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haBsa 1

Ocob6eHHOCTU CTPOEHMUA
pacTUTENbHOWN KIeTKn

Hayka ctpourtcst u3 (akToB, Kak JOM IIOCTPOCH
13 KaMHEH, HO HakoIUieHrne (hakToB — He OO0Jb-
IIe HayKa, YeM Kyda KaMHeHd — JIOM.

I'. Ilyaukape, 1905

Bricie pacTeHus SBISIOTCS MHOTOKJIETOYHBIMH OPTaHM3MaMH, COCTOSIIIAMH W3 MHII-
JIMOHOB KJIETOK, BBIIOJHSIOUIMX CIICHUaTN3NpoBaHHble (pyHKUMH. HecMoTpst Ha To, 4TO
nmuddhepeHIUPOBaHHBIE KIIETKA MOTYT CHJIBHO OTJIMYATHCS JIPYT OT ApYyTa, BCE OHU, KaK
KJIETKH 3yKapUOTHYECKOTO0 OpPraHM3Ma, COAEp)KaT Aap0, LUTOIUIasMy, Ps KJIETOUHBIX
OpraHeyul M CUCTeMYy MeMOpaH, KOTopas He TOJNBKO OTHENSIeT KIETKY OT OKpY’Karomei
CpeJibl, HO U pa3/ieNisieT Ha KOMIIAPTMEHTHI ee BHYTpeHHee cojiepkumoe (puc. 1.1).

CretuueckuMi 0COOEHHOCTSIMU CTPOSHUSI PACTUTENIBHBIX KJIETOK, OTIIMYAIOIIMMU HX OT
KIIETOK JAPYTUX JyKapHOTHUYECKUX OPraHU3MOB, SIBISIETCS HAIWYHE CHCTEMBI IIACTHI, KPYII-
HOW LIEHTpaJIbHOM BaKyOJIH, a TAK)KE MPOYHOM MOJIMCAXapUIHON KJIETOYHOM CTeHKH. Pactu-
TeNbHas KIIETKA COAEPKUT TPH OTHOCHUTEIBHO aBTOHOMHBIX, HO TECHO B3aHMOACHCTBYIOIINX
MEXIy COOOW T€HETHYECKHUX CHCTEMBl — SIEPHYI0, MUTOXOHAPHANBHYIO U IUIACTUAHYIO.
JIsl pacTUTENBHBIX KIETOK XapakTepeH OCOOBIA THI POCTa — POCT pacTsuKeHHeM. Y Jems-
IIUXCS PACTUTENBHBIX KJIETOK OTCYTCTBYIOT LIEHTPHOMH. [I0CKONBKY KIIETOUHbIE CTEHKH Kile-
TOK OJTHOM TKaHU WJIN OpraHa HEMOCPEICTBEHHO KOHTAKTUPYIOT APYT C APYTOM, TO BO3ZHUKAET
€IMHAas CUCTEMA KIIETOUHBIX CTEHOK, KOTOpasi Ha3bIBAETCS ANONAACTOM.

PacTtuTennHble KJIETKH CBSI3aHBI MCXKOY CO6OI>'I mjiaasMoieCMaMu, KOTOPBIC COCANHAIOT UX
B SIMHOE [IUTOIUTa3MaTHIECKOE 1ie0e — cumniacm. Kaxnas niazmoodecma npecTaBis-
eT coboit MeMOpaHHyIo TIOpy (KaHalT), BRICTIaHHYIO TuiasManemmoii (puc. 1.2).

LleHTpasbHyIO 4acTb MOPBI 3aHUMAET JecMompyOKa, KOTOpasi CBSI3bIBAET SHAOIIA3MaTH-
YeCKUH PETHKYIIyM COCeTHHX KIJIETOK B eJHOe 1ieoe. HerpepbiBHy0 cucteMmy MeMOpaH
SHJIOMJIA3MATUYECKOTO PETHKYIyMa, MEepPEeXO/Ilyl0 U3 KIETKH B KIETKY, Ha3bIBalOT
9HOonaacmom. Bokpyr necMoTpyOKH B MOpe HaXOJUTCS HUTOIUIa3Ma. Takum oOpazom,
Yy PACTHTENIbHBIX OPraHU3MOB HMEIOTCS TPU THIA MPOTSHKEHHBIX KOMIAPTMEHTOB —
aroriacT (KJI€TOYHash CTeHKAa C MEXKJICTHUKaMHM), CUMILIACT M SHAOIUIACT (COOTBETCT-
BEHHO IIUTOIIa3Ma ¥ SHOIUIA3MATHYECKHUI PETUKYIYM COCEIHHUX KJIETOK, COCTUHEHHBIE
iazmozaecmami). 1o mazmonecmaM (CUMIUIACTy WIIM SHJIOIUIACTY) U3 KIETKU B KIIETKY
MOTYT Tu(GGYHAUPOBATH HOHBI U HEOOJBIIINE OPTraHUYECKUE MOJICKYJIBL.
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Puc. 1.1. Cxema cTpoeHUs KIIETKH Me30o¢uinTa sircTa sl Tilia cordata (Bacwbses u ap., 1978):
M — mutoxouapust; LIB — uenTpanbHast Bakyousb; L] — nuromnasma; T — ToHOIUIACT;
IIJT — nmazmaemma;, I' — rpana; K3 — kpaxmansHoe 3epHO; XJI — Xmoporacr;
MT — mukporeno; B — nuronnasmatuueckas Bakyosib; I1 — nomucoma;
OP — sHpommazMaTiHaeckuii petukyiaym; 111 — mmasmonecma; AT — ammapat I"ompmkm;
O — onmeocoma; KC — xirerounas crenka; S — snpo; Ax — smpeimko

|

Puc. 1.2. Cxema cTpoeHHS T1a3MOJIECMEI:
KC — xneTounas crenka,

AT — necmotpyOxa;

