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winasityvaobis nacvlad

saxelmZRvaneloSi mocemulia elementaruli cnobebi ujredze, mis
agebulebasa da funqciebze. pirveli gamocemisagan gansxvavebiT aq
Setanilia ukanasknel wlebSi dagrovili mTeli rigi axali monacemebi.
miuxedavad gadmocemis simartivisa, saxelmZRvaneloSi SeZlebisdagvarad
ganxilulia cnobebi ujredis ciklis marTvis meqanizmze, ujredebis
programirebul kvdomaze, daberebaze da sxva.

citologia (berZnulidan kytos – ujredi, logos - moZRvreba)
moZRvreba ujredis Sesaxeb, mWidrod aris dakavSirebuli Tanamedrove
genetikis, bioqimiis da molekuluri biologiis mecnierul miRwevebTan,
romlebic sicocxlis elementaruli erTeulis - ujredis
funqcionirebis natifi meqanizmebis Seswavlis saSualebas iZleva.
ukanasknel wlebSi aman ganapiroba iseTi sinTezuri disciplinis
warmoqmna, rogoricaa ujredis biologia. `ujredis biologiaSi
Serwymulia rogorc morfologiuri, aseve molekulur - biologiuri
midgomebi, rac uflebas gvaZlevs vTqvaT, rom terminebi citologia da
ujredis biologia (an rogorc mas xSirad uwodeben ujreduli
biologia) erTmaneTs emTxveva, radganac orives Seswavlis sagans
warmoadgens ujredi, romelsac aqvs organizaciis da funqcionirebis
sakuTari kanonzomierebani~ (Cencovi 2004).

wigni umaRlesi saswavleblebis studentebisaTvis aris
gaTvaliswinebuli. saxelmZRvanelo erTnairad mniSvnelovania biologi
da medikosi studentebisTvis, radgan organizmis nebismier daavadebas
safuZvlad udevs konkretuli ujredis an misi kompartment(eb)is
paTologiuri cvlileba. rasakvirvelia, citologi an misi momijnave
specialisti sakiTxs ufro Rrmad da dawvrilebiT unda icnobdes, magram
mainc aq gadmocemuli cnobebi misi codnis safuZvelTa safuZvelia.
saxelmZRvanelos misawvdomoba da masSi Setanili axali cnobebi iZleva
imeds, rom wigni sxva specialobis pirebisTvisac iqneba saintereso. misi
ZiriTadi mizani mainc CvenSi qarTul enaze gamosuli samecniero da
saswavlo literaturis mwvave deficitis gabaTilebaa.

Cven Tavi avarideT meTodebis dawvrilebiT aRweras da daxasiaTebas.
amasTan, danarTSi mocemulia analizuri centrifugirebis Zalian mokle
aRwera. amas gverds ver avuvliT, radganac centrifugirebis saSualebiT
isazRvreba molekulebis an maTi agregatebis erT-erTi parametri -
sedimentaciis konstanta - S. amis ar codna gamoiwvevda garkveul
gaugebrobas. magram es, albaT, mkiTxvels mainc da mainc ar datvirTavs
da raime Znelad gadasalaxav siZneleebs ar Seuqmnis. aseve ganuxilavi
darCeba cilebis biosinTezi. am mcire wignis kiTxvisas studentma unda
daijeros, rom misdami miwodebuli cnobebi sakmaod zustad da saimedod
aris mopovebuli.

vinmes SeiZleba moeCvenos, rom TiTqos da elementaruli
saxelmZRvanelo zedmetadaa fizikur - qimiuri detalebiT gadatvirTuli.
amaze, rasakvirvelia, am wignis avtorebsac ufiqriaT. am sakiTxze
msjelobisas ar unda dagvaviwydes, rom ujredi aris biomolekulebiT
(cilebi, lipidebi, zogierTi naxSirwyali da nukleinis mJavebi)
warmoqmnili sistema. es kursi swavlebis pirvel an meore wels
waikiTxeba da mis asaTviseblad saSualo skolaSi miRebuli codna
biomolekulebis qimiuri aRnagobis da maT Soris qimiuri kavSirebis
Sesaxeb aSkarad arasakmarisia. amis gamo, Cven aq motanili cnobebi



zedmetad ar migvaCnia, vTvliT ra, rom es cnobebic elemetaruli kursis
aucilebeli nawili unda iyos.

garda amisa, danarTebad gamotanilia kidev sami ganakveTi - kunTi da
misi SekumSvis meqanizmi, nervuli ujredi da mielinis garsi, romlebic
sxva disciplinebze metad citologias miekuTvneba, Tumca mis ZiriTad
Sinaarss SeiZleba ar Seadgendes. mkiTxveli SeiZleba survilisamebr
gaecnos am ganakveTebs.

sxvadasxva fakultetebis, specialobis da specializaciisaTvis
citologiis programa SeiZleba gansxvavebuli iyos. es sxvadasxvagvaroba
SeiZleba miRweul iqnes ZiriTad teqstSi da danarTebSi mocemuli
masalis kombinirebis saSualebiT. magaliTad, citologiis Teoria
medikosebisaTvis SesaZloa naklebad iyos saWiro, xolo kunTis
citologia ki piriqiT, aucilebel nawilSi unda iqnas gadatanili da
a.S. es arc aris gasakviri, radganac, bunebrivia, yvela leqtori Tu
maswavlebeli TavisTvis calke programas unda adgendes. igive SeiZleba
iTqvas fragmentze, sadac ganviTarebis biologiis debulebebi aris
gadmocemuli.

asea Tu ise, Cven vTvliT, rom Tu studenti zereled ar moekida
saqmes, is am wignSi TavisTvis ueWvelad moipovebs bevr sainteresos. am
imediT vapirebT SevudgeT Cveni saxelmZRvanelos ZiriTadi masalis
gadmocemas.

g. TumaniSvili
d. ZiZiguri



1. ujredis zogadi daxasiaTeba

1.1. ra aris ujredi

jer kidev 1665 wels robert hukma gamadidebeli xelsawyos
saSualebiT SeamCnia korpis qsovilSi ganmeorebadi mikroskopuli
struqtura, romelsac ujredi uwoda. 15 wlis Semdeg (1680) a. levenhukma
pirvelad aRmoaCina erTujrediani organizmebi. manve pirvelad dainaxa
cxoveluri ujredi, romelic 100 wlis Semdeg aRwera f. fontanam (1781)..
1830 wels protoplazma i. purkinies mier iyo aRwerili, xolo sami wliT
gvian braunis mier – birTvi (1833). ujredis Sesaxeb dagrovili
informaciis analizis Sedegad T.. Svanma (1838) da m. Sleidenma (1838)
Camoayalibes ramdenime mniSvnelovani ganzogadeba, romelic safuZvlad
daedo ujredul Teorias. Teodor Svanma gamoTqva azri, rom yvela
organizmi metnaklebad erTnairi ujredebisgan Sedgeba. daaxloebiT
cxrameti wlis Semdeg germanelma mecnierma rudolf virxovma
gamoacxada, rom yoveli ujredi winamorbedi ujredisagan warmoiqmneba.
am mecnierTa mosazrebis safuZvelze Camoyalibda e.w. ujreduli Teoria,
romlis mixedviTac yvela organizmi Sedgeba msgavsi erTeulebis –
ujredebisagan. ujredebi garkveulwilad damoukidebelni arian, e.i.
SeswevT unari yvelasagan calke iarsebon. ujredi calke ibadeba da
aseve calke kvdeba.

amave dros, ujredze Tanamedrove warmodgenis Camoyalibebisas
ujredis cnebaSi zogierTi dazusteba, Sesworeba da damateba iqna
Setanili:

1. erTi da igive organizmis yvela ujreds msgavsi genomi gaaCnia.
miuxedavad amisa, ujredebi TvalnaTliv gansxvavebulni arian rogorc
formiT da zomiT, ise funqciebiT. umaRlesi eukariotuli organizmi
daaxloebiT 200-mde tipis ujreds Seicavs. ujredebs Soris gansxvaveba
ganpirobebulia genTa diferencialuri aqtiurobiT (sxvadasaxva genebis
gansxvavebuli eqspresia). amave dros, xazgasasmelia is, rom yovel
srulfasovan ujreds aqvs unari Seasrulos ZiriTadi funqciebis
(`diasaxlisis funqciebi~) nakrebi. es funqciebi aucilebelia misi
damoukidebeli arsebobisaTvis da yvela ujredisa da organizmisaTvis
saerToa. aseTebia: memkvidreobiToba, cilebisa da  sicocxlisaTvis sxva
aucilebeli nivTierebebis sinTezi, energiis cvla da a.S. am aucilebeli
funqciebis ganxorcielebas uzrunvelyofs ujredis ZiriTadi
struqturebi, romlebic sxvadasxva tipis ujredebs Soris arsebuli
sxvaobis miuxedavad, principulad erTnairia. saocaria, magram udavo,
rom baqteria da nervuli ujredi ZiriTad funqciebs asruleben da metad
msgavsi struqturebic aqvT, Tumca ki maT Soris gansxvaveba TvalnaTelia.

