3aHHMAaET aHaJIU3
IIOCJIEZI0BATEIBHOCTEN HYKJIEOTUIOB MHUKpOCATeUIUTHBIX mnoBTopoB JIHK,
KOTOpBIH TO3BOJISICT YCTAHOBHTh KAaK HAJIMYME HOBOTO ajiens reHa (4to
CBHJIETENIBCTBYET 0 HecTabminbHOCTH MUuKpocareuutHoi JIHK), Tak u moTepro
OHOTO W3 ero amienci (moTepl0 TreTepO3UroTHOCTH). Takue HaXOIKU
YKa3bIBalOT Ha MPUCYTCTBUE KIETOYHBIX KJIOHOB, COJEPXKAIIMX H3MEHEHHYIO
TEeHETUYECKYI0 HMH(POpPMAIMIO, YTO XapaKTEpHO [UIsl OIMYXOJIEBBIX KIIETOK.
"MUKpOCAaTEeJUIMTHBIN aHAINW3" TMPUMEHSUIM TPU MCCIENOBAHUU MOYH Y
0O0JIBHBIX PAKOM MOYEBOTO IY3bIps U TUIIEPHEPPOMOIA, CIIIOHBI IPU OITYXOJSIX
TOJIOBBI U IlIeH, MAaHKPEATUYECKOr0 COKa MPU pakKe MOJKETYJOUYHOM KeJe3bl,
M3y4YEHUN MYHKIHOHHBIX aCIHUPATOB IPHU PAaKe MOJOYHOM KeJle3bl, MOKPOTHI
MIPU paKe JIETKOTO.
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HecmoTpss Ha  BO3MOXXHOCTH, CBSI3aHHBIE C  HCIIOJIb30BaHUEM
MEPEYHCICHHBIX MapKepOB OMYyXOJEBOTO POCTa, IMOKa eIle HE CYIIEeCTBYET
aOCOJFOTHO HAJEKHBIX METOAOB paHHEH (IOCMMIITOMHOM) JHArHOCTUKU
omyxoJeil. B mpeoOmagaromeM OONBIIMHCTBE CIIy4aeB BpadaM-OHKOJIOTaM
NPUXOJUTCA UMETh JEJ0 C YK€ Pa3BUBIIUMUCS OMyXOJsAMH. M1 OCHOBHBIMHU
3ajauaMi  SIBIIIIOTCS  MOP(OJIOTHYECKOe  TOATBEPXKICHHE  TUarHosa,
YCTAHOBJIEHHE THUCTOCTPYKTYpPbl M THCTOTE€HE3a OIlyXOJIM, OIpeesieHue
CTETIEHU €€ 3JI0KaYeCTBEHHOCTH, BBISBIICHHE METACTATHYECKOTO MOPaKEHUS
PETMOHAPHBIX W OTHAJCHHBIX JUM(ATHUECKUX Y3JI0B, JIPYIMX OpPraHoB,
muddepeHIraibHas TUarHOCTUKAa ¢ MHBIMU TMATOJOTHYECKUMH TTPOIIECCAMH.
Pemrass 3TH BOMpOCH], UCHONB3YIOT Marepuai, MOJY4YeHHBIH mpu Ouorncuu
ormyxoJyiell M JUM(ATHYECKUX Y3JI0B, KIETKH KPOBH, IMYHKTATBI KOCTHOTO
MO3Tra, 3KCCyHaThl U3 CEPO3HBIX IOJIOCTEH, a TaKXKE CMBIBBI M COCKOOBI,
CIIeTaHHBIC BO BPEMsI OTIEPATHBHOTO BMENIATEIbCTBA.

Takum 06pa3oM, MIHUPOKO HCIIONb3YEMbIE B HACTOSIEE BpPEMs TECThI Ha
OITyXOJIEBBIE MapKephl IMPEICTABISAIOT CO00H WH(GOpMATHBHBIE, TPOCTHIC B
UCTIOJIHEHUH, TOCTYITHBIE TIO IIeHe, HeTpaBMaTUYHbIE METO/Ibl HAOIIOACHUS 32
OHKOJIOTHYECKMMH  OOJIBHBIMH,  TIO3BOJISIFOIIME  OCYIIECTBISITH  OIICHKY
3G (HEKTUBHOCTH JICUEHUS M JTOKIMHUYECKOE BBISBICHUE PA3BUTUS PELUANBA
3aboneBaHus. Kpome TOro, wucciemoBaTh OITyXOJEBbIE MapKepbl BechbMa
MOJE3HO Yy JIMI C TIOBBIIIGHHBIM OHKOJIOTUYECKHMM pHUCKOM (HaJIM4ue
POJICTBEHHHUKOB, OOJBHBIX PaKOM; PaOOTHHUKU BPEIAHBIX MPOU3BOJICTB W P.)
IUIs pAHHETO BBIABJICHUA OHKOJIOTMYECKUX 3a0osieBaHuil. CoBpeMeHHOU
MEIUIMHE XOPOIIO W3BECTHO, YTO JUISI YCHEIIHOTO JICYEHUS PAaKOBBIX
3a00JeBaHUN camMoe TJaBHOE — OTO paHHAA JHAarHOCTHKA, KOTOPOU
CIIOCOOCTBYET aHaJM3 HAa OHKOMapKephl. B KOMILIEKCe ¢ APYrUMH METOJaMHU
UCCIIEIOBAaHMsI OHKOMapKephl Jai0T Bpady Oojee MONHYI HHPOpPMALHI0 O
HaJUYMU PAKOBBIX KJIETOK B opranuszme. UToObl Ha3HauuTh 3P(HEKTUBHYIO
TEpanuio, HEOOXOOUMO TPOBECTH IIENyI0 CEpUI0 MOJOOHBIX AaHaJIM30B B
pa3BépHyToil popme. M make ecinm OHM CTAHOBSTCS MOKA3aTEISIMH HATNYHS
NOOpOKAYeCTBEHHbIX  OOpa30BaHUil,  JOMOJHUTEIbHBIE  MCCIEJOBAHUS
HEOOXOAUMBI, YTOOBI BEISIBUTH HAPYIICHHs (DYHKIMI OTIEIBHBIX OPTaHOB.
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Buabl onyxosieBbIX MapKepoB (OHKOMapKephl)

Onkomapkep

ALK renHoi nepectpoiiku

Aabda - ¢peronporenn (AFP)

Bera-2 mukporaooyaun (B2M)

bera - xopnonnueckui
rOHAJI0TPOIIMH YejioBeKa (feTa-
XTI'Y)

BCR - ABL ru0puansiii ren

BRAF mytamuu V600E

CA15-3/CA27.29

Turme! paka

HemenkokieTouHbli pak JErkoro u
aHarIacTU4ecKasi KpylmHOKIETOUHas
muMpoma

Pak neuenu u OITYyXOJIH IMOJIOBBIX
KJICTOK

MHOXeCTBCHHAS MHEIIOMA,
XPOHUYECKHH TUM(DOIEHKO3,
HEKOTOPBIE JTMM(POMBI

XopHoKaplIMHOMA U PaK IUYEK

XpOoHHYECKUIT MUETOIENKO3

Menanoma u pak TOJICTOM KUIIKU

Pakx Mono4HOI1 Jkee3bl
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Marepuan
JUTSL aHAIK3a

Krnerku onmyxonu

Kposs

KpoBb, Moua, nim
CIIMHHOMO3Ir0Bast
JKHIKOCTh

Moua uiau KpoBb

Kposb u / nnn
KOCTHBIA MO3T

Onyxons

Kposb

0O061aCcTh HCIOIL30BAHUS

Jlns onipenesieHns MeToIa JICUCHHSI |
MPOTHO3a

JIJsl TMarHoCTHKY paka MeYeHH U
MTOCJICTYIONICH peaKIiy Ha JICUCHHE,
OIICHKU CTaJMH, MPOTHO3a U OTBET Ha

JicUeHHEe paka/omyxoJe MoJOBbIX

KJIETOK

Jns onpenenieHust mporHo3a u
MOCJIEYIONIEH peakIuy Ha JICUCHHE

I[J'IH OLICHKU CTaAWU, IPOrHO3a U
OTBCTAa Ha JICYCHHC

Jlns moaTBep K ICHUS TUArHO3a |
MOHHUTOPHHTA COCTOSHUS O0Ie3HN

YUtoOkI mIpencKa3aTh OTBET Ha
EJIEBYIO TEPATTHIO

Jlst orteHk# 3(ppeKTHBHOCTH
JICUYEHUS U BBISBIICHUS] BO3MOYXKHOTO
penuarBa



CA19-9
Kannepnsrii anturen 19-9

CA-125
Yraesoaublii anturen 125

Kaannuronun

PakoBo - 3M0puoHAJBLHBII
anturen (PDA)

CD20
®ocponporenH

Xpomorpanuu (CGA)

Xpomocomsl 3, 7, 17 u 9p21

®parmenT lluTokeparuna 21-1

(CYFRA 21-1)

Pak nmomxenyao4HOM jKemnessl, pak
JKEIYHOTO ITy3bIPs, KEIIHbBIX Kposb
IPOTOKOB U paKa >KeJIyKka

Pak ssmuHMKOB Kposb

MenynisipHbIi pak IUTOBUIHOMN

Kposs
JKene3sl

KonopekranbHblil pak u pak

N Kposs
MOJIOUHOM KeJe3bl

Hexomxkurckas mumdoma Kposb
HeiiposH10KkpUHHBIE OITYXOJU Kposb
Pak MoueBoro my3sips VYperpa
Pak nerxux Kposs
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Jlst orteHk# 3(pPeKTHBHOCTH
JICUYCHUS

J1J1s IOMOIIH B INATHOCTHKE, OIIEHKH
3 PEKTUBHOCTH JICUCHUS U
BO3MOKHOTO PEIUINBa

Jly1st moMOTIIH B IMaTHOCTUKE, OLEHKH
3¢ (HEKTUBHOCTH JICUCHUS U OIICHKH
BO3MOXXKHOTO pElUNBa

JIJ1s1 OTIEHKH BO3MOKHOTO
pacrpocTpaHeHUs! KOJIOPEKTAIBHOTO
paka, MOHUTOPUHTA PELUUINBA paKa
MOJIOYHOM JKeJIe3bl B OIICHKE OTBETA

Ha JIeueHUe

JInst onipeaeseHus eaecoo0pa3HOCTh
Ha3HA4YCHHUS LEJIEBOI
(TapreTHHroBOIT) Tepanuu

J1yis IOMOIIM B TUATHOCTHKE, OIICHKU
3¢ (HEKTUBHOCTH JICUCHHUS M OLICHKH
BO3MOKHOTO PEIH/IHBA

KonTpons 3a peniuanBoM paxa

KOHTpOJ'II: 3a pCUANBOM paKa



Anaiau3 Ha EGFR myranuro

Peuentopsi 3ctporena (ER) /
peuentopbimnporectepona (PR)

®Ouépun / pudpUHOreH
HE4 (Human epididymis protein
4)

HER2/neu
(Neu, ErbB-2, CD340) —
MeMOpaHHBIN OCIIOK

HAMMyHOr100yIMHbI

KIT
T'eH, KOTUpyonuit 6emok c-Kit

Anamm3 mytanun KRAS
(ITpoTooHKOTEH)

HemenkokiieTouHbIi pak JErkoro

Pak Mo104HOI1 Kee3bl

Pak MmoueBoro my3sips

Pak smuHnkoB

Pak Mono4HOM kene3bl, pak KemyaKa
U PaK MUIIEBOJA

MHokeCcTBeHHas MUEJIOMAa 1
MaKpOFJ’I06y.]'II/IHeMI/I$I BaJ'H:;I[CHCTpeMa

)KCJ'IYILOHHO-KI/IH_ICIJHBIC CTpOMaJIbHBIC
OITYyXOJIn CIU3HUCTOMN 00OJIOUKH K
MCJIaHOMbBI

KonopekransHblii pak u
HEMEJIKOKJIETOYHBIH PaK JErKoro
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Omyxonb

Onyxons

VYperpa

Kposb

Omyxonb

Kposs u yperpa

Onyxons

Onyxons

Jlnis onpeieNieHust MeTo/1a JICUCHUs U
MpOTHO32

st onpeneneHus: BO3SMOKHOCTH
TOPMOHAJILHOM Tepanuu paka rpyau

Jlist MoHuTOpHHTA (P HEKTHBHOCTH
JICYCHUS ¥ PA3BUTHUS PEIUINBA

st oueHKH 3P PEKTUBHOCTH
JICYCHUSI 1 MOHUTOPHUHTA PEIUNBA

I[JI?I OIpEACICHNA BO3SMOXHOCTHU
I‘OpMOHaJ’IBHOﬁ TCpaIiuu paka

HJBI JUAarHOCTHUKH 38.6OJ'ICB3HI/I}I,
OIICHKHN OTBCTA HA JICUCHUC U
BBISABJICHUS peliInBa

TTomomps B TMarHOCTUKE U
onpeJieJICHUE CTPaTEru JICUCHUS

Jlitst omipenesieHns BO3MOKHOCTH
NPUMCHEHHUS TAPTETUHTOBOM
(ueneBoit) Tepamuu



JIalcTaTz[emz[poreHma

(JIAT)

SAnepHblii MATPUKCHBIN 0e10K 22
(Nuclear matrix protein 22)

IIpocrar - cnennpuyecKuii
anTuren ([ICA)

Tupeorso0ynun

(YAII, ypokunHa3sa)
YpoxuHa3HBIN AaKTHBATOPA
miasmuHorena (UPA)
UUHTHOUTOP aKTHBaTOpa
niaa3muHorena (PAI-1)

5-Protein signature (Oval)
MOJIeKYJISIpHBIN TecT (Ornomapkep
paka SUYHHKOB)

Oncotype DX renetnueckuii TecT

Mammaprint - reaeTu4yeckuii Tect

OHYXOJ'II/I IMOJIOBBIX KJICTOK

Pak moueBoro my3sips

Omyxonu / pak npecTaTenbHON
JKene3sl

Pax muToOBUIHON XKeNne3bl

Pakx Mono4HOI1 Jkee3bl

Pak smuHnkoB

Pak Mo0uHOI1 Kee3bl

Pak Mo04HOI1 Kee3bl
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Kposs

VYpetpa

Kposb

Onyxons

Omyxonb

Kposb

Onyxons

Onyxons

JI1st TMarHOCTHKY, OLICHKH OTBETA Ha
JIe4YeHHUE U MPOTHO3a

I[J'IH MOHUTOpPHUHTA pCaKIIU Ha
JICUCHUC

HJ’IH JUArHOCTHUKH 38.6OJ'ICB3HI/I}I,
OIICHKHN OTBCTA HaA JICUCHUC U
BBIABJICHUA peUInBa

I[JI}I OIICHKH OTBCTA HA JICUCHUC U

BBIABJICHUA peUIUBa

st onipeienieHus arpecCUBHOCTH
paka rpyau u IUIaHUPOBAHUS
JIeYeHUs

I[JI?I JUAarHoCTHUKHU paKa AMYHUKOB U
IIPaBUJIBHOT'O INTAHUPOBaHUA
neyeHus / onepanun

J171s1 OLIeHKH pUCKa peluanuBa

J171s1 OLIeHKH pUCKa peluanuBa
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JEAKOIIUTAPHASI ®OPMY.JIA KPOBH
Y JJABOPATOPHBIX KPbIC C IIEPEBUTBIM PAKOM IIOYKHA
ITPA PASHBIX METOJAX BBEJIEHUSA
OJIABOHONJACOAEPKAIIINX DKCTPAKTOB
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H.B. Iloaykonosa, I''H. MacasikoBa, A.b. Byuapckasi
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410012 Capamos, yn. borvwas Kazauvs, 112.

E-mail: navolokinl@rambler.ru, polukonovanv@yandex.ru

B pabore mpoBeseHO UCClEAOBAaHME W3MEHEHHS JIEHKOIMTAPHOM
(dbopMyIbl KpOBU Yy J1aOOPAaTOPHBIX KPBIC C MEPEeBUBAEMBbIM pakoM Mouku PA
IpPU BHYTPUMBIIIEYHOM U TEPOPATHHOM BBEACHHH OKCTPAKTOB aBpaHa
JIEKapCTBEHHOT'0, KYKYPY3bl aHTOI[MAHOBOM U OecCMepTHHUKA MecyaHoro. beuio
YCTAaHOBJIEHO, YTO BHYTPHUMBIIIEYHOE U IMEPOpPaJIbHOE BBEICHUE HKCTpPAKTa
aBpaHa HE COINPOBOXAAETCS HW3MEHEHHEM JeHKOUMTApHOU (HOPMYINBI KPOBU
KUBOTHBIX C OIMYyXOJIbI0. BBeneHue SKCTPaKkTOB OECCMEPTHHUKA U KYKYPY3bI
COIPOBOXAAETCS YBEIMUEHUEM KOJIMYECTBA CETMEHTOSIEPHBIX JIEUKOLUTOB Y
KUBOTHBIX C IEPEBUTOM OIMYXOJIbIO.

KiroueBnie cnmoBa: KpoBb, Oelbie J1aOOpaTOpHBIC KPBICHI, (PIIABOHOU/IHI,
Zeamays, Helichrysum arenarium,Gratiolaofficinalis

In this paper, we study changes in blood leukocyte counts conducted in
laboratory rats with transplanted kidney cancerPA intramuscular and oral
administration of extracts of Gratiola officinalis, Zea mays , Helichrysum
arenarium. We found that intramuscular and oral administration of the extract
Gratiola officinalis accompanied by changes in blood leukocyte counts of
tumor bearing animals. Number of segmented |eukocytes increases with the
introduction of Zea mays L. and Helichrysum arenarium extracts from tumor-
bearing animals.

Keywords: blood, white lab rat, flavonoids, Zea mays, Helichrysum
arenarium, Gratiola officinalis.

BBenenune
VYBenuueHue pacrnpoCTPaHEHHOCTH M CMEPTHOCTH OT OHKOJIOTMUECKHX
3a00J1€BaHUN OMpeeNsieT MOMCK HOBBIX OMOJOTHYECKH aKTHBHBIX BEIIECTB C
HpOTI/IBOOHYXOHeBOﬁ AKTUBHOCTBHIO, B TOM YUCJIC 148 paCTI/ITe.HBHOFO
npoucxoxacHus. Haumbonee mNepCneKTHBHYIO TPYMIy B 3TOM OTHOIIEHUHU
MPEJCTABISAIOT COOOM pacTUTeNbHbIE (BIaBOHOMIB. B TO e Bpems MOUCK
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HOBBIX TIPOTHUBOOITYXOJIEBBIX CPEJICTB HAMIPABIICH B CTOPOHY MAJTOTOKCUYHBIX U
HETOKCHYHBIX BemiecTB. OAHMM U3 NPOSBICHUM TOKCMYHOCTH Iperapara
SIBIISICTCS €T0 BIUSIHUE HA KJIETKU KPOBH.