OP — sHJ0MIa3MaTHUECKUHA PETUKYITYM;
IIM — mua3maruyeckas MeMOpana




OcobeHHoCmMU cmpoeHUs1 pacmumeribHOU Kiiemku 9

1.1. Agpo

Snpo — 3T0 Hambosee KPYNHBIA U HanOoJee BaXKHBIA opraHoua KieTkn. CHapy»Xu OHO
HOKPBITO SJICPHOI 000JIOYKOM, COCTOAIICH M3 JBYX JJIEMEHTapHBIX MeMOpaH (BHYTpEH-
Hell ¥ Hapy»XHOI), MEXKAYy KOTOPBIMU HAaXOIUTCS nepuHykieaproe npocmparcmego. Ooe
MeMOpaHbI SIepHON 00O0JOYKU OTIMYAIOTCS 1O CTPYKTYpe, CBOMCTBAM M (YHKIHSM.
K eénympenneii membpane Ha BceM ee NPOTSHKEHHU MPUMBIKAET CIIOH KOHACHCHPOBaHHO-
ro XpomaruHa (TeTepoXpoMaTHHA), MPEICTABISIOMNI COOOH KOMIUICKC HYKJICHHOBBIX
KHUCIOT U OenkoB. Hapyowcnas membpana B HEKOTOPBIX MecTax OOBbEIUHSETCS C SHAO-
IUIa3MaTUYECKUM PETUKYITYMOM.

OcHoBHas (hyHKITUS sjpa — XPaHCHUE W KOMMPOBAHKUE TeHEeTHYeCcKol nHpopmanuu. Bo
BHYTPCHHEM COJEPKHMOM sipa (HyKieoniazme) HaXOAUTCS BeCh HaOOp (EepMEHTOB U
K0(haKTOpOB, HEOOXOAMMBIX JJIs dKCIpeccuu TeHoB u perumkanuu JIHK, a Taxke pas-
muynsle PHK. B nensmuxcst KileTkax XpOMaTHH OPraHU3yETCsl B XPOMOCOMbI, YUCIO KO-
TOPBIX CIIEMUPUIHO I KaXKIOTO BUA pacTeHU. B HEKOTOPHIX PaCTHTENBHBIX KJIETKAX
MOJKET MPOUCXOAUTHh MHOTOKpaTHas permmukamus JIHK, B pesympraTe wero obpasyercs
MOJIMTUIOUTHBIN HA00p XpOMOCOM. Y OOJIBIIMHCTBA PACTUTEIBHBIX KICTOK UMEETCS OJTHO
sIpo quamMeTpoM okoiio 10 Mxm. Pa3meps! simep HEOOMHAKOBEI B KJIETKaX Pa3HBIX BHJIOB
pacTeHUH U B pa3HBIX KIETKAX Pa3IUYHbIX TKAaHEH OJHOIO0 U TOTO K€ pacTeHus. OTHOCH-
TEJIHHO KPYITHBIC SApa XapaKTEPHBI JITSI MOJIOABIX MEPUCTEMATHIECKUX KIETOK.

IToMrMO XpaHEHUs W PEIUIMKALMN T€HETHYECKOT0 MaTepralla, Ipo BBIIOIHSAET €Ie O-
HY BaXHYI0 ()YHKLHIO — KOHTpOJIb 32 CHHTE30M Oejka B KJeTke. B sape mpoucxoaut
npouecc Tpanckpunuuu — cunre3 Moiekysn MPHK ¢ ucnonb3oBanuem JJHK B xauecte
Matpunibl. CuHTe3upoBanHbie MoJiekysibl MPHK moaseprarotcs B siape psay monuduka-
LU, TIOCJIE Yero BBIXOJAT B LuToIiazMy. dopmupoBanue cyObeqUHUL] PUOOCOM TaKKe
MPOUCXOJNT B sIApEe B CIEUUAIBHBIX 00pa3oBaHUsAX — s0pviuikax. OHU HE UMEIOT Orpa-
HUYUBAIOIIEH MeMOpaHbl M COCTOAT M3 PHUOOHYKJICONPOTEHMHOB — HPEALIECTBEHHUKOB
pubocom. UmenHo B sapeiikax npoucxoaut cuate3 pPHK, ee cospeBanune u cOopka pu-
00COMHBIX CyObemuHUIL. SApeimko GopMUpyeTCcs Ha yJacTKe XpPOMATHHA, KOAUPYIOIEM
pPHK, xoTOpBIl Ha3bIBACTCS SIOPLIUUKOBHIM OPSAHUSAMOPOM.

JIByxcnoiiHast siiepHas 00OJIOYKa MPOHHM3aHa MOpaMU — TPAHCIOPTHBIMH KaHAJIaMHU,
yepe3 KOTOphIE MEPEMEIIAIOTCsl Pa3InYHbIe MOJEKYNbl MEXIY SIAPOM M IMTOIIa3MOIl.
Y pacteHuii mopel MOTYT 3aHuMaTh OT 8 10 20% NOBEPXHOCTH SACPHON OOOJIOYKH.
Hoepuas nopa He SBIAETCS NPOCTHIM OTBEPCTHEM, a HPEACTABIIET COOOH CIOXKHYIO
CTPYKTYpY, Ha3bIBAEMYIO A0EPHbIM NOPOBbIM KOMWAEKCOM, KOTOPBIH (DyHKIHOHUPYET
KaK CeJIEKTUBHOE MOJIEKYJsIpHOE cuTO (ceTh). [lopoBble KOMIUIEKCHI MIIEKOIMTAIOIINX,
JIPOAOKEH M pacTeHHH XOTS M pa3iuyaroTcsl Mo MOJeKyJsipHoi macce (50—125 M/a),
HO HMEIOT CXOJHOE CTPOCHHME M COCTOSAT W3 OEJKOB, HA3bIBAEMBIX HYKIEONOPUHAMU.
Bo Bpems MuTO3a g€pHbIe TIOPHI PaclaaloTcsl Ha KOMIUIEKCH MAacCON OKOJIO MIJUTHOHA
JAJIbTOH, a MOCJIE 3aBEPIICHHs KIETOYHOIo JAeJeHNUs coOuparoTcsi BHOBb. [1opoBbIid KOM-
TUIEKC UMEET OKTOTOHANIBHYIO cuMMeTpuio (puc. 1.3).