2. sworad unda iqnes gagebuli ujredis `damoukideblobis~
sakiTxic. ujredisaTvis damoukidebloba mxolod imas niSnavs, rom is
flobs ZiriTadi funqciebis srul nakrebs, rac mas aniWebs saSualebas
gamocalkavebul mdgomareobaSi garkveuli drois ganmavlobaSi iarsebos
da gamravldes kidec. amave dros, bunebriv pirobebSi ujredi gamudmebul
urTierTobaSi imyofeba im ujredebTan, romlebic Seadgenen ansambls,
romlis wevri TviT mocemuli ujredic aris.

amgvarad, ujreduli Teoriis ZiriTadi debulebebia:



1. ujredi aris sicocxlis elementaruli erTeuli, romelsac
SeuZlia damoukideblad Seasrulos ZiriTadi sasicocxlo funqciebi.
yoveli organizmi ujreduli agebulebisaa, amitom ujredebis ricxvi

organizmSi erTis tolia an erTs aRemateba (N1);
2. ujredi aris erTiani sistema, romelic Sedgeba erTmaneTTan

SeWiduli morfofunqciuri erTeulebis – organelebisagan
(organoidebisagan);

3. ujredebi agebulebis da ZiriTadi Tvisebebis mixedviT msgavsia;
4. erTi mravalujrediani organizmis yvela ujredi Seicavs

erTidagive genetikur informacias, magram ujredebi gansxvavdeba am
informaciis realizaciis mixedviT, rac maT Soris morfologiuri da
funqciuri gansxvavebis warmoqmnas (diferencireba) ganapirobebs.

5. ujredi mravldeba dayofiT. yoveli ujredi warmoqmnis Tavis
msgavs or axal ujreds (proliferacia);

6. mravalujrediani organizmi aris ujredebis rTuli ansambli,
romelic warmoiqmneba qsovilebsa da organoebSi ujredebis
gaerTianebisa da integraciis Sedegad. maT Soris kavSiri neiro-
humoruli regulaciiT xorcieldeba.

1.2. arsebobs Tu ara sicocxlis araujreduli formebi?

kacma SeiZleba ikiTxos, ratomaa maincdamainc ujredi sicocxlis
elementaruli erTeuli? gana virusi yovelnair ujredze martivi ar
aris? gana is ki ar amJRavnebs sicocxlis niSnebs? kanonieri SekiTxvaa,
miTumetes rom saxelmZRvaneloebSi xSirad gvxvdeba e.w. sicocxlis
araujreduli formebis cneba. Tumca vercerTi araujreduli forma ver
akmayofilebs elementaruli erTeulis mTavar pirobas: is ar Seicavs
yvela ZiriTad struqturas da ver asrulebs `diasaxlisis~ funqciebis
srul nakrebs. mas ar SeuZlia aqtiur mdgomareobaSi damoukideblad
arseboba. amisaTvis is aucileblad maspinZel ujredSi unda moeqces.
virusi misi qceviT ufro ujredis komponents (organelas) hgavs da ara
cocxali sistemis elementarul erTeuls.

amgvarad, sicocxlis araujreduli formis cneba metad pirobiTia
da citologiisaTvis saxifaTo ar aris. amgvarad, ujreduli Teoriis
ZiriTadi debulebebi ZalaSi rCeba.

1.3. ujredi da organizmi

yoveli cocxali organizmi (sistema), rogorc iTqva, ujredebisagan
Sedgeba. amasTan, Tu organizmis Semadgeneli ujredebi N-iT aRniSnes,
maSin, nebismieri organizmis ujredTa raodenoba erTze naklebi ver
iqneba. iqidan gamomdinare, rom erTujrediani organizmic ujreduli
agebulebisaa, e.w. ujreduli Teoriis ZiriTadi debuleba maszec
vrceldeba.

miuxedavad amisa, amTaviTve SeiZleba davaskvnaT, rom erT- da
mravalujredian organizmebs Soris SesamCnevi da albaT, arsebiTi
gansxvavebaa. kerZod, pirvelSi gamoricxulia ujredSorisi
urTierTobani mcire gamonaklisis garda (koloniurad mcxovrebi). maSin
rodesac, mravalujredian organizmSi aseTi urTierTobani sistemis
moqmedebis aucilebel pirobas warmoadgens. axla sakiTxavia, moqmedebs
Tu ara aRniSnuli garemoeba ujredis Tvisebebze? gansxvavdeba Tu ara



erTmaneTisagan erTujrediani da mravalujrediani organizmebis
ujredebi?

iqneb gasakviri iyos, magram iseTi gansxvavebebi, rogoricaa
infuzoriis makro- da mikronukleusi da sxva misTana, ujredebs
arsebiTad ar ganasxvavebs, radganac arc cilebis sinTezs, arc
memkvidruli informaciis gadacemis da ujredebis gamravlebis wess ar
cvlis. arsebiTi gansxvaveba maT Soris imaSi mdgomareobs, rom
erTujredianis ujredi mTliani organizmia da misTvis damaxasiaTebeli
genetikuri informaciis realizacia am erT ujredSi xdeba. aqedan
gamomdinare, is mocemuli organizmis yvela funqcias asrulebs.
erTujrediani organizmis ujredis am gansxvavebas SemdegSic SevxvdebiT.

mravalujrediani organizmis erTi ujredi organizmis genetikuri
informaciis mxolod mcire nawilis realizacias axdens da Sesabamisad
funqciebis nawils (an sulac erTs) asrulebs. bolo dros zogierTi
avtori arsebiTad saxeSecvlil sqemas gvTavazobs. axali midgomis
safuZveli isaa, rom prokariotuli ujredi anu prociti, sulac ar aris
ubralod ubirTvo eukariotuli ujredi anu ubirTvo euciti, aramed
organizaciis sul sxva, gacilebiT dabali donea. prociti organizaciis
doniT eucitis organelebs unda gautoldes da ara mTlianad ujreds.

cocxal arsebaTa samyaro ar SeiZleba or nawilad -
erTujredianebad da mravalujredianebad daiyos. saqme isaa, rom
prokariotebis gaerTianebis Sedegad miiReba (mravali baqteria,
cianobaqteriebi da sxva) koloniuri sistemebi, aseT SemTxvevaSi, ujredi
ar SeiZleba CaiTvalos sistemis struqturul safuZvlad. maSasadame,
organizmebs Soris arsebiTi gansxvaveba is ki ar aris, rom erTni
erTujredianni, xolo meoreni ki mravalujredianni arian, aramed is, rom
erT-erTi maTganis organizaciis done meorisaze gacilebiT maRalia.
marTlac, prokariotebi, romlebic poliprocitul sistemebs qmnian,
erTnairi ujredebisagan Sedgebian, maSin rodesac eukarioti
mravalujredianebis ujredebi erTmaneTisagan rogorc funqciiT, ise
formiT gansxvavdebian.

mxedvelobaSia misaRebi, rom ujredebis gaerTianebis safuZvelze
aRmocenebuli mravalbirTviani sistemebi e.w. citoidebi1, ara marto
umdables mcenareebSi, aramed umaRles cxovelebSic mravlad gvxvdeba.

1.4. ujredi da organizmis ganviTareba

1
citoidi SeiZleba warmoiqmnas an arsebuli ujredebis Serwymis, an maTi gamravlebis Sedegad,

rodesac xdeba mxolod birTvis dayofa - citoplazmis gayofis gareSe. cxovelebisaTvis
damaxasiaTebel qsovilovan struqturebs, romlebic ar Seicavs erTmaneTisagan mkafiod gamijnul
ujredebs simplasts (berZ. Syn-erTad da plastos-warmoqmnili) uwodeben. citoidSi ujredebi
SeiZleba nawilobriv iyos gamijnuli. amgvar gaerTianebul struqturebs anu citoidebs,
romlebSic ujredebi erTmaneTs citoplazmuri xidakebiT (protoplazmuri Zafebi) ukavSirdebian,
sincitiumi ewodeba. mravalbirTvian struqturas umartivesebSi plazmodiums uwodeben. umaRles
cxovelebSi citoidebis mkafio magaliTia ganivzoliani kunTovani boWko da spermatogenuli
qsovili.
aq gadmocemul Teorias ujredulis nacvlad citoidur Teorias uwodeben. misi mTavari
debulebebia:
1. yvela eukariotuli organizmi citoidebisagan Sedgeba. citoidis filogenezurad (e.i.
evoluciis manZilze) pirveladi, yvelaze gavrcelebuli da martivi forma ujredia (euciti). 2.
rTul citoidebs ujredis yvela komponenti mravaljer ganmeorebuli saxiT aqvT, radganac isini
umravlesad ujredebis mravaljerad, magram arasrul gayofaTa Sedegad aRmocendebian. 3. yoveli
citoidi citoididan warmodgeba.



kargadaa cnobili, rom cocxali individumi (calarsi) misi
arsebobis manZilze garkveul etapebs gaivlis am etapebis gavlis
process ontogenezi anu individualuri ganviTareba ewodeba.

cocxali organizmis ganviTareba mis sxvadasxva mdgomareobaTa
Tanamimdevrul monacvleobas gulisxmobs. sqematurad es procesi ase
SeiZleba gamoisaxos:

suraTi 1. organizmis Seuqcevadi ganviTarebis
sqematuri gamosaxuleba

dasamaxsovrebelia, rom organizmis ganviTareba Seuqcevadi da,
aqedan gamomdinare, acikluri procesia. maSasadame, cocxal sistemas
`akrZaluli aqvs~ ganvlil etapze (mag. a etapze) dabruneba, rac sqemaze
gadaxazuli wyvetili isrebiTaa gamosaxuli (sur. 1). amis gamo,
individualuri ganviTarebis procesi xelaxla ver daiwyeba da ciklad
ver Seikvreba. individualuri ganviTarebis programa organizmis mTliani
genetikuri programis Zalian didi nawilia. misi etapebi da mimarTuleba
(traeqtoria) TiTqmis 100%-iT SeiZleba iqnes nawinaswarmetyvelebi,
prognozirebuli. ontogenezSi cocxali organizmis ara mxolod
garTuleba da srulyofa xdeba, aramed garkveul etapze misi degradacia
(daknineba) iwyeba. ontogenezis am etaps dabereba ewodeba.

