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BriepBble nmostyueHa sMOpHOTreHHasl KyJIbTypa Maka cKayioJiloMHoro Papaver rupifragum Boiss. & Reut., ko-
Topas ObUTa MHUIIMMPOBaHA HAa KOPHSIX IMPOPOCTKOB, BhIpaIMBaeMbIX U3 ceMsiH Ha MC-cpene ¢ moGasiie-
HueM Imr/a UMK. Iocneayioliiee nomaaep:xaHmue SMOPUOTeHHOM KYJIbTYPbI OCYILECTBIISIA Ha 6€3ropMOHAITb-
Holi MC-cpene. InuTenbHOe KyJIbTUBUPOBAHKE U COXPaHEHUE IMOPUOTEeHHOI CITOCOOHOCTHU KYJIBTYDHI (OoJiee
5 neT) TomaepXKUBaIOCh 6J1arogapst IUKJIaM alBEeHTUBHOTO SMOpHUOMIOTeHe3a, BKIIIOYAIOIINM 0Opa3oBa-
HUE KaJTyca Ha MPEACYIIECTBYIONIMX SMOPUONIAaX U MHAYKIIMIO U3 UX CYOIMOBEPXHOCTHBIX KJIETOK HOBBIX
3MOpUoOUa0B. B CBSI3M ¢ 3TUM ToJlydeHHast KyabTypa P. rupifragum MOXeT paccMaTpuBaThcsl Kak audde-
pEeHLIMPOBaHHAs KYJbTypa, B KOTOPOM CTagus Kajulyca SIBISIETCS MPOMEXYTOUYHBIM 3TAIlOM Pa3BUTHSI.
YcTaHOBIIEHO, YTO TOBEPXHOCTH BHOBb 00pa3yeMbIX SMOPHUOUIOB MOKPHITA TTOBEPXHOCTHOM CEThIO IKC-
TPaKJIeTOYHOrO MaTpuKca, CQOpMUPOBAHHON MojiMcaxapuaaMu, JUITUAAMU U TeprieHaMu. [ucrooru-
YeCcKM aHaJW3 IToKas3all, YTo IJIsST SMOPUOTEHHOM KyabTyphl P. rupifragum xapakTepHO oOpa3oBaHUE
KOMILJIEKCOB CAUTHIX 3MOpuounoB (KCD), Bo3HMKAIOLIMX, HPEANOJOXUTEIbHO, JU00 B pe3ybTaTe
KJIMBaXKHOM MOJIU3MOPUOHUHU, TUOO MPU CUHXPOHHOM Pa3BUTUM Ou3exaliux amMmopuonnos. M3yue-
HUEe TUCTOJIOTHU U YIbTPacTpyKTYpbl KCD BBIIBUIIO, UTO CIVSTHUE SMOPUONIOB OOYCIOBICHO HapYIIEHH -
sIMU B OPMUPOBAHUHU SIIUAEPMUCA U KYTUKYJIBI. [MCTOXMMUYECKUE MCCIeNOBaHMsl YCTAHOBUIIM, UTO M-
OpuoreHHast KyabTypa P. rupifragum cMHTE3UpyeT M HaKaIUIMBaeT TPUALVIITIULEPUIbI, TTOJIMCaXapybl,
denonmpHBIe coenuHeHust (PC), TepreHbl U anKaaouabl. [TokazaHO, YTO KOJWYECTBEHHBIN M KaueCTBEH-
HbIit coctaB @ C 1 aTKalouI0B KYJAbTYPHI P. rupifragum 3aBUCeIl OT BO3pacTa KyJIbTYphl U ee nruddepeHIn -
POBKH, pEeTyJIMpyeMoOii yCIOBUSIMU BbIpalliiBaHus (CBeT, TeMHOTa). AuddepeHinpoBaHHass SMOpUOTEH-
Has KyabTypa P. rupifragum coxpaHsieT cnocoOOHOCTb K (DOPMUPOBAHUIO SMOPUOUIIOB Ha OE3TOPMOHATIBHO
MC-cpene B TeueHUE IUIMTEIBHOTO BpeMEHU KYJIbTUBUPOBAHMS U MOXET SIBJISITHCSI OCHOBOM LTSI TAJTbHE -
1Ieit pa3paboTKM OMOTEXHOJIOTUUECKUX METOIOB IOJyYeHUs! JIEKapCTBEHHBIX COSAUHEHU 1151 KOCMETO-
JIOTUU U (papMaKOJIOTHM.

KmoueBble ciioBa: Papaver rupifragum, aIKaJOUIbl, aIBEHTUBHBIN 9MOpUONAOTEHE3, KOPHU, JTUTTUIBI, TEP-
MeHbl, GeHOoIbHbIE COeNUHEHMs], SMOPHUOTeHHAas! KyIbTypa
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BBEIEHUE Sfragum Boiss. & Reut.) mpuBiiekaeT BHUMaHHUE YC-
cliemoBaTesieil Kak JeKOpaTUBHOE MHOTOJIETHEE pac-

MeTonbl KyabTYphI KJIIETOK M TKAHEH HIMPOKO UC-  TeHUE C KPYIHBIMU OPAHXKEBBIMU LIBETKAMU, & TAKXKE

MTOJIB3YIOTCSl HE TOJBKO JJIST O3MOPOBJICHUST U OBICT-
pOro pa3MHOXEHUS PaCTEHUI, HO U IS TTOJIyYEeHUS
KJIETOYHBIX KYJIbTYP CYEPIPOAYIIEHTOB BTOPUYHBIX
MeTaboauToB [1]. Mak ckamosomMusblil (Papaver rupi-

Cokpamennsi: KCD — KoOMIUIEKC CIMTHIX 3MOPHUOMIIOB,
TICBKM — moBepXHOCTHAsI C€Th AKCTPAKJIETOYHOIO MaTpUKca,
MC-cpena — cpena Mypacure n Ckyra, TC — TOTyMIMHOBBIIA
cuHuii, TOM — TpaHCMUCCUOHHasI 3JIEKTPOHHAasT MUKPOCKO-
s, ®C — peHONbHBIE COSTUHEHUS.

KaK MOTEeHIIUAJIbHbIA UCTOYHUK JIEKAPCTBEHHBIX CO-
equHeHuit. [IpencraButenu pona Papaver CUHTE3U-
PYIOT aJIKaJIOW bl Pa3JIMYHOIO THIAa, Pa3HOOOpa3HbIe
¢deHonbHBIe coenuHeHuss (PC) u a¢pupHBIe Macia,
KOTOpbIE UMEIOT HIUPOKUN CHEKTp OMOJOrnyecKoit
aKTUBHOCTHU M MOTYT OKa3bIBaTh aHAJIbI€3UpYIOIIEe,
MPOTUBOMUKPOOHOE, TIPOTUBOBUPYCHOE, aHTUIMA-
OeTudyeckoe u Apyroe neiicteue [2]. MeTombl moayde-
HUS U KYJIbTUBUPOBAHUS KJIETOUHBIX KYJIbTYp pa3pa-
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OoTaHBI OJI1 MHOTMX BUIOOB Maka: P. somniferum [3,
41, P. bracteatum [5], P. orientale splendidissimum [4].
YCTaHOBJIEHO, YTO TOJBKO 3MOPUOIeHHBIE KJIETOY-
HBI€ KYJIbTYyphl pona Papaver 061amaioT CIIOCOOHO-
CTBIO K CUHTE3Y ajJIKaJaoumnos [2, 6]. ITomydyeHue Kie-
TOUYHBIX KyJAbTYp P. rupifragum no cux mop He ObLIO
omucaHo. [TosTomMy B 3agaun Hallleii paGoThl BXOIH-
JIO TIOJIydeHUEe SMOpPUOTreHHOUN KyJIbTypbl P rupi-
Jfragum, ee LUTOJOTMYECKOE M3yUYCHUE, a TaKXKe M-
CTOXMMUYECKUI U OMOXUMUYECKUI aHAIU3 COCIU-
HEHU, CUHTE3UPYEMBIX KYJIbTYPOIi.

MATEPHAJIbI 1 METO/bI

Cemena Papaver rupifragum Boiss. & Reut. 6p0m
rmojilydyeHsl u3 boTaHmyeckoro cana JeKapCcTBEHHBIX
pactenmii KazaHCKOTO TOCyTapCTBEHHOTO METUIINH-
CKOTO YHUBepcHuTeTa. It MHAYKIINY KaJTyca ceMe-
Ha cTepwin3oBain 2 MUH B 70% 3TUIIOBOM CITMPTE,
10 muH B 45% pactBope “benm3nHbl” (comepKaHHe
NaOCI — 10%), TpyKIbI IPOMBIBAJI CTEPUITLHOM T~
CTUJUTMPOBAHHOM BOMIOM 1 BeICaxKuBau Ha MC-cpeny
[7] ¢ no6aBnenuem 1 mr/n UMK, 30 r/n caxapossl u
0.8% arapa. CeMeHa ImpopaliBaaIyd Mpu TeMIIepaTy-
pe 25 £ 2°C Ha cBeTy (IULIOTHOCTb MOTOKa (POTOCUH-
TeTUYECKUX (POTOHOB 35 MKMOJIB/(M? ¢)), (OTOIIEPHUOLL
16/8 a (cBeT/TeMHOTa). [locie TOro Kak Ha KOPHSX
MIPOPOCTKOB C(hOPMUPOBAJICS TIEPBUYHBIN KaJLTyC 1
Ha HeM HavaJIu TTOSIBJISITECS SMOPHOUIBI, UX TTIEPEHO-
cun Ha MC-cpeny 6e3 ropMoHOB. [lanbHeliiee cyo-
KYJIbTUBHUPOBaHIE SMOPUOTEHHOM KYJIBLTYPHI IIPOBO-
VI Ha 3ToM Ke cpene Kaxabie 30 CyT. Ha CBETY U B
TeMHOTe ITpU Temmeparype 26 = 0.5°C.

Tucrojiornyeckre U 3J€KTPOHHO-MUKDPOCKOIU-
YeCcKHe UCCIIeIOBaHUS TPOBOAWIIN 10 paHee UCTIOJb-
30BaHHOIT MeTtomuke [8]. ys1 aTOro Kamryc m sM-
G6puounnbl pukcupoBanu 2.5% riIoTapoBBIM aIbIEri-
nom Ha 0.1 M docharHom Oydepe (pH 7.2) ¢
noctdukcanueit B 1% OsO,. [lanee TKaHb 00€3BOXKI-
BaJIi B PsAlie CIIMPTOB C MOCTENIEHHBIM MOBBILIEHUEM
koHHeHTpanuu, 100% auerone, 100% mpoNMIeHOK-
CUJie U 3aKJII0Yaii B STIOKCUIHYIO CMOJy 3MOH-812.
J1s1 MpUroToBI€HUSI TUCTOJOTMYECKUX TIpenapaToB
MOJIyTOHKME cpe3bl (3 MKM TOJILLIMHBI), CAeJaHHbIE C
nomombio yiaprpamukporoma Ultra Cut E (“Re-
ichert-Jung”, ABctpus), okpamuBaiu 0.5% Tomyu-
JTUHOBBIM CUHUM U U3y4Yasiv C TIOMOIIbIO MUKPOCKO-
na Jenamed (“Carl Zeiss”, 'epmanust) u pororpacdpu-
poBaji, UCHOJBL3ysd HUdpoByo Hacagky AxioCam
MRc5 ¢ nporpaMMHBIM obecriedeHrueM AxioVision
Rel. 4.6. 111 251eKTpOHHO-MUKPOCKOTTMYECKUX HC-
cinenoBanuii cpesbl (70—100 HM TOMIIIMHBL), cASIaH-
Hble ¢ TIoMmollblo yabTpamukporoma LKB 8800
(“LKB”, IlIBeuust), MOHTUPOBAJIM HAa HUKEJICBBLIC
CETOYKM M OKPAITUBAIIM TTOCIenoBaresibHo 2% ypa-
HUJIalleTaTOM U LMUTpaToM cBUHLA. MccaenoBaHust
npoBomIM Ha Mukpockorie “Hitachi 7800 (“Hita-
chi”, Anonwus).