Ero ocHOBY COCTaBNSIIOT HapayijieIbHO PACIIONIOKEHHBIE KOJbLAa — s0epHOe U YUmo-
naasmamuyeckoe. K snepHoMy KoJblly IPUKPEIUICHB! HAIPaBIECHHbIE BHYTPS siApa s0ep-
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Hble unamenmel, K KOTOPBIM KPEIUTCS MepMUHAIbHoe Koabyo. SIepHoe KOlbIo, aaep-
Hble (PMIIAMEHTHI U TEPMHUHAIBHOE KOJIBIIO BMECTe (POPMUPYIOT s0epryio kop3ury. K 1u-
TOIUIA3MAaTUYECKOMY KOJIBIY MPUKPEIUICHbI HAIIPABJICHHBIC B IIUTOIUIA3MY YUMONIA3MA-
muyeckue guramenmol. K S7IepHOMY U IMTOIUIA3MATHYECKOMY KOJBLAM MPHMBIKAIOT
6HewHue U 6HympeHHue cnuyegvle (tomunanvhvle) koavya (Spoke rings, lumen rings),
K KOTOPBIM KPEISITCS CTPYKTYPBI, TOJYYHBIINE Ha3BaHUE cnuy (110 aHAIOTHH CO CIIUIA-
MH TENEe)KHOTo Kouyieca). CIUIbI MOJICP)KUBAIOT PACIIOJIOKECHHBIN B IIGHTPE MOPOBOTO
KOMILIEKCa yenmpanvHulll kanan (mpancnopmep), o KOTOPOMY OCYLIECTBIISCTCS TPAHC-
HOPT MOJICKYIL.

uHTOHJ’[aSMaTI/I‘-IeCKHe

(uamMeHTHI
o

LnTomnasmatuyeckoe
KOJIBLIO

SnepHas
oboouka

KOJIbIIO SnepHast

/ KOp3HHA
Snepusie
(bumamMeHTsI

Puc. 1.3. Ctpoenue saeproit ops! (o Xu and Meier, 2007)

HeGonpimme merabonutel mudGyHAUPYIOT Yepe3 Mopy MAacCHUBHO, a TPAHCIOPT MaKpo-
mouiekyn Oosbie yem 40 k/la (6enku, PHK, pubGocomubie cyObeIUHUIIBI) UACT CEICK-
TUBHO U C 3aTpaTod SHEepruu. M3 nuTOomIa3Mel B SAPO MOTYT TPAHCIIOPTUPOBATHCS TOJb-
KO O€JKH, KOTOpblE cOJAepKaT Clelu(PUIecKyl0 CHTHAJbHYI0 aMHUHOKHCIOTHYIO
MOCJIEe0BATENILHOCTh. B perynsuun TpaHcnopTa MPUHUMAIOT YYacTHE sepHbIE peler-
Topsl (kapuodepunsl), Ran-tun I'Tda3 u 6enaxu-nepeHocUnKky (TPAaHCIIOPTHHBI U IMITOP-
TuHBl). Ran ['T@a3bl KOHTPOIUPYIOT B3aMMOAEHCTBHE MEXAY pELenTopaMu U MEepeHo-
CHUMBIMH 4epe3 TOpY COSAMHEHHUSIMU. Tpancnopmunsl 00eCTIeYNBalOT TIEPEHOC BELIECTB
U3 siipa B UUTOILIA3My, UMNOPMUHbL — U3 TUTOILIa3MBbl B sApo. Kapuoghepunwr obecrie-
YHUBAIOT PENENINI0 CUI'HAJIOB IKCIIOPTUPYEMBIX MM UMIIOPTUPYEMBIX COEIMHEHNH.

1.2. Puéocomsbl

Pubocomvl SIBISIOTCS MECTOM CHHTE3a (mpanciayuu) OSNKOB U3 OTISIbHBIX AMUHOKHC-
JIOT HA OCHOBE reHeTmdeckoil mHpopmanuu, npenocraBisiemoir MPHK. Pubocombr u
KOMITIEKC ['0JbIH OBLIIM OTKPBITHI C IOMOLIBIO JIEKTPOHHONH MHUKPOCKOIMH HOOENeB-
ckuM naypeatom J[xopmkem [anaze (G. Palade, 1955).
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PubocoMel 1 nx cyObenuHHUIBI 0003HAYAIOT MO BEIMYMHE KOHCTAHTBHI CEJUMEHTAINH,
KOTOpYI0 BEIpaXaioT B ceendeprax (1S = 107" ¢). PuGOCOMBI 3ykapHOT BKIIOUAIOT ue-
ThIpe THMa MoJiekyn pubdocomanbaoii PHK — 5S-pPHK, 5.8S-pPHK, 18S-pPHK u 28S-
pPHK. Kaxnas pubocoma COCTOMT M3 JBYX HYKJICOIPOTEHHOBBIX CyOBETUHUI] (Ma-
soii — 40S u Oonbinoit — 60S), KOTOpBIE yIEPKUBAIOTCS BMECTE HOHAMH Mg2+ . Manas
cyoveounuya pubocom coctout 3 ogHor Moiaexynsl 18S-pPHK u 30—35 monekyn 6en-
KOB. bonvwas cybdwvedunuya pubocom COIEPKUT MO oAHOH Monekyie 5SS-pPHK, 5.8S-
pPHK u 28S-pPHK, a taxxe 45—50 mMonekyin OenKoB.