JIns wuccnemoBaHWsT HaMH BBIOpaHbI TpU pacteHus — 1) aBpad
JIEKapCTBEHHBIHN, CcoJepxkaluii, mo KpaiHeil Mepe, ueTbipe (uaBOHOUAA —
alMTeHUH, KOCMOCHHH, aBPO3HMJ W KBEpIETUH; 2) aHToIMaHoBas (opma
KYKYpY3bl OOBIKHOBEHHOH, U3HAYAIBHO CO3/IaHHASI TeHETUKAMH KaK MCTOYHUK
CTOMKOI'0 aHTOI[MAHOBOTO KpacUTesl, B KOTOPOil 0OOHapyXeHbl TPU aHTOLIMAHA
- muanuauH, xpuszanteMud (3-O-f-D-raukonupano3ou 1UaHUIUHA), UIACHH
(3-O-B-D-ramakronupaHo3oui HHAHWAWHA) W MATh (IABOHOUIOB. TPHIIUH
(5,7,4 -rpuruapokcu-3',5 -TUMETOKCU(IIABOH), Kamriepot (35,74 -
TeTparuapokcudaBonon), keepuerun (3,5,7,3',4 -nenraruapoxkcudaaBoHo),
actparaniut (3-O-B-D-rirokonupanosouns kemrmdepona), usoksepierun (3-O-
B-D-rirokonmupano3ou KBepieTrnHa); 3) OecCMEPTHUK IeCYaHbIH,I[BETKH
KOTOpOro comepskat (iaaBoHouasl (6,5%: reauxpusuH, JFOTCOINH, allMIeHUH,
HAapUHINE€HUH, KBEPUETHH M €ro IIMKO3HUIbI, KeMI(epos, Ccalumypro3us,
W30CATTUITYPITO3HUI).

Pa3zpaboran aBTOpCKHiA CIOCOO CITUPTOBOM IKCTPAKIIUU (PITABOHOUIOB U3
3TUX PACTEHUH C OYHMCTKOH XJIOPO(GOPMOM OT SIOBHTHIX M OallIaCTHBIX
BeulecTB. JlaHHasg paboTa HampaBjieHAa Ha BbISBICHHE BIMSHHS HCCIETyEeMbIX
HKCTPAKTOB HA KPOBBH OENBIX JTA0OPATOPHBIX KPBIC C MEPEBUBAEMBIM DPAKOM
noyku PA.

Lenb: wuccnenoBaTh HW3MEHEHHS JIEHKOIMTApHOH (OpPMYIbI KpPOBH Y
a0OpaTOpPHBIX  KPBIC C TEpEeBHUBAeMbIM pakoM Touku PA  mpu
BHYTPUMBIIIEYHOM U  TMEPOPATHbHOM  BBEJACHHHM  OJKCTpaKkTa  aBpaHa
JIEKapCTBEHHOT'0, KYKYpPY3bl aHTOIIMAHOBOM 1 O€CCMEPTHUKA MECYAHOTO.

MarepuaJj U MeTOIUKA

B pabore mcmonb30BaHbl 3KCTPaKThI aBpaHa JiekapcTBeHHoro (Gratiola
officinalis), Kkykypy3sl OOBIKHOBEHHOW aHTOIMAHOBOW (Zea mays) wu
OeccmeprHuka mecuanoro (Helichrysum arenarium), mosydeHHbIe aBTOPCKUM
crioco6om,42 Genbie 1abopaTOpHBIC KPBICHI-CAMITBI C TIEPEBUTHIM PAKOM MTOYKH
(PA), Mmopdosorudeckue METOIbI.

JIn3aiiH: 9KCIIEPUMEHT MPOBOIHUIICS B COOTBETCTBHU C PYKOBOJCTBAMH
MO JTOKIMHUYECKUM HCCICIOBAaHHUSIM JICKAPCTBEHHBIX cpencTtB (XaOpwues,
2005). Bce sxuBOTHBIC OBUTH pa3jielieHsl Ha ceMb rpymn (Tabum. 1), mo mecth B
KXo rpymme: 1 — KOHTpoJibHast TpyIIa CPaBHEHHUS; 2 — BHYTPUMBIILICUHOE
BBEJICHHE aBpaHa, 3 — MepopaibHOe BBEJCHUE aBpaHa, 4 — BHYTPHUMBIIICUHOE
BBeJIeHHE OECCMEpPTHHKA, S5 — NepopalibHOE BBeIEHUE OeccMepTHUKA, 6 —
BHYTPUMBIIIICYHOE BBEICHHE KYKYPY3bl, / — IEPOPATBLHOE BBEICHHE KYKYPY3Hl.

B KOHTpONBHOM TpyIe CpaBHEHUS BO3IAEHCTBUE HE OKAa3bIBAJIOCH, & B
IKCTIIEPUMEHTANBHBIX TPYIIAaXx 3KCTPAKThl BBOJMINCH BHYTPUMBIIICYHO U
NepopabHO SKEITHEBHO B TeueHUe 14 nHel, HauuHas cO BTOPOTO JHS MOCIEe
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IIEPEBUBKU OIIYXOJIU B CIEAYIOLIUX AO3UPOBKAX. IJIS aBpaHa JIEKAPCTBEHHOIO
=110 mr/kr; mis KyKypy3sl anTormaHoBoit — 320 mr/kr; mist GeccMepTHHKA
necyanoro — 500 mr/kr. B mocnenHuil JeHb DKCIIEPUMEHTa BCE YKUBOTHBIC
BBIBOJIMJIMCH M3 DKCIIEPUMEHTA ITyTeM JCKAITUTAIMK, 3a0MpajIcs MaTepHUa JIs
HCCJIICAOBAHUs, B TOM YUCJIC 6I>IJII/I BBIIIOJIHCHBI MAa3KH1 KpOBI/I.

Pe3ynbTaTsl HecJief0OBAaHUS U UX 00CyKAeHHE

OTMeTHIM OTCYTCTBHE M3MEHEHUN B JIGHKONMUTAPHON (OpMysie KPOBU B
rpynnax >KMBOTHBIX, IIOJIy4aBIIMX OKCTPAKT aBpaHa JIEKAPCTBEHHOI'O Kak
MepopasibHO, TaK U BHYTPUMBIIIEYHO IO CPABHEHUIO C TPYIIION CpaBHEHUS.

BeisiBumn  (p<0.005) yBenuueHHe KOJMYECTBA  CErMEHTOSIEPHBIX
JEHKOIIMTOB B JIBa pa3a MpPU BHYTPUMBIIIEYHOM U TEPOpPaIbHOM BBEICHUU
OeccMepTHUKAa M BHYTPUMBIIIEYHOM M TEPOPAJIHLHOM BBEACHUU KYKYPY3bI
AHTOLIMAHOBOI MO CPABHEHHMIO C TPYIION CPAaBHEHHS.

BoiBoabl
BuyTpuMebllieuHoe u mnepopaibHOE BBEJACHUE HKCTPAKTa aBpaHAa HE
COMPOBOXKIACTCSI M3MEHEHUEM JICHKOIUTAPHOU (OPMYIIBI KPOBH JKHBOTHBIX C
OIYXOJIbIO. Beenenne 3KCTPAKTOB OeccMepTHHKA U KyKypy3bl
COMPOBOXKIACTCS YBEIIMUCHUEM KOJIMYECTBA CETMEHTOSICPHBIX JIEHKOLIUTOB Y
KUBOTHBIX C IEPEBUTOM OIMYyXOJIbIO.
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Ta6auna 1.Cpennue 3HauSHHS TOKa3aHUH JEUKOIUTAPHON (POPMYIIBI KPOBH Y Ja0OPATOPHBIX KPBIC C IEPEBUTHIM

pPaKoOM MOYKH.

I'pymma ITamouku CerMeHThI D03uHOPHITEI bazodus MoHOIHTEI JlefikonUTHI
KouTposnbHas rpyria 9.75+1.49 8.75+0.25 1.00£0.25 0.75+0.25 8.25+0.95 71.5£2.72
Buyrpumbimednoe 7.75+1.03 10.00+1.08 0.75+0.25 0.50+0.29 9.25+1.31 71.75+0.95
BBCIACHUC aBpaHa

Tepopanbroe 9.75+0.48 10.001.1 0.50+0.29 0.50+0.29 7.00£0.71 72.25+1.95
BBCICHHUC aBpaHa

BuayTpumbIiiiedHoe

BBEJICHHE 8.00+1.15 17.85+3.0* 0.67+0.33 1.00+£0.33 9.67+0.33 62.67+1.78
OeccMepTHHKA

IIepopanbHoe

BBEJICHHE 13.5+1.00 17.75+3.86* 0.50+0.58 0.50+0.58 6.75+2.22 61.00+6.98
OeccMepTHHKA

BryTpuMBILICtHOE 13.0+2.00 18.67+2.84* 1.33+0.33 0.67+0.33 7.00+£2.00 59.33+2.40
BBEJICHUE KYKYPY3bl

TepopankHoe 14.0+4.04 14.67+2.60* 1.33+0.33 0.33+0.33 4.33+1.33 65.33+4.67
BBEJICHHE KYKYPY3bl

[Ipumedanne: 3Ha4KOM * OTMEUYEHBI pa3Inius ¢ JocToBepHOCTHIO p<0.005.
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V1K 616-006.6-091.8: 616-008.9
UMMYHOIOUTOXUMHNYECKHUE
N UMMYHOI'NCTOXUMHNYECKHUE METO/Ibl AHAJIN3A
BUOJIOTUYECKON ATPECCUBHOCTH OITYXOJIN

A.b. Byuapckas, I''H. MacasakoBa

I'BOY BIIO Capamosckuii 20cy0apcmeeHtblil MeOUYUHCKUL YHUBEPCUmMem
um.B.U. Pazymoscrkoeo Munucmepcmea 30pagooxpanenus Poccuu
410012 2.Capamos, yr.b.Kazauws, 112. E-mail: allaalla_72@mail.ru

Ha ocHoBe ananm3a JaHHBIX OTEYECTBEHHON W 3apyO€KHOW JTUTEPATYpPHI
paccCMOTpEeHBl TeHeTHYecKne, MOpPQOIOTUYECKUe, WMMYHOJOTHYECKUE U
MOJIEKYJISIPHbIE ~ MPOTHOCTHYECKHE  (akTOphl  MpPU  3J0KA4YEeCTBEHHBIX
HOBOOOpPA30BaHUAX, MHOTHE U3 KOTOPBIX MOTYT paccMaTpuBaThCA Kak
IUarHOCTHYECKUEe W MPOTHOCTHYECKHe Mapkepbl. OIleHeHa BO3MOXHOCTD
HUCITOJIB30BaHUA JaHHBbIX oKa3arejei JJIA aHaJinu3a 6I/IOJIOFI/I‘-I€CKOI‘/JI

arpecCUBHOCTH  OITyXOJIEH, NpPOrHO3a  BBDKMBAEMOCTHM M pPHCKa
METacTa3uPOBaHUs 3JI0KAY€CTBEHHBIX HOBOOOPA30BaHUH.
KitoueBbie cloBa! UMMYHOIIUTOXUMHUS, MMMYHOTHUCTOXUMUS,

MOJICKYJISIPHBIC MApPKCPLIL, Ounoyoruueckas arp€CCUBHOCTD OITYyXOJIH.

Genetic, morphological, immunological, and molecular prognostic factors
revealed by cancer are considered. Many of them may serve as diagnostic
markers. The use of these markers for assessment of tumors biologica
aggressiveness, for prediction of survival and risk of metastasis is discussed.

Keywords: immunocytochemistry, immunohistochemistry, molecular
markers, the biological aggressiveness of the tumor.

OnHol M3 BaXHBIX 3a7a4 COBPEMEHHOW OHKOJIOTHMU SBJISIETCS TMOMCK
NPU3HAKOB U CBOMCTB OMyXOJeW, Ha OCHOBE KOTOPHIX MOXKHO OBbUIO OBl
MIPOTHO3UPOBATh TEUCHUE 3a00JICBAHHS U OIIPEEIISATh aJIEKBATHYIO TEPATIHIO.

BaxxnelimmMu xapakTepuCTUKaMU 3JI0KAY€CTBEHHOTO HOBOOOpa3OBaHUs
MOMHAMO KJIMHUYECKOH CTaauM SBISETCS €ro THCTOJOTHYECKUH BapHaHT,
crenielb U PepeHTUpoBKH U OHOJIOTHYECKas arpecCHUBHOCTh. biaromaps
ycriexaM COBPEMEHHOW MOJIEKYJISIPHOW OMOJIOTUU CTAaHOBSTCS SICHBIMH HOBBIE
KIIOUEBbIE TOYKH KaHIEPOTeHe3a M TapaMeTphl OIYXOJEBBIX KJIETOK,
BIMSIOIINE Ha TedeHne OosesHn W orBeT Ha Tepamuio (['eoprues, 2000;
Iamuiknii, 2002).

AHamu3  pe3yabTaToOB  JIGYCHHST  OOJBHBIX C  OHKOJIOTHYECKUMHU
3a00JIeBaHUSMU TIOKa3bIBAET, YTO Ha3pela HeOoOXOIUMOCTh IOWCKAa HOBBIX
JOTOTHUTEIBHBIX ~ MapKepOB  paHHEH  OUArHOCTHKH,  IMO3BOJISIONIMX
MPOTHO3MPOBATh XapakTep TedeHUs OOJIE3HH Yy KaKIOro KOHKPETHOTO
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6omnbHOro. K TakuM HOBBIM MapkepaM OTHOCSAT TOKa3aTelnu OWOIOTHYeCcKOM
arpecCUBHOCTH NMEPBUYHOM omyxoyu. OLeHUTh OMOJIOTUYECKYIO0 arPeCCUBHOCTh
NEPBUYHON OIMYXOJHM M €€ CIOCOOHOCTh K MPOrPECCHU MOXHO, HCCIEnys
Mokaszareian ee mnpoiudepaTUBHOW aKTMBHOCTH, AaKTUBHOCTHU alloONTO3a,
COCTOSIHME PsiIa OCHOBHBIX PETYJSTOPHBIX PELENTOpOB U cuUcTeM. s 3Toro
UCIOJIb3YIOTCS ~ pa3jM4YHble COBPEMEHHBbIE  MOJIEKYJISIPHO-OMOIOrHYECKre
METOJIbl, B TOM YHCIIE HIMMYHOLIUTO- U KIMMYHOTHCTOXHMHUSI, THOpUAN3AIHS N
Situ, momMepasHas IerHas Peakis U Ipyrue.

NMMyHOIUTO- M THCTOXUMMS

Nmmynonuroxumuueckuii anamu3 (MIIX) — wmeroxm, mMO3BOJSIONIMIA
MIPOBOJIUTh MMMYHOJOTMYECKHI aHalIu3 LMUTOJOTMYECKOr0 MaTepuana B
YCIOBHSIX coxpaHeHus Mopdomoruu kinetok. OcHoBoit UL[X-meTona siBisercs
MMMYHOJIOTHYECKasl peakius aHTureHa u anrurena. MI{X-mMeronsl mo3BossoT
JOKAJIU30BaTh W WICHTHU(PUIIMPOBATh KJIETOYHBIE W TKAHEBBIC aAHTHUTCHBI,
OCHOBBIBASICh Ha MX CBS3BIBAHMM C aHTHUTENaMU. B KadecTBe CBS3aHHOIO C
KJIETKOM aHTUT'€HA BBICTYNAIOT PA3JIMYHbIE KIIETOYHBIE CTPYKTYPhI: PELENTOPHI,
B T.4. CTEPOMAHBIX TOPMOHOB U (PAaKTOpPOB pocCTa, OEIKH ILHUTOCKENIeTa,
OENKOBbIC MPOJIYKTHl OHKOTEHOB M TEHOB-PETYNIATOPOB amonro3a u TIp.
CoBpeMEeHHbIE CUCTEMBI BHU3YyaJIM3allUM KOMIUIEKCA AHTUI€H-aHTUTEJIO
OTHOCSITCSI K HOBOMY ITOKOJICHHIO ()€PMEHT-OIOCPEIOBAHHBIX METO0B OKPACKU
U TO3BOJSIOT IPOBOJAWUTH HMMYHOJIOTMYECKHME HCCIEIOBAHMUS C BBICOKOH
CHEIM(PUIHOCTHI0O U YYBCTBUTEIHHOCTHIO TMPH HAIWYUH TOJBKO CBETOBOTO
MHKpockona. B onkosormyeckoil mnpaktuke HWI[X mo3BONsSET: BBISBUTH
MOJICKYJISIPHBIE  CTPYKTYPBhl OIYXOJIEBBIX KIJIETOK, aCCOIMUPOBAHHBIE CO
CTETNIEHBIO mudGepeHInpPOBKH, CIOCOOHOCTBIO K WHBa3UU u
METaCTa3uPOBaHUIO, YYBCTBUTEIHLHOCTHIO K XUMHOTEPANHH, C OCOOEHHOCTIMU
TEUEHHUs W TPOTHO30M 3a0o0JyieBaHUsl y KOHKpeTHoro mamueHTa. MI[X-ananus
HEO0OXOIMMO BBIMIOJHATH, KOTJAa HWMEIOTCS HEMPEOJOIMMbIE TPYIHOCTH B
YCTAaHOBJIEHUH THUCTOT€HE3a OIyXOJH; MpH HUMMYHO(PEHOTUITHPOBAHUU
3JI0KQYE€CTBEHHBIX JUMQOM; IS ONPEIEICHUS MCTOYHUKA METacTa3upOBaHUS
IIPU  HEBBIICHEHHOM IIEPBHUYHOM oOdare; JUisi ONpPEAENeHHs MPOrHosa
OMYXOJIEBOI'O IIpoliecca Ha JOOIMEpPalMOHHOM JTane M KOPPEKIHH CXEMbI
JICUEHHS; C IIEIIBIO BRIOOpA aJIcKBATHOM IMATOreHETUYECKOM/TapreTHOM TepaITHH.