PYMAHLEBA u nap.

TucToxuMmmaeckoe OKpallnBaHWEC 3M6pI/IOFCHHOﬁ
KYJBTYPbI BbINIOJIHAIM Ha IPUXKMU3HEHHbLIX CpE3ax

ToJHOM 15—20 MKM, caeJaHHBIX Ha BUOpaToMe
VT100S (“Leica”, I'epmanust). Jas1 IpUroToBiIeHUS
MPHXKU3HEHHBIX CPE30B 00pa3libl Kajayca u 9MOpro-
WJIOB 3aKJII0YaJIU B OJIOKU U3 3% araposbl, IPUTOTOB-
JIECHHOI Ha MUCTWIMPOBaHHOI Boae. HenpepriBHas
rmojava HoXa cocTapisiiia 2.5 MM/c, 4acToTa BUOpa-
nuu Hoxka — 60 I'ii. HapesanHbIe cpe3bl TOMEIIaiu B
JIVCTUIUIMPOBAHHYIO BOLY, OKpalllMBaHNE MIPOBOIU-
JIM cpasy MocJjie Hape3KU.

Cpe3ssl, 3a(DUKCUPOBaHHBIE B STTOKCUIHYIO CMO-
my, okpammBanmu 0.5% TONyUAMHOBBIM CUHUM
(TC), npurorosnenusiM Ha 0.1% pactBope Na,CO,
(pH 11.1). OkpaimBaHue NMPOBOAWIN Ha MPEIMET-
HoM cronuke Slides Warmer XH-2002 (“C&A Scien-
tific”, CIHA) npu 60°C B TeyeHUne 1—6 MUH U 3aTEM
OTMBIBAJIN TUCTUTUPOBAHHOM BOIO.

s BeISIBACHUS JIMNINAOB NPUKNU3HEHHBIC Cpe-
3bI OKpaiuBaiu B TeueHue 10 mun 0.3% pacTBopoMm
Cynana 111, mpuroroBienHoro Ha 70% cnupre, 3a-
TEM OTMbIBAJIN TUCTULIMPOBAHHOM BOMIO, ITOMEIIIA-
JIM B KaIUTIO IUCTUJIMPOBAHHOM BOIBI M HAKPBHIBATIU
MOKPOBHBIM CTeKJIoM. JloKaiuzaiuio TepIreHoB
OIpele/sUI Ha IIPKU3HEHHBIX Cpe3aX C IIOMOIIBIO
peaktuBa NADI kak onucaHo panee [9].

Cpesbl MCclenoBald C TMOMOIIbI0O MUKPOCKOMA
Jenamed (“Carl Zeiss”, IepmaHus1), NCIOJIB3YS IPO-
rpaMMHoOe oGecriedeHne Axiovision Rel 4.6, 1 ¢poto-
rpa¢upoBay ¢ TMOMOIIbIO HIUGPOBOI KaMepbl AXio
Cam MRc5 (“Carl Zeiss”, I'epmanus). JIlemoHupoBa-
HUE aJIKaJoUI0B u3ydanu B Y® Ha MUKpPOCKOIIe AXio
Scope Al (“Carl Zeiss”, I'epmanus), A = 365 HM.

151 OMOXMMHUYECKUX UCCIeI0BAHINIT SMOPUOTeH--
HYIO KYJIBTYpPY JTUOGWILHO BBICYIIMBAIN Ha CyOJIM-
MamuoHHOM cymmnke Alpha 1-4 LD-2 (“Martin
Christ”, I'epmaHus1) 1 pa3ManblBajy Ha IIapOBOM
MenbHUIle MM400 (“Retsch”, I'epmaHust) mpu ya-
crore 25 I11 B TeueHue 3 MUH.

[na Beinesennd @C u aakanonnoB 50 Mr jauo-

(GUIbHO BBICYIIIEHHOI SMOPMOTEHHOM KYyJIbTYpPhI 3a-
muBanu 0.5 ma moagkucnenHoro 70% staHona (Ko-
HeyHasl KOHLIEHTpalus yKcycHoil kuciotel 0.5%),
obpabarteiBanu yabTpa3BykoMm (Y3) (10 mun, 30 kI,
20°C) n uakyouposanu B reueHue 1 9 mpu 80°C. T'o-
moreHar ueHtpudyruponanu (10 mun, 10000 g), cy-
rnepHataHT oroupanu. K ocanky nodasisau 0.5 mia
70% TNOOKUCIEHHOIO 3TaHoja, oOpabaThiBaiu Y3,
nHkyouposanu 0.5 4 ipu 80°C u 3aTeM LIeHTpUDYTrU-
poBaiu. OO0beNMHEHHbIE CyEpHATaHThl UCHOJIb30-
BaJIX JIS1 BBIAGICHMSI aIKaJIOUI0B, OPEIeICHUS CO-
nepxanus pactBopuMbix @C, nposenenus TCX u
BB2XX-ananuza @C.

Oo6ee comepxanue pactBopuMbix ®C ompene-
s Ha ciektpogortomerpe LAMBDA 25 (“Perkin-
Elmer”, CIIIA) o metony ®onuHa-Yokansrey [10]
¥ PaCCYNTHIBAJIM B MI'-3KB. TAJZTOBOM KUCJIOTHI Ha 1 T
CyXOro Beca.
®U3UOJIOTUS PACTEHUN Ne 7
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MOJIVYEHUE JJIUTEJIBHO KYIbTUBUPYEMOW BMBPUOTEHHOM KVYJILTYPHI

Jlrst sxkceTpakumy ankaaonmoB 500 MKIT CITMPTOBOTO
asKcTpakTa BeicylmBanu npu 35°C, 20 I'Tla Ha Baky-
yMHOM KoHlieHTpaTope (“Concentrator plus, Eppen-
dorf”, CIIIA). K BrICcylIIEeHHOMY 9KCTPaKTy AO0ABJISI-
mu 100 mx1 2 N HCI, obpabGaTbiBain yJIBTPa3ByKOM,
ueHtpudyrupoBanmu (5 muH, 10000 g), cynepHaTaHT
otoupamu, K ocagky pooasiasgiu 100 mxix 2 N HCl n
npoleaypy IoBTopsiii. OObeTUMHEHHBINA CyIlepHa-
TaHT, COJIepXKallUii aJIKaJlouIbl B BUIE BOJOPACTBO-
PUMBIX COJIeii, OTMBIBAIN OT JIMIIO(UIBHBIX BEIIECTB
1 ma xsmopodopma. BepxHioro BogHyIo a3y oTonpa-
JIU U HEUTpaau3oBaJiu paBHbIM 06bemMoM 2 N NaOH.
O0BeM HeNTpaaTM30BaHHOIO PACTBOPA JOBOIMIIN BO-
noit no 0.5 M.

CrekTpodOoTOMETPUYESCKOE ONpeieIeHUEe aJiKa-
nounoB. K 50 MK/ HEeUTpalIM30BaHHOTO pacTBOpa,
conepKamero arkaonasl, modasiasgiu 0.5 mir 0.25 M
nuTpatHo-docdaTtHoro oydepa (pH 4.7) u 0.5 mn
0.1 MM o©OpomxkpesonoBoro 3encHoro (bK3). s
dopmmpoBanusg noHHoM napsl bBK3-ankanonn peak-
LIMOHHYIO CMECh BBIIEPXUBaIU 5 MUH TP KOMHAT-
HOM TeMIepaType 1 3aTeM SKCTparupoBajy ABaKIbI
xaopodopmoM. st 3TOro K peakimMoOHHOM CMecHu
gob6asisin 0.5 M xjopodopma, mepeMelIrBaiu,
HIDKHIOI XJIOpoopMeHHYI0 a3y oTompaim, a K
BonHOIT (haze modapisam 0.5 M xaopodopma M 110-
BTOPSUIM MPOLIEAYpPY. XJIOpOPDOPMEHHbIC W3BJICUCHUS
OOBEOVHSIN U KOHEUHBbIII 00beM oOpaslia JOBOOWIN
xnopodopmoM 10 1 M. OOpaslbl CKaHMPOBAIM Ha
cnektpodoromerpe LAMBDA 25 (“PerkinElmer”,
CIIA) B muana3one oT 350 go 550 HM. Makcumym
nomomeHns moHHoW mapbl bK3-amkamonn Haxo-
IuTcs B auamnasoHe 418 = 2 uM. Jng mojydeHwus
61anka 0.5 mi 6ydepa cmemuBanu ¢ 0.5 ma BK3 u
MIPOBOIMIN 3KCTPAKIINIO XJIOPOHOPMOM KaK OMUcCa-
HO BbI11IE. [1J1s1 MOCTpOeHUST KaTUOPOBOYHOM KPUBOM
ucmnonb3oBanu 0.1% pacTBop nanaBeprHa TMAPOXIIO-
puma B KoHLeHTpanuu oT 2 1o 10 Mkr. IToarorosky
00pa3L0B NPOBOIUIN KaK ONKUCAHO BHIIIIE.

s TCX BTOPUYHBIX COCANHEHUIN UCTIOIb30BaJIu
mwractuHbl “Sorbfil” IITCX-AD A-Y®D. DraHoib-

HbIe 00pa3iibl (5 MKJI) HAHOCUJIM Ha CTApTOBYIO JIM-
HUIO B BUJE IToJIoC mMpuHON 4—5 MMm. PazneneHue
BEIIECTB MPOBOAWIN B OTOOpAaHHOM BepxHeil dase
CMecU 3TUIIalleTaT—YyKCYCHast KUCJIOTa—MYypaBbUHAS
kuciaota—Boaa (90 : 10 : 10 : 24) [11]. TCX-m1acTuHy
paccmatpuBany npu 312 HM Ha TpaHCUJITIOMUHATOPE
TCP-20 MC (“Vilbert Lourmat”, ®panmus). Jas
MPOSIBJICHUS MSATEH aJKaJOUI0B Ha TUIaCTUHAX MpU-
MeHSIM peakTuB Jlparenaopda, MoaudULIIpOBaH-
HBIT o MyHbe [11].