Paznmugaror mBa OCHOBHBIX THITA prOocoM. s Bcex mpokaprot cBoicTBeHHBI 70S prbo-
COMBI, a JJIsI BCE€X DSYKAPHOTHYECKHX OpraHm3MOB Ooiee KpymHbIe — 80S prOOCOMBL.
B xmoporuractax Beicmmx pactennit Haxoasrces: 70S prOOCOMBI, THITMYHBIE IS IPOKAPHOT.
MuTtoxoHIpHaIbHBIE PUOOCOMBI 00JIee pa3HOOOpa3Hbl, HX pa3Mepbl BapsupyoT (55—70S)
B 3aBHCHUMOCTH OT TaKCOHOMHYECKON MPUHAUICKHOCTH OpraHu3Ma. MUTOXOHIpHATEHBIC
prOOCOMBI MJIEKOTUTAIOIINX CYIMIECTBEHHO Menbie THIMIHBIX 70S prubocom; nx ko3¢ u-
IIMEHT CETUMEHTAITNN COCTABJIIET OKOJIO 55S. MUTOXOHApHAIBHEIE pHOOCOMBI PACTEHHA,
HAIPOTUB, TI0 Pa3MepaM B CTPOSHHUIO 00JIee CXOIHBI C TPOKAPUOTUICCKAMHU.

CoOopka cyobenuHuI] pud0OCOM MPOMCXOIUT B IUTOILIa3Me Ha Moliekysne MPHK. B ayka-
PHOTHYECKHX KIJIETKax pHOOCOMBI pacnojararoTcs Ha MeMOpaHax HIO0MIa3MaTHYecKOro
PETUKYIyMa, XOTsI MOT'YT HaXOJIUThCS M B HEMPUKpEIUIeHHOH (opme B nurormia3me. He-
penko ¢ ogHoit Monekynoit MPHK acconmupoBaHo HECKOIBKO prOOCOM, Takasi CTPYKTY-
pa HasbIBaeTCs MOTUPHOOCOMOM (n011CcOMOT). AMHUHOKUCIIOTHI, U3 KOTOPBIX CHHTE3UPY-
10TCS1 OCJIKH, IEPEHOCATCS K MOJIMPUOOCcOMaM pacTBOpUMOH, nin TpancnopTHoit PHK.

1.3. NMnacTuabl

Knaccudukanuro miactiux BeayT IO HaJU4YUIO (WIM OTCYTCTBHIO) B HUX OIPEEIICHHBIX
nUrMeHToB. K OCHOBHBIM THIAM IUIACTHJI OTHOCSTCSI XJIOPOIJIACTBI, XPOMOIUIACTHI U
NeHKOIacThl. X10poniacmul coaepx)aT XJIopoduiut U y9acTBYOT B hoTocuuTe3e. [1na-
CTH[IbI, KOTOPBIE COZepKaT O0JIbIIe KAPOTHHOUIOB, Ye€M XJIOPO(YHUIUIOB, HA3bIBAIOT XPO-
monnacmamu. VIMEHHO XpoMOIIacThl 00yCIIOBIMBAIOT XKEITYI0, KPACHYIO WM OpaHXKe-
BYI0 OKpacKy MHOTHMX IIBETOB, IUIOZOB M OCEHHHUX JIUCTHEB. XJIOPOILIACTHI MOTYT
IPEBPALIAThCs B XPOMOIUIACTHI IIPY CTAPEHUH JINCTHEB M CO3PEBAHUM IIOJOB, B HEKOTO-
PBIX Cllydasix 3TOT Ipolecc sBisieTcs oopaTtuMbiM. K HEMMIMEHTHPOBAaHHBIM IUIACTHIAM
OTHOCSAT 3TUOIUIACTHI, JIEMKOIUIACTHI M MPOIIACTUIBI.

IIponnacmuosi, KOTOpble OOBIYHO MMEIOTCS B MEPUCTEMATHUECKHX KJIETKaX, COAepKar
TOMOTCHHBII MAaTpUKC C HEOONBbIIMMHM HMHBarvHAIMsAMU BHYTpeHHeW MemOpanbl. [Ipo-
TUTACTHU]IBI MOTYT TUQPEPEHINPOBATHCS WM B XJIOPOIUIACTHI (HA CBETY), WM B STHOILIA-
CTHI (B TEMHOTE).

B smuonnacmax conepxurcs npotoxyaopo@uiuing 8 U HeOOJIbIIOE KOJUYECTBO KapOTH-
HOMJIOB, KOTOPBIC MPUAAIOT UM OJICAHYIO JKEITO-3eJICHYI0 OKPACKY; XJIOpohmiuibl a u b
u3-3a OTCYTCTBHSI CBETa HE CHUHTE3HPYIOTCS. OCOOEHHOCTBIO CTPOEHHS 3THOIUIACTOB
SBJSIETCSl HANTMYHME YIOPAJOYCHHON NMapakpUCTAIMUECKON CTPYKTYPHI (B opMe perert-
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K1), KOTOpasi COCTOUT U3 MEMOPaHHBIX BE3UKYJI, U3BECTHBIX KaK NpOIaMeNIsipHble mead.
[locnenHue SIBASIOTCS CBOGOOPA3HBIM pe3epBOM MeMOpaHHOrO MaTepuana s (Gopmu-
POBaHUA JTAMEIIISIPHOM CTPYKTYPHI XJIOPOIIACTOB. ¥YKe MOCJIEe HECKOJIBKUX YacOoB JKCIIO-
3ULIMKM Ha CBETY IpPOJAaMEUIApHBIE TElla IMPEBPAIIAlOTCS B THIAKOHMBI, MPOTOXJIOPO-
¢w1 — B XJIOpOQWIUT M, B WUTOre, STHOIUIACTHI — B XJOpomuiacTel. OgHAKO, eciu
c(hopMHUPOBaHHBIE XJIOPOIUIACTHl B TEUEHHE IJIUTEIBHOTO BPEMEHU OyIyT HaXOOUTHCS
B TEMHOTE, OHH TPAHCPOPMUPYIOTCS B 3THOILIACTHI.