Nmmynorucroxumudeckuii  ananu3z (MI'X) — omauH w3 Haubonee
MH(OPMATHUBHBIX METOAOB MOP(OJOTHYECKOM JMAarHOCTUKH, B OCHOBE
KOTOPOTrO JIKUT BHU3yaJM3allUsl U OIEHKA pe3ylbTaTOB PEAKIMU AHTUTEH-
aHTUTENO0 B cpe3ax OHONCHPOBAHHON TKaHU C TOMOIIBIO MHKPOCKOIIA,
MO3BOJISIIOIINN  BBISBIISITH  Pa3HOOOpA3HBIE MOJEKYIbI HEMOCPEJICTBEHHO B
M3MEHEHHBIX Oojne3Hpto TKaHsax. Jlma mnposemenus WI'X wucnonb3yercs
MaTepuai, MOTYYSHHBIN IS TUarHo3a Mpu OMOINCUU WM B XOAE OIEPaIHH.
JIOCTOMHCTBOM MeETOJa SIBJIETCS BO3MOXHOCTh HMCIOJIB30BAaHUSI apXUBHOTO
Marepuana, T.e. paHee YAAJCHHBIX TKaHEW, HEe3aBUCUMO OT JaBHOCTHU
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BBINTOJIHEHUST OMOTICHH. B coBpeMeHHON MeauuuHE — 3TO OAMH M3 OCHOBHBIX
METOJIOB AuarHocTuku omyxonel. MI'X wucnonb3dyercsa s ONpenesieHus
IIPOUCXOXKACHUSA OIYXOJIeH MATKUX TKaHEH, IPUPOABI OIIyXOJE€H T'OJIOBHOIO
Mo3ra, onpesencHus: GopmMbl 3a00JeBaHU TUM(PATUIECKUX y3JI0B B KOCTHOTO
MO3ra, HWCTOYHUKA METACTa3MPOBAaHUS TPU OMYXOJSAX HEBBIICHCHHOU
MEPBUYHON JIOKAJIM3AIlMK, THUIA HOBOOOpa3oBaHUs (IOOpPOKAYECTBEHHOE WIIH
3JI0Ka4eCTBEHHOE) B TAKMX OpraHax, Kak MOJOYHAs JKeje3a, MpeCcTaTelibHas
Kenesa, TedeHb, IuToBHAHasS kene3a. MI'X mnpumensercs s otdopa
OONBHBIX I crenu(PUUEecKOil MPOTUBOOIYXOJICBOM TEpamuu, HAMpUMEp, Y
OOJIBHBIX PAKOM MOJIOYHOM JKeJe3bl OINMpPEeNessIOTCS PEelenTOpPbl CTEPOUIHBIX
ropmoHoB U HER-2 , B pake xenynka —HER-2, CD20 — B omyxomsax
aumdounaHoi TKanu B-kimerounoro mpomcxoxaenus, CD117 (c-kit) — B
racTPOMHTECTHHAIBHBIX CTpOMANIbHBIX ommyxoJisix ([lerpos, 2004).

dmoopecuentHas ruopuansanus in Situ (FISH) — metox monekynspHo-
IIUTOTC€HETHYECKOT0 HCCIEeNOBaHUS, TNPUMEHSEMBIH  IPEUMYIIECTBEHHO B
IUArHOCTHKE ONyxoJjied. DTOT MeTOA JaeT BO3MOXKHOCTh OOHapy>KUBaTh
crenupuIecKre MOJIOMKA B XPOMOCOMAX, XapaKTepHBbIC IS TOW WM HHOU
(dbopMBI  37T0KauECTBEHHOTO HOBOoOpaszoBanus. [IpenmymectBom FISH 1o
CPAaBHEHHIO C KJIACCHYECKUM IIUTOT€HETHMYECKHM aHAJIM30M SBISETCS TO, UTO
MarepuaioM s npoBeaeHuss FISH cimyxat mapadguHOBBIE OJOKM ¢ TKaHSIMHU
OITyXOJICH, MOyYeHHbIE IyTeM OMOIICHH UJIH B XOJI€ ONEPAIllii HE 3aBUCUMO OT
UX JTABHOCTH, TTOBTOPHOE BMEILATENBCTBO JJISl MOJIYYEHHUS TUArHOCTHYECKOIO
marepuasia He TpeOyercs. DnroopecreHTHas ruOpuausanus In - Situ
UCIOJB3YeTCs] B JUArHOCTHKE OMyXOoJed MATKHX TKaHe# (capkoma IOwumra,
CHHOBHAJIbHAS CapKOMa U JPYrue CapKOMBbI), OMyX0JieH JIMM(paTHUECKUX Y3JI0B
1 KOocTHOTO Mo3ra. FISH momosHseT MMMYyHOTHCTOXMMHUYECKONW aHAIN3 TPHU
0TOOpe MAIMEeHTOB IS CeU(PUIECKOT0 IPOTUBOOITYXOJIEBOTOJICUCHHS.

lupokoe mpuMeHeHHE MPHUOOPENH UMMYHOLUTO- U TUCTOXUMHUYECKHE
METOBI UCCIIEAOBAHUS JJISl OLIEHKH OMOJIOTHYECKOM arpecCUBHOCTH OITyXOJIeH.
bonee ywem 20 oHKOMapKkepoB B HACTOsIIIEE BPeMs HCIOIb3YIOTCS B PYTHHHON
OHKOJIOTMYecKOi mpakTuke, okoso 30% u3 3TUX MapKepoB pa3paboTaHbl IS
BBISIBJICHUSI HEHPOHAOKPUHHBIX omyxosieil. B Hacrosimiee Bpems, K
COXKAJICHUIO, B KJIMHHYECKUX PEKOMEHIANMIX OTCYTCTBYIOT CTaHAAPTHI IO
MPUMEHEHUIO KOHKPETHBIX MOJIEKYJSIPHBIX MapKepoB [UIsl JUArHOCTUKU U
MPOTHO3MPOBAHUSI  3JIOKAYECTBEHHBIX  HOBOOOpa3zoBanuii.  Paccmorpum
OCHOBHBIE TPYIIBl MOJEKYJISPHBIX MapKepoB, HCHOJIb3YEMbIX HJIsi OLIEHKHU
MIPOTPECCUU 3I0KaYeCTBEHHBIX HOBOOOPa30BaHUH.

PeryJsiTopbl KJ1€TOYHOI0 UKJIA
HaubGonee omacHbIM MpOSIBIEHHEM MPOrPECCUPOBAHUS OIMYXOJIEBOTO
00pa3oBaHUs SBJISAETCS MPOLIECC METACTa3UPOBAHMS — 00pPa30BaHUS BTOPHYHBIX
O04YaroB OIYXOJIEBOTO pOCTa. DTOT MPOLECC SBISETCS OCHOBHOM MNPUYMHOMN
CMEpPTH OHKOJIOTHYECKUX OOJbHBIX. YTOOBI NPHOOPECTH CIIOCOOHOCTH K
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METAaCTa3uPOBAHHIO, KJIETKAa TaKXe JOJDKHA OOpecTH psiJ CBOMCTB. yMEHHE
MPOHUKATh B INIYOMHY OKpY)KalOIIMX TKaHell, B TOM YHCI€ B KpOBb U
TuMQaTHYecKue coCyabl, a TAaKXKe CIIOCOOHOCTh BBDKMBAThH IOCIIE MOMAJaHHs B
COCY/IbI, a 3aT€M IMEHETPUPOBATh U PA3MHOXKAThCS B HEOOBIUHOM JIJISl TaHHOTO
THUIIA KJIETOK TKAHEBOM OKPY>KEHUU U JIaBaTh HOBBIM OYar pocta KiIeTok.Takum
o0pa3oM, CHOCOOHOCTh K METacTa3MPOBAHUIO CKJIAJbIBAETCS M3 KOMILIEKCa
MPU3HAKOB, HaubOoIee CyIIeCTBEHHbIE M3 KOTOPBIX — MpUOOpETeHHe
JIOKOMOTOpPHOTO (E€HOTUIIA W TMOBBILIEHUE MPOTEOIUTHUECKONH aKTUBHOCTH,
CIOCOOHOCTh CTHUMYJIHMPOBAaTh aHTHOTE€HE3 M CO3/aBaTh TEM CaMbIM IyTH
9BaKyallMy OMYXOJEBBIX KJIETOK M3 MEPBUYHOIO OdYara, MOJABIATH arlonTo3 U
npuoOpeTaTh HE3aBUCHUMOCTh OT cyOcTpara. 3amyck HEOIUIaCTHYECKOTo
mpolecca OCYUIECTBIISECTCS MPU YYaCTUHM OHKOT'€HOB WJIM T€HOB-CYIPECCOPOB.
[Ton reHamu-cynpeccopaMy MOHUMAIOT T'€HbI, MHAKTUBAIUS KOTOPBIX BEIET K
BO3HMKHOBEHHIO H/WJIM MPOrPEeCcCHpPOBaHHIO  HOBooOpa3zoBanus.Haubonee
W3YYCHHBIMU T'€HAMH, BOBJICYCHHBIMH B PETYJSIHIO KJIETOYHOTO IIMKIIA,
SIBIISTIOTCS TE€HBI Cympeccopsl onmyxoiu pb3, Rb, u p21.

benok p53 urpaer B KiIeTKe BaXHEHIIYIO POJIb U B HOPME MPUCYTCTBYET
BO Bcex Tumax kjietok. OH Jokanu3yercs B siApe, rie (QYHKIMOHUPYET Kak
TPAHCKPUIIIMOHHBIA (QakTop. PS3 ABISAETCS OCHOBHBIM M3 MHOXKECTBA JIPYTHUX
MIPOTEHHOB, KOTOPBIC «CIEAAT 3a 3I0pOBheM KileTkH U kiaetounoi JIHK. p5S3 —
TUPIKEDP CIaKEHHOM CHCTEMBbl JIETEKIIMU KIJIETOYHBIX NoBpexaeHui. Korma
OoOHapy)XHMBaeTCs HapyIIeHHE, aKTHBHOCTh Oenka P53 moMoraer KIeTKe
NPUHSATH PelICHUE. UCIPABIISATh OBPEXKICHHE WM ke moruOHyTh (Hashimoto,
2000; Lane, 2002). KaxkrtpanckpumiuoHHBIA (akTop, P53 3amyckaer
TPAHCKPHIIIIMIO TPYMIbl TeHOB-muimieHedH. Cpenu HuxX Hamboyiee BaKHBIM
spisiercs:t P21. Ilponykr rena P21 — HEraTHBHBIA PETyIATOp ITUKIJIMH-
3aBUCUMBIX KWHa3, (EPMEHTOB, KOTOPHIE HEOOXOIUMBI Ul TMPOXOXKIACHUS
KJICTOYHOTO IMKiIa u kietognoro aencaus(Cooper, 1995).Ctumynupys
TpaHcKpunuuio reHa P21, p53 mpenstctByer mnposmdepanuu KIEeToK. JTta
OCTaHOBKa Ja€T KIIETKE BpeMsi Ha HCIpPaBICHUE MOBPEXKIECHUN, €CIIU OHO
BO3MOXHO. Ecimm ke mpoumsonuio cymectBeHHoe mnospexnaenue JIHK, pS3
MOMOTaeT 3alyCTUTh KJIETOYHYI0 TrHubenb. ['ubenp KIETKH C CepbE3HO
nospexaéHHon JIHK BeiromHa 11 opraHu3Ma, MOTOMY 4YTO MPENSTCTBYET
Pa3sMHOXEHHIO KJIETOK ¢ onacHbiME MyTarusyvu (Greenblatt, 1994).

M3BecTHO, YTO LEHTPAIbHYIO pOJb B Pa3BUTUHU aronTo3a UIPaeT Tak
Ha3bIBaCMbIA JWKWNA THI Te€Ha — OHKocymnpeccopa Wt p-53 u komupyemsbiii um
npotenH p-53. [Ipu myrammu JAHK nmpoucxomut skcnpeccust rera Wt p-53 u
COOTBETCTBYIOIIETO npoTenHa. [locneanuit 6JokupyeT KiaeTouHbld mukia B G-
S ¢aze u TeM caMbIM MHTUOHMPYET AATbHEHUIIYI0 PEIUTUKAIINI0 TTOBPEKIAEHHOM
JTHK. Jloka3aHo, 4yTo TipH ajbTepanu pS3 HapyIIaeTcsi CIOCOOHOCTh OITyXOJIH
MHUIMAPOBATh aronTo3, a CcJeloBaTeIbHO, OHA MOXKET CTAHOBUTHCS MEHEe
YYBCTBUTEILHON K XUMHOTEpaneBTHUecKoMy Bo3aeiicteuio (Cappello, 2002).
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MyTaHTHBIH reH p53 sKcnpeccupyeTcst Ha BHICOKOM YPOBHE NMPAKTHUECKU
BO BCEX TUIAX OIyXOJIEH pa3HOW JOKAIM3AIUU M MPUCYTCTBYET B HEOOIBIINX
KOJINYECTBAaX B HOPMAJIBHBIX KJIETKaX.pS3 ObUI UCCIIEOBAH B OMYXOJSAX MO3ra,
KHIIIEYHUKA, MOJIOYHOH JKeJIe3bl, B Jieliko3ax U JuMdomax, OmyXxosx JIETKOTo,
MEYCHH, SUIHUKA U IPYTHX TKAHSX.

I'en perunoOmactomer (Rb) kommpyer ©Oe0K, KOTOpBIH paboTaer
MOCPEJICTBOM M3MEHEHHUS aKTUBHOCTU TPAHCKPHUIIMOHHBIX (akTopoB. Yepes
B3aMMOJICHCTBHE C TPAHCKPUIIIHOHHBIMU (hakTopamu RD criocobeH KOCBEHHO
KOHTPOJIUPOBATh IKCIPECCHIO T'eHOB. B momosHeHue k 3Tod (QyHkuuu, Rb u
CBSI3aHHBIE C HUM MPOTEHHBI O0JIAAAI0T HEKOTOPHIMH MEHEe H3yYCHHBIMH
akTHBHOCTSIMH. B KOHeuHOM cuére RD 1 poacTBeHHBIC eMy O€lIKM y4acTBYIOT B
KOHTpoJie mporecca kiaerounoro aenenus (Geradts, 2000). I'em Rb
CYIIECTBEHEH JUIsI HOPMAJIbHOTO MPOXOXKICHHS KIETOYHOro IuKia. Kierku
OTBEYAIOT Ha OOJIBIIOE PA3HOOOpA3He CUTHAIOB, TIOCTYMAIOIINX K HUM U3BHE U
noOYKIAIOUMX JEeNUThCs, BIAAAaTh B COCTOSHHE IIOKOS WM YXOOUTHh B
armonTo3. HapymieHue 3TUX CHTHAJOB MOXET MPHBOAMTH K HEPETYIUPYEMOMY
KJIETOYHOMY DPOCTY, B KOHIIE KOHIIOB NpHBOJAIIEMY K paky. KonTpomnb 3a
MIPOIIECCOM JICJICHUS KIETOK BKIIFOYAET HHTETPAIIUIO PA3HOOOPA3HBIX CUTHAJIOB.
[Mponykr rena Rb (pRb) B HOpmanbHOM COCTOSHHMM (YHKIIMOHHPYET Kak
WHTUOUTOpP POCTA, CBS3BIBasI M WMHTUOUPYS TPAHCKPUIIIIMOHHBIE (aKTOPHI.
CnenoBarenbHo, RD MOXeT KOCBEHHO KOHTPOJIMPOBATH  JKCIPECCHIO
pa3IMYHBIX TeHOB. HEKOTOphIE M3 ATHX TE€HOB KOAUPYIOT OCIKH, 3aITyCKAIOIINE
KJIETOYHOE JEJCHUE, TI03TOMY AaKTHBHOCTH RD MOXeT 3aMemsaTe WiH
octaHaBmuBaTh Kietounoe geneaue (Herwig, 1997). Hsmenenuss B
peryasTOpHBIX Oenkax, Takux kak RbD, MoxeTr wuMeTh IpaMaTHUecKue
MOCTICICTBUS JUISI OTIENBHBIX KJIETOK W ISl IeJoro opraHusma. [lommmo
y4acTHsl B PETyJISINK KISTOYHOTO nukia, RD Takke urpaer pons B amonrtose.
AmnonTo3 — 9TO OuYeHb BaKHASA KIETOYHass (QYHKIUSA, TpPH KOTOPOH
MOBPEXIEHHBIE KIETKH MOABEPTalOTCs 3allporpaMMHUpOBaHHOM rudenu. Ecnu B
KIJIETKE TPOMCXOIAT HEHWCIPAaBHUMbIC MYTAIlMH, KIETKa OyIeT YHUYTOKeHa
MOCPEJICTBOM aIoNTo3a. YHUYTOXKEHUE T'€HETHUECKH MOBPEXKIEHHBIX KIIETOK
oOecrieynBaeT  DIIMMUHAIIMIO  KIETOK,  WMEIOIUX  MOTCHIUAN  JUIs
HEPerylupyeMoro pocrta M, CJIeIOBaTelIbHO, Ui  3JI0KAaYeCTBEHHOMH
Tpanchopmarmu. JlroOble HapymieHHWs KIETOYHBIX (YHKIHHA, KOTOpPHIC
CHIDKAIOT WIIM TIOJIHOCTHIO BBHIKJITIOYAIOT AKTUBAIMIO alloONTO3a, MOTYT OBITh
omacHbl s kimetounoi momymsuuu (Singh, 2001). 'ew Rb moxer ObITH
AKTUBHUPOBAH TMOCPEJICTBOM pA3JMYHBIX THUIOB T'E€HETHYECKUX HApPYIICHUU.
MyTaiuu, KOTOpbIE MOJHOCTBIO YHUUTOXKAIOT QYHKIMU Oeska (HyIb-MyTallun)
4acTO OOHAPYKUBAIOTCS B KJIETKaX, TMIIEHHBIX HOpMabHOTO Oenka RD.