HccnenoBanne @C mMeTonoMm obpamieHHO-ba30-
Boii BO2XKX (O®-BDXKX) mpoBoawin Ha XpoMarorpa-
duyeckoil cucreMe BbICOKOro nasieHUs1 BioLogic
DuoFlow™ (“BioRad”, CIIIA). B xadecTBe Hero-
JIBVXKHOM (ha3bl UCITONB30BAIM KOJOHKY C OOpallleH-
Hoii ¢azoit “Symmetry® CI18”, pazMep KOJTOHKU —
3.9 x 150 mm (“Waters”, CIIIA), HaIIOJIHUTEJIb C pa3-

®OU3HUOJOTUA PACTEHUM  Tom 70  Ne 7 2023

745

MEpOM YaCTHIL 5 MKM 1 pasmepom mop 100 A (“Wa-
ters”, CIIIA). B kauecTBe MOABMXKHOI ha3bl ObLIU
KCIIOJIb30BaHbI CIEAYIOIINE PACTBOPHI: PACTBOP A —
6% yxcycHas kucnota, pactBop b — 80% atieToHuT-
pun. I'pagyeHT OBLI CO3MaH IO CIIEAYIONIEH cxeMe:
0—4 muH — 100% pactBOp A, 4—6 MuH — 100% pac-
TBOp A1 25% pactBop b, 6—8 Mmun — 25% pactBop b,
13—16 mun — 25—30% pactBop b, 16—26 mun — 30—
65% pactBop b; 26—31 MmuH — 65% pactBop b; 31—
41 muH — 65—100% pactBop b; 41—46 mun — 100%
pactBop b; 46—47 mun — 100% pactBop b u 100%
pacTtBop A; 47—55 mun — 100% pactBop A. CKOPOCTB
rnomauyu TMoABUKHOM (a3el — 0.6 Mi/MuH. O6BeM
BBOAMMOM MpoObl 50 MkIi. JleTeknuio MUKOB ¢e-
HOJILHBIX COEIMHEHUI OCYIIECTBISIU TTOCPEICTBOM
nerekropa Biologic QuadTec UV/Vis (“BioRad”,
CIUA) nipu minse BosHbl 280 1 360 um. Unentudu-
KalUIo MUKOB (DEHOJIbHBIX KUCIOT U (DIIABOHOUIOB
BBITIOJIHSUIM OTHOCUTEJIbHO BPEMEHU yIep>KUBaHUS
Ha KojoHKe u3BecTHbIX @C (TajyuioBasi, p-KyMapo-
Basl, (pepyJsioBasi, CUHAIOBas, GEH30MHAasT KUCJIOTHI,
pYTUH, KBepleTuH, Kemidepon) (“Sigma-Aldrich”,
CIIIA). 1151 pacyeToB UCIIOb30BaIM 3HAUECHMSI I1J10-
aneil MUKOB IMOJIyYEHHBIX XPOMATOrpaMM, BhbIpa-
KeHHbIe B MKB-c.

PE3VJIBTATDI

Oo6Opa3oBaHne TIEPBUYHOTO CBETIIO-KOPUIHEBOTO
KaJiTyca HabI101aIu Ha KOPHSIX TPOPOCTKOB P, rupi-
fragum depe3 nBe Hemeau WX KYJIbTUBHPOBAaHMS Ha
MC-cpene ¢ no6asineHuem 1 mr/m UMK (puc. 1a).
benbie OsecTsiye yIUIOTHEHWSI Ha MOBEPXHOCTU
KaJuTyca HosIBJIsUIuCh yepe3d 1—2 mec. (puc. 16). I1po-
BEICHHBIE TMCTOJOTMYECKHUE MCCIESIOBAHUS IT03BO-
JISIIOT paccMaTpuBaTh MEepBUYHbIC Oejible YIJIOTHE-
HUSI KaK aHOMaJIbHO pa3BUBAIOIIMECS 3MOPHUOUIEI,
MOCKOJIBKY B HUX Ipoucxoaniaa nuddepeHInpoBKa
anuKajabHOTO 1 623a71bHOTO TOJII0COB ¢ 00pa3oBaH-
eM OMIIOJISIPHOM CTPYKTYPHI, XapaKTEePHOM A1 cOMa-
TUYECKUX 3apobiiieii (puc. 18). OMOpHoUIb UMEINU
IIPOTOJIEPMY, HO B HEKOTOPBIX MECTax ee ILeJIOCT-
HOCTb ObLIa HapylieHa (puc. 1r). DMOpuouasl ObUIH
MMOKPBITHI IIOBEPXHOCTHOM CEThIO 9KCTPAKIETOYHOIO
matpukca (ITCOKM), po30Bo-cupeHeBOE OKpallli-
BaHME TOJYUIWHOBHEIM CHHUM CBHUACTEIILCTBYET O
MPUCYTCTBMM B HeM moaucaxapuaoB (puc. 1B, 1r).
ITCBKM, o6Gpa3zoBaHHasl CEKPETUPYEMbIMU COEIM-
HEHUSIMU pa3InIHO IpUPOIbI — 3TO MOP(OIOruye-
cKasl CTpyKTypa, XapaKTepHas IS KJIaCTepPOB M-
OpPMOTEHHBIX KJIETOK U TJIOOYJSIPHBIX dMOPUOUIOB
pa3Hbix BumoB pacteHuii [12]. Ilpu manbHeimem
KynbTUBUpOBaHMUM Ha cpene ¢ UMK y asmOoprnonnos
P rupifragum npoucxomuna auddepeHInpoBKa
arekca ctedJis1 ¢ 06pazoBaHUEM HEOOIBIINX CBETIIO-
3€JICHBIX CEMSII0JIEH, HO Pa3BUTHUE KOPHS OTCYTCTBO-
Bajio (puc. 1m). I'vcTonoruyeckme HUCCIEIOBAHUS
BBISIBIJIM, UTO Y IIEPBUYHBIX YMOPUOUIOB HapyllleHa
nuddepeHIUPOBKA COCYINCTON CUCTEMBI U TIPOUC-
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Puc. 1. O6pazoBaHue SMOPUOTEHHO KYIbTYPbI Ha KOPHSIX IPOPOCTKOB P, rupifragum: a — MHAYKIIKS IEPBUYHOTO Kajulyca Ha
KOpHSIX; O — MOsIBJIEHUE OeJTbIX YIDIOTHEHW I Ha TIOBEPXHOCTH Kajutyca yepe3 1—2 Mec. KyabTuBupoBaHust Ha MC-cpene ¢ no-
6apinenueM Imr/mMan UMK B, T — cepaedkoBUIHBIE SMOPUOUIBI, TIOKPHITHIE ciioeM [ICOKM; 1 — dhopMupoBaHue ceMsiaoieit
y am6puounnoB Ha MC-cpene ¢ no6asneHneM UMK Ha cBeTy; € — TOpIeaOBUIHBIN 3MOPHUOU, ¢ Pa3pOCIICCs HEeHTPaTIbHON
4yacThlo; X — (hDOpMUPOBaAHUE BTOPUUHBIX SMOpHOUIOB Ha Ge3ropmoHanbHOt MC-cpene Ha Kajutyce, oOpa3oBaBIlIeMcsT Ha
TMEPBUYHBIX SMOpHOUIAX; 3 — CyONOBEpPXHOCTHOE (DOPMUPOBAHNE BTOPUUHBIX SMOpHouaoB; U — (popmupoBanune [ICOKM
pu 00pa3oBaHUM BTOPUYHBIX SMOPUOUIOB; K — MHOXKECTBEHHAasl CyOanuaepMaibHasi MHULIMALWASI SMOPUOUIOB; J1 — nudde-
PEHIIMPOBKA ceMsIolieil y SMOpronunoB Ha GearopMoHaiibHOil MC-cpenie Ha CBETY, CTpeliKa yKa3blBaeT Ha (hopMUpOBaHMe
Kaytyca Ha 6a3anbpHol yactn KCD 1 o6pa3oBaHre Ha MOBEPXHOCTH KaJuTyca SMOPpHOUIOB; M — (hOpMUPOBaHNE SMOPHOUIOB
pu CyOKyJIBTUBMPOBaHUM Ha O6e3ropmMoHanbHoi MC-cpelie B TEeMHOTE; pa3BUTHE ceMsinodeit orcyrcrByeT. AK — arekc KopHs,
Kc — kannyc, I[1n — npotonepma, Cm — cemsinoist, 3 — aMOpurouI.

XOIUT pa3pacTaHue LIEHTPaTbHOI YacTh SMOpHONIAa  OCIM3HEHHBIN KaJTyC, Ha TIOBEPXHOCTH KOTOPOTO 3a-
3a CUeT AeJieHUsI MapeHXMMHBIX KJIEeTOK (puc. le). TeM MOSBISLIMCH BTOpHMYHBIE 3MOpuouanl (puc. 1X).
I1pu nepeHoce Ha 6e3ropmoHanbHyi0 MC-cpeny Ha  Pa3peixiieHre sMOpronaoB 1 (popMUpOBaHKE KajlTyca
MEPBUYHBIX 5MOpronnax (GOpMUPOBAICT MATKUN  TPOUCXOIWIO B pe3yibTaTe MeJeHUs IEHTPaTbHBIX
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MapEeHXMMHBIX KJIETOK, 1 JIN3UCA KJIETOK IIPOTOACPMBEL.
HoBrie sMOpronuabl BOBHUKAIN MTPEUMYILIECTBEHHO
U3 CyOITOBEPXHOCTHBIX KJIeTOK (puc. 13). Ha puc. 13k
IIOKAa3aHO, YTO BHOBb BO3HMKAIOIIE SMOPHUOUIHI JIe-
»KaT Ha TTOBEPXHOCTU KaJlTyca, HaXOASITCS Ha pa3HbIX
CTagusIX Pa3BUTHUS U IIOKPBITHI CJIM3UCTBIM CEKPETOM
(puc. 1n). Cyns mo MHOXECTBEHHOI MHULIMALINY HO-
BBIX 3MOpHoUI0B (pUc. 1K), K 9MOPUOTeHHOMY pa3-
BUTHUIO OBLTIO CITOCOOHO OOJIbIIOE YMCJIO KJIETOK IIep-
BUYHOTIO KaJUIyCHUpYIOLIero amMopuonna. JanpHeiiiee
pa3BUTHE SMOPUOUIOB UMEJIO CBOM OCOOCHHOCTH U
3aBHCEJIO OT CBETOBOIO pexkuma. I1pu cyOKyIbTUBU-
poBaHuu s3mMopuonaoB Ha MC-cpene Ha CBETY B Te-
yeHue 1 Mec. IPOUCXOAUIIO pa3BUTHE SMOPUOUIOB
OT CTaaUU ITIO0YJILI 0 CTagur (DOPMUPOBAHMSI CEMSI-
JIOJIei1, HO pU30reHe3 OTCYTCTBOBAJ. 3aTeM, OazaabHast
YacTh SMOPHOUIOB 00pa30BhIBaIa MATKM OCJIM3HEH-
HBI KaJUTyC-HSIHBKY C MOCJIeAyIoIIUM (popMUpOBa-
HHEM HOBBIX SMOPMOMIIOB, Pa3BUBAIOIIMXCS Ha I10-
BepxHOCTH Kayutyca (puc. 1i). ITpu orbope Kamayca ¢
SMOpHOUIAMHU U JAJIbHEUIIIeM KYJIbTUBUPOBAHUN NX
Ha CBETY LIMKJI pa3BUTHUS SMOPHOUIOB IIOBTOPSIICS 1
MIPOXOIUJI OT IJIOOYJIBI 10 CTaAuU PA3BUTUS CEMSIIO-
neit. IIpy KynIbTUBMPOBAaHUM B TEMHOTE pa3BUTHE CE-
MSIIONBHBIX JIMCTBEB OTCYTCTBOBaJIO (puc. 1M), HO
MoJep>KaHWe Kajllyca BCera CONpoOBOXIaI0Ch MO-
cJIeIoBaTeIbHBIMU LIUKJIAMU Pa3pbIXJIeHUS SMOpPUO-
UI0B, 0O0pa3oBaHUMEM Kajulyca U (popMHpPOBaAaHUEM
HOBbIX 3MOpuouaoB. IlomydyeHHast auddepeHIIpo-
BaHHasl KyJabTypa P rupifragum coxpaHsuia cCrioco0-
HOCTb K (DOpMHUPOBAHUIO SMOPHOMIOB Ha 0€3ropMoO-
HajbHOt MC-cpene 6oJiee TSITU JIET.