Jletikonnacmamu Ha3bIBAIOT CXOHBIE MO CTPYKTYpPE C TMPOIUIACTHAAMH OECIBETHBIC IIa-
CTH/BI TKaHEH, B KOTOPBIX OTKJIABIBAIOTCS 3allaCHBIE COCIMHCHUS, TaKHMe, HalpUMep,
Kak Kpaxman (amunonnacmet), 0enku (npomeunoniacmet), MAIAABL (dnaiioniacmet).
Ha cBeTy aMHIIOIIIACTBI MOTYT TIPEBPAIIATHCS B XJIOPOILIACTHI.

DOTOCUHTE3UPYIOIIUMH 3JIEMEHTaMU KJIETOK BBICIIMX PACTEHUH U psAAa 3eJI€HBIX BOJO-
pOCIIeii SBIAIOTCS XJIOPOIUIACTH — IUIACTUABI pa3mMepoM 4—6 MM (puc. 1.4). ¥V Heko-
TOPBIX BOAOPOCIEH XJIOPOILIACTHI MOTYT OBITH Oonblie 4—6 MKM (HampuMep, y XjiIaMu-
JOMOHAJIBI OHM MOTYT 10CcTUTaTh 50 MKM).

Puc. 1.4. Ctpoenue xmoporniacta (Bacwses u np., 1978): 1l — mmromnasma;
JIC — namenna crpomsl; I' — rpana; K3 — kpaxmansHoe 3epHo; JIK — nunuanas xamis;
HM — napyxnas memOpana; BM — BHyTpeHH:sI MeMOpana; C — cTpoMa;
P — pubocomsr; T — Trmakonn
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B kJeTkax BBICIINX PaCTEHUN XJIOPOIUIACTHI MOTYT OBITH CEPUUECKOM, THIEBUAHON WK
JUCKOBUAHOM (opMbl. B 3aBucMMOCTH OT BUJa OpraHu3Ma, BHEIIHUX YCJIOBUH W THUIIA
KJIETKH KOJHMYECTBO XJIOPOIUIACTOB Y BBICHIMX PACTEHHH MOXKET K0yeOaThCs OT OJHOTO
JI0 COTHU U OoJiee Ha O/IHY KJIETKY. Y MHOTUX PacTE€HHUH XJIOPOILIACThI BOCIIPOU3BOIATCS
ITyTeM IPOCTOrO AETIECHMUSL.

Xnoponnacmei IPEACTABISAIOT COOOH KICTOYHYIO OPraHeIUTy, OKPYKCHHYIO (KaK U MUTO-
XOHJIpHH) JABOWHOM MeMOpaHO#. B momoiHeHHe K BHEIIHEH W BHYTPEHHEH MeMOpaHaMm
000JIOUKH XJIOPOIUIACTHI 00IA/IAI0T €Ille W TPEeThel cucTeMoi MeMOpaH, (OPMUPYIOIIHX
munakouosl. KoMIakTHas CTONKa THJIAKOMIOB HA3BIBACTCS epaHoll. beaKkn u MUTMEeHTHI,
MPUHAMAIONIUE YyYacTHEe B (POTOXMMHUYECKHX TMpoleccaXx (OTOCHHTE3a, HAXOJATCS
B MeMmOpaHax TwiakouoB. CocemHue TpaHbl CBA3aHBI MEXIy COO0W OMWHOYHBIMHU (HE
YIaKOBaHHBIMH B TpaHy) TWJIAKOWUJAMH, KOTOPBIC HA3BIBAIOTCS JAMELIAMU CHIPOMBL.
I'panb! moOTpy’KeHBI B OECIBETHBIN Mampuxc, OKPYKAIOMIMA THIAKOHUIBI, KOTOPBIA Ha3bI-
BaeTCsl CTPOMOM W SIBJISICTCS aHAJOrOM MaTpUKCa MHUTOXOHIpHiA. B cTpome mpoTekaroT
OMOXMMHYECKHE PEeaKITnu TEMHOBOH ¢asbl porocuaTe3a. Kpome Toro, crpoMa comepKut
(hepMEeHTHI cUHTE3a (OTOCUHTETUYCCKUX TUTMEHTOB,

I'enerndeckas cuctema miaacTHx (I1acToM) (OTOCHHTE3MPYIOIIUX 3YKAPHOT Hpe-
CTaBJICHAa, KaK MPaBWJIO, MHOTOKONMIHOW Konbueod Mozekynoil JHK pazmepom
120—290 T.m.H., KOTOpas MO CBOEH OpPraHM3allMy OYEHb MOXO0Ka HAa TUIMUYHBIN HYK-
Jeou] IPOKapuoT. DTOT GakT, a TAKKE Pl APYTUX CBUACTEILCTBYIOT B IOJb3Y CHM-
OMOTeHETUYECKOr0 MPOUCXOXKACHHS TUIACTHA OT CBOOOJHOXKHUBYIIUX ITMAHOOAKTEPHUIA.
[Mnactunnas JHK conepxut okono 100 BecbMa KOHCEPBATUBHBIX I'€HOB, KOTOPBIE CO-
BMECTHO C PETyJIATOPHBIMU OenkaMu (IPOJyKTaMH SACPHOTO T€HOMAa) KOHTPOJIUPYIOT
TPAHCKPHUIILHUIO IUIACTUAHBIX T€HOB, aBTOHOMHBIM CHHTE3 psina O0enkoB U (pyHKIMOHU-
poBaHHEe POTOCHHTETHYECKOTO anmapaTta. OyHKIMOHMPOBAHHUE XJIOPOIIIACTOB O0ecTe-
guBaeT okoso 2000—3000 paznu4yHbIX 0eaKoB. ['eHOM e miIacTu cCoaepKuT HHQPOP-
Manuto MeHee 4yeM o 100 Oenkax. To ecTh Oosblias 4acTh OEIKOB IOCTYIAeT
B XJIOPOIIJIACT U3 LIMTOIUIA3MBbI, I'I€ OHU CHHTE3UPYIOTCSI HA OCHOBE F€HETHYECKOM MH-
(dbopmanuu, coxepkaiieiics B aape.