individualuri ganviTareba didwilad ujredul procesebze
daiyvaneba. sul ubralod wydeba es sakiTxi erTujrediani
organizmebisaTvis, raki aq ontogenezi mTlianad im procesebis
cvlilebebs moicavs, romlebic ujredis aRmocenebidan misgan axali
ujredebis warmoSobas Soris drois monakveTSi xdeba.

sayuradReboa is organizmebi (prokariotebi, zogierTi erTujrediani
wyalmcenareebi da umartivesebi), romlebic xelsayrel pirobebSi
praqtikulad `usasrulod~ mravldebian, ris gamoc maT xSirad ukvdavebs
uwodeben. sinamdvileSi, am SemTxvevaSi mxolod ujredebis jgufis
(populaciur) ukvdavebaze SeiZleba laparaki. marTlac, axali
individumebis gaCena aq mSobel individums abaTilebs, auqmebs da
maSasadame, gayofiT ujredi asrulebs Tavis arsebobas, kvdeba. amrigad,
individualurad arcerTi ujredi ukvdavi ar aris. yvela amgvar sakiTxze
msjelobis dros, rasakvirvelia, igulisxmeba dedamiwaze sicocxlis
arsebobis dro, romelic pirobiTad `usasrulo~ drod aris aRiarebuli.
sinamdvileSi dedamiwaze mimdinare yvela procesi sasrulia.

rac Seexeba mravalujredian organizmebs, maTi ganviTareba (ufro
zustad ki ontogenezi), ujredebSi mimdinare Semdegi procesebiTaa
ganpirobebuli:

1. ujredebis gamravleba anu proliferacia aris ujredebis dayofis
procesi, romlis Sedegad maTi ricxovnoba izrdeba. proliferacia
organizmis zrdis erT-erTi umTavresi ganmsazRvreli movlenaa.
ZiriTadad mis xarjze matulobs organizmis moculoba, masa an wona.



zogierT SemTxvevaSi proliferacia zrdis gareSe xdeba. marTlac,
cxovelebis umravlesobis ganviTarebis adreul stadiebze ujredebi
mravldeba, magram Canasaxis moculoba ar matulobs, radganac yoveli
ujredi wina Taobis ujredze orjer naklebi moculobisaa (danawevreba).
proliferaciis safuZveli mitozia.

2. ujredebis diferencireba organizmSi sxvadasxva fenotipis mqone
ujredebis tipebis Camoyalibebaa. Cveulebriv ujredebis diferencireba
maT funqciur specializaciasTan aris dakavSirebuli. unda gvaxsovdes,
rom organizmis ganviTareba kategoriulad ar aris calkeul ujredSi
mimdinare procesebis jami. amave dros, sxvadasxva qsovili da organo
ujredebis diferencirebis safuZvelze warmoiqmneba.

3. ujredebis moZraoba gansakuTrebiT intensiurad mimdinareobs
Canasaxovan periodSi. gadanacvlebis Sedegad ujredebis didi jgufebi
ikaveben maTTvis gankuTvnil adgils. amave dros, myardeba maT Soris
funqciuri urTierTkavSiri, rasac metad mniSvnelovani Sedegebi mosdevs.
magaliTad: qordisa da mezodermis gavleniT eqtodermaSi aRmocendeba
neiraluri struqturebi, rac sabolood nervuli sistemisa da misi
warmoebulebis (derivatebis) CamoyalibebiT sruldeba. saboloo jamSi
konkretuli organizmis forma swored am procesebis Sedegad yalibdeba.

4. ujredebis programirebuli kvdoma anu apoptozisi - farTodaa
warmodgenili organizmis mTeli ontogenezis manZilze. gansakuTrebiT
intensiurad mimdinareobs mwerebis, amfibiebis da sxvaTa larvis
stadiaze. garda amisa, apoptozisiT ujredebis kvdoma aRwerilia:
cxovelebis metamorfozis, kidurebis formirebis dros TiTebis
`amoWris~ da sxva procesebSi.

5. yvela zemoT aRwerili movlena ganapirobebs morfogenezs (berZ.
morphe - forma da genesis – warmoqmna). morfogenezi organizmisa da misi
nawilebis formis Camoyalibebas - formirebas, sivrceSi ganlagebas da
maT Soris sivrciTi urTierTmimarTebis Camoyalibebas niSnavs.

1.5. ujredebis ZiriTadi klasebi

miuxedavad ujredebis struqturuli da funqciuri msgavsebisa, isini
mainc sxvadasxva niSniT gamoirCevian, rac maT klasifikacias aucilebels
xdis. upirveles yovlisa ujredebi iyofa or did klasad: eukariotebad
(eucitebi) da prokariotebad (procitebi). es terminebi warmoiqmneba
berZnuli sityvidan karion, romelic birTvs niSnavs. aqedan,
eukariotuli aris birTvis Semcveli ujredebi, xolo termini
prokarioti ki niSnavs birTvis winamorbeds an birTvamdels.
eukariotebis ujredebSi birTvi mkafiod aris gamokveTili da moaqcevs
calke sivrceSi yvela im struqturebs, romlebic genetikuri
informaciis Senaxvasa da amokiTxvas (transkripcias) emsaxureba. amgvari
gamocalkeveba birTvis garsis saSualebiT xdeba. prokariotebSi ki igive
struqturebi citoplazmisagan gamocalkevebuli ar aris. prokariotul
ujreds, cxadia, arc birTvis garsi gaaCnia. rogorc pirveli tabulidan
Cans, eukariotebi da prokariotebi Tavis mxriv kidev iyofian
qveklasebad. am tabulaSi mcenareebi, cxovelebi da baqteriebi albaT
raime ganmartebas ar moiTxovs. rac Seexeba cianobaqteriebs, eseni
zogjer lurj-mwvane wyalmcenareebad moixsenieba, rasac, raRa
dasamalia, safuZvelic aqvs. es aris baqteriebis jgufi, romlebSic
fotosinTezi xdeba. yvelaze naklebad nacnobi am CamonaTvalSi



mikoplazmebia (baqteriebis gansakuTrebuli klasi, romelsac ar gaaCnia
ujredis kedeli da mxolod plazmuri membraniT aris SemosazRvruli).

tabula 1

eukariotebi prokariotebi
mcenareebi baqteriebi
cxovelebi cianobaqteriebi
sokoebi mikoplazma

pirvel tabulaSi qveklasebis Sedarebisas naTeli xdeba maTi
urTierTgarCevis uflebamosilebac. me-2 tabulaSi mocemulia yvela am
qveklasisaTvis damaxasiaTebeli niSan-Tviseba.

1.6.mcenareuli da cxoveluri ujredebis Sedareba

SevecadoT mokled CamovayaliboT gansxvaveba cxovelur (sur. 2 a)
da mcenareul (sur. 2 b) ujredebs Soris (tabula 3). tabulidan Cans, rom
cxovelur da mcenareul ujredebs Soris arsebiTi gansxvaveba ar aris.
zogierTi niSan-Tviseba, rogoric aris mcenareuli ujredis mkvrivi
garsi, qloroplastebi, didi vakuoli da cxoveluri ujredis
glikokaliqsi, mikroxaoebi, rogorc Cans garemosTan Seguebis procesSi
iqna SeZenili. rac Seexeba cxovelebSi plazmodesmebisa da mcenareebSi
centriolis uqonlobas, yvela SemTxvevaSi ujredSi Sesabamisi
homologiuri struqtura aRmoCndeba xolme. marTalia, zogi maTgani
napovni dResac ar aris (centrioli), magram maTi arseboba eWvs ar unda
iwvevdes

tabula 2. prokariotuli da eukariotuli ujredebis SedarebiTi
daxasiaTeba

niSan-
Tviseba

prokariotebi eukariotebi

zomebi diametri 1-10mkm diametri 10-100 mkm
citoplazma mudam gelis mdgomareobaSia citoplazma

nawilobriv Txevadia
membrana tipiuri agebulebisaa tipiuri agebulebisaa

citoConCxi ara aqvs aqvs
genetikuri

masala
citoplazmisagan gamoyofili ar
aris. giganturi dnm rgolovani

formisaa da e.w. nukleoids
(baqteriuli qromosoma) qmnis.
garda amisa, zogierT baqterias

meore dnm-s molekula anu wriuli
plazmida gaaCnia

gamoyofilia
citoplazmisagan da

moTavsebulia birTvSi.
dnm cilebTan da rnm-
Tan rTul kompleqss -
qromatins qmnis. dnm
wrfivi formisaa

organelebi mxolod ribosomebi aqvs mravalia (birTvi,
birTvaki, goljis

kompleqsi,
mitoqondrioni,

endoplazmuri bade,
lizosoma, plastidebi,



centriolebi,
ribosomebi)

garsi xistia. ZiriTadad polisaqaridebs
da aminomJavebs Seicavs.