NutepecHo, yto Ha MC-cpene, Kak B TEMHOTE,
TaK Y Ha CBETY, Mbl OYEHb PEIKO HAOII0maIu pa3BU-
THE OTIEIbHBIX 3apOIbIIlIeii, HO OTMeYaii 00pa3oBa-
HYe 0ecxJIOPOGUIBbHBIX KPYIMHBIX OKPYIJIBIX CTPYK-
Typ (puc. 1M), Ha CBETY Y4aCTO MMEIOIIMX 3EJICHYIO
BEPXYIIKY, ¥ COCTOSIIIIMX M3 SMOPUOUIOB Ha CTaauN
TOopHeao uiau (GOpMUPOBAHUS ceMSIojeit, CIAUTHIX
noBepxHoCTIMU (puc. 2a, 2B). IS TaKMX CTPYKTYpP
MBI BBEJIM TEPMUH “KOMILUIEKCHI CIMTBIX d9MOPHUOM-
noB” (KC39).

ITonepeunslii cpe3 kautyca ¢ KCHD Ha pas3HBIX
CTagusIX pPa3BUTHUS IIOKA3BIBAET, YTO KYJILTypa UMEET
TETePOreHHYIO CTPYKTYpy M 0OOpa3oBaHa MEIKMMU
miooynamu  (50—70 MKM), cpemIHUMH DIOOyJIaMM
(200—300 MKM), KpyImHBIMH DIOOyJIaMH (OKOJIO
1 MM), KOTOpBIE pa3aeeHbl M OKPY>XEHbI KaJLUIyCHBI-
MU KjieTKaMu (puc. 26). Ha puc. 26 BUIHO, 4TO morne-
PEYHBIN Cpe3 KPYITHOI ITI00YJIBI SIBIISIETCS MOMepeY-
HbIM cpe3oMm KCO (puc. 2a). Ha mpomonsHOM cpese
KCD oTuetniuBO BUAUMBINA 3MUAESPMUC XapaKTepeH
TOJIBKO IJIsSI Pa3BUBAIOILIMXCS CeMsIIojeii; B 0a3alib-
Hoit yactTu KC3D snmaepmuc pparmMeHTapHbIi (puc.
2r). PazButue kopHeil y KCD oTCyTCTBYET.

M3ydeHne TMCTOJIOTHHN W YIBTPacTPyKTyphl KCHD
ITOKa3aJio, YTO CIHMSTHUE 3MOPHOUIOB OOYCIOBICHO
OTCYTCTBUEM (DOPMUPOBAHUS TOJHOIIEHHOTO STH-
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IepMuca BCIIEACTBUE HApYIICHWS CHMHTE3a KYTHUKY-
JIsipHOTO ciost (puc. 21, 2e, 2x, 23). Ha puc. 2e Bua-
HO, YTO C MOBEPXHOCTU KJIETKH “OTIISTYyIIINBAIOTCSI”
CJIOM KJIETOYHBIX CTEHOK; BEPOSITHO, HApYyIIIEHUE TT0-
JIMMEPU3alMd KOMIIOHEHTOB KJIETOUYHBIX CTCHOK M
KyTHKY/IbI oOyciaBmmBaioT (popmupoBanne [ICOKM,
OKpyzKalolleit pa3BuBaroniecst sMopuonasl. Kax yro-
MUMHAaJI0Ch paHee, 00pa30oBaHUE HOBBIX SMOPHOUIOB
MIPOUCXOIUT IIPEUMYIIIECTBEHHO M3 6a3aJIbHOM YaCTH
KCD (puc. 11). Ha mponoibHOM TMCTOJIOTHYECKOM
cpe3e KCD xopoliio BUZHO, YTO B “CIUTHIX” 3MOPHO-
WIax 3TOT MPOIECC MOXET HAaYMHATHCA IO CTamuM
¢dhopMupoBaHUS ceMsnoJIei (puc. 23, n).

IIpu rucronornyeckoM (puc. 2j1) 1 3JeKTPOHHO-
MUKPOCKOITUYECKOM MCClIefoBaHUU (puUc. 2M—2H)
CEMSIIOJbHBIX JIMCTHEB 3MOPHOUIOB ObLIM OOHaApy-
JKEeHbl KJIETKU C MHOTOYMCIEHHBbIMU BE3UKYJIaMU B
LIMTOIIa3Me, PaCIMOJOXEHHbIE BIOJb CUTOBUIHBIX
KJIETOK COCYIMCTbIX My4ykoB. [Ipeamonaraercs, 4to
9TU KJIETKH TIPENCTABISIOT cO00it MieuHnKH. Kiretkmn
aHaAJIOTUYHOTO CTPOCHUS, (DOPMUPYIOILINE TJIMHHbBIS
TSIXKU, TIapaJljieibHble cocynaM (hj103Mbl, ObUIM UIEH-
TUhULMPOBAHKI B IIpopocTKax P. somniferum [13].

TvcToxuMuyeckuii aHaau3 BBISIBUJI, YTO B KJIET-
Kax Kak IoOYJIsSIpHbIX 9MOpuounaoB (puc. 3a, 30), Tak
u B KCD (puc. 3B, 3r—3¢) HaKarummBaloTCs JIMITO(WIb-
HBIe coenuHeHusI, okpamnBaemble Cynanom I11. M3-
BecTHO, yTo CymaH III okpammBaeT Kak >XWpPHBIE
Macia, IIPeacTaBIeHHbIE IPEUMYIIECTBEHHO TpUa-
LITJMLIEpUIAMU, 1 JIOKaIM30BaHHbIE B cdepoco-
Max LMTOMJAa3Mbl, TaK U 3(UPHBIC Macjia, OCHOBY
KOTOPBIX COCTABJISIIOT TEPIIEHBI U UX IIPOU3BOIHEIC
[14]. UToOBI mndpdepeHIMpoBaTh TEPIIEHBI OT TpUa-
LWJIMIMLEPUIOB Mbl MCIIOJIb30BaIU CleUU(GUIHbII
IS TeprieHOB Kpacuteldb NADI 1 BeIsIBUIN, UTO TEp-
TeHbl HAKAIJIMBAIOTCS KaK B IJIOOYISIpPHBIX SMOpHOU-
nmax (puc. 3%, 3), Tak u B KCD (puc. 3k—3m). IIpu
9TOM 00a peaKTHUBa OKpaIlIUBaJIi B KJIETKAX MEJIKHE
OKpyrjble CTpyKTyphbl (puc. 3a, 36, 3u, 3m). bruio
OTMEUYEHO, YTO Ha MOBEPXHOCTU TIOOYJISIPHBIX OM-
OpuONIOB UMEETCS CJIOM, OKpammnBaeMblil Kak Cy-
manoMm IIT (puc. 3a), tak um peaktuBom NADI
(puc. 3x, 33). BepostHo, [TICHOKM, xapakrepHas
JUIST KJIACTEPOB SMOPUOTeHHBIX KJIETOK U IIIOOYJISIp-
HBIX SMOPHONIOB, TAKKE CONEPXKUT TepreHbl. MHTe-
PECHO, UTO KJIETKM MSTKOTO KaJlJTyca-HSIHbKY, JieXKa-
II1e BOKPYr 3MOpMOMIOB, UMEIM Hamboyee KpyII-
HbI€ BKJIIOUEHMS TePIEeHOB (puc. 3u).

OxpamuBanue CynaHoM 11 mpuXKr3HEeHHBIX cpe-
30B KCO, BeIpalmnBaeMbIX Ha CBeTY (puc. 3B), 0OHa-
DYXUJIO, YTO JIMMOMUIbHbIE COEOIUHEHUS MOJHO-
CThIO 3aITOJIHSIIOT [UTOTIa3My KJIETOK B 06a3alibHOM
qactu KCD (puc. 3r—3e). [Ipu 3TOM npy KCHOIB30-
BaHuM peaktnBa NADI BUIHO, YTO OKpalInBaroTCs
TOJIBKO OKpYTJIble CTPYKTYpPBl pPa3HOIro pasMmepa, a
UTOILIa3Ma ocTaeTcst OecuBeTHOI (puc. 31, 3m). Be-
posTHO, 0a3anbHBIE KITeTK KCD HakaruIinBaloT Kak
TepIIEHbI B BE3UKYJIaX, TaK U TPUALIMJITIULIEPUIBI B
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chepocoMax, MOITOMY TIpHM McHorb3oBaHuM Cyna-
Ha III GasanpHBIEe KJICTKM OKpAIIWBAIOTCS ITOYTH
noyiHocTh1o. B “Bepxynike” KCH, chopmupoBaHHOMN
pPa3BUBAIOLIVMMUCS CEMSIIONSIMU, 00a TUCTOXUMUYEC-
CKUX KpacUTesl BbISBISIIA TOJbKO MEJIKUE OKpPYT-
JIbIe CTPYKTYpHI (puc. 31, 31, 3K, 31).

CuHTEe3 1 HaKOIUIeHUE JTUTOMPUIBHBIX COSIIHE-
HUII B SMOpUOTreHHOM KynbType P. rupifragum Obun
TTOATBEPXKIACHBI IPU M3YUYEHUH YIBTPACTPYKTYPHI Kile-
TOK DIOOYJISIpHBIX 5MOpuounnoB. Ha snekTpoHHO-
MUKPOCKOMMMYECKUX CHUMKaxX IMTOIUIa3Ma KJIETOK
AMOPUOUAOB, OCOOEHHO KJIETOK IPOTONEPMbI, 3aIT0J-
HeHa MHOTOUMCJIEHHBIMH chepocomamu (puc. 4a—4r).
B xireTkax sMOpMOMIOB TakKKe ITPHMCYTCTBYIOT He-
OoJIbIIIE BAKyOJIM ¢ OCMUOMUILHBIM IIPEIMITNTA-
ToM (puc. 4a, 3B, 31), BepossitTHO, @ C, BO3BMOXKHO, aJl-
kajongaMu. OcMUoUIIbHbIE OTIOXEHUSI BU3yalu-
3UPOBAJIMCH KaK MO TOHOIJIACTY BaKyosei (puc. 40,
3B, 31), TaK 1 B BUJIE KPYITHBIX OKPYIJIBIX BKIIIOUEHUIA
(puc. 411). DTH BaKyoJI1 BCeTaa OTIEICHBI OT Ijla3Ma-
JIEMMBI cioeM cepocoM M 3aHMMaroT OoJjiee IeH-
TpaJibHOE TIoJioxkeHre. KiieTku asMOpUOnI0B UMEIOT
MHOTOYMCJIEHHbIC aKTUBHBIE MUTOXOHIPUU (pUC. 4B,
411), TUTaCTUOBI cofepkaT KpyITHbIe 3epHa Kpaxmaja
(puc. 4r, 4e, 4x). CTouT 0c000 OTMETUTH MHOI000-
pas3ue JUTTUIHBIX TeJIell, IIPUCYTCTBYIOIINX B KIIETKaX
aMOpuona0B. OHU JTOKATU30BaHbl HE TOJBKO B 11U-
TOIUIa3Me U pa3inyvaloTcs 10 LIBETY U BEIMYUHE, HO 1
B ItactTuaax (puc. 4B, 4e, 4x). Bo MHOrMX miactuaax
MOXHO BBISIBUTh MHUHHMYM OIHY ILIACTOLIOOYITY
(puc. 4e, 4x). I[1nacTomoOyabl TaK XK€ OTIMYAIOTCS
10 pa3Mepy M TUIOTHOCTH KoHTpactupoBaHms OsO,
1, BEPOSITHO, 06pa30BaHbI pa3HBIMH COCTMHEHUSIMM.
Ho ux pa3Mepsl 3HaYNTETLHO MEHBIIIE Pa3MEpPOB JIN-
MUJIHBIX TEJIEL] B IUTOILJIa3ME.