1.4. MutoxoHpgpum

B pactenusix mumoxonopuu BIiepBble ObUIM WIACHTU(PHUINPOBAHBI CBETOBOW MHKPOCKO-
MUel KaKk YaCTHIIbI, KOTOPHIE CBI3BIBAIIN KpacuTelb ' SIHyc 3enenbiit b". M3omupoBanHbie
MUTOXOHJIPUN pacTEeHH OOBIYHO CEPUUECKON HITH TPOJIOITOBATON (GOPMBI AUAMETPOM
0,5—1,0 mxM u amuHON 10 3 MKM. MHOTO MUTOXOHAPUHN COJEPIKUTCS B 3aMBIKAFOIIUX
KJIETKaX yCThHIl. KOIMYECTBO MUTOXOHIPUN y PACTHTEIbHBIX KJIETOK MCHBIIE, YeM B
THITMIHOM KUBOTHOH KJIETKE.

VapTpacTpyKTypa MHUTOXOHJIPUI PacTeHUH MOX0Ka HA CTPOCHUE MHUTOXOHIPUI JPYTHX
00bekToB (puc. 1.5).
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Buayrpennss memOpana

HHUTOILTAZMA

MexmemGpantoe
HPOCTPAHCTRO

T N , Iepenocunk

Hapysmnas - nupysara
MeMOpaHa

MATPHUKC

AE = -200 MB

Tlepenocunk
dochara

Komniexchl
nepeHoca

HIEKTPOHOB Iepenocunk
HYK/ICOTHI10B

ATP-cunmasza

Puc. 1.5. Cucrembr MeMOPaHHOTO TPAaHCIIOPTa B MUTOXOHApusx pactenuii (Douce, 1985)
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MHUTOXOHIPUU UMEIOT ABE MEMOpaHbI: TIaJKyI0 HapYKHYIO U BHYTPEHHIOIO, 00pa3yto-
IIY}0 MHOTOYHUCIIEHHBIE BBIPOCTBI — Kpucmol. IIpocTpaHCTBO MeXIy HApy>KHOW M BHYT-
peHHell MeMOpaHaMHu Ha3bIBaeTCs MEKMEMOpaHHBIM (HEPUMHUTOXOHAPHATBHBIM). OHO
ABJISIETCSl BHELIHEW Cpeoi Ui BHYTpeHHEeH MeMOpaHbl M1 MATPUKCa MUTOXOHAPHHA.

B pacTuTenpHBIX MUTOXOHAPHUSAX OCYIIECTBISIIOTCS MPOIECCHl a’pOOHOTO JbIXaHu,
OKHCIUTENBHOTO (hochoprIHpoBaHus, PEBPAIICHUS PsiJia aMUHOKUCIIOT, CUHTE3 XKHP-
HBIX KHCJIOT U HEKOTOPBIX (hochonmmnuoB. MIHTaKTHEIE MUTOXOHJPUU OCMOTUYECKH aK-
THUBHBI: CITOCOOHBI HAOMPATh U OTJaBaTh BOAY COOTBETCTBEHHO B T'HIIO- U TUIIEPOCMOTH-
geckoi cpene. BONBIIMHCTBO HEOPTraHWMYECKWX HMOHOB M 3apSKEHHBIX OPTraHMYECKHUX
MOJIEKYN He criocoOHbI nudGyHIupoBaTs B MaTpukc. OCMOTHYECKAM OaphepoM SBIISIET-
cs BHYTpEHHSS MeMOpaHa MUTOXOHApui. Hapyxknas meMmOpaHa XOpOIIO MpOHHIIAEMa
JUTSL COeIMHEHWH, MOJIEKyJIsipHas Macca Kotopeix Hibke 10 k/la, T. e. mis OompIIMHCTBA
MOHOB M META0OJINTOB.

[Mogo6HO xJIOporIacTaM MHUTOXOHIAPUH SIBISIFOTCS TIOJIyaBTOHOMHBIMU OpTaHEeIaMH,
nockosbky cogepxkat pudocombl, PHK u JIHK, a Takke dhepmeHTH 11 KOaKkTOpHI, HEOO-
XOAMMBIC AJIsl CHHTe3a OenKkoB, Koxupyembix mutoxoHapuanbHoi JIHK. CrnocobHocTh
JHK MUTOXOHAPHIA K PEeIUIMKALUH MMO3BOJSIET 3TUM OpraHesiaM JeJIThCS HE3aBHCUMO
OT JeNeHHs sAApa, MO3TOMY OHH NPOIU(EpUpPYIOT JelieHHeM, a He o0pa3oBaHHEM
de novo. JlunuaHas yacte 00eMX MEMOpaH COCTOMT IJIaBHBIM 00pazoM u3 Qocdonumu-
10B, 80% KOTOpBIX — (QochaTnauaxoaut u GochaTHIUIITAHOIAMHH.