zogierTs ar aqvs (mikoplazma)

zogierT
warmomadgenels xisti
garsi aqvs. cxovelur
ujreds xisti garsi ar

gaaCnia

tabula 3. mcenareuli da cxoveluri ujredis Sedareba

niSan - Tviseba cxoveluri
ujredi

mcenareuli
ujredi

plazmuri membrana + +
mikroxaoebi + -
mikrofilamentebi + +
Sualeduri
filamentebi

+ +

mikromilakebi + +
birTvi + +
birTvaki + +
qromosomebi + +
qromatini + +
birTvis garsi da
forebi

+ +

centriolebi + -
mWidro kontaqtebi + -
napralisebri
kontaqtebi

+ -

endoplazmuri bade + +
goljis kompleqsi + +
mitoqondrionebi + +
lizosomebi + +
peroqsisomebi + +
glikokaliqsi + -
didi vakuoli - +
ujredis mkvrivi garsi - +
plastidebi - +
plazmodesmebi - +



suraTi 2 a) cxoveluri ujredis agebulebis sqema

1 - plazmuri membrana; 2 - citoplazma; 3 - birTvi; 4 - granularuli
endoplazmuri bade; 5 - gluvi endoplazmuri bade; 6 - ribosoma; 7 -
mitoqondrioni; 8- goljis aparati; 9 - polisoma; 10 - birTvaki; 11 -
birTvis garsi; 12 - birTvis fora; 13 - qromatini; 14 - vakuoli; 15 -

mikromilaki; 16 - mikrofilamenti; 17 - centrioli; 18 - lizosoma; 19 -
mikroxao; 20 - wamwami; 21 - bazaluri sxeulaki; 22 - membranuli buStukis

formireba.



suraTi 2 b) mcenareuli ujredis agebulebis sqema

1 - plazmuri membrana; 2 - citoplazma; 3 - birTvi; 4 - granularuli
endoplazmuri bade; 5 - gluvi endoplazmuri bade; 6 - ribosoma; 7 -
mitoqondrioni; 8 - goljis aparati; 9 - polisoma; 10 - birTvaki; 11 -
birTvis garsi; 12 - birTvis fora; 13 - qromatini; 14 - vakuoli; 15 -

mikromilaki; 16 - mikrofila-menti; 17 - ujredis kedeli; 18 -
qloroplasti; 19 - ujredSorisi sivrce.



1.7. citologiis kvlevis meTodebi

citologiis mTavari meTodologiuri midgoma aris  ujredis
vizualuri Seswavla. adamians SeuiaraRebeli TvaliT SeuZlia dainaxos
yvelaze mcire, 100 mkm-is zomis nawilaki. ufro mcire zomis obieqtis
dasanaxad gamoiyeneba mikroskopi. mikroskopi aris xelsawyo, romelsac
ori ZiriTadi daniSnuleba aqvs. erTi, gaadidos obieqti adamianis
TvaliT dasanax zomamde. meore, miRweuli unda iyos kontrastuli
gamosaxuleba. arsebobs ori ZiriTadi tipis mikroskopi. esenia: sinaTlis
da eleqtronuli mikroskopebi.

yvelaze martivi sinaTlis mikroskopi (pirvelad Seqmna a. levenhukma)
saSualebas iZleva davinaxoT 0,2-0,3 mkm zomis nawilaki (ganaTebis wyaro
speqtris xiluli ubani - 400-700 nm). Cveulebrivi sinaTlis mikroskopis
(naTeli velis meTodi) muSaobis ZiriTadi principi mdgomareobs
SemdegSi: ganaTebis wyarodan gamosuli sinaTlis sxivis kona gaivlis
specialur mowyobilobas (kondensors) ecema obieqts. Semdeg xdeba
sxivebis Sekreba linzebis meSveobiT da vRebulobT pirvelad
gamosaxulebas, romelic SeiZleba gadiddes sxvadasxva okularis
saSualebiT. gamosaxulebis garCeviToba SeiZleba gaizardos 0,13-0,14 mkm-
mde, Tu ganaTebis wyarod gamoviyenebT ultraiisfer sxivs.

ujredis sxvadasxva ubani gansxvavdeba simkvriviT da Suqtexvis
unariT. amave dros ujredis zogierTi komponenti ar gansxvavdeba
erTmaneTisagan am Tvisebebis mixedviT. aqedan gamomdinare, rogorc
cocxali, aseve fiqsirebuli ujredebis calkeuli komponentebis ukeT
Seswavlis mizniT gamoiyeneba gansakuTrebuli tipis mikroskopebi. esenia:
fazur-kontrastuli, interferenciuli, fluorescentuli
(luminescentuli), polarizaciuli da konfokaluri maskanirebeli
sinaTlis mikroskopebi.

fazur-kontrastul mikroskops, martivi sinaTlis mikroskopisgan
gansxvavebiT, aqvs specialuri firfita, romelic ganapirobebs masSi
gamavali sinaTlis sxivis rxevis fazis cvlilebas. ujredis sxvadasxva
simkvrivis komponentze dacemis Semdeg TiToeuli sxivis rxevis faza
icvleba da amis safuZvelze miiReba  obieqtis naTeli da muqi
kontrastuli gamosaxuleba.

interferenciuli mikroskopis muSaoba ZiriTadad imave principzea
damyarebuli, magram maT Soris arsebobs mcireodeni, Tumca
mniSvnelovani gansxvavebac. interferenciul mikroskopSi ganaTebis
wyarodan gamosuli sxivebis kona or nawilad iyofa. sxivebis erTi
nawili obieqtis gverdis gavliT obieqtivSi uerTdeba sxivebis pirvel
nawils, romelic gaivlis obieqtSi da maT Soris interferencia xdeba.
sxivebis interferencia uzrunvelyofs ujredis sxvadasxva sikvrivis
komponentebis gansxvavebuli xarisxis kontrastuli gamosaxulebis
miRebas. fazur-kontrastuli da interferenciuli sinaTlis mikroskopi
gamoiyeneba SeuRebavi da cocxali ujredebis dasakvirveblad.

polarizaciuli mikroskopis saSualebiT SeiZleba gavarCioT
ujredis nawilebi, romelTac gaaCniaT sinaTlis polarizaciis (sxivis
ormagi texvis) unari. ujredis aseTi komponenti muqi mxedvelobis areSi
naTebadi nawilakis saxiT Cans da SeiZleba vimsjeloT am komponentis
sivrciT orientaciaze.

fluorescentuli mikroskopi ujredis SigniT ama Tu im nivTierebis
lokalizaciis dasadgenad gamoiyeneba. amisaTvis aucilebelia



fluorescentuli saRebavi an cila da specialuri filtrebi. ujredSi
aRniSnuli saRebaviT an cilebiT  moniSnul molekulebs ecema ra sxivi
an eleqtronebis nakadi, isini fluorescireben.

konfokaluri maskanirebeli sinaTlis mikroskopi gamoiyeneba
obieqtis sruli samganzomilebiani gamosaxulebis misaRebad.
fluoroqromiT SeRebili obieqtis sxvadasxva siRrmidan am mikroskopis
saSualebiT Tanamimdevruli seriuli anaTlebis skanireba xdeba. maTze
lazeruli sxivis amagznebeli zemoqmedebis Sedegad miRebuli
fluorescentuli signalebi gadaitaneba kompiuterSi da specialuri
programebis gamoyenebiT xdeba samganzomilebiani, sivrciTi
gamosaxulebis rekonstruqcia.

sinaTlis mikroskopTan SedarebiT obieqtis garCeviToba
mniSvnelovnad maRalia eleqtronul mikroskopSi. arsebobs ori saxis
eleqtronuli mikroskopi: Cveulebrivi anu transmisiuri eleqtronuli
mikroskopi da maskanirebeli eleqtronuli mikroskopi. Cveulebriv anu
transmisiur eleqtronul mikroskopSi maRali garCeviToba ZiriTadad
miiRweva eleqtronebis nakadis warmomqmneli ganaTebis wyaros
gamoyenebiT. eleqtronul mikroskopSi SeiZleba davinaxoT 0,1 nm-is zomis
nawilaki. eleqtronebis nakadi, romelic gaivlis obieqts, fokusirdeba
obieqtivSi, miiReba pirveladi gamosaxuleba (iseve rogorc sinaTlis
mikroskopSi), romelic saproeqcio linzis meSveobiT gadaitaneba
luminescentuli SriT dafarul ekranze an fotofirfitaze, romlidanac
SeiZleba suraTis miReba. maskanirebeli eleqtronuli mikroskopi
gamoiyeneba moculobis mqone obieqtis (mTliani ujredis an qsovilis)
zedapiris skanirebisTvis. ujredis reliefuri saxis skanirebis mizniT
xdeba obieqtis fiqsireba, gaSroba da zedapiris metalis Txeli feniT
dafarva, romelsac ecema eleqtronebis nakadi. meoradi anu areklili
eleqtronebi yoveli ubnidan ikribeba mimReb xelsawyoSi. amgvarad
miiReba ujredis zedapiris samganzomilebiani gamosaxuleba.

2.ujredis Semadgeneli molekulebi

2.1. ujredis Semadgeneli mcire molekulebi

ujredis Semadgeneli rTuli organuli naerTebis dayofa mcire da
did molekulebad erTob pirobiTia da ufro taqtikuri mosazrebebiT
keTdeba. es xerxi aqac imitom aris naxmari, rom Cveni gadmocema ufro
mwyobri iyos da movlenebi erTmaneTSi ar aiTqvifos. aqve unda
davsZinoT, rom ujredis qimiuri Tvisebebis Sesaxeb aq motanili cnobebi
sruli ver iqneba, radganac calke disciplinis - bioqimiis - sagans
Seadgens da mkiTxvelma ubralod unda daimaxsovros da cnobad miiRos.