MHOXeCTBO TEHOB OBLIO HICHTH(GHUIMPOBAHO KaK IPOTOOHKOTEHBI.
MHorue u3 3THX T€HOB OTBETCTBEHHBI 3a IEpeaady CUTHAJOB, BEAYIIHUX K
KJICTOYHOMY JIeJieHHI0. HeKoTopbsle W3 MPOTOOHKOTEHOB OTBETCTBEHHBI 3a
KJIeTOuHyl0 rubenb. JlehekTHble BepcMHM O3TUX TE€HOB, Ha3bIBacMbIe
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OHKOT€HaMH, MOTYT NPUBECTH K HEPETYIHPYEMOMY KJIETOUYHOMY JENICHHIO.
Takoe neneHne MOXeT MPOMCXOOUTH B OTCYTCTBHE HOPMAIBHBIX POCTOBBIX
CHUTHAJIOB, o0ecreunBaeMblx (akropamu pocta. OCHOBHBIM TNPU3HAKOM
aKTUBHOCTH OHKOT'€HOB SIBJIETCS TO, YTO M3MEHEHHs JIUIIb B OAHOM ajulese
MPOTOOHKOT'€HA BEAYT K HEPETYIMPYEMOMY POCTY. DTHM OHHU OTIMYAIOTCS OT
I€HOB-CYIIPECCOPOB OIyXOJIEBOTO POCTA, B CIy4yae KOTOPBIX K AHOMAIbHOMY
KJIETOYHOMY JeneHuio BeAér aedext odOoumx amieneit (Komuun, 2000).
OHKOTE€HBI COAEpPKATCS B TI'E€HOME HOPMaJIbHOM COMATHYECKOM KIETKU U
KOAMPYIOT BBIPAOOTKY (pepMEHTOB-KMHA3, PAKTOPOB POCTA U UX PELENTOPOB H,
TakuM 0O0pa3oM, pErylupyroT KIeTO4Hyro mposudepanuto. TpaHcimokanus,
aMITTUUKAIIMY WM TOYEYHAs MYyTalus OHKOTE€Ha MOXKET IpPHUBECTH K
pa3BuTHIO paka. HauOonee BaXHBIMM OHKOT€HAMH, HPUBOAAIIMMHU K
37I0Kau€CTBEHHOM TpaHCchOpMaIK YPOTEIUs MOUYEBOTO My3bIPsl, SIBIISIOTCS Ias,
erb-B2, EGF/EGFR, c-myc u mdm-2.

HER-2/neu (takxe Ha3biBaeMblii €bB-2) — 3710 reH, xoaupyrormii
peuentop TuUma 2 A8 4YEIOBEYECKOIO SHUTENHATBbHOro (akTopa pocrta.
OOHapyXeHO, YTO ATOT PELENTOpP B YMEPEHHBIX KOJIMYECTBAX MPUCYTCTBYET HA
HEKOTOPbIX HOPMAJIbHBIX KJIETKaX, U, Kak CIEAyeT U3 €ro Ha3BaHUs, y4yacTBYeT
B OTBETE KJETKH Ha pocToBble (akTopbl. Kak moka3zaHO BHHU3Y, CBS3BIBaHUE
(dakTOopa B HOPMAJIBHBIX YCIOBHUAX MOXKET CTHUMYJUPOBATh IEICHHE KIIETOK.
I'en HER-2/neu amrmumguimpoBan 6omnee yem B 30% ciydaeB paka rpyau y
yeaoBeka. YBeJauueHHe KoiudecTBa Komuii reHa HER-2/neu mpuBomut K
ycuneHuto 9kcnpeccun Oenka HER2 na wmemOpane kmerkw, u, Kak
HPEIIONIAraeTcsi, MOXKET BECTH K YCHIICHHIO KJIETOUHOI ponudepannu (Tsuda,
2001; Fontana, 2002). AMrumm¢ukanus reHa TakkKe MOXKET BIUSATh Ha OTBET
OIyXOJICH Ha JIEKapCTBEHHBIE IPEnapaThl, TAKXKe KaK Ha CIIOCOOHOCTh OILyXOJIX
pacTd U pacmpoCTpaHsAThCs. M30BITOYHAs SKCIPECcCHs 3TOrO TI'eHa JeNlaeT
OMyXoJIb 0oJiee arpecCMBHOM, HO TaK)Ke MOXET cJaelaTh pak Oosee
YyBCTBUTEIBHBIM K XHMHOTepaneBTuuyeckuMm arenram (Bridges, 1999;
Konecny, 2001).

K wnaunbGonee 5>(PPeKTUBHBIM U HIMPOKO NPUMEHSEMBIM MapKepam
IIPOrPECCUHU OIyXOJIel MOYEBOI'O Iy3bIPsi OTHOCUTCS PELIENTOP AMHUAEPMATILHOTO
¢akropa pocra (EGFR). Dto TpaHCcMeMOpaHHBII THPO3HMHKUHA3ZHBIN pEeLENTOp,
CBSI3BIBAIOIIUI SITUAEPMANbHBIN U TpaHchopMupyromuii Gpakropsl pocra (EGF u
TGF-a). MMYyHOTMCTOXMMHYECKAE  WCCIEAOBAHHMS  IIOKA3add  MPSIMYIO
3aBUCHUMOCTh MeXay dkcrpeccuern EGFR u crenenpro kinetoyHod artwmum, a
Take craguedl pocra omyxonu (Bazley, 2005). EGFR skcmpeccupyercst Ha
MIOBEPXHOCTU KaK HOpPMaJIbHBIX, TaK M TPaHC(HOPMHPOBAHHBIX SMUTEIHATBHBIX
KJIETOK M Y4aCTBYET B PETYISIMH KIETOYHOTO pocTa u auddepenumposku (Cao,
2000). Twumepokcnpeccuss EGFR  omyxomeBsIMH  KjI€TKaMH, Kak IPaBHIIO,
acCOLIMUPYETCSl C TO3MHUMHU CTagusIMAd M METacTaTUYecKuM (HEHOTHIIOM
3a00eBaHUA M, COOTBETCTBEHHO, KOppEIUPYET C IJIOXMM IPOTHO30M
(MonsuoBckwmiA, 2012).
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AHTHUIeHbI, CBSI3aHHbIE ¢ MpoJnpepanueit

[MponmudeparnBHas aKTUBHOCTh KJIETKH MOXET OBITh OILIEHEHa TIpU
MOMOIIM PAa3IHYHBIX METOAUK. K HHM OTHOCSATCS TMOJCYET KOJHUECTBA
MHUTO30B, uccienoanue umciaa Ki 67 TMO3WTHBHBIX KIIETOK, BBISBIICHUE
aHTUTeHa siapa nponmdepupyrouieit kierku (PCNA) u npyrue.

Haunbonee wacto cpeawm MapkepoB MpoiUQEpariil UCTIONB3YIOTCS TaKnue
anturenbl kak PCNA u Ki-67. M3BecTHO, YTO aHTUTCH NPOJIUEPUPYIOIETO
kiaerounoro siampa PCNA  (Proliferating Cell Nuclear Antigen) sBisercs
MYJIbTH(QYHIIMOHAIEHBIM OCJIKOM,KOTOPBIA AKCIPECCHUPYETCS B JICISAIIMXCS
kieTkax BkoHIe Gl-¢a3pl u B iepBoit TpeTn S-¢hasbl, OH y4acTBYET HE TOJIHKO
B npojudepanuu kiertok, Ho U B penapanuu JHK mocne ee moBpexaeHus
(Kato, 2002; Jlopan, 2008), uTo [emaeT MaHHBI AHTUTEH YCIOBHO
cienu(UYHBIM K KJIETOYHOMY IUKIY, Tak Kak Boccranomienue JIHK moxer
ocymecTBiaThest B (aze mokos (McCormick, 1992). B TkaHsAX ¢ HH3KOM
nponndepaTuBHOW AKTUBHOCTBIO, [0 JAHHBIM JIUTEPATYPhl, DKCIPECCHS
aHTHTEIa MUHUMAJIbHA.

JIpyruM  aHTHTEHOM, JOCTOBEPHO AaCCOIMHUPOBAHHBIM C  (azamu
KJICTOYHOTO Hukia, seisiercs Ki-67. Dkcmpeccust 3Toro Genka HACTyMaeT BO
Bpems ¢a3zpl Gl, HapacTaeT B TeueHHE KJIETOYHOTO IMKJIA M PE3KO
yMeHbIaercs B gase mutosa (Bruno, 1992). Drot Genok, B otinune ot PCNA,
He yvactByeT B pemapaimu JIHK. Takum obOpasom, skcmpeccus Ki-67 maer
BO3MOYKHOCTh HWJACHTU(HUIIMPOBATh KIETKH, HAXOJAIIUEecss BO Bcex (hazax
KJIETOYHOro IMKia, kpome ¢assl mokos GO (Holt, 1997; Quintero, 2006).
[MpoxykTel TeHa RaS yd4acTBYIOT B KHHA3HBIX CHTHAJIMHTOBBIX IYTSX,
KOHTPOJIUPYIOIIUX ~TPAHCKPHUIIIIUIO T'€HOB, KOTOPbIE, B CBOI OYEpEe.b,
peryaupyior  poct u auddepennuposky kierok  (Ruddon, 1995).
CremoBareibHO, M30BITOYHAS SKCOPECCHS @S M ero aMIuM(uKaius MOTYT
NPHUBOANTH K HEOTPAHWYCHHOW TpOSUdepanii KIETOK, YTO SIBIISETCS
OCHOBHBIM IaroM B pa3Butuu paka (Ahmadian, 2002).

Mapkepbl aHTHOTeHe3a

AHTHOTeHe3 SIBJIIETCS HEMPEMEHHBIM YCJIOBHEM OIYXOJEBOrO pocTa U
MeTacTa3upoBaHus. VIMMyHOTMCTOXMMHYECKass OKpacka KIETOK SHAOTEIUS
COCYJIOB MOYET OBITh HCIIOJIb30BaHA ISl KOJUYECTBCHHOTO aHAJIM3a CTEICHH
BaCKyJIsIpH3allid  HOBOOOpa3oBaHWs.  BeIgeneHo  HECKONBKO  (hakTopoB
CTUMYJIITOPOB ~ aHTHOTEHe3a, HaumOonee  WHPOPMATUBHBIM  SIBJISCTCS
orpejelieHue BacKysHaoTenuanbHoro (akropa pocra VEGF (Ferrara, 2002;
Patard, 2009).

Mapkepsbl anonro3a

ATIONTO3 PEryIMpyeTcsi CEMEUCTBAaMH MPOTEUHOB, KOTOPBIM OTHOCSTCS
cucremsl bcl 2 u bax. Bcl-2 (ot B cell lymphoma gene-2 — ren B-kierounoii
auM(GOMBI) — 3TO OENIKH, aCCOIMMPOBAHHBIE C MEMOPaHOW U €€ aKTHBHOCTBIO.
Benok bcl-2 sBnsercss cocraBHOM 4YacThIO CHOKHOW CHUCTEMBI CHUTHAJIMHTA,
KOHTPOJIUPYIOIIETO arnonTo3. Amonto3 (3amporpaMMUpOBaHHAs KJIETOYHAs
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CMEpTh) MOXXET OBITh WHAYLUPOBAH MHOXECTBOM pa3IMYHBIX CHUTHAJIOB,
Bkitovas mospexaenus JJHK, ve momiexamue penaparuu. Bel-2 paboraet mist
npeaoTBpaiieHus anonro3a (Strasser, 1997).

CrnenoBarenbHO, €ro M30bITOYHAs D3KCIpEcCUs MOXKET 3allUTUTh
MOBPEXKAEHHBIE KJIETKH OT aloNTo3a. JTO MOYKET NMPUBECTU K MPOJOIIKEHHUIO
JCJIEHUsT MYTHPOBABIIMX KJICTOYHBIX JIMHMM M 3aTeM K paky. Taxke
runepakcnpeccusi BCl-2 MoxkeT BHOCHTH CBOW BKJIaJ B METacTa3UpOBAaHUE
(Fernandez, 2002; Gross, 2001).

Jpyroil cucrteMoil, peryiupymoleld amnomnrtos3, SBISETcs KoMIieke Fas,
KOTOpBI MpEACTaBI€H TpPaHCMEMOpPaHHBIMH O€JKaMM UM OTHOCUTCS K
peuentopam (akTopa HEKpo3a OMyXOJH. AKTHBALUSA IUTOTOKCHYECKHX T-
JUMQOLUTOB U HATYpalIbHBIX KWLIEPOB NPUBOAUT K aKTUBALUU JUTraHA0B Fas
Ha TIOBEPXHOCTH KJIETKH. YCTaHOBJIEHO, YTO aibTepanuu resa Fas moryr
IPUBOAUTH K yTpaTe CIHOCOOHOCTH KJIETKM K arlonTo3y U SABISATHCS
MPOrHOCTHYECKH HebmaronpusTHbIM npu3HakoM (Reichmann, 2002).

Mapkepbl KJIeTOYHOM aJAre3uu

JUist manbHEWIIed MpOrpecCuy U UHAYKIMU METacTa3upOBAaHUS OIyXOJIU
KJICTKH €€ JOJDKHBl IOIYYHUTh CIOCOOHOCTh OTAEIATbCA OT HCXOAHOHN
KJIETOYHOM Macchl. BbIIo OOHapyXeHO, YTO BO MHOTHX 3JI0KaUY€CTBEHHBIX
OIyXOJISIX Hapylaercss paboTa KaArepuH-KaTeHHHOBOM CUCTEMBI. DTO CUCTEMA
TpaHCMEMOpPAaHHBIX PELENTOPOB, BOBJIECUEHBIX B OPraHMU3ALMUIO AATE3MOHHBIX
COEAMHEHUH, SBJSIOIIMXCA OIYXOJEBBIMU CYNPECCOpaMH, yTpaTa (yHKIHMH
KOTOpBIX MPHUBOAMT K 3JIOKAYeCTBEHHOH TpaHchopmarmu. Kommekc,
obecrneynBaroIUil MPOYHOCTh CBSI3€H B OIyXOJIEBOM KOHIJIOMEPATEe, COCTOUT
u3 O6enkoB E-xaarepuna um o- u PB-xareHuHoB. Ilpu mOBpexaeHUU OAHOTO U3
KOMIIOHEHTOB 3TOM CHCTEMBl OHa pa3pyllaeTrcs, M KIETKH NPHOOpETaroT
BO3MOXXHOCTb ~ OTAEIMTBbCS ~ OT  arperata. BaXHOCTb  mojajep:kKaHus
MEXKJIETOYHOH aAre3uu Obula IOKa3aHa Ha MOJENU paKa IMOKEITyA04HOM
JKeJle3bl y MBIIIEH, Korja HapylleHue sKkcrpeccuu E-kaiarepuHa NpuBENo K
paHHell HHBa3uK U MeTacTazupoBanuto (Meanos, 2001).

IlonaBUTh 370KaUYECTBEHHOCTh PAKOBBIX KJIETOK, B YAaCTHOCTH, HX
CIOCOOHOCTh K METACTa3UPOBAaHUIO, BO3MOXKHO IIyTEM BBEJIEHHUS B T€HOM
KOHCTpYKLIMH, conepxameil E-kanrepun, xoropelii Oymer oOecrneyuBaTh
BBIpAOOTKY  OONBIIMX  KOJMMYEeCTB  d3Toro  Oenka. Ha  ocHoBaHum
SKCIIEPUMEHTAIBHBIX U KIMHUYECKUX JaHHBIX IPEINPUHUMAIOTCS IOMBITKU
UCIOJIb30BaTh  ONpENCIIEHWE  CTENEeHM  JKclpeccuu — E-xkagrepuna  y
OHKOJIOTMYECKMX  OOJBHBIX B  HENAX  HNPOTHO3SHUPOBAHUS  PEIMIUBOB.
BoccranoBneHre HOpMaIbHBIX aAre3UBHBIX (YHKIMHA KaArepuH-KaTeHUHOBOTO
KOMILJIEKCA SIBJISETCS 3a/la4yell aHTUMHBA3UBHOW TEPAIUU OIyXOJIEH.

OtpenuBmiasicst OT arperara OIyXOJeBas KIETKa i1 YCIEIIHOIO
METAaCTa3upOBaHUs  JIOJDKHA TNPUOOPECTH  ammapar Ui pa3pylleHUs
OKpYXKaroIllend cpelnpl. Takoe paspyllleHHE BBINOIHAETCS THAPOIUTHYECKUMU
bepmeHTamu, rHaJlypOHUAA3aMU U pa3IUYHBIMU IPOTENHA3aMHU.
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3710KaueCTBEHHbIE KJIETKU TMPOIYLUPYIOT TOpas3io Ooiblie MPOTeHHA3, 4YeM
HOPMaJIbHbIE KJIETKH, TPOUCXOISIIME U3 TOH K€ TKaHH. Y CHIICHHE aKTHBHOCTH
MMpOTCHHA3 3a CUCT BKJIKOUCHUA B pa60Ty T'€HOB, OTBCTCTBCHHBIX 3a UX CHUHTE3,
JIaeT OIYXOJIEBBIM KJIETKaM TPEUMYIIECTBO — OHH MOTYT 3aXBaThIBaTh HOBBIE
TEPPUTOPHH, BPaCTas B OKpYyKaromiue Tkanu. Onpee/ieHre ypoBHs PpOTenHa3
U UX MHTHOUTOPOB B OIMYXOJSX YK€ CeHdac SBIACTCS METUIUHCKAM TECTOM
AJI1 PpOrHo3a 3360HeBaHI/IH U OonpcCacyiCHUsA HHTCHCHBHOCTU HeOGXOI[HMOfI
Tepanuu. IIpuMepaMH  aKTHBHO  HCCIIEAYyEMBIX MPOTEHHA3  SIBJSIFOTCSI
MAaTPUKCHBIC MCTAJUIONIPOTCHHA3bI, YCUJIIMBAOIIUC ACTPAJAllU0 BHCKIICTOYHOTO
matpukca (Giadi, 2011).