HccnepoBaHue >MOpUOreHHOM KyabTypbl B YO
OOHAPYKUJIO XKeJITO-3eJICHYIO BHYTPUKJIETOUHYIO aB-
TodhJIyopeCcLeHLIUIO KAJLTYCHBIX KJIeTOK (puc. 5a, 50),
OKPYXaIOIIMX 3MOPUOMIBI, YTO MOXET CBUACTEIb-
CTBOBATh O HAKOIJICHWH aJIKaJJOMIOB B KaJUTyCHOM
kynbeType [15]. TomyGast aBTodyopeclieHLIUSI B OT-
TEeTbHBIX TTOBEPXHOCTHBIX KJIETKaX 3MOPUOMIOB MO-
JKET CBUIETENHCTBOBATh O HAaKOIUIEHUM B HUX de-
HOJBHBIX KUCJOT (pUC. 5B, 5T).

PYMAHLEBA u nap.

Kak crmegyer m3 Ta6m. 1, mpu BeIpallliBaHUM B
TeMHOTe o0lllee comepxaHue pacTBopuMbix PC u
o0lllee colepKaHue aJKaJIOUIOB B KYJIbType YBEIU-
YMBAECTCS B 3aBUCUMOCTHU OT JNIMTSILHOCTHU Taccaxa:
B 4-HenenbHO KynbType coaepkanue @C u ankano-
WUIOB BHIIIE, YeM B 2-HeOelbHOU KynbType. Ilpu
aToM, comepxxaHnue DC yBeauuMBaeTcs BCEro Ha
20%, Torma Kak aJKaJoumoB — B 2.6 pa3za. O01ee co-
nepxanne @C 1 ankaaonaoB B 3-HeIeIbHOI KYJIbType
Ha CBETY MEHBbIIIe, YeM B 2-HeIeJIbHOM KYIbType B TEM-
HOTE, HO pa3HMIIA CTATUCTUYECKU HE JOCTOBEPHA.

IMpoBenennrrii TCX aHamMM3 3TaHOJIHLHOTO 3KC-
TpaKTa BbISIBUI HAUIMYME MSITEH, OKPaIlIMBAEMBbIX pe-
akTuBoM JIparenaopga, Bo Bcex BapraHTaXxX UCCey-
€MOI KYJIbTYpPblI, KOTOPBIE OTIMYAIMCH KaK IO WH-
TEHCUBHOCTU OKpalllMBaHUsI, TaK 1 MO IOJOXEHUIO
Ha TCX mractuHe (puc. 66). I1aTHa, Hanboee WH-
TEeHCUBHO (hayopecuupyooiue pu 312 HM (puc. 6a),
Kak MpaBUIo, HauboJee CUIbHO OKpallluBaJIUCh pe-
aktuBoM JlpareHmopda. BumHo, 4To KynbTyphl pa3-
Horo Bo3pacra (4 u 2 Hem.), BeIpallluBaeMble B TEM-
HOTE, UMEJIM Pa3Hyl0 MHTEHCUBHOCTDb KaK OKpaIlllu-
BaHMS IISITEH peakTuBoM JlpareHmopda, Tak u
¢iryopecLeHIINM, YTO KOPPEJIUPYeET C MOYTHU 3-KpaT-
HBIM pa3IndreM B 00IeM COAep>KaHUM aJIKaJIOUIOB.
HMHTepecHOo, 4TO Ky/IbTYypa, BEIpallluBacMasl Ha CBETY,
3HAYUTEJIbHO OOJbIIe OTIMYaANach II0 KOIUYECTBY
MSITEH U MHTEHCUBHOCTU MX CBEUEHUS OT TEMHOBBIX
KyJBTYp, YeM TEMHOBbIE KYJIBTYPhI Pa3HOTO BO3pacTa
OTJIMYAJINCH MeXIy coboil. CiaenyeT OTMETUTD, YTO
He Bce (yopecuupyolliue MsiTHa OKpallluBaluCh
peakTuBoM JIpareHnopda, MOCKOJIbKY, C OMHOI CTO-
POHBI, HE BCE aJIKaJoOUabl (hJIyOpeCUPYIOT, a C Ipy-
roii CTOPOHBI, YYBCTBUTEIbHOCTh peakTruBa JpareH-
JIopda MOXKET OBITh HIKE YyBCTBUTEIILHOCTH (hJTyopec-
LeHTHOTO aHaiau3a. K ToMy Xe pa3Hble ajKaJouIbl B
pa3HOIi CTENeHU pearupyroT ¢ peakTuBoM pareHmnop-
da [16] 1 ux comepkaHUS MOXET OBITh HEAOCTATOUHO
IUIST SIBHOW IO3UTMBHOI peaknuu. Kpome Toro, He
M CKJTIOYEHO, YTO OTAEJIbHBIC ITSITHA OBLIM ““CITOXKHBIMU
U TIpeACcTaBIeHbl Pa3IMUHBIMUA COCIUHEHUSIMU (Ha-
npumep, ®C u ankanongamu).

IIpu anamuse criektpa @C cOUPTOBBIX SKCTPaK-
TOB TPE€X BApMaHTOB 3MOPUOTe€HHOM KYIbTYPhI ObLIO
BBISIBJICHO HaJIW4Me KaK CBOOOMHBIX (PEeHOIBLHBIX
KucaoT (I-KyMapoBoil, (epyioBoil M 2,5-murui-

Puc. 2. OcobeHHOCTH SMOPUOTEHHOM KYIbTYpHI P. rupifragum npy BeIpalliBaHWM Ha CBETY: a — pa3HOOOpa3ue SMOPUOTeHHBIX
CTPYKTYP B KYJIbType IIPU Pa3BUTUM Ha CBETY; (pOpMUPOBaHUE CEMSIIOIbHBIX JUCThEB Y OTAEAbHBIX 9MOpuonaoB u y KCH
(YKa3aHO CTpeJKoif); 6 — TMCTOJIOTUYECKUIA Cpe3 IMOPUOTEHHOM KYJIbTYPhI; CTPEIKOI yKa3aH mnorepedHblii cpe3 KCD (okpa-
wuBaHue TC); B — mopdonoruss KCO, r — npononbHblit cpe3 KCH, 1, e, )k — OTCYTCTBUE KYyTUKYJIbI, OTAEIEHUE CI0eB KJle-
TOYHOM CTEHKU (CIUJIOLIHASI CTPeJIKa) U pa3phbIXJICHUE KJIETOUHBIX CTEHOK (ITYHKTHUPHAas CTpeJiKa) y MpopacTaroliuX dMOpUOr-
noB, TOM; 3 — rucronornueckuii cpe3 KCD ¢ hopMupyrommmucs agBeHTUBHBIMU SMOpHUOUAAMU U3 KJIETOK 0a3aJIbHOIT 4acTu
(okpammmBanue TC), u — getanb puc. 23, aABEHTUBHbIE SMOPUOUIIBI, pa3BUBAIOLIMECS] U3 KJIETOK OazanbHOi yacTu KCOD
(okpammBanue TC); Kk — aMOpuounsl P. rupifragum ¢ ceMsIONbHBIMU JTUCThSIMU; J1 — TUCTOJIOTMUECKUIT CPe3 CeMSII0JIbHOTO
JINCTa ¢ IpoBosieit cuctemoit (okpatuBanue TC); M — nuddepeHIIMpoBKa MISYHUKOB C MHOTOUMCIIEHHBIMUA MEJIKUMU Ba-
KYyOJISIMH BIOJIb CUTOBUIHBIX 37eMeHTOB (okpammBanue TC); H — 3JIeKTPOHHO-MUKPOCKOTMYECKNE OCOOEHHOCTU KJIETOK
miiedHUKOB, TOM. BY — 6a3anbHas yacth, B — Bakyonb, BD — Bepxuwmii anuaepmuc, Kec — kamnyc, KC — kineTouyHasi cTeHKa,
Kp — kpaxmanbHoe 3epHO, KCD — KoMIUIeKe CUThIX aMOpuonnos, JIT — nunumHoe Tenblie, M — MiledHnk, HD — HikHMit
anunepmuc, I1n — nporogepma, [pIl — npoBomsumii mydoxk, [in — mractuna, Cm — cemsionisi, CD — CUTOBUAHBIN 2JIEMEHT.
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PYMAHLEBA u nap.

Taomuna 1. CoaepkaHue aJIKaJIouaoB U (PeHOIbHBIX COENUHEHUN B KyIbType P. rupifragum B 3aBUCUMOCTU OT JJTUTEIb-
HOCTHM Maccaxa 1 YCIOBU KyJIbTUBMPOBaHUS (TEMHOTA, CBET).

1 2 3
ConepxxaHue aJKaJOUuIOB, MT/T CyXOro Beca 3.66 £ 0.15b 1.41 £ 0.11a 1.18 £ 0.03a
ConepxaHue (peHONTbHBIX COEIMHEHMIA, MT/T CyXOro Beca 20.80 = 0.64b 17.39 £ 0.75a 14.99 + 0.58a

ITpuMeuyaHue: SMOPUOTEHHYIO KYJIbTYPY BhIpalllMBaiy Ha 6e3ropmoHanbHoit MC-cpene 4 Hen. B TemMHoTe (1), 2 Hen. B TeMHoOTe (2),

3 Hen. Ha cBeTy (3).

POKCHOEH30MHOU KHUCIOT), TaK W (PJIaBOHOUIOB
(kBepueTrHa U KeMmideposna) (puc. 7). OTauums Mmex-
Iy BApMaHTaMU HOCWJIU B OOJIbIIEN CTEeNEHN KOJIUYe-
CTBEHHBI XapakTep, TeM He MeHee, TOJIbKO B Bapu-
aHTax TeMHoOTa (4 Hed.) W CBET, IIPUCYTCTBOBAIU
KBepLETUH 1 KamIipepon (puc. 7a, 78). Ilpu aTom y
2-HeJeabHOM TEeMHOBOI KYJIbTYphl OBLJIO OTMEUEHO
MOSIBJIGHUE KPYITHOTO HEeUASHTU(ULIMPOBAHHOIO
nuka (Bpems yaepxxuBaHus 48.2 MuH) (puc. 76), Ko-
TOPBIA OTCYTCTBOBAJI Y KYJIbTYPhI Ha CBETY (pUC. 7B) U
GBI IO TUTOIIAAW B 4.6 pa3a OOJIbIle, YeEM 3TOT 3Ke
MUK y 4-HeJaelIbHOI TEeMHOBOI KyJIbTYphI (puc. 7a).
Ha cBety conepkaHue M-KyMapoBOi KUCJIOThI, UCXO-
ISl U3 TUIolIaneil MUKOB, ObUIO 3HAYUTEIbHO MEHb-
111e, YeM B TEMHOBBIX BapUaHTax KaJiyca.