2.1.1. qimiuri bmebi

atomebi da molekulebi erTmaneTs qimiuri bmebiT uerTdeba.
sxvadasxva siZlieris bmebi erTmaneTisagan ZiriTadad energiis
raodenobiT gansxvavdeba. mtkice kavSirSi, cxadia, ufro meti energiaa
dabandebuli. arsebobs Semdegi tipis bmebi: kovalenturi, ionuri,



wyalbaduri, hidrofobuli urTierTqmedeba da van der valsis Zalebi.
ukanaskneli yvelaze susti kavSiria.

2.1.2. wyali

wyali, romelsac Cven xSirad ase uyuradRebod veqceviT, ujredis
mTavari Semadgeneli komponentia. is ujredis 65-85% Seadgens. wyals
mravali ucnauri Tviseba aqvs. upirveles yovlisa, yuradRebas iqcevs is,
rom wyali, miuxedavad misi dabali molekuluri wonisa, temperaturis
sakmaod did diapazonSi siTxea, maSin rodesac ufro maRali
molekuluri wonis nivTierebebi, rogoricaa gogirdwyalbadi, meTani,
amiaki da sxva - airebia. sxva gamxsnelebTan SedarebiT wyals axasiaTebs:
lRobis da duRilis maRali temperatura da maRali zedapiruli
daWimuloba. garda amisa, wyali +4 gradus celsiusis qvemoT
temperaturis Semcirebasa da gayinvisas, yvela sxva nivTierebisagan
gansxvavebiT, farTovdeba. rogorc Cans, yvela es Tviseba wylis
biologiur rolsac ganapirobebs.

wyals xSirad universalur gamxsneladac miiCneven. es formulireba
zusti ar aris, magram wyalSi marTlac mravali marili da sxva
nivTiereba ixsneba. wyalSi uxsnadi nivTierebebi wyalSi suspenziebs anu
dispersiebs qmnian.

wylis saocari Tvisebebi misi molekulis agebulebiT aris
ganpirobebuli. wylis molekulaSi wyalbadis ori atomi kovalenturi
bmiT uerTdeba Jangbadis atoms. amasTan, wylis molekulaSi wyalbadis
atomebis eleqtronuli Rrublebi Zlier eleqtrouaryofiTi Jangbadis
atomisken aris gadaweuli, amitomac Jangbadis atomi nawilobriv
uaryofiTad, xolo wyalbadis atomebi nawilobriv dadebiTad aris
damuxtuli. wyalbadis nawilobriv dadebiTad damuxtuli atomebisa da
Jangabadis uaryofiTi atomis sivrceSi Taviseburi ganlagebis Sedegad
warmoiqmneba orpolusiani molekula anu wylis dipoli (sur.3).

suraTi 3. wylis molekula
a - atomebis ganlageba sivrceSi, b - dipoli

aseTi agebulebis gamo wylis molekulebs Soris warmoiqmneba
kavSirebi: Zlier eleqtrouaryofiTi Jangbadis atomi mezobeli
molekulis wyalbadis atoms wyalbaduri bmiT (1) ukavSirdeba:



am bmebis warmoqmnis gamo wylis molekulebi ise ganlagdeba, rom
warmoiqmneba struqtura. am struqturiT aris ganpirobebuli wylis,
rogorc nivTierebis, zemoT aRniSnuli gansakuTrebuli Tvisebebi.

wylis kidev erTi sagulisxmo Tviseba misi ionizaciaa. wyali mcired
disocirdeba da warmoiqmneba wyalbadis dadebiTi (H+) da hidroqsilis
(OH-) uaryofiTi ionebi. walbadis ioni anu protoni (H+) wyalxsnarebSi
gancalkevebulad ar arsebobs. maTi wylis molekulasTan asociaciis
Sedegad warmoiqmneba hidratirebuli protoni - hidroniumi (H3O)+ (2):

(2):

2.1.3. marilebi, ionebi da airebi

marilebi metad did rols asrulebs ujredSi. marilebi
ganapirobebs e.w. osmoss, romlis arsic ujredis membranis gavliT wylis
garkveuli mimarTulebiT gadanacvlebaSi mdgomareobs. wyali yovelTvis
iqiT gadainacvlebs, sadac marilis koncentracia metia.
dabalmolekuluri nivTierebebis osmosuri unari, maRalmolekuluri
nivTierebebis osmosur unars SesamCnevad aRemateba.

marilebi wyalSi disocirdeba da xsnarSi ionebis saxiT aris
warmodgenili. praqtikulad yvela ions ujredis cxovelqmedebisTvis
udidesi mniSvneloba aqvs. mravali ioni metad mniSvnelovani biologiuri
naerTis aucilebeli Semadgeneli komponentia. aseTebia, magaliTad:
hemoglobinSi Semavali rkina (Fe2+), vitamin B-12 anu kobalaminis
Semadgeneli kobalti (Co2+), qlorofilis Semadgeneli magniumi (Mg2+) da
zogierTi sxva. garda amisa, ionebi ujredis mTavari funqciebis
SesrulebaSi monawileobs. aseTia, magaliTad agzneba, misi gatareba da
sxva.

miuxedavad imisa, rom ujredisTvis yvela ioni mniSvnelovania, ori
maTgani mainc yvelaze sayuradRebod SeiZleba miviCnioT. esenia: agznebis
procesSi monawile erTvalentiani ionebi (Na+ da K+). garda amisa, es
ionebi mniSvnelovan rols asrulebs ujredis ionuri balansis
damyarebasa da zogierTi fermentis aqtiurobis regulirebaSi.
ujredisaTvis sxva ionebsac didi mniSvneloba aqvs. magaliTad: kalciums
(Ca2+) da wyalbads (H+). kalciumis ioni ama Tu im saxiT ujredis yvela
funqciis ganxorcielebaSi monawileobs. is ara marto erTvalentiani
ionebis (Na+, K+) antagonistia, aramed ujredis cxovelqmedebis
regulirebis erT-erTi aucilebeli rgolia. is e.w. meorad mesenjers (ix.
qvemoT) warmoadgens.

rac Seexeba wyalbadis ions, is mJavianobas ganapirobebs. rac ufro
metia wyalbadis ionebis koncentracia, miT ufro maRalia mJavianoba.



neitralur xsnarSi H+-is da hidroqsilis ionebis (OH-) koncentraciebi
tolia da 10-7 udris. wyalbadis ionebis koncentracias Cveulebrivad
gamosaxaven sididiT, romelsac pH ewodeba.

pH= - lg[H+]

amasTan, rac ufro maRalia mJavianoba, miT ufro dabalia pH-is
mniSvneloba da piriqiT, xolo neitraluri aris pH=7. ujredebSi pH-is
mcire cvlilebamac zogjer SeiZleba arasasurveli darRvevebi
gamoiwvios. amitom ujredi `cdilobs~ pH-is mniSvneloba SeinarCunos,
rogorc mis SigniT, ise garemoSic. areSi pH-is SenarCuneba, Cveulebriv
e.w. buferuli xsnarebis saSualebiT xorcieldeba. buferuli xsnari es
fuZis da susti mJavis an susti mJavisa da misi marilisgan Semdgari
wyliani sistemaa, romelic ewinaaRmdegeba pH-is cvlilebas. amgvar
bufers, magaliTad, naxSirmJava da misi romelime xsnadi marilis narevi
warmoadgens.

buferuli xsnarebis saSualebiT SesaZlebelia ama Tu im areSi pH-is
nebismieri sididis miRweva.

didi mniSvneloba eniWeba agreTve TuTias (Zn2+). irkveva, rom TuTia
ufro farTodaa gavrcelebuli, vidre aqamde miaCndaT. dadgenilia, rom
TuTia mniSvnelovan rols asrulebs ujredis genetikuri aparatis
(genomi) aqtiurobis regulaciaSi. am TvalsazrisiT sayuradReboa
agreTve magniumic (Mg2+).

arsebuli tradiciis Tanaxmad, qimiuri elementebi makro- da
mikroelementebad iyofa. makroelementebs miekuTvneba: natriumi, kaliumi
da sxva. spilenZi (Cu2+), TuTia (Zn2+), nikeli (Ni2+), kadmiumi (Cd2+) da
kobalti (Co2+) ki mikroelementebis jgufSi Sedis. mikroelementebi metad
mcire raodenobiT gvxvdeba ujredSi, magram Tavisi mniSvnelobiT
makroelementebs ar Camouvardeba.

aRsaniSnavia zogierTi airic. gansakuTrebiT mniSvnelovania
Jangbadi da naxSirorJangi. Jangbadi aerobuli Jangvis (sunTqvis) mTavari
“personaJi” da organizmisTvis aucilebeli naerTebis komponentia.
naxSirorJangic zogierT Zalian mniSvnelovan reaqciaSi (magaliTad,
fotosinTezi) monawileobs.