MHorue 0CoOEHHOCTU MOJIEKYJISIPHOM T'€HETHKH PACTUTEIbHBIX MUTOXOHAPHHA CXOIHBI
¢ ApyruMH dyKapuoTudeckumu opranusmamu. JJHK mutroxoHapuil sBisercs KoabLUeBON
MOJIEKYJION W HACIIEIyeTCs 0 MAaTEPHUHCKON JIMHUU. MumoxoHOpuaivusiii 2eHoM pacTe-
Huil komupyer OombmmHCTBO TPHK, HEOOXOMMMBIX A CHHTE3a MHUTOXOHPHATBHBIX
0enkoB, psii prOOCOMANBHBIX OEIKOB M HEKOTOPHIE AIIEMEHTHI AIIEKTPOH-TPAHCIOPTHOMN
renu. OgHaKo OOJbINas YacTh MUTOXOHAPHUANBHBIX OEIKOB, BKIIOYAs (hepMEHTHI UKIIa
KpeOca, xogupyercs siiepHbIMHA I'€HaMH M MUMIOPTHUPYETCS B MUTOXOHIPHU U3 LIUTO-
IUIa3MBl.

B pacreHusx, B OTIMYUE OT >KUBOTHBIX, MPOCTEHIINX U TPHOOB, MUTOXOHIPUATBHBIN
TEeHOM HMMEET Ps/i OTIMYUTEIbHBIX 0cOOEHHOCTEeH. XOTS MHUTOXOHAPUAIBHBIA T€HOM
BBICIIMX PACTEHUH KOAMPYET TOJIBKO OKOJO 50 pa3nuyHbIX OENKOB, OH KpyIMHEe, YeM
y JKMBOTHBIX KJIETOK, M CHJIBHO BapbUpyeT IO BEIMYMHE Y Pa3IW4HbIX BHUJOB pacTeHUN
(ot 218 T.M.H. y nuKoii penpku A0 570 T.LH. y KyKypy3bl). Eme oqHoll yauBuTensHOR
0COOEHHOCTBIO PACTEHUI SIBISIETCS TOT (DAKT, YTO HYKJIEOTHAHAS [TOCIEA0BATENLHOCTh MHU-
toxoHnpuansHoit JJHK He komruiementapaa MPHK, oOpa3yrorieiics mpu TpaHCKPHUIIIIHK.
Tem He MeHee TOTepsi KOMIUIEMEHTAPHOCTH TP Tiepeliaue TeHeTHYecKord MH(opMaun
HE CKa3bIBAETCS HA KaYeCTBE MC€HHBIX MPOJYKTOB — OEIKOB, KOJUPYEMBIX MHUTOXOHPH-
anpHOit JIHK. D10 obecneunBaercs ucnpasienuem (editing) "HexomruieMeHTapHBIX
MPHK nepen tpancnsamnueii. [Ipouecckl ucnpapnenus "Hexommuementapasix” MPHK 06-
Hapy>XeHbl B MHUTOXOHJPHSIX MHOTHMX OpPraHW3MOB, OJHAKO y PAcCTeHHH 3TO SBIECHHE
BCTpeuaeTcs yarie. boJabIIMHCTBO UCIPABIEHUI CBOJUTCS K OKHCIECHUIO aMHUHOTPYIIITHI
y 6-yIJIepoAHOro aToMa LIUTO3KMHA U IIPEBPALICHUIO €0 B ypaLUL.
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1.5. AHOonnNasMaTn4eCcKnumn peTUKynym

BriepBrie ondonnazmamuueckuti pemuxynym ObUL BBISIBICH TPYHION COTpYyIHUKOB Pok-
demneposckoro uucTHTyTa B Hpto-Mopke Bo riase ¢ HoGeneBckum naypeatoM Ambbep-
tom Knoznom (K. Porter, A. Claude, E. Fullam, 1945). CymecTBytoT 1Be pa3HOBHIHOCTU
andonnazmamuyeckoeo pemuxyayma (AP) — repoxosareiit u rnaakuii (puc. 1.6).

Puc. 1.6. Ctpoenne 3HI0MIIa3MaTHYECKOTO PETHUKYIIyMa 1 anmnaparta [ obIKH B KIIETKE JKeJIe3KN
mmcta Tonosst Populus deltoides (Bacusbes u ap., 1978): a — 1uCTEpHBI TPaHYISPHOTO
PETHKYITyMa U aKTUBHBIE IUKTHOCOMBI; 6 — TpEXMEpHasl CXeMa IUCTEPH TPaHYIIPHOTO

1 TpyOOK arpaHyisipHOTo peTHKyiIyMma. [ OP — nuctepHs! rpaHysIsipHOTO SHAOMIIA3MaTHIECKOTO
perukymyma; P — pubocomsr; III" — my3eipek ammapata I'oxpmkn; J| — IAKTHOCOMEL,

B — Baxyoup; [1 — nonucoma; ADP — arpanynsipHbIi 3HI0IIIa3MAaTHUECKUNA PETUKYIIYM

O6a tuna OP npeacTaBisioT co00i TPeXMEPHYIO, HEIPEPHIBHYIO U Pa3BETBICHHYIO CETh
MOJIOCTEH W KaHAIbIEB, OKPY)XEHHBIX MeMOpaHoii. MemOpana OP mopdonorndyecku
UJIEHTUYHA 000JI0YKE KJIETOYHOTO SIpa U COCTABIISET C HEeH eAMHOe IIeoe, a MOJIOCTH
OP OTKpBIBAIOTCSl B MEPHHYKIEAPHOE NPOCTPAHCTBO SIEPHOI 000sI0uKH. DHAOIIa3Ma-
TUYECKUH PETUKYIyM NPUHUMAET y4acThe B CO3/IaHUH HOBOH SJIepHON 00OJIOUKH.