OBCYXIEHHWNE

IIpoBeneHHBIE UCClIeNOBaHUS MOKa3ajlu, 4YTO
KyabTypa P. rupifragum siBisieTcsl SMOPMOTEHHOM M
InddepeHINPOBAHHOI, TTOCKOJIBKY COCTOUT U3 KaJl-
JIYCHBIX KJIETOK M 3MOPMOUJIOB Ha Pa3HbIX CTaAusIX
pasBuTud. [1orydeHne sSMOpUOTEeHHOM KyJIbTYPHI IJIST
P. rupifragum ob10 ormmcaHo BrepBblie. Ilogaep:ka-
HUE KYJbTYpBI IPOUCXOAUT B pe3ybTaTe MOBTOPSIIO-
IIUXCST UKJIOB aIBEHTUBHOTO 3MOpPUOIOreHe3a Ha
oesropmoHabHOIT MC-cpene. DMOpPHMOMIOTEHHO-
KOMITETEHTHBIMU SIBJISIFOTCSI OTACIbHBIE CyOTOBEpX-
HOCTHBIE KJIETKU (WMJIW TPYIIIBI KJIETOK) MpEeACyIe-
CTBYIOIIETO 3MOpUONIA, B TO BpeMsI KaK OCTaJbHAasI
YacTh KJIETOK 3MOpuounaa J1ubo popMUpyeT Kajuryc,
60 norn6aer. OcO6GeHHOCTHIO FeTepOTreHHOM KYITb-
TYphl P. rupifragum siBnsercs popMrUpoOBaHIE MHOTO-
YUCJIEHHBIX, TIJIOTHO TMpUJEramiiux Apyr K ApPYyry

WY cpacTaroiuxcs (CIUThIX) aMoprouaoB. O6pa3o-
Banue KCBH, BepossTHO, 00yCIOBIEHO, C OOTHOM CTO-
POHBI, MHOXECTBEHHOI MHMIIMALIMEl SMOpPHOUIOB,
KOTJa HECKOJIbKO OIM3JIeKalluX KJIeTOK (TpyTn Kiie-
TOK) OTHOro SMOpHoOMIa HAYMHAIOT CHUHXPOHHOE
pa3BUTHE MO MYTU 3MOpHOUAOTeHe3a (AaHATOTUYHO
COOBITUSIM, OIMCAHHBIM IIPU KJIMBaXXHOM ITOJIMAIM-
OpMOHUM), a, C IPYroii CTOPOHBI, HAPYIICHUSIMU B
¢dopMUPOBAHUU TTOJHOLICHHON KyTUKynbl. M3BecT-
HO, 4TO OJHA M3 (PYHKINIA KyTUKYJIbI — 3TO pas3aelie-
HUE OpraHoOB pa3BUBaromierocs pacrenus [17, 18].
TpaHcrenHble pactenus Arabidopsis thaliana, B KOTO-
pBIX CUHTE3 KyTHMHa ObLI HapyIIEH CBEPX-3KCIpeC-
cueil reHa KyTHUHAa3bl, MMEIW M3MEHEHHYIO YJIb-
TPACTPYKTYPY KYTUKYJIbI, HApYyIIeHUS B pOpMUpOBa-
HUU 3MUAEPMIUCA, a TAKXKE CIUBIIMAECS opraHsl [17].
KimmBaxxaas momsMOpHoOHTS KaK OecItoiioe (popMu-
pOBaHME HECKOJILKUX 3apPOAbIIICH U3 OTAEIbHbIX KJe-
TOK 3UTOTUYECKOTO 3apObIIa Ha €ro paHHUX CTATUSIX
pa3BUTHUS ONMCaHa WIS 3aponbliieii in vivo [19]. EcTb
JIOCTOBEPHBIE J0Ka3aTeJIbCTBA, YTO KJIMBaXKHasl I10-
JIU3MOPUOHMS Ha CTAAUU TPOIMOPUO HAOTIOJaeTCsI
B OMOPHMOTEeHHBIX KyJIbTypax TojmoceMeHHBIX [20].
BepositHo, nipsiMoe oOpa3zoBaHUe SMOpuouI0B (0e3
CTaIuM Kajlyca) B KYyJIbTypax C ITOBTOPSIOIIMMCS
OMKJIAMJA aIBEHTHUBHOIO SMOpPHMOMIOTeHE3a TaKKe
MOXXET paccMaTpUBaThCsS KaK BapuaHT KJIMBaXKHOM
MOJUIMOPUOHUH.

dopmupoBanue SMOpUONIOB P. rupifragum comnpo-
BOXOAI0OCh passutreM pudpumnsgpHoit [ICHOKM [21],
OIMMCAHHOM JJ1s1 SMOPUOTEHHBIX KYJBTYP Pa3IUYHBIX
BUIOB PACTEHUI M XapaKTePHON IS MpO3MOpHO U
rnooynsapHbIX 3MOpronnoB. Panee ITCOKM, B co-
CTaB KOTOPOU BXOAMIU apaObWHOTrajaKTaHOBbIE OeJI-

Puc. 3. [ucroxumuyeckoe n3yuyeHue KiIeTok sMOpuonnoB P. rupifragum: a — uneHTudUKauys 1unoduiabHbiX coennHeHuit Cy-
manoM 111 B rmoOysspHOM SMOpHONMIE 1 Ha €T0 ITOBEPXHOCTHU B KauyecTBe KoMmItoHeHTa [ICDKM; 6 — BHyTpHUKIeTOYHAS JIOKA-
JM3aLus JUITOGWIBHBIX cCOeqMHEeHNM Tipy okpamBanuu CymnaHom I11; Menkue murodmibHbIe Teblia PACOJIOXEHBI BIOJb
KJIETOUHBIX CTEHOK B KJIeTKaX IJI00YJISIpPHOIO SMOPHUOKIA; B — 00pa30BaHME MHOXECTBEHHBIX 3eJIEHbIX ceMsinofieit B KCO; r —
JIoKanM3auust TunouibHbIX coennHeHuit B kieTkax KCD (okpammuBanue Cynanowm I11); BumHO yBenmyeHne HaKOTUICHUS
JIMTTO(WIBHBIX COSMMHEHUI OT BepXylIKU K ocHoBaHU0 KC3; n — HakoruieHre TMMoMUIbHBIX COEIUHEHUI B KJIeTKax Oa-
3ayibHOIt yactu KC3D, okpacka CynaHom Il1; e — netanb puc. 31; KIETKU, MMOJHOCTBIO 3aI0JIHEHHbIE JTUTTOMUIBHBIMU COEIU -
HEHUSIMU; 3K — BBISIBJICHUE TEPIIEHOB ¢ TToMolbio peakTiBa NADI B roGyssipHoM aMGpuroue 1 B KJIeTKax Kajtyca; 3 — rpe-
PBIBUCTBIE OTJIOXKEHUSI TEPIIEHOB B BUJIE CJIOsI, OKpalrBaemoro peaktuBoM NADI, Ha moBepxXxHOCTH JIOOY/ISIpHOTO SMOpHoa;
U — TepIeH-conepXKalliue Be3UKyJbl pa3HOTO pa3Mepa B KaJUTYCHBIX KJIETKaX 9MOPUOTeHHOM KyIbTYphl P. rupifragum; X — ru-
crosiornueckuii cpe3 KCD, okpamenHoro peaktuBoM NADI; 1 — Bo3pacTtaHne BHYTPUKIIETOUHOTO HAKOIUICHUS TEPIICHOB OT
ceMsoneit K 6azanbHoit yactu KCHO; M — KpyInHbIe BE3UKYJIbl U MHOTOUUCIIEHHbIE METKUE BE3UKYJIbl, OKpalllBaeMble pea-
rentoM NADI, B 6a3anbHoii yactu KCD. BY — 6a3anbHas yacte KCO, JIT — nunodunbHoe teible, [ICHKM — nmoBepxHOCT-
Hasi CeTh OKCTPAKJIETOUHOTO MaTpukca, CM — cemsinoist, D — amMopuouna. CIUIOIIHBIMYU CTPEIKAMU YKa3aHbI TUTTUIHBIC TeJb-
ua, okpaummbaemble CynaHoMm I11, myHKTUPHBIMU CTpesIKaMM yKa3aHbl TEPIEHBI, OKpalrBaeMble peakTuBoM NADI.
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Puc. 4. Dy1eKTpOHHO-MUKPOCKOITMYECKOE CTPOSHUE KIIETOK SMOPUOTEHHBIX CTPYKTYp P. rupifragum: a — KJIeTK1 3MOpUrounna,
conmepxaliue chepocoMbl, IIACTHIBI C KpaXMaJIbHBIMU 36pHAMU U MEJIKUE BaKyOJIn; 6 — KJIETKH IMPOTOAEPMbI SMOpHOUIa, C
MHOTOUHWCJIEHHBIMU c(hepOCOMaMU B ITUTOIUIa3Me; B — C(epPOCOMBI, aCCOLIMUPOBaHHbIE ¢ DP; I — MToIIa3Ma KJIeToK ¢ KpyTi-
HBIMU aMWJTOTUTACTAMU, COAEPXKAIIMMU MHOTOUMCIIEHHbIE KpaxMalbHbIe 3¢pHa, MUTOXOHIPHUSIMU U chepocoMaMu; T — OKpyT-
JIble OCMUOGMUIbHBIE BKIIOUEHHUSI U OTJIOXKEHHEe OCMMOMIILHOIO MaTepyaia Mo TOHOIUIACTY B BaKyoOJIsIX; €, K — IUIaCTUIbI C
KpaxMaJIbHbIMU 3€pHaMU U Tu1acToriodynaMu. B — Bakyonb, MT — mutoxonapusi, K3 — kpaxmanbHoe 3epHo, 11 — nnactuaa,
Co — chepocoma, DC — deHoJbHBIE COeAMHEHsI, DP — sHIOIIa3MaTUYECKHIT peTUKYJIyM, S — sIApo; MI1acTornIo0YIIbl yKa-

3aHbl CTPEJIKOM.

KM ¥ TIOJIUCaxapuibl, OblJla 0OHapy>KeHa HaMU B OM-
opuoreHHoOM Kajnyce Fagopyrum tataricum [22]. Tu-
CTOXMMUYECKN OBII0 TOKa3aHO, 4YTO B COCTaB
TIICBKM, oGHapyXnBaeMOil Ha MOBEPXHOCTHU IPO-

BMOpUO U SMOpUOUNIOB P. rupifragum, BXOIST MO~
caxapuIbl M COSAUHEHUS JTUITOPUILHOM HPUPOIbI
(murmuapl U TeprieHbl). Panee mummabl ObUIY UOCHTU-
¢unmpoBansl B ITCOKM aHaporeHHOro kxajiyca
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20 um
. ]

Puc. 5. ABTodiyopeclieHLIMS B KJIeTKax SMOPUOTeHHOM KyJIbTYpbI P. rupifragum npu oCBelIEHUU TPUKU3HEHHBIX cpe3oB YD:
a, B — NMPUKU3HEHHBIE CPe3bl SMOPHOUIOB, 6 — aBTODIIyOpeCeHIINSI BHYTPUKIIETOUHBIX BKIIOYEHUI U KIIETOYHBIX CTEHOK
B MapEHXUMHBIX KJIETKaX KaJUIyCHOM TKaHU, I — aBTO(MIYyOpECLeHIMS B eIMHUYHBIX TOBEPXHOCTHBIX KJIETKaX 9MOPHUO/IOB.
Kc — kamnyc, B — amOpuoua. beabiMu CIUIOLIHBIMU CTPEIKaMU YKa3aHa XXeJITo-3ejieHast aBTo(IyopecueH LM aTKaJIOUI0B
B KaJUTYCHBIX KJIETKax, 0eJIoi MyHKTUPHOM CTPENTKOM — aBTO(IyopeCcleHIIMsT KIETOUHBIX CTEHOK; PO30BBIMM CTpEIKaMU
ykasaHa royiydast aprodayopecleHI1s (heHOTbHBIX KUCIIOT.