Taxkum 00pa3oMm, B HACTOSIIUH MOMEHT CYIIECTBYET MHOKECTBO JaHHBIX
O pa3IMYHBIX TE€HETHYECKUX, MOP(OIOTHYECKHX, HMMYHOIIOTHYECKUX U
MOJIEKYJISIPHBIX IPOTHOCTHYECKUX (PAKTOpaxX MpH OMyXoysax Modku. HekoTopeie
U3 HHUX MOTYT HCIIOJB30BAThCS KaK JHArHOCTHYECKHE M IPOTHOCTHYECKHUE
mapkepbl. OHAKO HM OJMH W3 aBTOPOB HE OepeT Ha cebs CMEOCTh 3asABUTH
OIHO3HAYHO 00 YHHBEPCATBHOCTH U3YYEHHOTO MM (akTopa. Mcrons30BaTh 5Tr
MOJICKYJISIPHBIC, UMYHHOTHCTOXUMHWYCCKUC, TCHCTUIYCCKUC U MOp(bO.HOI‘I/ILIeCKI/Ie
MOKa3aTeid HEOOXOAUMO B COBOKYITHOCTH C KJIaCCHYECKHMH (hakTopamu
MMPOrHo3a BBIKMBACMOCTU W PUCKE METACTA3UPOBAHHUA NPHU 3JIOKAUCCTBCHHBIX
omyxoisix. Ocrarorcst OOJBIIME TEPCIEKTHBBI B HM3YYEHUM KOMOWHAIIHIA
AAHHBIX TPU3HAKOB W OLCHKC HMX MNPOTHOCTUYCCKOTO 3HAYUCHUSA [JIS1 aHaIU3a
OMOJIOTHYECKOM arpeCCHBHOCTH 3JI0KAUECTBEHHBIX HOBOOOPA30BaHMiA.
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Paspaborana JIMarHOCTHYECKasT TECT-CHCTEMA orpeIeIeH s
[UTOTOKCMYHOCTH HAHOMATEPHAIOB [UIS COJIOHOBOJHON MHKPOBOJIOPOCIH
Dunaliella salina, ocHoBaHHass Ha KOJOPHUMETPHYECKHX H3MEPCHUSIX,
MO3BOJISAIONIAsT OIIEHHBATh T'MOEIb KJIETOK M 3aMEIJICHHE CKOPOCTH pOCTa
KyJbTYpbl B KOHIIEHTPAIIMOHHBIX pPsJaX Ppa3IMYHBIX TOKCHKAHTOB. MeTon
OCHOBaH Ha (OTOJECTPYKIMU XJIOPODUILIA MOBPEKICHHBIX KJIETOK, YTO JaeT
BO3MOKHOCTh OIIEHMBATH JKU3HECITIOCOOHOCTH TOMYJISAIIMH 110 00ECIIBEYNBAHHIO
KJIeTOYHON cycnen3un. COBMECTHOE HCIOJIb30BAaHHE CIEKTPOPOTOMETPUU |
GIIyopeclleHTHOM ~ MHKPOCKOIIMM  IO3BOJISIIOT ~ OIEHMBAaTh  JTUHAMHKY
YHUCJIIEHHOCTH W JKHU3HECIIOCOOHOCTH MOMYJSIIIMA W B pe3yjibTaTe IMOJydYaTh
OCHOBHBIE TOKCHKOMETPUYECKUE XapaKTEPUCTHKH.

KirogeBbie ¢10Ba: IMTOTOKCHYHOCTH, HaHOMaTepuaisl, Dunaliella salina,
cekTpodoToMeTpus

We report anovel diagnostic test system for evaluation the nanomateria’s
toxicity on halophile green microalgae Dunaliella salina based on colorimetric
measurements enabling to estimate the cell death and growth-rate inhibition in
microal gae suspension for serial dilutions of several toxicants. The principle of
the method is the photodegradation of chlorophyll from the damaged cells
resulting in the cell’s suspension discoloration, which enables to estimate the
microalgae population viability. The combined use of spectrophotometry and
fluorescence microscopy alows the estimation of population dynamics and
population viability and achievement of the main toxicometric parameters as a
result.

Key words. cytotoxicity, nanomaterias, Dunaliella salina,
spectrofotometry
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[Tn1a3MOHHO-pE30HAHCHBIC HaHOMATEPHUAIIbI UCTIONB3YIOTCS B
HAaHOOMOTEXHOJIOTHM ¥ B OHWOMEIWIIMHE, TJ€ OHH TPUMEHSIOTCS JUIS
OMOMMHM/KMHTA U B TEPaHOCTUKE (BBISBIICHUE U TEPAIUsl PAKOBBIX OMyXOJIEH),
Omaromapst BO3MOKHOCTH HACTPOHKH CHEKTPATBHOTO MOJIOKEHUS M AMIUTHTY/IBI
IUTA3MOHHOTO PE30HAHCa 3a CUeT HM3MEHEHHS MPUPOABl MeTallia, pa3Mepa,
(bOpMBI, CTPYKTYpbI YacTHI[ M HMX IMIJIEKTPUYECKOro Okpyxkenus (XieOIios,
2007). Kpome TOro, MX axkTHBHO WCHOJNB3YIOT JUIi aJAPECHOW JOCTaBKH
JICKApCTBEHHBIX COCJIMHEHWH, TEeHETHYEeCKOT0 MaTepuayia, aHTUTEHOB K
KJIETKaM, OpraHaM U TKaHSM KHUBOTHBIX U PaCTEHUH.

Haubomnbmiee pacnpocTpaHeHHE IMONYYWIA HAHOYACTHIIBI KOJUIOWTHOTO
30J10Ta pa3TUYHBIX (OpPM, pa3MepoB M MOBEPXHOCTHON (DYHKIIMOHAIU3AIIUU.
[IpenmoyreHue 30JI0TY OTIAETCS B CBS3M C €r0 HAWMEHBIIEH W3 M3BECTHBIX
HaHOMaTepHalioB  coOcTBeHHOUM 1urToToKcuuHocThio  (Khlebtsov, 2011).
OcoO0blit HTEpEeC B HAHOTOKCHUKOJIOTHUH TIPEJICTABISACT cepedpo, KaK BEIIECTBO
C CyIIECTBEHHO OoJbIleii, YeM Yy 30J10Ta, PACTBOPHUMOCTBHIO, 3aMETHO
YBEIMYHUBAOIIECHCS TTPH MOMAJaHUN B BUJIC HAHOYACTHII B KIETKY B YCIOBHUSIX
KUCIONH  cpeAbpl JM30cOoM. braromaps dSToMy CBOWCTBY — cepeOpsiHbIe
HAHOYACTHUIBI TpOSBISIOT 3bdekt «rposHckoro kous» (Li, 2014). B
HACTOSIIEE BPEMsI IOCTYIICH ITUPOKUN BEIOOP METOJOB CHHTE3a aHM30TPOITHBIX
HAHOYACTHUI] C Y3KUMH TPaHULAMH pacupelelieHHus 1Mo pasmepam Hu ¢dopme
gacTuil. BEIOOp OAHOTO M3 3TUX METOJIOB 3aBUCHUT OT Psiia COOTBETCTBYIOIIMX
AKCIIEPUMEHTAIBHBIX MMapaMETPOB, OMPEIEISIONINX MPOIECCHl 3apOXKICHUS U
pocTa B CHHTE3€ KOJJIOMTHOW YaCTHIIBI, OJaroaaps 4eMy BO3MOXKEH KOHTPOIIb
pasMepa W CTENEHW PAa3BETBICHHOCTH TIOJNYYCHHBIX HaHo4acTul. Jlms
npuaanus Hechepuueckoil ¢GopMbl MMIA3MOHHO-PE30HAHCHBIM HAHOYACTHUIIAM
[IMPOKO TPUMEHSIFOTCS KATHOHHBIE TOBEPXHOCTHO-aKTHBHBIE BernecTBa (ITAB),
B 4aCTHOCTH, HeTuaTpumMetuaammonuitopomu (ITAB).

B OONBIIMHCTBE TOKCHKOJIOTHYECKHX PabOT OTMEYaeTcss TOKCHYHOCTh
L{TAB-conepxkamux nanomarepuasioB (Tarantola, 2009), xoTs MexaHHU3MBI
JIEWCTBUSL M TOKCUYECKHE BEJMYMHBI MOTYT OBITH Pa3IMYHbBI JJIS Pa3IHIHBIX
KJIETOK ¥ 3aBUCAT, 10 BCEH BHIUMOCTH, OT TKaHEBOW (KJIETOYHOM)
mupdepennmanmn. Tem He MeHee, oOmeld uIsI BCEX MEXaHU3MOB
uTorokcudeckoro neicteus LITAD sBisercs MemOpaHHasi HAPaBICHHOCTb.

B cBsa3um ¢ 3TMM, B KadecTBe MOJIETBLHOTO OOBEKTa OBLIO PEIICHO
UCIONIb30BaTh KYJIBTYPY KJIETOK C XOpOIIO pPa3BUTHIM MeMOpaHHBIM
ammaparoM. Hamr BIOOp maj Ha OJHOKJIETOYHBIC 3€JICHBIE MHKPOBOIOPOCIH
Dunaliella salina (Puc. 1), cxoxue ¢ XHBOTHBIMH KJIETKAMH OTCYTCTBHEM
KJIETOYHOM CTeHKH. Bomopocin 3Toro poaa OTINYalOTCsl HHTEHCHBHBIM POCTOM
Y MIPOCTOTOM MOJAEPKAHUS ATBTOJIOTHYECKU YUCTBIX KYIbTYp, 00YCIOBICHHON
ux BBICOKOM COJICYCTOMYHUBOCTBIO, CBSI3aHHOM c MPUPOAHBIMU
MECTOOOWTAHUSMH B COJEHBIX O03€pax B THUNEPOCMOTUYECKUX YCIOBHSIX
(Macrok, 1973). BO3MOXHOCTH  OIEHKH  JKH3HECIHOCOOHOCTH  BCEH
MUKPOTIONYJSAIUNA  BOJOPOCIEH U  OTHCIBHBIX OPraHU3MOB-KJIETOK TIO
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COCTOSIHMIO 3€JIEHOTO TMUTMEHTa XJopouiuia C TIOMOIIbI0 HauMEHee
WHBA3UBHBIX (DU3UKO-XMMUYECKUX METOJ0B — (hoToMeTpuH, GIyOpUMETPUH U
MUKPOCKOTHHU (ake 03 UCIOIb30BAHUS BUTAIBHBIX KPACUTENCH) /IeIaeT 3TOT
O0OBEKT  BechbMa  MPHUBJIEKATENbHBIM  JUIS  HAHOTOKCHUKOJOTHYECKHX
HCCIIEIOBAHUM.

i{ A oF
3 T RS ORS angd
Puc.l.DunaheIIamlma.

OmnpeneneHre TOKCHYHOCTH HaHOMATEPHUANIOB JUIs MUKpoBojopociei D.
salina mpoBoaWIN B KyJbTHBAIMOHHBIX 96-TYHOUYHBIX IUIAHIIETAaX C MJIOCKHM
nHOM. [lepBoHauYaJlbHO B JIYHKHM BHOCHJIM TOKCHKAHTHI B CEPUU pa3BeICHUI
(mocnemoBaTeabHBIX ABYKpPATHBIX, JIHOO ¢ pukcupoBaHHbM mmarom 10 — 20%)
KyJIbTypallbHOW cpenoil B oobeme 150 MK B TpUIUIMUIMPOBAHHBIX psijgax. B
MOCJICTHUE JIYHKH PSJIOB TOKCUKAHT HE BHOCHIIM M HCIIOJIb30BAIA B KauecCTBE
OTPULIATETBHOTO KOHTPOJIS.

JUis MHOKYJSIMH MHKPOBOJOPOCIH OCKIAIN LEHTPU(DYTHPOBAHHEM
npu 150 g 5 MUH U peaucneprupoBain B CBEXeH KyJIbTYpaJIbHON Cpele TaKuM
obOpa3oMm, 49ToObl TmoOcie JjobOaBimeHus B JyHKy 150 Mk cycmeHsum
MuKpoBosiopociiell Degp=0.1, 4TO COOTBETCTBYET KOHIICHTPAIIMH KJIETOK OKOJIO
2 mxmons* 10° mor™?

Jlanee miaHIIeThl MHKYOMpOBAaJM B JIaOOpaToOpHOM (pakTopocTaTHON
KaMmepe, TpeACTaBisgomeld CcoO00W CTEeKISSHHYH BaHHY, 3allOJIHCHHYIO
TUCTHIUIMPOBAHHOW Bogod Ha rayomny ~0.5 cMm, ocBemaemyioo CHU3Y
JIIOMUAHECIIEHTHBIMHY JIaMIIAMH JHEBHOIO CBeTa, co3marommmu notok 50 — 60
MKMOJIB* M 2* cex .

UYepes ompeneneHHbIe MPOMEXKYTKH BPEMEHH 00pasibl MPOCMaTPUBAIN
Ha MHUKPOCKOIIE B pexuMe (Ha30BOr0 KOHTpPACTa M JFOMHHUCLEHIIMU. 3axBat
M300paKeHUN OCYIISCTBISUTM C TOMOIIBbIO IU(POBON KaMmepwl, (GUKCUPYs
KOJIMYECTBO IMOJBHKHBIX (TpacCUpOBaHHOE HM300pa)KCHUE), JKUBBIX (KpacHas
dbyopecuenius xaopoduiia) u MepTBbIX (ronyodas GayopecieHIns) KIETOK B
(OKaIBHOI TIOCKOCTH JTHA JTYHKH.
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Jlanee cienoBaga pPErHCTpalys ONTHUYECKOW IUIOTHOCTH, KOTOPYO
MPOBOAMIIM C TOMOIIBIO IUIAHIIETHOTO CHEKTPO(OTOMETpa, TMOCIE Yero
TUTAHIIETHI BO3BpaIIanu B (hakTopocTaTHYI0 kKamepy. [lo mcTedeHun mOIHOTO
BPEMEHH JKCITO3MIIMH, CTaHAApTHO 48 4, KiIeTku (UKCUPOBAIM, NOOABIS B
kaxayo ayHky nmo 10 mxn 10% rayrapoBoro ampaeruna. [locne ocemanus
MIPOBOAMIIN TIOJICYET HKHUBBIX U MEPTBBIX KJIETOK, KaK OMKCAHO BbIIIIE.

[TnaHmeTHpI BapHaHT U3MEPEHHS KU3HECTIOCOOHOCTH MHKPOBOIOPOCIIEH
M0 W3MEHEHHMIO ONTHUYECKON IIJIOTHOCTH CYCIIEH3UH B 00JacTh KpacHOTrO
MaKCUMyMa TIOTJIOIIEHUS XJopo(duiia TO3BOISET U30eraTh MPOLEAYPHI
OKCTPAKLMU STOr0 MHUTMEHTa U OLEHUBAThb KHWHETHKY ero (OoTOAECTPYKIUH,
CONPOBOXKIAIONIYI0 THOENb KJIETOK. VIHTaKTHBIE KJIETKHM COXPAHSIOT CBOIO
OKpacKy, HpHU ASTOM KOHIIEHTpAIUsl 3€JIEHOr0 MUTMEHTa MPOMOPIHOHAbHA
KOJIMYECTBY KM3HECIOCOOHBIX KIJIETOK. JTO TO3BOJSIET CYOUTh O KOJIUYECTBE
KHUBBIX OPIraHU3MOB M KUHETUKE Pa3BUTHUS MTOMYJISLINH.

Pezynprar THOENM  KJIETOK, PETHCTPUPYEMBIH  (POTOMETpUUECKUM
CrocoOoM, HaJIeKHO TIPOSBIISIETCS yxke uepe3 24 4 HabmoneHuil. B myHkax, rioe
npou3oILIa THOEb KIETOK, B3BeCh oOeclBeYrBaeTcsa. B ciydae mu3upyrommx
TOKCHUKAaHTOB  TIOJ] ~ MHUKPOCKOIIOM  MOXKHO  HaONIoJaTh  BBITEKaHHE
BHYTPHUKJICTOYHOTO MATPHKCA 32 BUIUMBIE TPAHUIBI KIETOK ¥ JJIOBOJIBHO
OBICTPOE BHITOpAaHUE KPACHOU (hTyOpeCIIeHITHH.

B kadecTBe TOKCHMKAaHTOB OBLIM WCIOJB30BaHBI JBAa CTaHAAPTHBIX
MOJITIOTAHTA: MEPEeKUCh BoAopoaa U dopManbaeruj, Tpu npenapara cepebdpa:
HUTpAT cepedpa, mpoTenHar cepedpa u koutonHoe cepedpo, LITAB u 30moteie
HaHOC(epbl, HAHOCTEP>)KHU U HAHO3BE3IBI.

B pesymprare Obuio mokazaHo, 4to TOKCMYHOCTH LITAB-comepxkamux
[pernapaToB 30JI0TBIX HAHOYACTHII pa3IuuHONH Mopdoaorun (HaHOChEp,
HAHO3BE3/] U HAHOCTEPIKHEI) OmpeessaeTcs, TIaBHBIM 00pa3oM, ColepKaHueM
ceobomnoro IIAB, a He caMuMU dYacTUII[AMH, 4YTO COTJIACYeTCS C
TUTEPaTypHBIMHA JaHHBIMU, TIOTYYEHHBIMU Ha KYJIbTypaX KJIETOK KHBOTHBIX.

UccnenoBanue pasznuyHbXx (GopM MmpenapaToB cepedpa, BKIHOUas
KOJUIOM/IHBIE HAHOYACTHIIBI, IIOKa3allo, YTO TOKCHYECKoe [eHCTBHE Ha
MuKpoBogopocis D. salina ymenbmaercs psiiy HUTpaTr cepebpa > mpoTenHaT
cepebpa >> HaHOYACTHULBI cepeOpa. DTOT pe3yNbTaT COTNIACYETCs C JaHHBIMH
JIPYTUX METOAMK, MOKAa3bIBAIOMIMX OOJBIIYI0 TOKCUYHOCTH MOHOB cepedpa 1o
CPaBHEHHUIO C CEPEOPSIHBIMUA HAHOYACTHUIIAMH.

JInst mpo3padHbBIX  PAaCTBOPOB TOKCHKAHTOB (Hampumep, TMEpPEeKHCH
Bojioposia u (opMallbJeruia) MPUMEHEHHE METOAa HE BBI3BIBACT HUKAKHUX
npoGsieM U JaeT MoKa3aTead TOKCHYHOCTH, COMOCTAaBUMBIE C JIMTEPATYPHBIMU
JTAHHBIMU, TIOJTYYCHHBIMU APYTUMHU METOJaMHU.

[Tocne nperasibHOM MNPOBEPKM M CPaBHEHUS C JPYTMMH METOJaMU
MPEeTIOKEHHAs! TECT-CUCTEMa MOKET OKa3aThCs MOJE3HBIM WHCTPYMEHTOM ISt
MacCOBOI'0 CKpUHUHTA TOKCUYHOCTH HAHOMATEPUAJIOB PA3IMYHON IPUPOIBI.
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BesiBiieHBl 3QEKTHl BOJHOIO PACTBOpPA CyXOro CIHUPTOBOIO IKCTPAKTa
aBpaHa JICKAPCTBEHHOTO Ha JIaOOPAaTOPHBIX KPBIC C MEPEBUBAEMON CapKOMOM-
45 npu BHYTpUMBIIIEYHOM BBeJeHMM. Ilon gelicTBMeM »SKcTpakTa IpHU
BHYTPHUMBIILIEYHOM BBEJICHHH B CAPKOME BO3HHKAJIM OOIIMPHBIE 30HBI HEKPO3a
1 ydacTKu (UOPO3UPOBAHUS OITYXOJIH.

KittoueBsle c10Ba: aBpaH JIEKApCTBEHHBIN, CApKOMa MATKUX TKaHEH

We have explored the effects of agueous solution of hedgehyssop's dry
alcoholic extract on laboratory rats with transplanted sarcoma-45. There have
arised vast necrotic zones and areas of tumour fibrosingunder the influence of
the extract administered intramuscularly in the sarcoma.