rogorc mravali naerTis Semadgeneli elementi mniSvnelovania
azotic, romelic sxvadasxva umniSvlovanesi nivTierebis (magaliTad,
cilebi da nukleinis mJavebi) SemadgenlobaSi Sedis. garda
CamoTvlilisa, ujredisaTvis didi mniSvneloba aqvs azotis oqsidsac
(NO). ukanaskneli 20 wlis ganmavlobaSi imdenad gaizarda interesi am
naerTis mimarT, rom 1992 wels azotis oqsids weliwadis molekula
uwodes. NO-s didi mniSvneloba nervuli impulsis gadacemisaTvis aqvs.
NO, rogorc neiromediatori, monawileobs cikluri
guanozintrifosfatis (c-gmf) sinTezSi (ix. qvemoT). NO, sxva
neiromediatorebisagan gansxvavebiT, ionur arxebze citoplazmis mxridan
axdens zemoqmedebas.

mniSvnelovania nivTierebaTa kidev sami  jgufi:
nukleozidfosfatebi, piridin nukleotidebi da vitaminebi.

 pH aris wyalbadis ionebis koncentraciis aTobiTi logariTmi uaryofiTi niSniT



nukleozidfosfatebidan yvelaze popularulia atf (3). es

nivTiereba ორ makroergul bmas (~) Seicavs. ara- nakleb mniSvnelovania
amf, gansakuTrebiT ki misi cikluri forma (c-amf) (4).

c-amf, msgavsad kalciumisa,  e.w. meoradi mesenjeria da emsaxureba
ujredis membranidan ujredis aRmasrulebeli meqanizmebisaken (ix.
qvemoT) signalebis gadatanas da Sesabamisi reaqciebis CarTvas. c-amf da
c-gmf monawileobs: ujredebis gamravlebis mogvarebaSi, mikromilakebis
formirebaSi da sxva.

aRsaniSnavia, agreTve piridin nukleotidebi:
nikotinamidadenindinukleotidi (nad) da
nikotinamidadenindinukleotidfosfati (nadf). es nivTierebebi Jangva-
aRdgeniT reaqciebSi monawileoben (rogorc kofermentebi), amitom
ujredebSi isini aRdgenili formiTac SeiZleba iyos (nadH da nadfH).
maTi msgavsia flavinadenindinukleotidi (fad da fadH).

aRsaniSnavia, agreTve vitaminebi. vitamini an mTlianad kofermentia,
an kofermentis winamorbedi formaa, anda kofermentis nawilia.

yvela vitamini metad mniSvnelovania ujredisTvis. bolo dros
gansakuTrebiT didi yuradReba eqceva A vitamins da mis warmoebulebs -
retinoidebs, magaliTad, retinois mJavas. am naerTebs did rols aniWeben,
magaliTad, ujredebis diferencirebaSi.

2.2. ujredis Semadgeneli didi anu makromolekulebi

ujredTa umravlesobis mSrali masis 90%-ze mets e.w.
makromolekulebi Seadgens. maTi zoma metad sxvadasxvagvaria, xolo
molekuluri wona ramdenime aseulidan ramdenime aseul milionamde
meryeobs. ujredis SedgenilobaSi Sedis oTxi tipis makromolekula.
esenia: cilebi, lipidebi, naxSirwylebi da nukleinis mJavebi.

2.2.1 cilebi anu proteinebi

Tavdapirvelad miaCndaT, rom cilaa ujredisaTvis erTaderTi
aucilebeli nivTiereba. aqedan misi berZnuli saxelwodeba - proteini,
rac pirvels, pirvelads (berZnuli “Proteios”-dan) niSnavs. Tanac
igulisxmeboda, rom yvela ujredi erTsa da igive, an yovel SemTxvevaSi
msgavs cilas Seicavs. amJamad adamianis erTi saxis ujreds 10000-mde
sxvadasxva cila moepoveba.

yvela cila SeiZleba ori wesis mixedviT dajgufdes. pirveli wesis
dajgufebis  mixedviT cilebi SeiZleba struqturul da dinamikur
cilebad gaiyos. struqturuli cilebi zeujreduli warmonaqmnebis
(qsovilebi da sxva) struqturas ganapirobebs. esenia; keratini (Tmis,
Cliqebis, epidermis garqovanebuli Sris da sxv. ZiriTadi cila) da
kolageni (xrtilebis, kanis SemaerTebelqsovilovani nawilis anu dermis,



agreTve myesebisa da sxvaTa Semadgeneli nivTiereba) da sxva.
struqturul cilad SeiZleba Tvalis brolis cilebi - kristalinebic -
CaiTvalos. dinamikuri cilebia: yvela fermenti (nivTierebaTa cvlis
reaqciebis katalizatori), cila-hormonebi, sasunTqi pigmentebi
(hemoglobini, hemocianini da sxva) da zogierTi sxva. cilebis meorenairi
dajgufeba maTi sivrciTi Tvisebebis anu konformaciis mixedviT xdeba.
arCeven fibrilarul da globularul cilebs. fibrilarul cilebs
boWkosebri forma aqvs (magaliTad, kunTis cila miozini, SemaerTebeli
qsovilis cila kolageni, abreSumis cila fibroini da sxva).
globularuli cilebis forma sferosTan miaxloebulia (globula).
globularul cilebs miekuTvneba mravali fermenti, sasunTqi pigmenti
da sxva.

2.2.1.1. aminomJava, peptidi da polipeptidi

me-19 saukunis dasasruls da me-20 saukunis dasawyisSi germanelma
mecnierma emil fiSerma daadgina, rom yvela cila Sedgeba SedarebiT
mcire erTeulebisagan – aminomJavuri naSTebisagan. cila (polimeri)
Sedgeba SedarebiT mcire erTeulebis (monomeri) – aminomJavuri
naSTebisagan. aminomJava aris organuli naerTi, romlis SedgenilobaSi

Semavali e.w. asimetriuli naxSirbadi ( atomi) oTx sxvadasxva funqciur
jgufTan aris dakavSirebuli. aminomJavas zogadi formula Semdegnairad
SeiZleba warmovadginoT:

sadac C - naxSirbadis  atomia, R - Sesabamisi qimiuri jgufi (e.w.
radikali) romliTac aminomJavebi erTmaneTisagan gansxvavdeba, COOH –

karboqsilis da NH2 –  -amino jgufia. NH2-jgufi fuZe Tvisebebs
ganapirobebs, xolo COOH – jgufi ki - mJave Tvisebebs. amis gamo
aminomJava amfoteruli naerTia. is pirobebis mixedviT fuZe an mJavur
Tvisebebs avlens. cilebis SedgenilobaSi sul 20 saxis aminomJava
gvxvdeba (tabula 4). maT SeiZleba cilovani aminomJavebi vuwodoT. maT

garda arsebobs e.w. iSviaTi anu aracilovani aminomJavebi (magaliTad, -
aminobutiris mJava, citrulini da sxva), romlebic gansxvavebul
naerTebSi gvxvdeba an aRmocendeba rogorc sxvadasxva reaqciis
Sualeduri produqti, xolo cilebSi ki metad iSviaTad Tu Segvxvdeba
(Tu ki sazogadod vipoveT).

zogierTi aminomJava cxovelur ujredSi ar sinTezirdeba da amitom
maT `Seucvleli~ aminomJavebi ewodeba. `Seucvleli~ aminomJavebia:
leicini, izoleicini, valini, lizini, meTionini, fenilalanini,
triftofani, Treonini, histidini, arginini.



tabula 4. cilebis SemadgenlobaSi Semavali aminomJavebi

sruli saxelwodeba saerTaSoriso
nomenklatura

alanini (ala) Ala
valini (val) Val
leicini (lei) Lei
meTionini (meT) Met

fenilalanini (fe) Phe
triftofani (tri) Tre
prolini (pro) Pro
glicini (gli) Gle
serini (ser) Ser

Treonini (Tr) Tr
cisteini (cis) Cys
Tirozini (tir) Tyr
asparagini (asp) Asp
glutamini (glu) Glu
lizini (liz) Lys
arginini (arg) Arg
histidini (his) His

asparaginis mJava (asp) Asp
izoleicini (ilei) Ilei

glutaminis mJava (glu) Glu

cilis molekulaSi aminomJavebi ukavSirdebian erTmaneTs qimiuri
kavSiriT (6), romelsac peptiduri bma ewodeba.

peptiduri bmiT dakavSirebuli aminomJavebi peptidur jaWvs qmnian.
Tu jaWvi aminomJavebis mcire ricxvisagan Sedgeba, mas peptids uwodeben
(di-, tri- da a. S. peptidi). mravali aminomJavasagan Semdgar jaWvs
polipeptiduri jaWvi ewodeba. cila - yovelTvis polipeptidia.