OcobeHHoCmMU cmpoeHUs1 pacmumeribHOU Kiiemku 17

Ha moBepxHOCTH twepoxosamozco (epanynsaprozo) P pacrnonoxeHsl pubocoMbl. OmHOM
13 TIaBHBIX (QYHKIUH miepoxoBatoro DP sBnseTcs o0ecnieueHue CuHTE3a, TPaHCIOPTa U
MOCTTPAHCHAIMOHHBIe Mogudukanuu (N-TIMKO3WIMpOBaHUE, TPHIAHUE HEOOXOAMMOMN
(hopMbI) OEITKOB, CHHTE3UPYEMBIX Ha MPUKPEIUICHHBIX pubocoMax. C mepoxoBaroro OP
HAYMHAETCS BE3WKYJSAPHBIA TpaHCHOPT OenkoB. CHHTE3WPOBAaHHBIC B ITUTO30JIC ITOJIH-
MENTHU]IBI TAKKE IMOCTYNAIOT B DP, re moaBepratoTcs NOCTTPaHCISIIMOHHBIM MO TU(pUKA-
[USIM, TIOCJIE YeTO BHOBH BO3BpamlaloTcs B Iuroruiasmy. s momamanus B DOP Oenok
nomkeH uMeTh C-KoHIIEBOM curHanbHEIN mentun KDEL.

B MemOpanax Kak IJ1aJKoro, Tak u mepoxoBaroro DP cocpenoTodeHsl epMeHThI, 00ec-
MEYMBAIOIINE KOHEUHBIE 3Talbl CUHTE3a JUNHUIOB. B eradxom amdonnazmamuueckom
pemukynyme, TOMAMO JTUIHJIOB, CHHTE3UPYIOTCS TEPIICHOU B, (DEHUIIPOTIAHOUIBI, BOC-
Ka, a TaKXKe OCYIIECTBIISICTCS JCTOKCHUKAIMUS TOKCHUYHBIX IJIs KIETKU BEIIECTB THIPO-
(hoOHOH TTPUPOIHL.

BonponepactBopumble 0enku (nporamunst) u Macia (mpuayunenuyepuosl), KOTOPHIE CHH-
Te3upyroTcs B OP, TpaHCIOPTHUPYIOTCS B HUTOIIA3MY KJIIETOK B COCTAaBE OEIKOGbIX U MAC-
JsiHbIX men. benkoBele Tena GopmupyroTcs B mojocTax mepoxoBatoro OP. Ilpu atom
CHUHTE3UpPYEMbIE TIPOJIAMUHBI CAMOOPTAHU3YIOTCS B OOJBINKME arperatbl, KOTOPhIE 3aTeM
OTIHOYKOBBIBAIOTCS. MacisiHbie Tena (07eocombl) BO3HHKAIOT MyTeM HAKOIUICHUS TpHA-
[WITJIMIICPUIOB HA CIEIHUAIBHBIX ydacTKaX OP, B KOTOPBIX MPUCYTCTBYIOT MHTEIPaJib-
HbIe MeMOpaHHbBIE OeNKu oneo3unsbl. OIe0COMbI OKPYKEHBI cioeM (HochOoTUIIIoB, CO-
JepKaIuX OoJIeO3uHbl. BonopacTBopumbie Oenku (er106)/uHbl) TPAHCTIOPTHPYIOTCS
K BaKyOJIsIM ITUTOTIa3MBbl uepe3 anmmnapat ['oibpku. DTH MpoIecchl UrpaloT BAKHYIO POJIb
IIPpY HAKOIUICHHWHU 3aIllaCHBIX MUTATCJIbHBIX BCUICCTB B CO3PCBAIOINX CEMCHAX.

OP obmagaer cnocoOHOCTHIO K aKTHBHOMY TPAHCIOPTY Pa3fUYHBIX COEIWHEHUH II0
BHyTpuMeMOpaHHO# ¢ase. [IpryeM y pacTUTEIbHBIX OPraHU3MOB BELIECTBA 0 CHCTEME
OP MOTYT IEPECHOCUTHLCA HE TOJIBKO B MPEaCiiaX KICTKH, HO U MCKAY PAa3JIMYHBIMUA KJICT-
KaMH I10 TTa3MOJIECMaM.

1.6. Annapat Nonbaxwu

Ammapar (kommiekc) ['onbmku (Al') Ha3BaH Tak B 4eCTh HTANBSIHCKOTO yueHoro Kammui-
1o 'ombxu, BiepBeie oOHapyxuBimiero ero B 1898 r. OcHoBHbiMu QyHKIHAMA Al sIB-
JSIIOTCA HaKOIUIEHUE, MOAN(DUKALMS, COPTUPOBKA U BE3UKYIISIPHBIA TPAHCIIOPT BEILIECTB,
CHHTE3MPOBAHHBIX B JHIOIUIA3MAaTHYECKOM peTuKyiayme. Komnunexc 1onb0dxcu COCTOUT
U3 IUKTUOCOM U TpaHc-I 0JIbIIKH CETH, OKPYKEHHBIX [ 0JIbKU-MaTPUKCOM.

Jluxmuocomsl TIPENCTABIAIOT COOOM CTONKY M3 5—8 IUIOCKUX, HE COMPUKACAFOIIIXCS
JIPyT C APYrOM, OKPYTJBIX JUCKOBHUIHBIX ITUCTEPH, OTPaHUYCHHBIX MeMOpaHaMH (CM.
puc. 1.6). B pactutenbHO# KIeTKe YHCIO AUKTHOCOM OOBIYHO KOJIEONETCS OT OJTHOM 10
HECKOJIBKMX JecATKOB. Kpall 1ucTepHBl YacTo CuibHO TpozbipsiBieH. [Ipu Gombiom
YHUCJIE OTBepCTI/Iﬁ 9Ta 4aCTbh HUCTCPHBI BBITVISIIUT KAK CETh TOHKHUX BETBAIIMUXCA pr60K,
YTO ¥ HaIJIO CBOE OTPaKEHUE B HA3BAaHUH OPTaHeIUTbl (OT rped. OUKMUOH — CETh).

Beinensaor yuc-, cpenHiol0 U mparc- obnactu anmapara [ombmxu. LluctepHbl yuc-
obnacmu A" ¢popmupyroTcst OMmKe K SApYy KIETKH U COIEpKaT MEHee 3pelible OelIKH.
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