Key words: hedgehyssop (Gratiola officinalis), sarcoma of soft tissues

BBenenue

Capxombr msrkux TkaHe (CMT) cocraBmsror 0.7% 370KaueCTBEHHBIX
HOBOOOpA30BaHUN B3POCIHBIX M OTHOCATCS K HamOojee 3JI0KaYeCTBECHHBIM
omyxoiisiM. B Poccutickoii deneparuy 4uCiio MaueHToB ¢ 3TUM 3a00JI€BaHHEM
exeronHo cocrasiaser 4.5-5 Teic. Jlo HacToAlIEro BPEMEHH JOCTYIHBIX
cpenctB st aedenuss CMT, obrmagaromux BICOKOW 3()GEKTUBHOCTHIO U B TO
e BpeMsi 0e30MacHBIX Uil OpraHu3Ma, He HaijaeHo. Tak, B Hamlel cTpaHe B
2007 r. mo moBoxy CMT mpoxoaunu nederne 3245 4enoBeK, B TEUCHHE Toja
ymepnu 3085. B CIIIA exeronno quarHoctupyercst okono 5700 cinyqaes CMT,
u3 koTopbix 4200 konuarorcss cMmepthio OombHbIX (http://eesg.ru/dspecialists-
sarcomasofttissues). Haun6onee yacro CMT ormeuatorcst B Bozpacte 20 — 60
ner (Bprocos, 2012). BeimensioxeHHbie (HakThl TOATBEPKIAIOT aKTYalIbHOCTh
M 3HAYUMOCTh TIOWICKAa HOBBIX JIEKaPCTBEHHBIX cpeacTtB nedeHus CMT,
o0jafaroluX CPaBHUTEIBHO HU3KOW TOKCHMYHOCTBIO, K KOTOPBIM, B IEPBYIO
ouepeqlb, OTHOCATCS CPEACTBA HA OCHOBE JIEKAPCTBEHHOI'O PACTUTEIHHOTO
CBIPBSL.

B Hacrosimee Bpemsi BBISICHEHBI CICAYIOIIME HAIMpPaBJICHUS IEHCTBUS
(G1aBOHOMAOB — PACTUTENbHBIX MOJU(PEHOJIOB: HMMYHOMOIYJIUPOBAHUE,
AHTHOKCHJIAaHTHOE ¥  MEeMOpaHONMpPOTEKTOPHOE  JIEeHUCTBUE,  CHIDKCHUE
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AHTUOKUCIIUTEIILHON aKTUBHOCTH JIUIIHJIOB OITYXOJICBBIX KJIETOK (CHIDKCHHE MX
KM3HECTTIOCOOHOCTH); 00E3BpEXXMBAHWE M YyAaJI€HHE TOKCHHOB, B OOJBIIOM
KOJINYECTBE HAKAIUIMBAIOIIMXCS TPH PAKOBBIX 3a00JIEBaHUSX, TOPMOKEHUE
anruorenesa (Tapaxosckuii u ap., 2013).

DKCTpaKT aBpaHa JIEKAPCTBEHHOI'O (TPaBSHUCTOTO PACTCHUSI CeMeHcTBa
Hopu4yHHKOBBIE), TOJYYCHHBIH CIIOCOOOM, TO3BOJISIFOIIUM  CYIIIECTBEHHO
CHM3UTh €ro TOKCHYHOCTb, oOOoramieH Ouo(IaBOHOMIOM KBEpLUETHHOM H
o0yajjaeT BBIPAKEHHOH MPOTHBOOITYXOJEBOW AaKTHBHOCTBIO B OTHOIICHHH
nepeBuBaeMoro paka nmedeHun kpoic PC-1, a Takke BBIpaXKCHHBIM
aHTHKaHIeporenusiM aeiicteueM (ITomykonosa u mp., 2011, 2013; Navolokin et
al., 2012; HaBosokuH, [1aBnosa, 2012; HaBosiokun u ap., 2013; Kypuarosa u
ap., 2014).

Lenp Hame#l paboThl — BBHIIBUTH 3((EKTHl pacTBOpa CyXOro CIHUPTOBOTO
OKCTpaKTa W3 aBpaHa JIEKAPCTBEHHOTO Ha JIA0OpaTOPHBIX KpbICax C
IIEpeBUBAEMON CapKOMOI-45 Npy BHYTPUMBIILIEYHOM BBEJCHUH.

Marepuaja 4 MeTOAUKA

Marepuanbl: camibl W CaMKHd O€nbIX JTa0OpaTOPHBIX KpPhIC MAaccoi
153.5+18.6 u 104.8+12.3r COOTBETCTBEHHO; BOJHBIM PACTBOpP CYXOTO
AKCTpakTa aBpaHa; capkoma-45 (POHII um. H.H.bioxuna).

Hcnonb30BaHbl  CIAEAYIONIME METONBI: THCTOJOTHYECKHE. OKpacka
reMaTOKCUJIMHOM U 303WHOM, TT0 PomaHOBcKOMY-I nM3e; MopdoMeTprIecKui;
TUCTOXMMHYECKHE; HAONIOIEHHEe W CpaBHEHHWE TIOBEIEHUS >KHBOTHBIX;
cratucTuyeckue. [Ipy OlleHKe JUHAMUKHA pOCTa CapKOMBI HaMH OBLI
WCIOJIb30BaH UHACKC POCTA OMYXOJIH.

Ju3aliH sKkcnepuMeHTa. DKCIEPUMEHT MPOBOAWICS B COOTBETCTBHUE C
PYKOBOJICTBAMH MO JOKIMHUYECKUM HCCIIEOBAHUSM JIGKAPCTBEHHBIX CPEIICTB
(Xabpues, 2005). B xoxe sxcrepumenta 0.5 Mi1 0myxoj1u mepeBUBaioch OeIbIM
71a00paTOPHBIM KpBICAaM B MEXJIOMATOUHYI0 001acTh. KpbIickl ObLTH pa3ieneHbl
Ha 4 TPyIIBI O 5 )KUBOTHBIX B KAXKIOH. KOHTPOJIbHAS U IKCIIEPUMEHTAIbHAS
TPVl CAMIIOB U KOHTPOJIbHAS M SKCIIEPUMEHTAIbHAS TPYIIITbI CAMOK.

[lepBoe BBenEHME IKCTPAKTA IPOU3BOIUIOCH B JACHB MMEPEBUTHUS OITYXOJN
U TIPOJOIIKAIIOCH KaX/Ible 2 CYTOK JI0 BBIBEICHUS KUBOTHBIX M3 IKCIIEPUMEHTA.
B teuenne 20 cyTrok MbI HaOIIOJATM 32 MOBEISHYECKUMH PEAKIUSIMH KPBIC,
TUHAMHUKOW TeMIlepaTypbl W MacChl Tela, pocTa o0beMa OMyXOoJid. 3areM
KHBOTHBIC OBLIM BBIBEJICHBI M3 SKCIIEPHMEHTA IyTeM OBICTPOW JIEKaIlUTAaIlNH,
MPOU3BEACHO  BCKPBITHE, HM3MEPEHHE  MAacCChl, THCTOXHUMHYECKHA U
THCTOJIOTUYECKUH aHaN3 BHYTPEHHUX OPTaHOB.

Pe3yabTaThl Hcc/ieloBaHUS U MX 00CYKIeHUE
IIpu ananu3e AMHAMUKHM pOCTa CApKOMBI YCTaHOBWIIH, YTO uepe3 15 nHei
OT Hayaja SKCIEpUMEHTa B IPYyIIE CaMOK NPH BBEAECHUHU 3KCTpaKTa aBpaHa
HAuMHAETCS 3HAUYMMOE 3aMeliieHue pocta onmyxonu (Ha 225.4% 1o o0bémy),
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KOTOpOE€ K KOHIly JSKcrmepuMeHTa pocturaer 251.7% mo obwemy. UHaekc
TOPMOKEHHUsI pocTa omyxoiu cocraBmi 60%. B rpynme camiioB npu BBEJACHUHU
IKCTpaKTa aBpaHa perpecc omyxonu HaOmomgaercs ¢ 17 nus (Ha 397.7%) u k
KOHITy JKcrepuMeHTa coctaBisieT 9584.47%. WHaekc TOPMOXKEHHS pocCTa
ornyxonu — 82.7%.

B onwiTHON Tpynme Oblna BhISIBICHA OOJbIas, 4YeM B KOHTPOJIBHOM,
JUHAMHKa Macchl Tena. [Ipu 3ToM U B TpyIie caMoK, U B TPYIIE CaMI[OB MPH
BBEJICHUH dKCTpakTa ¢ 15 HA oTMedascsi poCT Macchl Tela, MPOoJoHKaBIINNCS
710 KOHIIa SKCIIEPUMEHTA.

JluHamuka TemmepaTypbl NMpU BBEIEHUU JKCTpaKTa Takke Oblia Oosee
BBIpXKCHA.

Kak y caMoOK, Tak ¥ y caMI[OB ONBITHON Tpymisl (Y caMOK — B OOJIbIIeit
CTETICHH) Yalle HaOJIr0aIach THIIOAMHAMHUS.

Jlnst mipeicTaBUTENCH ONBITHOW Tpymmbl Oosiee XapaKTepHBIM OBLIO
MOJIOKEHUE TYJIOBWINA HAJ TOACTUIKOW U TOPU3OHTAIBHO MOJCTHIIKE
(ocobeHHO 151 CaMOK), B TO BpeMsi KaK KpPBICHI KOHTPOJBHOM TPYIIIbI Yalie
AKTUBHO MEPEMEIAINCh 110 KapKacy KIETKH.

Haumenpmiast creneHp karajerncuu HaOIOnanach y CaMOK OIBITHOM
rpynmbl. [Ipy 3TOM u y camMOK, U y CaMIIOB OIBITHON TPYNIBI TMOBHIIICHUE
CTETEeHU KaTaJlelcuu MPUXOAUTCS Ha 15 AeHb SKCIIEpUMEHTA.

C 15 — 16 gHs SKCIEpUMEHTa U y CaMOK, U Yy CaMIIOB NPU BBEIECHUHU
HKCTpaKTa OBLJIO OTMEUEHO 3aMeUIeHWe U 3aTpyAHEHHUE [bIXaHUf, 4Yero He
HaAOII0IaIOCh B KOHTPOJIBHOM TPYIITIE.

VY camMOK ONBITHOM TPYIIbI Yalle, YeM y CaMOK KOHTPOJIbHOW TPYMIIbI,
OTMEYAJIOCh CYXXEHHE IIIA3HBbIX IIENed. Y CaMIlOB CY)KEHHE NIAa3HbIX IIeJIeH
OBLJIO BBISIBJIICHO JIMIIH Ha 13 IeHb SKCIIEpUMEHTa — B KOHTPOJIBHOM TpyIIIE.

Kpome Ttoro, Ha ¢oHe BBemeHHS SKCTpakTa OBLIO BBISABICHO JIydIlee
COCTOSIHHE IIEPCTHOTO MOKPOBA.

Mopdomerpuueckne UCCIICIOBAHUSA  [OKa3aJd, YTO BO3MOXKEH
MOJIOKHUTENBHBIA dPPEKT HSKCTpakTa I TedeHu. B  skcrepuMeHTanbHON
rpynme pasmepsl nedenn (K=2.800+0.896) 3HaurMO HEOTIMYMMBI OT Pa3MEpPOB
MEYEeHU 370POBBIX KUBOTHBIX Oe3 omyxond. B To BpeMs kak B TpyIe
KUBOTHBIX C OIMYXOJbIO 0€3 BO3IEHCTBHS MO0 CPAaBHEHHUIO C TPYNION 370POBBIX
’KMBOTHBIX Pa3Mephl MedeHu yBennueHsl B 2 pasa (K=5.04).

[Tatomopd03 capKOMBI COOTBETCTBOBAJ 3 CTENEHU: OOIIMPHBIE 30HBI
Hekposa 3aHumManu oT 80 mo 90% momanu mpenapara, OOHAPYKUBATHCH
y4acTKu (HUOpO3UpOBaHUA ONYXOdHM M (OPMHUPOBAHMS KAICYJbl, 4YEro He
Ha0J110/1a710Ch B TPYIINE CPAaBHEHMUS.

BriBoani

BeIBIeHa IIPOTHBOOIIYXOJI€Bass aKTMBHOCTb JKCTPAaKTa aBpaHa B
OTHOIIIEHNUHU CapKOMBI-45.

132



B rpynne camok uepe3 15 gHell oT Havana dKCIEpUMEHTA MIPU BBEIECHUU
HKCTpaKTa aBpaHa IOCTOBEPHO 3aMeIsieTcsi pocT capkombl (Ha 225.4% 1o
00bEMY), K KOHITY dKcriepuMeHTa - Ha 251.7% o oobvemy. UT y camok = 60%.

B rpynme cammoB ¢ 17 aHsS OT Hayaja BBEICHHS SKCTpaKTa aBpaHa
HaOmomaercs perpecc onyxonu (Ha 397.7%), K KOHILYy SKCIIEpUMEHTa — Ha
584.47%. UT y cammos = 82.7%.

BriepBble onucaHbl MOBEIEHYECKHE PEAKIIMU Y KUBOTHBIX B Pe3yibTaTe
TOKCHUYECKOT0 JEUCTBUS CapKOMbl. Hekpo3 capkoMbl MO/ IEHCTBUEM SKCTPAKTA
aBpaHa MPUBOJUT K CHIDKEHUIO aKTUBHOCTH JKUBOTHBIX.

[Ton neiicTBHeM SKCTpakTa aBpaHa MpPHU BHYTPUMBIIIEYHOM BBEIECHUU B
CapKkOMe BO3HMKAIOT OOLIMpPHBIE 30HBI HEKpO3a M y4acTKu (pubGpo3mpoBaHMS
OITYXOJIH.

B okcnepumenTanbHOil Tpynme pasmepsl meuenn (K= 2.80+0.89)
3HAYUMO HE OTJIMYUMBI OT pPa3MepOB II€UYEHU 3/I0POBBIX KUBOTHBIX 0e€3
oIyxoJii. B TO Bpems Kak B rpyIie >KUBOTHBIX C OIYyXOJIbI0 0e3 BO3/AeHCTBUS,
[0 CPaBHEHUIO C IPYNION 3/I0POBBIX KMUBOTHBIX, pa3Mephl NIEUEHU yBETUYECHbI
B 2 paza (K= 5.02+0.63).
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@OnyopeclieHTHbIE ~ KpacUTENHU  SIBISIOTCS  M3BECTHBIM  CPEICTBOM
JMATHOCTHKU B PA3JIMYHBIX 001acTAX OWOJOTHMH M MEIUIUHBL. B Hacrosmee
BpEMs CYIIECTBYET OOJIBIIIOE YMCIIO KpacuTesled, MOCTaBIsEMBbIX KaK B BHJIE
OTJIENBHBIX XUMUYECKUX PEAKTUBOB, TaK U B BUJIE HAOOPOB, TaK HA3BIBAEMBIX
KUTOB. bounbioe pazHooOpasue 3a4acTyro NPUBOIAUT K CII0)KHOCTH BbIOOpa TOTO
WJIM MHOTO KPacHTEeNs T0J] KOHKPETHBIE MCCIIEI0BATENbCKUE HY KBl B cTaTthe
JAETCsl KPaTKUK 0030p MPUHHUITUIIOB PaOO0THI (PIIyOPECIIEHTHBIX KpacuTeseu, a
TaKXKe COBPEMEHHbIE TEHICHIIUN Pa3BUTHI STON 00JIACTH.

KitoueBbie croBa:  ¢uryopecueHius, (IyopecleHTHBI KpacHuTelb,
AKPUUHOBBIN OPaHKEBBII.

Fluorescent dyes are well-known diagnostic tool for various fields of
biology and medicine. Currently there are a large number of dyes supplied as
individual chemical reagents and in the form of kits. This often leads to
complexity of choice of the dye for specific research needs. This article gives a
brief overview of the principles of the fluorescent staining, as well as modern
trendsin this area.

Keywords: fluorescence, fluorescent dye, acridine orange.

®dnyopoxpoM WM (PIyopecHUpyOmuil KpacuTelb — o0llee Ha3BaHHE
XMMHYECKUX BEIIECTB, HCIIOJIB3YEMBIX JUISI KOHTPAaCTUPOBAHUS MPO3PAUHBIX
ouosorndyeckux obpasmor (Vaeur, 2001). Takue BemiecTBa, B OTJIHYHUE OT
OOBIYHBIX MOTJIOUIAIONINX, PACXOAYIOT YacTh MOTJIONIEHHOW CBETOBOW 3HEPTHU
Ha cBeuyeHue. J[JIMHA BOJIHBI M3ITy4aeMOro CBETA 3aBHCUT OT THUIA KPACUTENS
Bcerja Ooipllle, 4eM JUIMHA BOJIHBI ITAJalOLIer0 CBETA, MOCKOJBbKY SHEpPTrHs
TaKOW BOJIHBI MEHbIE (YacTh SHEPTUU PACXOMYETCS Ha TEIUIOBbIE d(PQEKTHI).
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HuTeHCHBHOCTD (DIIYOPECIICHITUN 3aBUCHT OT JIJIMHBI BOJHBI, TaK KaK KaXKIbIi
(bIyopoXpoM MMEET MaKCUMYM Ha KpHBOW BO30yxaeHUs. OOnydeHuE TaKUM
CBETOM TMPHUBOIUT K Haubojbined ¢uryopecteHnuu. KommeHcHpoBaTh
HECOOTBETCTBHME JUIMH BOJH MAJAONIEr0 CBETa W MaKCHMyMa BO30YXKICHUS
MOJXHO C TOMOIIBIO TOBBIIICHUS WHTEHCHUBHOCTH 0OJydeHus. [loMumMo 3TOTO0
WHTCHCUBHOCTh  (UIYyOpPECHEHIIMM  3aBHCHT OT CHJIBI  (pyopoxpoma,
ornpenenseMoi kBanTtoBo# 3¢ dexruBHoCTHIO (HOrobin, 1982).

O mnpumeHeHuu (IIyOpECUEHTHBIX KpacuTener Kak d3(PGEeKTHBHOTO
Cpe/CTBa JIJIsl ONPEACICHHS KU3HECTTOCOOHOCTH KJIETOK OBLIO W3BECTHO €Il B
80-¢ roael mpomwioro Beka (Kenneth, 1985). Tak, dayopecrenHauamnerart
(FDA) u mponuauii #omaun (Pl) ucmons3yroTcst At KOHTPAaCTHPOBAHUS
MEPTBBIX M JKUBBIX KIIETOK.