2.2.1.2. cilebis konformacia

Cveni saukunis ormocdaaTian wlebSi amerikelma mecnierebma l.
polingma da r. korim daadgines, rom cila spirals warmoadgens.
spirali SeiZleba marjvniv an marcxniv daxveuli iyos. spiralis
parametrebi me-4 suraTze aris warmodgenili. polipeptidis spiraluri
konformaciis (konformacia struqturis sivrceSi ganlagebas niSnavs)
stabilobis uzrunvelyofisaTvis erT-erTi umniSvnelovanesi faqtoria



wyalbaduri bma, romelic polipeptidis spiralis mdgomareobaSi yofnas
ganapirobebs. wyalbaduri bmebi spiralis RerZis paraleluradaa
ganlagebuli.

spiralis zogierTi parametri damatebiT ganmartebas moiTxovs.
aseTia magaliTad, bijis cneba. spiralis sxvadasxva xviis or Sesabamis
wertils Soris manZils spiralis biji ewodeba (sur. 4). arsebobs

sxvadasxva saxis spirali. yvelaze gavrcelebuli e.w. alfa () spiralia.
mas xSirad l. polingisa da r. koris spiralsac uwodeben. alfa
spiralis erTi xvia 3,6 aminomJavas Seicavs. spiralis biji 5,4 Å (0,54 nm)

udris. arsebobs agreTve  (pi) spirali, romlis TiToeuli xvia sam
aminomJavas itevs, biji ki 3,5 Å udris.

aRsaniSnavia cila kolagenis spirali, romelic unikaluria.
kolageni cocxal organizmSi farTod gavrcelebuli cilaa. igi
gvxvdeba zogierTi qsovilis (xrtilovani, Zvlovani da misT.) da organos
(RviZli, arteria da misT.) SemadgenlobaSi. kolagenis sinTezi iwyeba

endoplazmur badeze. Tavdapirvelad sinTezirdeba pro--jaWvi. sami

aseTi pro--jaWvis urTierTCaxvevis Sedegad warmoiqmneba sammagi anu
zespirali, romelsac gaaCnia kidura peptidebi. aseTi zespirali Tavisi
peptidebiT sekretoruli buStukebis meSveobiT ujredis gareT
gamoitaneba. ujredgare sivrceSi zespirals wydeba kidura peptidebi da
warmoiqmneba kolagenis molekula, romelsac tropokolagensac uwodeben
(sur. 5. a). tropokolagenis molekulaSi arCeven `Tavis~ da `kudis~
nawilebs.

tropokolagenis molekulebisgan Tavdapirvelad warmoiqmneba
mikrofibrila, kerZod, kolagenis mikrofibrilis awyobis dros
tropokolagenis molekulebi paraleluri jaWvebis saxiT ganlagdeba.
jaWvSi tropokolagenis erTi molekulis `Tavis~ da meore molekulis
`kudis~ nawilebs Soris rCeba manZili (naprali 35 nm) (sur. 5). erTi
jaWvis tropokolagenis yoveli molekula wanacvlebulia meore jaWvis
paraleluri molekulis mimarT (molekulis sigrZis meoTxediT), amitom
kolagenis mikrofibrila ganivzolian daxazulobas iZens (sur.5. b).

tropokolagenis molekuluri masa 300000 kd-s udris. yoveli misi
Semadgeneli spirali 1000-mde aminomJavas Seicavs. kolagenis Tavisebur
struqturas misi aminomJavuri Sedgeniloba ganapirobebs. kolagenis 20%-
s prolini da uCveulo (arastandartuli) aminomJava - 4-hidroqsiprolini
Seadgens, xolo danarCeni ki umTavresad glicini (35%) da alaninia (11%).
sadReisod, kolagenis spirali marTlac da unikaluria, radganac
arcerT sxva cilaSi ar gvxvdeba.



suraTi 4. cilis meoreuli struqtura -  spirali

suraTi 5. kolagenis molekulis struqtura
a - kolageni, tropokolageni (sammagi spirali)

b - kolagenis mikrofibrila

arsebobs agreTve e.w. beta () konformacia. beta konformaciis mqone
molekula TiTqmis sruliad gamarTulia, qmnis zigzagebs da spirali,



Cveulebrivi gagebiT, arc aris. beta () konformaciac wyalbaduri
bmebiTaa stabilizirebuli, magram am SemTxvevaSi wyalbaduri bmebi sul
sxvanairadaa ganlagebuli, vidre alfa spiralSi. beta konformacia
paralelurad ganlagebuli peptiduri Wimebis sistemas warmoadgens, es
Wimebi ganivadaa erTmaneTTan damagrebuli wyalbaduri bmebiT (sur. 6 b).
amgvar struqturas abreSumis boWkoebSi vxvdebiT.

2.2.1.3. cilis struqturuli organizaciis doneebi

cilebs rTuli struqtura aqvs, romelic pirobiTad SeiZleba
erTgvar safexurebad daiyos. xSirad am safexurebs cilis struqturul
doneebs uwodeben.

cilis pirveladi (anu ZiriTadi) struqtura anu polipeptiduri
jaWvi sivrciTi ar aris, Tumca amave dros is yvela danarCeni
struqturuli doneebis safuZvels warmoadgens. pirveladi struqtura
aminomJavebis SemadgenlobiTa da TanamimdevrobiT ganisazRvreba.
polipeptidur jaWvSi aminomJavebis Tanamimdevroba SemTxveviTi ar aris
(genetikurad aris determinirebuli). polipeptidis Tvisebebi pirvelad
struqturaze didadaa damokidebuli. zogjer ori polipeptiduri jaWvi
SekavSirebulia e.w. disulfiduri (S-S) bmiT. amgvar SemTxvevaSi cila ori
gansxvavebuli an erTnairi polipeptiduri jaWvebisagan
(suberTeulebisagan) Sedgeba. amgvaria, magaliTad, cila -hormoni
insulini.

cilis meoradi anu meoreuli struqtura jaWvis sivrciTi anu
konformaciuli donea. cilebSi is warmodgenilia sxvadasxva tipis
spiralebiT (Caxvevis mixedviT) da spiralizaciis sxvadasxva xarisxiT.

arCeven  spirals da  konformacias (sur. 6). xSirad meorad
struqturas ZiriTad anu krucialur (crucial - gadamwyveti)
struqturad Tvlian. amas Tavisi safuZveli aqvs. marTlac,
spiralizaciis xarisxze da spiralis parametrebze molekulis
funqciuri aqtiurobaa damokidebuli. cilis molekulis spiralizacia
misi daxveviT aris ganpirobebuli. Tavis mxriv cilebis daxveva
spiralizaciis Sesabamisia da didwilad mocemuli molekulis funqcias
da funqciur aqtiurobas gansazRvravs.

suraTi 6. cilis meoreuli struqtura



axladsinTezirebuli an/da denaturirebuli cilebis daxvevas
cilebis gansakuTrebuli jgufi e.w. molekuluri Caperonebi
uzrunvelyofs. cnobilia e.w. molekuluri Caperonebis ori klasi.
pirveli maTgani siTburi Sokis cilebi (HSP - Heat Shock Proteins) da maTi
regulatorebia, xolo meore ki cilindruli Caperoninebi. Caperonebi
(mag. HSP70), rogorc Cans, cilebis daxvevis tipsa da sisrulis
(spiralizaciis) xarisxs uzrunvelyofs. albaT, swored amiT aixsneba
Caperonebis universaloba da maTi organizmebSi da ujredis sxvadasxva
ubnebSi sayovelTao gavrceleba - Caperonebi rogorc pro-, ise
eukariotebSi gvxvdeba. Caperoninebi cilebis Caxvevas Tavisi sakuTari
cilindruli struqturis SigniT axdens (sur. 7). molekulur Caperonebs
atf-azuri aqtiuroba axasiaTebs, rac imas mowmobs, rom cilovani
molekulebis ama Tu im wesiT daxveva Caperonebis monawileobiT energiis
xarjvasTan aris dakavSirebuli.

bolo dros aRmoaCines struqtura, romelsac tornsi (turn -
Semotrialeba, Semobruneba) ewoda. tornsi aris wyalbaduri bmebiT
dakavSirebuli 4 aminomJavis naSTisagan Semdgari U-s msgavsi segmentebi.
tornsebi Cveulebrivad gvxvdeba im cilebis zedapirebze sadac
struqturis mkveTr moRunvas aqvs adgili. tornsebis gareSe cilis
molekula faSaria, didi da Sesabamisad did sivrcesac ikavebs.

suraTi 7. Caperonis moqmedebis meqanizmi

meoradi struqtura aucilebelia mesameuli struqturis
warmoqmnisaTvis (sur. 8). cilebis mesameuli struqturis warmoqmnasa da
stabilizaciaSi Semdegi bmebi monawileobs:



suraTi 8. cilis mesameuli struqturis sqematuri gamosaxuleba

1. wyalbaduri bmebi, romlebic akavSirebs erTmaneTTan maryuJebSi
ganlagebul R-jgufebs (ix. zemoT); 2. eleqtrostatikuri miziduloba
(ionuri bmebi) mezobel maryuJebSi ganlagebul sawinaaRmdegod
damuxtul R-jgufebs Soris; 3. hidrofobuli urTierTqmedeba; 4.
disulfiduri anu S-S bmebi (es aris kovalenturi bmebi) da radgan yvela
danarCen bmebze mtkicea, bunebrivia, rom mesameuli struqturis
stabilurobas didwilad swored S-S bmebi ganapirobebs.

Cven ukve vnaxeT, rom ori sxvadasxva aminomJavuri jaWvi SeiZleba
kovalenturi bmiT SekavSirdes da axali done warmoiqmnas. cilebs,
romlebic or an met sxvadasxva an erTnair aminomJavur jaWvs Seicavs,
oligomeruli cilebi ewodeba, xolo struqturas, romelsac es
polipeptiduri jaWvebi qmnis, cilis meoTxeuli struqtura daarqves.
calkeuli jaWvebi cilis suberTeulebia (sur. 9).

suraTi 9. cilis meoTxeuli struqturis sqematuri gamosaxuleba



ase magaliTad, adamianis hemoglobini oTxi - 2 da 2 -
suberTeulisagan Sedgeba, imunoglobulini G oTx: 2 mZime (H) da 2
msubuq (L) - suberTeuls Seicavs. zogierTi fermenti 7-12
suberTeulisagan Sedgeba, xolo cila apoferini (rkinis Semcveli
cilaa) 24 identur (erTnair) suberTeuls Seicavs. zogierT SemTxvevaSi
polipeptiduri jaWvi ramdenime funqciurad gansxvavebuli ubnis anu
domenisagan Sedgeba.