(6)

Puc. 6. TCX 3TaHOJIBHOIO 9KCTPaKTa IMOPUOTEHHBIX KYJIBTYD P. rupifragum, KyTbTUBUPYEMBIX B pa3HbIX yCJIOBUsIX. 1 — mana-
BepUHA TMAPOXJIOPUL, 4 MKT, 2 — 4 Hell. B TeMHOTe, 3 — 2 Hell. B TeMHOTe, 4 — 3 Hell. Ha cBeTy. a — ¢uiyopecueHuus npu 312 HMm,
0 — okpalmuBaHue peakTuBoM JIpareHnopda; MyHKTUPHOI TMHKME! 00BeleHbI MSITHA, OKPalllUBaeMble PEAKTUBOM.
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Puc. 7. BO2XKX eHONIbHBIX COeAMHEHUIT SMOPUOTeHHBIX
KynbTyp P. rupifragum, KyJIbTUBUPYEMBIX B Pa3HBIX YCJIO-
BUSX: a — 4 Hell. B TEMHOTE, 0 — 2 Hel. B TEMHOTE, B — 3 HEXL.
Ha cBeTy (1 — m-KyMapoBast KUCJI0Ta, 2 — (epyioBasi KUC-
Jota, 3 — 2,5-IUrnapoKCUOeH30MHAsT KUC/IOTa, 4 — KBep-
LIETUH, 5 — KOpW4YHasi Kucjora, 6 — KeMmrihepon).
CrutonrHast JIMHUS — nontoleHue mpu 280 HM, MyHKTUP-
Hasl TUHUS — nomioieHue npu 360 HM.

nmeHunsl 1 Kamenaun [23]. TlpenrmonoXuTenbHoO,
gacTh BelecTB, cocTraBiagomux [TCOKM, umeer
BHYTPUKJIETOUHYIO IIPUPOAY U HAKAIUIMBAETCS IKC-
TPaKJIETOYHO B pe3yjbTaTe pa3pylIeHUsI U TuOean
KJIETOK SMOPUOUNIOB, TIEPEXOISIINX K KaJUTycooOpa-
30BaHu1I0. HamMm moka3zaHo, YTO UKJI, BKITIOYAIOIITNIA
obOpa3oBaHue Kajutyca 1 rmocjeayioniee GopMupoBa-
HHEe HOBBIX SMOPHUOUIIOB, IIPOUCXOIUT B 0a3aIbHOM
yactu KCO, B KOTOpoOii KJIETKU MMEIT HamoboJjee
KpyIHbIe auitouiibHble BKItoyeHus (puc. 3). Hpy-

PYMAHLEBA u nap.

rasg yactb KomrmoHeHTOB [ICOKM gBagercss mpo-
JIYKTOM CEKPELIUU TOJIMCaXapua0B U TNTUKO3UIUPO-
BaHHBIX OCJIKOB, SIBJISIONINXCSI KOMITOHEHTaMU KJie-
TOYHBIX CTEHOK M yYacCTBYIOIIUMHU B MX CHUHTE3€,
WU 3allIUTHBIMU MoJiekyiaamMu. He uckiatoueHo, 4To
omnpeaeseHHasl YacTb COCAMHEHUI, COCTaBISIONINX
[ICBKM, gaBiasgoTcsS IIPOAYKTOM CIICIyIIMBAHUS
KOMITOHEHTOB KJIETOYHBIX CTEHOK B IIPOIIECCE UX MO-
IuduKalmuyu 1, HaMpuMmep, pacTskeHusi. BrosHe
BO3MOXHO, 9T0 oOpa3oBanmne [ICHOKM Ha mosepx-
HOCTH TIpO3MOPHO U TJIOOYISIPHBIX >MOPUONIOB
00yCJIOBJIEHO aHOMAaJIUsIMA B 00pa30BaHUU KYTUKY-
JIIPHOTO CJIOSI M KJIETOYHBIX CTEHOK KaK pe3yiabTaT
BIMSIHUS CITEHU(UUECKUX YCIOBUM KyJIbTUBHUPOBa-
HUs in vitro. OTHUM U3 (HaKTOPOB, OKa3bIBAIOIINM
HanOoJiee 3HAYMMOE BIMSIHHME Ha (PUBHOJIOTUIO U
MopdoreHe3 pacTeHUit in vitro, SIBAsSeTCS BBICOKasl
OTHOCHUTENIbHAsI BJaXXHOCTb B COCyIax KYJIbTUBUPO-
BaHus, gocturatomast 100% [24]. YcTaHOBIEHO, YTO
JIUCThSI pacTeHU, KyJIbTUBUPYEMBIX in Vitro, UMEIOT
KyTUKYJIy TOHBIIIE, YeM JIMCThSI pacTeHUit in vivo |25,
26], B HEKOTOPHIX CIIydassX KyTUKYJIa Ha JIMCThSIX OT-
cytctByeT coBceM [27]. ITlokasaHo, 4To BBICOKAas
BJIAKHOCTh MOXKET HapyllaTh ITOJIMMEPU3ALUI0 Ky-
THUHA U SIMKYTUKYJISIPHBIX BOCKOB, BIMSISI Ha COCTaB
M TOJIIMHY KYTUKYJIBI [25], ee MexaHUYeCcKHUe CBOM-
ctBa [28] u npoHunaeMocTsb [29]. ITo MHeHMIO Yeung
[30] mopdonorust KyTUKYISIPHOIO CJIOSI OTpakaeT
duznyecKkre 1 XUMHUUIEeCKHE YCIOBHUS Pa3BUTHUS 3apO-
nabia. OTCyTCTBUE KYyTUKYJISIDHOTO CJIOSI B YCIIOBUSIX
BBICOKOIT BJIAXKHOCTH MOKET IIPUBOIUTH K pa3phIxiie-
HUIO CTPYKTYPHI M “CIISTYIIIMBAHUIO CIOEB KJIETOU-
HBIX CTEHOK, YTO MBI OOHApPYXWIN IIPU U3Y4CHUU
YABTPACTPYKTYPBI KJIETOK 3MOpUounoB P. rupifragum
(puc. 2). BosamoxubiMu pyHkiusamMu ITCOKM, 06-
pa30oBaHHOI ITojIMcaxapuaaMu, OeJIKaMyd U JIUAIIO-
(GUIBHBIMY COEAMHEHUSIMU, MOTYT OBITh MEXaHUYe-
cKas 3allluTa W Ioaiep>KaHWEe BOAHOro OajaHca B
KJIETKaxX IIPO3MOpUO U IJIOOYJISIPHBIX 3apOMdbIIIcid
IIPU OTCYTCTBUU ITOJTHOCTHIO C(DOPMUPOBAHHOM IIPO-
TOJEPMbI U TOJIHOLIEHHON KYyTUKYJIbl, a TaKXe ee
omnpejecHHasl opraHusyoolinas GyHKIMS Ha paHHUX
sTanax nup@epeHINPOBKA COMATUIECKUX 3aPOIbI-
meit [23]. MoxHo TpenmnoJiaratb, 4To Ae(EKTHl B
pPa3BUTUM MPOTOAEPMbI U KYTUKYJISIPHOIO CJIOSI Ha-
XOIISITCS B psiny (hakKTOpoB, “3aIrycKalolinx’ ITOBTOP-
HbI€ LIMKJIbI KaJJTyCUPOBaHUs M1 00pa30BaHUsI aIBEH-
TUBHBIX SMOPHOUIOB B SMOPUOTeHHOM KYJILType Ma-
Ka CKaJIOJIOMHOTO Ha O0e€3ropMOHAaIbHOM cpee.

Kak yxe OBITO OTMEYeHO, IJIST 3MOPHOMIOB
P. rupifragum OblJ10 XapaKTepHO HAKOIUIEHUE COEIU-
HEHU TUITouiIbHOM npupoabl. M3BecTHO, 4TO ce-
MeHa MaKOBbIX O0OOTallleHbl TPUALIMITIULIEPUIAMU,
JKUPHBIMU KHUCJIOTaMU, TOKOMeposoM, Mpenie-
CTBEHHUKOM KOTOPOTO SIBISIETCS OUTEPIIEH (PUTOI
[2]. CuHTE3 1 HAKOIUICHWE TPUALVITIIALIEPUIOB ObI-
JIU OMHUCaAHBI JJi1 SMOPUOTeHHBIX KaJlycoB P. som-
niferum u P. orientale |31]. AKKyMyJISILIAIO TPUALIVJIT-
JIMLIEPUIOB Y SMOPUOUIOB B 3TMX BUAAX MaKa Ha-
®U3UOJIOTUS PACTEHUN Ne 7
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omomanmy Ha craguu nDIooOymbl. Ilpum TiepeHOCe
COMaTUYECKUX 3apojblllieii Ha cpely pereHepanuu
IIPOMCXOAMJIO CHIDKCHUE COmepKaHUs JTUNO(MUIb-
HBIX coeqnHeHmni. [To MAEEeHMIO aBTOpOB [31] cuHTE-
3UpyeMbI€ JIMITUABI BBIMOJIHSIIOT 3HEPreTUYECKYIO
GYHKIINIO, TaK KaK MX COIEPKAHME B KIIeTKAaX 3HAYM -
TEJIbHO CHUKAJIOCHh MPU MPOpACTaHUU 3apOAbIIIEA.
Heob6xonnMo OoTMETUTB, YTO JTUITOMPUIBHEIC COCI-
HEeHMsI, HaKaIUIMBAIOIIUECs B ceMeHaX IIPeACTaBUTE-
Jeit pona Papaver, onipeIeisiioT HIEHHOCTh 3TOTO pac-
TEHUS IS TUILEBO 1 KOCMETUYECKOM MPOMBIIIUICH-
HoctH [32]. CemeHa Maka 60raThl KaK HaCchIILIEHHBIMU
(TMMaTbMUTUHOBASI, CTEAPUHOBAS), TAK U MTOJIUEHOBHI-
MU (JIMHOJIEBasi, OJICMHOBAas, ajib(da-IMHOJIECHOBAS)
KUPHBIMU KUCJIOTAMU.