OpHolt W3 mpoONeM TMpH WCIOIh30BAaHUHM KPACUTENEH SBISETCS WX
BbIropaHue. [loATOMy MHKPOCKONIMYECKHE HCCIEAOBAaHHUS  HEOOXOAUMO
MIPOBOAMTH OO CO CBEKEIMPUTOTOBICHHBIMU 00pa3iiaMu, JIM0O MCIOJIb30BaTh
CTeNMaNbHbIC 3alllUTHBIE PACTBOPHI IS COXpaHeHHs QuryopecueHn. B
Ka4yeCcTBE CTaHJAPTHOIO 3alIUTHOTO PACTBOPA MOXKET MPUMEHSTHCS TIIUICPHUH,
KOTOPBIH CIY)KHT OJHOBPEMEHHO W MPOCBETIIAIONIUM areHTOM. B Hacrosiee
BpeMsl CYIIECTBYIOT KOMMEPUYECKHE NPOAYKTBI Ha OCHOBE TIIHIEPUHA,
nanpumep, Prolong Gold AntiFade. [TpaBuapbHO MPHUTOTOBIEHHBIE O00OpPA3IIbI
MOTYT XPaHUTbCS B  CICIHAILHOM  CBETOHENPOHHUIIAEMOM OOKCe B
xonoAwIbHUKE TP +4°C T0CTATOYHO J0JTOE BpEMS.

[Tornomenue kpacuTenss 0ObIYHO SIBISCTCS CICICTBHEM CPOJICTBA TKAHU
K KPacHTENI0 WJIM peaKTHBa K TKaHH. KOMIIOHEHT TKaHM HMMEET BBICOKOE
CPOJICTBO K KpAacCHUTENIO, €CJM KOMIIOHEHT 3TOT MHTEHCHBHO OKpAIlIWBACTCS
(ucxoms U3 MpakTUKM). B 1aHHOM ciiydae, STOT TEPMHUH OMKMCHIBAET TECHICHIIUIO
KpacuTelsl K mepexoay u3 pactBopa B komrnoHeHT (Goldstein, 1974). Crenenb
CpOJICTBAa TKAaHM K KPACHTENIO 3aBUCHUT OT MHOTOYHCICHHBIX (DaKTOpOB,
BOBJICUCHHBIX B MPOIECC OKPAIIMBAaHUS, B TOM YHCIE OT B3aUMOICUCTBUS
MEXy TKAaHBIO U KPACUTEIeM, MEKIAY PACTBOPUTEISIMU, MEXKIY KPACUTEIEM H
pacTBOPUTENIEM U B3aMMOJEWUCTBUI BHYTpU Kpacutens. VMHorma kpacurenu
MOMAJAl0T B JKUBBIE OPraHM3MBI IIYyTeM, OTPAKAIOUIMM OHOXUMHUYECKHUE
0COOEHHOCTH ¥ (PU3HOJIOTMYCCKYIO0 aKTUBHOCTD KMBOW KJICTKHM MM OpraHU3Ma.
Takue kpacuTenu WCIONB3YIOTCS Ui OKpAalIMBaHUs KJIETOYHBIX MeMOpaH,
9HJIOCOM H TIp.

Bomnpoc M30MpPaTELHOCTH OKpAaIIMBaHUS OTHOCHTCS K
(GyHIaMEHTAJIbHBIM BOIPOCAM THCTOXMMHHM W OTBET HAa HETr0 HE SBISCTCS
tpuuaabHbeM (Valeur, 2001). Kak cpoacTBO KpacuTens, TaK U YHCIO MECT
CBSI3bIBAHUST MOTYT MEHSTbCs. [IOHMMaHHE KpacsAIIMX CHUCTEM 4acTo Tpedyer
paccMOTpeHHsI TATTEPHOB CpoACTBAa. OTPHULATENFHO 3apsHKCHHBIC KHCIIbIE
KpacHTEIM HMEIOT BBICOKOE CpPOJCTBO K CTPYKTypaM TKaHH, HECYIIHUM
KaTHOHHBIC 3apsijibl, HO HHU3KOE CPOJACTBO K CTPYKTypaMm, HECYIIHM
OTpHIIATENIbHBIC TPYIIIBI; JJIsi OCHOBHBIX KpacuTesel HaOJromaercs oOpaTHas
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CUTyalusi. DTO JaeT JBYIBETHBIE OOJIACTH OKpalluBaHWs. BaxHyo poib
urpaer pH. [lomuMo 3TOro Ha CpOACTBO BIIMAET M3MEHEHUE KOHLEHTpaluu
HEOPraHUYECKUX COJIEH.

CkopocTh TMOTJIOIIEHUSI peakTUBa Takke BakHa. WM30HMpaTeNbHOCTD
TpeOyeT KOpPOTKMX TIEpPHUOJOB  OKpAIMBaHWs, B TEYCHHE KOTOPBIX
OKpAILIUBAIOTCS TOJBKO OBICTPO OKpallnBaeMble KOMIOHEHTHI. Eciu ke Bpems
OKpalllMBaHUsl yBEJIWYUTb, MOTYT TaKXX€ OKPACUTHCS JIOMOJHUTEIbHbIE
CTPYKTYpBbI, OKpallliBaHWEe KOTOPBIX HE TpeOyeTcs.

Jlaxxe B citydasix, KOrja KpacuTellb OTHOCUTCS K U30UpaTeNbHBIM, TEM HE
MeHee, OH MOXET JIaTh CEJIEKTUBHOE OKpalINBaHHE.

Monudukarus TKaHU Tepe]] OKpaIliBaHUEM TaK)Ke BIUSET HA KOHEYHBIN
pesyiapTaT. Moaudukanuu BKIIOYAOT B ceds  (Qukcamnuio, BO3JCHCTBHE
KOTOpPOH Ha OKpAallMBaHWE BO MHOTOM CIY4YalHO, TEXHMKH OJOKHPOBKH H
AKCTPAKIUH, MpeAHa3HAUYCHHbIE ISl HM3MEHEHHs] OKpaIIMBaeMbIX MAaTTEPHOB.
Qdukcanusi MEPEeBOJUT PACTBOPUMBIE KOMIIOHEHThI B HEPACTBOPUMBIE U
MpHU3BaHa OTrPaJUTh Mpernaparbl OT «IIOCMEPTHBIX» HM3MEHEHHIl B TKaHSIX,
M3MEHEHHH B TMpOLECCe OKpALIMBaHMS, BO3ACUCTBUS OakTepuii U TpuOOB.
Paznuunble (¢uKkcaTtopbl, OAHAKO, OKa3bIBAIOT pa3jMYHOE BO3JACHCTBHE Ha
Matepuan. K mpumepy, MHOTHE JUIMUIBI TUIOXO COXPAHSIOTCA NpU (UKCAIUN
dbopMaIMHOM U AKTUBHO DOKCTPAarupyroTcs NpU (PUKCAIMH  CIIHPTOM.
OxpamuBaHue JUMHIOB TIOCJIE CHUPTOBOM (puKcaluu, TakuM 00pa3zoMm,
Hed(hPEeKTUBHO.

Oco0oro BHHMaHHS 3acCTyKUBaeT (IYyOPECUEHTHBIH  BUTAIBHBII
KpacHTeb aKpUIHHOBBIN opamxkeBblii (AO). OH UMeeT MUPOKOe MPUMEHEHHE,
HayuHas OT MCCJIEIOBAaHMSI KOJUYECTBA U CTPYKTYP HYKIJIEUHOBBIX KHCIOT,
M3Y4YEHUsI KM3HECTOCOOHOCTH KJIETOK M 3aKaH4MBasl arolTo30M, HU3yuYeHHEM
3JIOKAQUECTBEHHBIX omyxosieil. Takoe MIHUpPOKOe MPUMEHEHHE OKa3aloCh
BO3MOXXHBIM Oyiarojiapsi pa3iuuHbIM ()IyOpEeCHEeHTHBIM CBOWCTBAM MOJIEKYI
AO B Buge moHomepoB, arperatoB u B komiuiekcax ¢ JIHK u PHK. Tax,
KBAaHTOBBIM BBIXOA (QuiyopecueHnmu MoHOMepoB AQO, copOMpOBaHHBIX
JNBYCHUPAIbHBIMU ~ CTPYKTYpaMH  HYKJIEHMHOBBIX  KHUCJIOT, 3HAUYUTEIbHO
yBeJIMUMBaeTCs Oiaronaps HHTepKanauuu MoHoMepoB AO B TakHue CTPYKTYpHI:
OHHU sIpKO (pryopecuupyroT B 3eyieHoW obiactu crmekTtpa. Kpome toro, ms-3a
MEXMOJICKYJISIPHOTO, TJaBHBIM 00pa3oM TuapoGoOHOr0, B3aMMOJICUCTBUS
MOHOMEPOB AQO BO3HUKAET SBJICHHE METaxpOMa3uH, T.€. JJIMHHOBOJIHOBBII
CABHUTI CHEKTpOB (piyopecuennnu arperatoB AO mo CpaBHEHHUIO C TaKOBBIMU
st monomepoB AO (Johnson, 2003). Metaxpomaszuio AO MOXHO HaOJII0IaTh
IIPU POCTE ero KOHIeHTpaluu, npu copoiun AO Ha OJIU3KO pacmosioKEHHBIX
MecTax COpOIMH, KOT/Ja BO3MOXKHBI MEXKMOJICKYJISIPHBIE B3aUMOJICHCTBUS
MoHOMepoB AQO, W B psjge MNOAOOHBIX ciydaeB. [Ipumepom sBisieTcs
¢nyopecuenist AO B KpacHOW 00IacTH CIEeKTpa HpU CcOpOIMM ero Ha
(dbochaTHBIX TpyMmax OJHOTHKEBBIX HYKJIEHMHOBBIX KHUCIOT, B yacTHocTH PHK.
SBnenne meraxpomazuu AQO HaOIMIOZAeTCS TAaKXkKe MPU B3aUMOJICHCTBUHU €O
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MOJIEKYT B 3aMKHYTBIX MEMOpPaHHBIX IY3BIPbKaX C KHCIBIM COJCPKHMBIM
(manpumep, TU30COMax).

Omnum u3 npumeHeHudt AQO crana TEXHHMKAa CMEIIAHHBIX METOK st
KOHpOKaIbHONH  J1asepHOl  ckanupymomeil  mukpockormu  (KJICM) u
(bayopectieHTHOM MUKpockonuu. Camu 1o cebe 30JI0ThIe YaCTHIIBI HE BUIHBI B
OOBIYHBI CBETOBOM MHUKPOCKOI W, BBUIY CJIa00W JTIOMHHECIICHITUH, III0XO
BuaHBI py KJICM. EnquHCTBEHHBIM CITIOCOOOM BU3YaTM3UPOBATH HAHOYACTHIIHI
SIBJIIETCS METOMKA TEMHOTO MoJisg. OHOM U3 JOMOJHUTENBHBIX BO3MOKHOCTEH
JUISL MCCIEAOBAHUS JIOKAIU3ALMK 30J0Ta BO BHYTPHUKJIETOUHBIX OpraHesiax
SIBJSIETCSl KOHBIOTAITUS 30JI0THIX HAHOYACTHI] C ()IIyOPECIIEHTHBIM KPAaCUTEJIEM.
beuto ycranoBieno, uro aacopouus AO Ha MOBEPXHOCTH HAHOYACTHUIL 30J10Ta
3HAYMUTEJIbHO YCHJIMBAET CBETHMOCTh HAHOYACTHI[ B PEKHUME TEMHOTO TIOJI.
JlomoHUTENBHO, aIcOpOUPOBaHHbIN Ha yacTullax AQ MONHOCTBIO TYIIHUTCS, B
pe3yibTaTe 4ero Ha (IyopecIEeHTHBIX M300paXE€HUSX YepHble 00JACTH SBHO
CBUJICTEIBCTBYIOT O HAIMUUHU TaM 30JI0THIX arperaTros.

[ToMUMO TOTOBBIX KOMMEpPYECKMX WIPOJIYKTOB, B TIOCIEIHEE BpeMs
HaOHMpaeT MOMYISAPHOCTh e O MPUTOTOBIECHUH (DITyOPECHEHTHOTO KPaCUTENs
C JIFOOBIMH, 3apaHee 3aJaHHBIMH CBOMCTBAMU IIPSIMO B JIAOOPATOPHH.

3adacryo dryopeciieHTHbIC Kpacurtenu u HaOOPBI TUTS
IUTOMITYOPUMETPUYECKOTO  OKpAIIMBAaHUS HWMEIOT BBICOKYIO CTOMMOCTD,
OTPaHUYEHHBIA CPOK XpaHEHHs M JKCIUTyaTallud, OCOOCHHO B BHJE paboumx
pactBopoB. B cmiy 53TOro, paspaboTka HOBBIX THIOB (IyOpEeCIEHTHBIX
KpacuTelleld, CHHTE3 M MPUMEHEHHE KOTOPHIX OBbUTH OBl BO3MOXHBI TIPU
CpPEIHEM YPOBHE TEXHHYECKOW OCHAIEHHOCTH J1abopaTopuu, a CBONWCTBAMH
KOTOPBIX BO3MOXKHO OBUTO OBbI YIIPaBIATH B MPOIECCE CHHTE3a, SBISETCS OUYEHb
aKTyaJIbHOM. Hamu OBLT  BOCTIPOHM3BEICH OpPUTHHAJIBHBIA  METO/I,
npeiokeHHbii Zhang ¢ coasropamu (Zhang et al., 2014; Khlebtsov, 2014).
OnucaHHBIH METOJ] CHHTE3a MPOCT W TPOBOJUTCA B OJIMH OTall, BpeMs
MPUTOTOBIIEHUS Kpacutens okojao 1 waca. Hamm ObUTM TOMY4YEHBI CHEKTPHI
BO30YXICHHS JAHHOTO KPacUTENsI, a TaKKe MPeJyIo’KeHa cxeMa, O0OBICHSIOIIas
MPUHIIMIT CHHTE3a JaHHOTO BemlecTBa. [loaydeHHBI KpacUTelb JOCTATOYHO
YCTOMYHMB JaKe MPU XPAHEHUHU Ha CBETY IIPU KOMHATHOW TemnepaTrype. OaHako
JUIS.  TOCTMDKCHUS HAWITYYIIMX PE3yJIbTaTOB €ro HeoO0XOoauMo JTHO(UIHHO
BBICYIIMBaTh W XpaHuTh mpu -20°C, mpu STOM BpeMs XpaHEHHUS TaKOTO
BBICYIIIEHHOTO MpernapaTa MOKET COCTaBISATh HECKOJIbKO MECSIIEB.

JlaHHBIN KpacUTeNb B HEMOIU(DHUITUPOBAHHOM BHJIE MOXKET MPUMEHSITHCS
JUTSL OKpAIlIMBAHUS KaK JKUBOTHBIX, TAK U PACTUTEIHHBIX KJIETOK. B )KHMBOTHBIX
KJIETKaX HauOOoJbIlIee HAKOIUIGHWE KpacuTels HaOmogaeTcss B 00JacTH
MeMOpaH U BaKyoJeil, OJHAKO MPHUCYTCTBYIOT KJIETKH, OKpalleHHBIC
MOJTHOCTBIO, BKIIOYAs sAPO. B pacTUTENhHBIX KIETKaX OKPAlTUBAIOTCS
MPEUMYIIECTBEHHO Bakyonu. [lo pesynbratam HaONIOACHUN, JaHHBINA
KpacuTtenb 00J1aJJaeT MOBBIIEHHON CTOWKOCTHIO K BBITOPAHWUIO U HETOKCUYEH
KaK JUIsl KUBOTHBIX, TaK W JJS PACTUTENBHBIX KJIETOK. J[OMOTHHUTENTHHO,
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¢dyopecuupyromuii  KOMIUIEKC MOXET OBITh MOIUGHUIIMPOBAH J00aBlICHHEM
MOJIEKYJI-30HAOB JUISI HAKOIJIGHWS B OIYXOJNSIX W HCIIOJIb30BaHHS B
IIMArHOCTHKE iN ViVO.
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[MpencraBnena JOUHAMHKA LOUTOMOP(OIOTHYECKUX  W3MCHEHHWH B
KyIbType KJIETOK TOYKM dMOpuoHa cBuHbM (SPEV-2), npu pa3HbIX
KOHIICHTPALMSAX  pacTBOpa  CyXOro  CIOHPTOBOIO  3KCTpaKTa  aBpaHa
JICKapCTBEHHOTO. Y CTAHOBJICHO CTATUCTUYECKH IOCTOBEPHOE J10303aBHCHUMOE
yBenunueHue crerneHu mnoBpexaeHHoctd JIHK B kierkax, 3apakeHHBIX
OHKOBHPYCOM, TMOJ JCHCTBHEM OSKCTpaKkTa aBpaHa. BbISBIECHBI MPU3HAKH,
MapKHUPYIOIIUE KaK MPOIECC THOETH KJIETOK, TaK M CTaJMHU UTOTOKCHYHOCTH
3KcTpakTa, uHAaymupyroomero JIHK-moBpexaeHus B KiIeTKaX, 3apa)K€HHBIX
OHKOBHPYCOM, B YCIOBHSIX IN VItro.

KiawueBble c¢J10Ba: SKCTPakT aBpaHa JIEKapCTBEHHOrO, MPONHIAMN
HOIUCTBIN, KIIETKH MOYeK SMOpHOHOB cBUHBH (SPEV-2), aronTo3

The cytotoxic activity of the solution dry acoholic extract of the
medicinal Hyssopus officinalis (Gratiola officinalis L.) was investigated in
vitro experiments on embryonic kidney cells pig (SPEV-2). Concentration
studied: 3.2 pg/ml, 32 pg/mL, 320 pg/ml, 3.2 mg/ml, 32 mg/ml. Minimum
concentration of the extract solution, significantly inhibits the growth of cellsin
culture, isa 32 ug / ml. Most cytostatic activity of the extract solution set for
the concentration of 3.2 mg/ ml, which leads to almost compl ete destruction of
the cellsin culture.

Keywords: Gratiola officinalis L., propidium iodide, the cells of pig
embryonic kidney (SPEV-2), apoptosis.