Hamm rucroxummudeckume ncciaeagoBaHusl IoKas3a-
JIM, 9TO B SMOpUOTeHHOI1 KynbType P. rupifragum Ha-
KaruTMBaloOTCSl HE TOJIBLKO JIMTTUIbI (TTPEUMYIIIECTBEHHO,
B BUJIe TPUALWITJIMLIEPUAOB), HO U TepIieHbl. CocTaB
TEPIIEHOB Y MAaKOBBIX U3y4eH cJ1a0o. B Heckombkmx
paboTax IoKa3zaHo, 4To (PUTOJI — HauboJjiee 4acTo
BCTpEYAIONIUIiCS TepIleH Y MaKoOBBIX [2]. B mucThbsix
P. rhoeas BBISIBIEHBI TEPIICH-COAEPKAIIIE CTEPOUIbI
u ceckBuTeprieHsl [33]. [ucToxumuyeckume ucciaeno-
BaHUSl MpopacTalliux 3MOpuounoB P. rupifragum
MmoKa3ajayd, 4YTO HauOOJblllee HAKOIUJICHWE JIMIO-
(GUIIBHBIX COEAUHEHUM ObLIO OOHAPYKEHO B Oa3alib-
HbIXx Kietkax KCO. VBenuueHue aumno@uibHBIX CO-
eIMHEHNII B OCHOBAHUM IIPOPACTAIOIIETO SMOpHONIa
MO3BOJISIET pacCMaTPUBATh JIMMUAbBI KaK IHEpreTuye-
CKUi1 MaTepurall, HEOOXOIUMBI ISt THULIMALIUKA HO-
BBIX SMOPHOUIOB MJIM, BO3MOXHO, IJISI MHUIIMAIIUN
KOpHeil. BausHue TepreHoB Ha Mpolecc KOpHEeoo-
pa3zoBaHUsI, CKOpee, MPOTUBOIOJOXHBINM, TaK Kak
MMOKa3aHO, YTO TePIIEHbl MHTUOMPYIOT IIpOpacTaHNe
ceMsIH U, B MEPBYIO ouepelb, pa3BuTHE KOpHS [34].
KakoBBl (yHKIIMM TEPIICHOB B LIUKJIIMYSCKUX pa-
YHIaX aIBEeHTUBHOIO 3MOPUOUIOTeHEe3a B KYJIbTY-
pe P. rupifragum, KakoBa UX BHYTPUKJIETOUHAsI JIOKa-
Jm3auus (TUIacTUAHAS, B IJIACTONIOOY/IaX I LIUTO-
IU1a3MeHHasl, B IUITMAHBIX TeJIblIaX), a TAKXKE COCTAaB,
IMOKa HESICHO, W 3TO SIBJISIETCS TIPeIMeTOM AajibHeli-
VX UCCASIOBAHMIA.

Y npencrasureneii pona Papaver onpeneieHo 60-
nee 170 ankamonnos [2]. CocTaB ajKaJonI0B Bapbi-
pyeT B mpeneiax OJHOTO W TOTO XK€ BUAA U MOXET
ONpPENEsATLCS YCIOBUSIMU MTPOU3pACTaHUs, B Tpee-
JlaX OJHOTO pacTeHUsI — OpraHoM, U3 KOTOPOTO ajiKa-
Jiouabl ObUTM BbIAETEHBI [2]. PaHee mpoBeaeHHbIE
OMOXMMUYECKUE HCCIeNOBaHUs pacteHuit P. rupi-
Jfragum noka3zajiu HaKoIJIeHVEe aJIKaJIOUJ0B peaanHa,
MNpOTONMHA, peareHMHa 1 MarHogJopuHa [35].

Kak 1 111 MHOTMX BUIIOB paCTeHUI1, CHHTE3 aJIKa-
JIOUIOB Y IIpeCcTaBUTENIeil ceMeiicTBa MaKOBBIX ITIPO-
UCXOOIUT B JIUddepeHIIMPOBAHHBIX MOP(OTreHHBIX
KynbTypax [6, 36, 37]. [vcTonornyeckue uccaeaoBaHUs
I depeHIIMPOBaHHBIX U YaCTUYHO IuddepeHIIN-
poBaHHBIX ((DOPMUPYIOLIMX OTAEIbHbBIC TPaXeUIbl)
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KyJIbTyp P. somniferum MO3BONWIN TPEINOJIOXUTD,
YTO JIJISI CUHTE3a ONpeae/eHHbIX alKaJouI0B He00-
XOIMMEI OIlpeeeHHBIC KIETOYHBIE CTPYKTYpHI [13].
MopduH 1 KoIenH B KISTOYHBIX KyJIbTypax P. som-
niferum ObUIM OOHAPYXKEHBI JIMIIb B TeX KaJaycax, B
KOTOPBIX I PepeHIINPOBAINCH 3JIEMEHTHI IIPOBO-
ISIIEN CUCTEMBI — Tpaxeuabl. B KajamyCHBIX KyJabTy-
pax P. bracteatum, cCUHTE3UPYIOLIUX MOP(UH, OBLIN
OOHapy:KeHbI KJIETKHA aHAJIOTMYHEIE MJIEYHUKAM [5],
KOTOpPbIE OBLIM aCCOLIMMPOBAHEI ¢ TpaxenaamMu. [1pu
3TOM, B KJIETOUHBIX KylIbTypax P. bracteatum, B KOTO-
PBIX OTCYTCTBOBaJIa KaKasi-110o nuddepeHIpoBKa,
CUHTE3UPOBAINCH TOJBKO JONAMUH M CAHTBMHAPUH
[5]. Kynax n Kanan mokasanu, 4yto HeauddepeHII -
pOBaHHEIE KYJIbTYPhI OIIMITHOIO MaKa He CUHTE3UPY-
oT MopdrHaHbI [38].

CormacHo ucciaenopanussM Kutchan [5] rakorie-
HUeE aJKaJIOUJI0B B TKaHSIX MaKa MOXET ITPOUCXOIUTh
HE TOJIbKO B CITeLIMaIU3UPOBAHHBIX CTPYKTYpax, HO U
B BaKyoJisix. bpllo moka3zaHo, YTO HaAKOTIJIEHUE CaHT-
BMHapMHa U IoNlaMUHa B KyJIbType KJeToK P. bractea-
tum [5] 1 caHrBUHapUHA B KyJIbType KJIETOK P. som-
niferum [15] mpoMcXOOUT B BaKyoJsIx, a (pepMEeHTHI
CYP80B1 u BBE cuHTe3a caHrBUHaprHa, U IPOTO-
MMHA aCCOLIMMPOBAHbBI C DHAOIUIA3MATUYECKUM De-
TUKYJIYMOM KJieTkm [13, 15].

B npoBeneHHOM HaMM TUCTOJIOTUYECKOM HCCIIe-
JIOBAaHUU CEMSIIOJbHBIX JIUCTbEB pereHepaHTOB
P. rupifragum nuddepeHIPOBKAa MJISUYHUKOB ObLIA
oOHapy:KeHa BIOJb 2JIEMEHTOB (DJIO3MBI MPOBOMIS -
IIUX MYyYKOB. BBIIM BBISIBJIEHBI IIIMPOKKUE TpyOUaThie
o6pa3oBaHMsI, 3aIlOTHEHHBIE MHOTOYMCICHHBIMUI
Be3uKynaMu. Takasi CTpyKTypa SIBASIETCS XapaKTep-
HBIM IPU3HAKOM CJIOXHBIX MJIEYHUKOB [39]. B 00-
30pHOIT pabore Hagel ¢ coaBt. [39] oTMeueHO, UTO
YJICHUCTBIEC, CIIOXHBIC MJIEYHUKU (OPMUPYIOTCS U3
KJIETOK MPOKaMOUsI U KaMOUsI MPOBOASIIMX MTyYKOB.
Tem He MeHee, hopMUpPOBaHME MJIEYHUKOB MBI Ha-
OJ1I01aJIU TOJIBKO B 3€JICHBIX CEMSIIOJSIX SMOPUOUIOB
P. rupifragum.

HccnegoBaHue sMOPUOTEeHHOU KyIbTYpHI P. rupi-
Sragum B YO 0OHapyXKUJIO XKeJTO-3eJeHYI0 aBTO(DITY-
OpECLEHIINIO B BAKyOJIsIX KaK B ITAPEHXMMHBIX KJIET-
Kax Kajiyca (puc. 50), Tak U B OTAEJIbHBIX ITOBEPX-
HOCTHBIX KJIETKaX pPa3phIXJISIOIIMXCSI 3MOPHOUIOB
(puc. 5T), 4YTO MOKET CBUIECTEIbCTBOBATh O HAKOILIe-
HUU ajiKajgouaos [15]. AHaTOrMayHoE KeaTOo-3€JIEHOe
CBEUEHHE B BaKyoJsIX KJIEeTOK B Y Habmopaiud B
KJIeTKaX KJIETOYHOM KYJbTYpPbl OMUMIAHOrO Maka Io-
clie 100aBeHUs B cpefy KyJbTUBUPOBAHUS IJUCHU-
TOpa, BbIACACHHOIO U3 MULIEAUst Botrytis cinerea [15].
ITo MHEeHMIO HUCcIenoBaTeeit, KeaTo-3eJIeHasT aBTO-
¢ayopeclieHIIUSI COOTBETCTBYET aJIKaJIOUIy CaHTBU-
HapuHny. IIpoBeneHHbIE HAMM MCCIIEIOBAaHUSI TTOKa-
3QJI1, YTO KOJIMYECTBEHHBINA U KAYECTBEHHbBIN COCTaB
®DC u ankaqouaoB KyabTypbl P. rupifragum 3aBucen
OT BO3pacTa KyJIbTYpPHI U ee 1 epeHIIUPOBKU, PEry-
JIMPYEMOI1 YCIIOBUSIMU BbIpallluBaHusI (CBET, TEMHOTA).
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JInddepeHnmpoBaHHass >MOpUOTeHHAas KYyJIbTypa
P. rupifragum coxpansieT crioco6HOCTb K (hOpMUPOBa-
HUIO 3MOpUOUIOB Ha 6e3ropmoHanbHoit MC-cpene B
TeUeHNE IJINTEIHFHOTO BPEMEHH KYJIbTUBUPOBAHUS U
MOXET SBJISITbCSI OCHOBOM ISl JaJibHEMIIEH pa3pa-
0OTKM OMOTEXHOJIOTMYECCKMX METOHAOB IOJYy4CHUS
JIEKApPCTBEHHBIX COCAMHEHUI I KOCMETOJIOTMU U
¢dapMaKoOJIOTUH.

M3BecTHO, uTO M pepeHIMPpOBaHHBIE KYJIbLTYPhI
pacTeHMI CITOCOOHBI CMHTE3MpPOBATh OoJiee IMINPO-
KU CTIIEKTP BTOPUYHBIX COCAVHEHUI B OTJIUYUE OT
HennddepeHINPOBAHHBIX KAJLTYCHBIX M CYCITEH3MOH-
HBIX KynbTyp. OU4eBUIHBIM IIpeNMYIIeCTBOM Tudde-
PEHLIMPOBAHHBIX KYJBTYP TakKe SIBJISIIOTCSI UX MOP-
donorndeckast U reHeTUYECKasl CTaGUIIBHOCTD B TeUe-
HUE IJINTEJIbHOTO BpeMeH! KyIbTuBHUpoBaHus [40].

HccnenoBaHue BBIIIOJHEHO IIpu (UHAHCOBOIA
noanaepxke MuHUCTepCTBa HAYKW M BBICIIIETO OOpa-
3oBaHus Poccuiickoii @enepaliiy B paMKax rocyaap-
CTBEHHBIX 3amaHuii, BbinonHseMmMblx KHWBB ®UII
KazHII PAH (Ne rocperucrpammum 122011800137-0).

PaGota GbL1a BBIMOJIHEHA YaCTUYHO C UCTIOIb30-
BaHueM obopynoBanus LIKIT CALl ®UILl KasHI]
PAH (anexTpoHHBIi MuKpockon “Hitachi 78007).

ABTOpPBI 3asBJSIIOT 00 OTCYTCTBUM KOH(MIMKTA
nHTepecoB. Hacrosliiast ctaTbsi HE CONEPXKUT KaKUX-
JI6O uccliefoBaHUM C ydacTUEeM JIIOASH U SKUBOTHBIX
B KauecTBe 0OBbEKTOB UCCIEIOBAHUMA.
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