Beenenne
Kynbrypa kjeTok mouku SMOpHOHA CBUHBH, 3apak€HHBIX OHKOBHUPYCOM
(SPEV-2), ciyxur Monensio omyxoneBbix kieTok (buOukosa, CrapoBepos,
2011). Tlomy4yeHHBIE HAMH PAaCcTBOP CYXOrO CIHPTOBOIO SKCTpPAaKTa aBpaHa
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nekapctBeHnoro (Gratiola officinalis L.), Hapsmy co cmaboii TOKCHYHOCTBIO,
o0llalaeT BBIPAKEHHOW MPOTUBOOIYXOJIEBOH AaKTHBHOCTHIO, B OTHOIICHUH
nepeBuBaeMoro paka rmedeHu kpeic PC-1, a Takke BBIpaKEHHBIM
aHTuKaHIeporeHHbM aeiictBuem (ITomykonosa u ap., 2011, 2013; Navolokin et
al., 2012; HasonokuH, [TaBnosa, 2012; HaBomokun u ap., 2013; Kypuarosa u
ap., 2014). XuMudeckuii coctaB 3TOT0 SKCTPAKTa, YCTAHOBICHHBIM HA Ta30BOM
XpoMaro-Macc-criekTpoMerpe  Finnigan,  mokasan — HaliMuMe B HEM
OonodnaBoHOMIA KBEpIETHHA, a Takke. 4-BUHWUI-2-MeToKkcudeHnomna, 2,3-
IUruApo-3,5-auruapokcu-6-metun-4H-nupan-4-ona, 2,3-muruapobensodypana,
3-bypaHkapOOHOBOM KHCIOTHI, S-rHApOKCHMETHI-2-Gypanbaeruaa, 3Tuia-o-d-
pubosuna, 4-mpomwideHona, NUpOKaTexwHa, L-mykcoser (meHTO3bI), 6-
JICOKCUTEKCO3bl L-TamakTo3el, 3TUIIOBOrO 3¢upa OCH30MIYKCYCHOM KHCIIOTHI,
MAITEMUATUHOBOUW KUCIIOTHI, TOMOBAaHWJIMHOBOW KHCIIOTHI, TNIFOKO3bI, 1,4-aHTHapo-
d-maHHUTONA, GEH30MHON KUCIIOTHI.

[lenp paboThI — onmKcaTh AMHAMHUKY ITUTOMOP(OIOTUIECKIX W3MEHEHUH,
MPOUCXOMANIMX B KYJAbTYpPE KIETOK IMOUYek 3MOpHOHOB cBuHBH (SPEV-2),
3apakKCHHBIX OHKOBUPYCOM, C YBEIHUYEHHEM KOHIICHTPAIIMH PAcTBOpA CYXOro
CIIUPTOBOTO SKCTPAKTA aBpaHa JIEKaPCTBEHHOTO.

MarepuaJj 1 MeTOAUKA

Hcnonp30oBaHa KyJabTypa KJIETOK MOYEK SMOPHOHOB CBHHBH, 3apa’keHHBIX
oukoBupycoM (SPEV-2). KynsTHBHpOBaHHME TMPOBOAWIN B IUIACTHKOBBIX
¢nakonax B cpene RPMI 4 na 6aze nmabopatopun UBOPM PAH (Capatos).
Bbu10 3a5105K€HO 11EeCTh JIYHOK KPYIJIOJOHHOTO IUIaHIIeTa ¢ KyJbTYypOol KIETOK —
OJTHa KOHTPOJIbHAS U TSITh SKCIIEPUMEHTANbHBIX. KOHTpOIEM CITy>KWin KIETKU B
MUTaTeNnbHON cpene 0e3 n00aBieHHs OKCTpakTa aBpaHa JIEKAPCTBEHHOTO,
BBIPOCIIIMX B TE€YCHUE CYTOK. B MATh TYHOK BHOCHIIN SKCTPAKTUBHBIC BEILIECTBA,
MpEABAPUTENILHO  PAaCTBOPEHHbIE B TOW K€  NUTATEIbHOM  cpele.
AHaIM3UPOBAINCH KOHIICHTPAIIMU PacTBOpa 3KCTpakTa: 3.2 MKr/mit, 32 MKr/mi;
320 mkr/min; 3.2 mr/ma u 32 wmr/mu. Kietku kynbruBupoBaincs B COo-
unkybarope npu 37°C B TeyeHue 24 4acoB, TOCIE YEro OKPAlIMBAINCH. B
Ka4yeCTBE KpacHUTeNs HUCHOJIb30BaH NOIUCTEBIN MIPOMUANIA, KaK
nntepkanupyroumii B JIHK siapa 1 He npoHukaromuil yepe3 HEMOBPEXKACHHBIE
kiaeroudbie  MemOpanbl  (@pemnn, 2011). A BH3yamu3alMd  KIETOK
UCIIOJIb30BAJIM  KOMOWHHPOBAHHE HECKOJIBKUX MHUKPOCKOITMYECKUX PEXHMMOB
pEerucTpalii CBETOpacCcesiHus U (IIOOPECIICHIIMM Ha CBETOBOM MHKPOCKOIIE
LeicaDM 2500 c ranorenoBsiM ocerureniem Leica CLS 150. AHanu3upoBainch
MOKa3aTeal. CpelHee YHCIO MEPTBBIX KIIETOK, OKPALICHHBIX IPOMUANEM B
OpaHKEeBbIN IBET, cpeiHee 00Iee KOJMYECTBO KIETOK B KYJIbTYpe, OTHOIICHHUE
Yrcia MEPTBBIX KJIETOK K 00IeMY KOJIMYECTBY KJIETOK B KYJIbTYPE, YMHOKEHHOE
Ha 100%, a Taixke OTMEYaIM BO3HMKHOBEHHE XapaKTEPHOW BHYTPUKIETOYHOMH
TpaHyJISIMYA U MHTEHCUBHOCTD CBEUEHUS KPACUTEIIS.
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s cratuctrueckoit o0paboTku ucmonb3oBau mporpammy SPSS 13.0
OOIIETPUHATBIMU ~ METOJAAMH  MEIMKO-OHMOJIOTHYECKOW  CTaTHCTHKH €
BBIUMCIICHUEM CPEIHEr0 W CTaHJAPTHOW OIIMOKUA CPEIHEro, 3HAYUMOCTh
pa3uuuil MpH HOPMAIBHOM pACHpEIe/ICHHH ONpeAesUTM MpU momornu t-
kputepusi CThIOJICHTA /I HE3aBUCHMBIX BBIOOPOK.

Pe3yabTaThl HecaeJ0BAaHUS U HX 00CYKIeHHe

B kommpone XIETKU TOJUTOHAIBHOM, TPEYroJbHOM, pEeXe, OKPYIJION
(bopMBI NIEKaTH POBHBIM MOHOCIIOEM, IJIOTHO TMpUJIerast Kak Apyr K ApYry, Tak
u K momioxke. lluromnmasma romoreHHasi, siapo 4eTko odopmieHo. Ywucio
MEPTBBIX KJIETOK equHIYHO (Tadu. 1).

Ilpu ronyenmpayuu pacmeopa aépana 3.2 mrelmn YUCIO KIETOK, HE
MPUKPEIUIEHHBIX K TOJUIOKKE, HE3HAUUTENILHO YBEINUUBATIOCh. CpenHee Yuciio
KJIETOK B TOJIE 3pEHHUS] HUXKE, YEM B KOHTpPOJE, JOCTOBEPHOTO OTJIMYHUS IO
CpeIHEeMY YHCIY MEPTBBIX KIETOK B IOJI€ 3PEHUS HE BbIsIBICHO (Tadn. 1).
Cseuenne JIHK MepTBBIX KIETOK HMHTEHCHBHOE, YETKO OYEPYEHO.
OxpammBaHue cpelnbl M CaMHUX KIETOK MPOU30ILIO 32 CYET OKPALIMBAHMS
pactBopoM sKkcTpakTa. [Ipu comoctaBieHUH (OTOCHUMKOB, MOJYUYEHHBIX MpPU
pasHBIX MHUKPOCKOMMYECKHX pEeXHMax pETUCTPAllMd CBETOPACCeSIHUA U
(baroopecueHIl, HAMH HE BBISBIEHO MOP(OJOTUYECKUX OTIMYMN KUBBIX U
MOTUOIINX KIETOK.

Ipu xonyenmpayuu pacmeopa aspana 32 mxelmn HaOIIOZATH PE3KOE
npeobiasaHie  KJIETOK  OKpPYIJIOM  (OpMbI, KJIETKM JISKalIu  MeHee
OpPraHM30BaHHO U HE ObUIM MPUKPEIUICHBI K MoAI0XKKe. OTMeuanu NosiBIeHHE
BBIPQ)KCHHOW BHYTPHUKJICTOYHOM TpaHyJIALMHM, HEPOBHBIE KOHTYpPBI KIETOYHOMU
MeMOpaHnbl. CpesiHee YUCIIO KJIETOK B TOJIE 3pEeHUsl IOCTOBEPHO HUKE, Cpe/iHee
YHCIIO MEPTBBIX KJIETOK B TOJI€ 3PEHUSAIOCTOBEPHO OOJbINE, YEM B KOHTPOJIE
(rabm. 1). CBeuyenne JIHK moruOmmx KIETOK WHTCHCHBHEE, a BOKPYT 30HBI
CBEUEHUS MOSBUWINCH OpeoJibl. THTEHCUBHOCTh OKpaIIMBaHUs CPEbl U KIETOK
BO3pOcCyia C YBEIMUYEHHUEM KOHIICHTPAI[UN pacTBOpa aBpaHa.

Ilpu  konyewmpayuu pacmeopa aspana 320 mxelmn oTMeuanu
yBEJIMUYEHUE PAa3pPO3HEHHOCTH KJIETOK, OHU HEe OBLIN MPUKPEIIEHBI K MOIJTIOKKE
¥, B OONBIIMHCTBE Cly4yaeB, uUMeNn OKpyriaylo ¢opmy. Cseuenne JIHK
MOTUOMIMX KJIETOK MHTEHCHUBHOE, 3aMETHBII Opeosd BOKPYT 30HBI CBEUEHHUS B
psane ciydaeB Obl He cummerpuueH. [Ipu comocraBneHMHM (DOTOCHUMKOB,
MOJIYYEHHBIX HAMU MPU Pa3HbIX MUKPOCKOIMUYECKHUX PEKUMAX CBETOPACCESHUS
U (IIOOPECICHIINH, BBIIBIIIM CIEAyIOIUe MOp(OoNOTHYecKkre OTIMYHUS
MOTUOMIMX KJIETOK OT JKMBBIX. LIUTOIUIa3Ma ATHX KJIETOK OblJa ¢ yMEpPEeHHO
BBIPA)KCHHOU BHYTPUKJIETOUHON TPaHyJIALUCH, ux aapa HE
mudpepeHIpPoBaIUCh, Y HEKOTOPhIX OBUIO (PparMEHTHPOBAHO SIAPO, UYTO
CIY’)KUT HecelM(pUUecCKUM MPU3HAKOM Hauana rubenu kietku. CpenHee 4ucio
MEpPTBBIX KJIETOK B IOJI€ 3peHUsi ObLIO JOCTOBEPHO OOJbIIIE, YeM B KOHTpOJIE
(tabn. 1). Ilpu yBenmyenun konueHtpauuu B 10 pa3 (ot 32 mxr/mim k 320
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MKI/MJI) TIpH JIMHEHHOW 3aBHCHMOCTH OTMEUallOCh YMEHBIICHUE 4YHCIIa
BBIPOCIIUX KJIETOK B TOJIE 3PEHHsI, OJHAKO B HKCIEPUMEHTE MPOUCXOIUIIO
YBEJIMUEHUE CPETHEr0 4YHClia BBIPOCHIMX KIETOK B TIIOJI€ 3PEHHUS, YTO HE
SIBJISUIOCH JIMHEHHOM 3aBUCUMOCTBIO.

Ipu xonyenmpayuu pacmeopa aépana 3.2 melmn Mbl HaOIIOJAN, YTO
KJIETKH TpUOOpeTaii XapakTEepHYIO 3Be3AuaTyio (opMy WIH COXpaHsUU
OKpyTNyl0, ¢ (¢parMeHTanueld KJIeTOYHOH MeMOpaHbl ¥  BBITEKaHHUEM
COJIEP’)KUMOT0, MOTUOIINE KIETKM OOpa30BbIBAIM KOHIJIOMEPATHI, TaKkKe
OTMEYAIIUCh KIIETKH IO THITY TeHEW — amonTHYecKhe KIETKH. UHCIo MEepPTBBIX
KJIETOK  MPAaKTUYECKH  MJEHTUYHO  OOIIeMy  YHCIy  KJETOK,  4YTO
CBUCTEITHCTBOBAIO O TOM, YTO BCE BUIUMBIC KJIETKU OBUTH MOTHOMIMMHU. MBI
OTMEYAJId y HUX PE3KO BBIPAKEHHYIO BHYTPHUKJIETOUHYIO TpPaHYJSALHUIO U
MOSIBJICHHE YEPHBIX OKPYIJIBIX OOpa30BaHW B IMUTOIUIA3ME, YTO MOXKET
XapaKTepu30BaTh MpojoiDKarouiics amonTto3. CpeaHee 4YHMCIO BBIPOCIIMX
KJIETOK B TIOJIE 3pE€HUS OBUIO MEHBIIIE, CPEAHEE YHCIO MEPTBBIX KIETOK B IOJIE
3peHus00mbIIe, KaK B KOHTpOJie, TaK M IO CPAaBHEHHUIO C Mpeablaylien
KOHIIeHTpanued pactBopa (tabm. 1). HWHreHncuBHOCTh cBeuenus JIHK
IMOTHOIINX KJIETOK JOCTATOYHO CHJIbHASI, YTO CBUIAETEIHCTBOBAIO 00 MX rudenn
HEMOCPEACTBEHHO B XOJ/I€ IKCIIEPUMEHTA TOJ] ICWCTBUEM IKCTPAKTa B TEUCHUE
CYTOK. 30Ha CBEUEHUS U OPEOJIbl HE UMENIN YETKUX IPaHuLl.

Ipu xonyenmpayuu pacmeopa 32 melmn Mbl OTMEYalld, YTO KJICTKH
TaK)K€ UMENH 3BE3MYaTyI0 WM, PEeKe, COXPAHSIN OKPYriaylo Gopmy, KIETKU
HaXOJWJINCh B COCTOSHUM HaOyxaHHs, MOTHOIIME KJIETKH OOpa30BBIBAIN
KOHTJIOMEpaThl, KOHIJIoMepanus Oojiee BbIpa)keHa [0 CPaBHEHHIO C
peAbIIyIIEen KOHILICHTPALUEH. Otmeuanu BBICOKYIO CTEIICHb
BHYTPUKJIETOUYHOW TpaHylsauuH, (parMeHTanuio KIEeTOYHOM MeMOpaHbl ¢
BBITEKAHUEM COJICPKMMOTO, sijipa KieTok He auddepeniupoBanucek. Cpennee
YHUCIIO KJIETOK B IOJIE 3pEHUS MEHbIE, YeM B KOHTpPOJE; CpelHee YUCIIO
MEPTBBIX KJIETOK B IOJIE 3PEHUS COBIIAAIO C OOIIUM YHCIIOM KIETOK B IOJIE
3pernst (tabm. 1). MHTeHcuBHOCTH cBeuenus JIHK mormOmux kiaeTok Oblia
HAaMHOTO HIDKE, YeM TMPH MPEeAbIyIIei KOHIICHTPAIIUH, YTO CBHIETEIHCTBOBAJIO
00 ux rubenu moj AEWCTBUEM HKCTpaKTa y>K€ B IEpBble Yachl OT Hayaja
skcriepuMenTa. Crnaboe cBeueHue Takxke mokaswiBano paspymenne [JHK sapa,
YTO OTPAXKAJIO 3aKITIOUUTEIbHBIE CTaIUN THOETH KIIETKH.
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Ta6auna 1. VMi3smMeHeHne 4ucia KICTOK Modek 3MOpruoHOB cBUHBH (SPEV-2) B KOHTpoOJie U B KyJbType C J0OaBICHHEM
pacTBopa 3KCTpaKTa aBpaHa MPHU pa3HBIX KOHIEHTpanusx. [lomykupHbIM mpudTOM BBIIEICHBI CTATUCTHYECKU 3HAYUMbIE
pa3nuyus.

KoHIIeHTpaluy pacTBOpa SKCTPAaKTa aBpaHa
[Tokazarens KOHTPOJIb 3.2 32 320 3.2
32 mr/mn
MKT/MII MKT/MJI MKT/MJI Mmr/mit
CpenHee 4mucio 8.33+0.44 6.16+0.53 9.5+0.75 17+0.42 304.66+17.34 | 316.2+3.58
MEPTBBIX KJIETOK p<0.001 p<0.05 p<0.001 p<0.001
Cpennee oomee | 562.66+16.02 | 446.5+12.32 | 392.5+23.16 | 427+20.28 | 301.33+18.05| 316.2+3.58
YHCII0 KIETOK p<0.05 p<0.001 p<0.001 p<0.001
OTHoOILIIEHHE YHCTIa
rZ%EZﬁ K;IEEEK 1474006 | 1.39+0.14 | 3.13t0.29 | 4.03+0.13 1000 1000
v ey p<0.01 p<0.001 p<0.01 p<0.001 p<0.001
KIIETOK,
B IIPOIIEHTAX
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BoIBOaBI

Ha npumepe nelictBus pacTBopa 3KCTpakTa aBpaHa C yCTaHOBJIECHHOU
paHee TPOTHUBOONYXOJIeBOM akTuBHOCTBIO (HaBonokun wu np., 2013) nHamwm
ONPEICIICHBI cTaguu JAHK-noBpexneHuss KJIETKAaX, 3apakKeHHBIX
OHKOBHPYCOM, B YCIOBHSX IN Vitr0. YcraHOBIEHBI HUTOMOP(OIOTHIECKHE
MpU3HAKK, MapKUpYIOIIHe TMpolecc THOear KIETOK: Haluyhe YepHBIX
o0pa3oBaHMil B NMTOMJIAa3Me, HEYETKHE KOHTYphl CaMUX KIETOK H
npuoOpeTeHne UMM 3Be3AuaTo (OpMbI, a TaKkKe, Ha 3aKIIOUUTEIBHBIX €ro
sTanax, HaOyxaHWe KJIETKH, (ParMEeHTAIMSIKICTOYHOH MeMOpaHbl ¢
BBITEKAHUEM  COAEPKUMOTO, oOpa3oBaHHe  MOTHOIIMMHU  KJIETKaMu
KOHIJIOMEPAaTOB M CHW)KEHNE MHTEHCUBHOCTH CBEYEHHUS HOAMCTOTO MPONHUAMS,
ceugerenscTBytomee o pacnane JHK sanpa. MHTEHCHBHOCTH CBEYEHUS
KpacuTells CBUETENbCTBYET, C 0OHOM cTopoHsbl, 0 nenoctHocty JAHK siapa, a ¢
Ipyroi — o BpemMeHH TuOenu kieTku. Tak, mpu paspymennor JIHK B
noruodIIel KIeTke cBeUeHne OyeT HEIPKUM.
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