2.2.1.4. SekavSirebuli anu koniugirebuli cilebi

koniugirebuli cilebi ewodeba polipeptidebs, romlebTanac
dakavSirebulia aracilovani molekula. koniugirebuli cilebi 3
ZiriTad jgufad iyofa. esenia: 1. qromoproteinebi; 2. glikoproteinebi; 3.
lipoproteinebi.

1. qromoproteinebi. am cilebis gamaerTianebeli niSania Seferiloba.
maT Soris metad mniSvnelovania hemoglobini, mioglobini da citoqromi,
romlebic Seicavs prosTetikur jgufs - hems. hemis polipeptidur
nawilTan SekavSireba kovalenturi da arakovalenturi bmebis
kombinaciis saSualebiT xdeba. hemi orvalentian rkinas Seicavs.

2. glikoproteinebi. Seicavs naxSirwylebs. naxSirwylebi
polipeptids (cilas) kovalenturi bmebiT uerTdeba. erT polipeptidur
jaWvze SeiZleba erTi an mravali naxSirwylis mierTebis adgili, e.w.
saiti, iyos. yovel saits naxSirwylis erTi dautotveli an datotvili
molekula uerTdeba. naxSirwylebis amgvari jaWvebi SeiZleba mokle an
grZeli iyos. naxSirwylebi glikoproteinis molekulis 1-85% Seadgens.
glikoproteinebs mravali metad mniSvnelovani cila ekuTvnis. sisxlis
plazmis mravali cila, zogierTi fermenti da hormoni glikoproteinebia.
metad mniSvnelovan rols asrulebs plazmuri membranis
glikoproteinebi. es cilebi imunologiur procesebSi iRebs
monawileobas. membranis receptorebic xSirad glikoproteinebs Seicavs.

3. lipoproteinebi. es naerTebi lipidebs Seicavs. lipoproteinebi
gansakuTrebiT bevria sisxlis plazmasa da membranebSi. lipidebis
Semcveloba lipoproteinebSi metad maRalia da 40-90%-s aRwevs. amitom
lipoproteinebi xSirad wyalze naklebi simkvrivisaa. lipidebisa da
cilebis SekavSirebaSi yvela saxis bma monawileobs.

2.2.1.5. nukleoproteinebi

naerTTa es jgufi sityvis mkacri mniSvnelobiT koniugirebul
cilebad ver CaiTvleba, radganac nukleoproteinis nukleinis mJava
funqciurad yovelTvis aSkarad avtonomiuria da misi cilebTan
SekavSireba misi funqciis regulirebas emsaxureba. nukleoproteinebis
mocemul ganakveTSi ganxilva ufro kompoziciurad aris gamarTlebuli,
vidre arsebiTad.

imis mixedviT, Tu romel nukleinis mJavasTan aris kavSirSi cila,
mas an dezoqsiribonukleoproteins (dnp) an ribonukleoproteins (rnp)
uwodeben. dnp da rnp ujredis birTvsa da citoplazmaSi sxvadasxva
struqturebs qmnis.

dnm-Tan kompleqss qmnis cilebis ori jgufi: fuZe da mJave cilebi
(fuZe da mJave Tvisebebis mqone aminomJavebiT mdidari polimerebi
Sesabamisad). fuZe cilebi ujredSi histonebiTaa warmodgenili. histonebi



qromatinis (ix. Tavi 5) struqturis warmoqmnaSi monawileobs. histonebi
fuZe Tvisebebis mqone aminomJavebiT liziniT da argininiT aris mdidari.
histonebi sul xuTia: H1, H2a, H2b, H3, H4.

histonebi evoluciurad metad mdgradia da Zalian daSorebul
saxeobebSic ki TiTqmis identuria. SedarebiT cvalebadi H1 histonia.
zogjer (magaliTad, frinvelebSi) H1 histons H5 histoni cvlis, xolo
uxerxemloebsa da Tevzebis spermatozoidebSi fuZe cilebi argininiT
mdidari protaminebiTaa warmodgenili.

ufro mravalferovania mJave anu arahistonuri cilebi. zogierTi
mJave cila, ukavSirdeba dnm-s sxvadasxva ubans (saits) da amgvarad, rnm-s
sinTezis regulaciaSi monawileobs.

2.2.2. naxSirwylebi

naxSirwylebi aris rTuli organuli naerTebi. maTi zogadi
formulaa (CH2O)n. naxSirwylebSi ganarCeven mono-, oligo- da
polisaqaridebs. monosaqaridebis tipiuri warmomadgenlebia 5 an 6
naxSirbadiani Saqrebi (riboza, dezoqsiriboza, glukoza, fruqtoza da
a.S.) monosaqaridebis naSTebi ukavSirdeba erTmaneTs glikoziduri bmiT
da miiReba grZeli jaWvi. 2 – 9 monosaqaridis naSTisagan Semdgar jaWvs
oligosaqaridi ewodeba. polisaqaridi aris molekula, romelic Seicavs
cxraze met monosaqaridis naSTs. polisaqaridebi iyofa or ZiriTad
jgufad: struqturul da sakveb polisaqaridebad.

struqturuli polisaqaridebi ujredgareTa da ujredSigniTa
sayrdeni struqturis warmoqmnaSi monawileobs. struqturuli
polisaqaridebia: celuloza, manani (safuarebis kedeli), qitini
(uxerxemloebis garegani ConCxi, zogierTi sokos ujredis garsi),
hialuronis mJava, keratinsulfati da qondroitinsulfati (SemaerTebeli
qsovili, xrtili) da sxva.

sakvebi polisaqaridebi organizmebisaTvis monosaqaridebis rezervs
warmoadgens. esenia: saxamebeli (mcenareuli ujredebi da baqteriebi),
glikogeni (cxoveluri  da sokos ujredebi), paramilumi (zogierTi
protozoa) da inulini (zogierTi mcenaris bolqvebi).

polisaqaridebi SeiZleba kidev or jgufad homo- da
heterosaqaridebad gavyoT. homosaqaridebi mxolod erTgvar monomers
Seicavs. esenia, magaliTad, celuloza, saxamebeli, glikogeni, paramilumi
da inulini. ukanasknelis monomeri fruqtozaa, xolo danarCenebisa ki
glukoza. heterosaqaridebia magaliTad, hialuronis mJava,
keratinsulfati da qondroitinsulfati. hialuronis mJava SemaerTebeli
qsovilis (mag. xrtili) SenebaSi monawileobs. garda amisa, hialuronis
mJava Tvalis minisebr sxeulsa da saxsrebis sinovialur siTxeSic
gvxvdeba. aRsaniSnavia, rom hialuronis mJava monawileobs Taviseburi
`duRabebis~ SeqmnaSi. amgvari `duRabi~, magaliTad, kvercxis garemomcvel
folikulur ujredebs akavSirebs, ris gamoc kvercxSi SesaRwevad
spermatozoids specialuri fermentis - hialuronidazas gamoyofa
uxdeba. xrtilis SemadgenlobaSi Sedis sxva polisaqaridebic:
keratinsulfati da qondroitinsulfati.

Cveulebrivad calke gamoyofen heteropolisaqaridebs, romlebsac
glikozaminoglikanebi ewodeba. bolo dromde maT mukopolisaqaridebs
uwodebdnen. glikozaminoglikanebis monomerebi Cveulebrivad
disaqaridebia. maTi ZiriTadi nawili zemoT iyo aRwerili. Cveulebrivad



glikozaminoglikanebi cilebs (polipeptidebs) uerTdeba da
proteoglikanebs warmoqmnis. proteoglikanebi Sedis xrtilis,
ujredSorisi nivTierebebis da sxva struqturebis SemadgenlobaSi.
glikozaminoglikanebidan metad mniSvnelovania heparini, romelic
arteriebis endoTeliumis mier sinTezirdeba. heparini monawileobs
sisxlis Sededebis kontrolSi (sisxlis Sededebis Zlieri inhibitoria).

garda proteoglikanebisa, polisaqaridebi Sedis glikoproteinebisa
da glikolipidebis SemadgenlobaSi. glikoproteinebi
proteoglikanebisagan cilis ufro didi SemcvelobiT gansxvavdeba.
glikoproteinebi da glikolipidebi ujredis membranebis erT-erT
ZiriTad Semadgenel nawils warmoadgens.

2.2.3. lipidebi

lipidebi qimiurad heterogenul naerTTa jgufia. arsebiTad maT
mxolod erTi Tviseba aerTianebs - isini wyalSi ar (an metad cudad)
ixsneba, xolo kargad xsnadia organul, arapolarul gamxsnelebSi,
rogoricaa: acetoni, benzoli, qloroformi da eTeri. ujredebSi
lipidebi sam mniSvnelovan rols asrulebs:

1. lipidebi ujredebis mniSvnelovani struqturebis, gansakuTrebiT
ki membranebis, Semadgeneli naerTebia;

2. isini ujredebisTvis qimiuri energiis marags warmoadgens;
3. zogi maTgani umniSvnelovanesi hormonia.
lipidebs ganekuTvneba sxvadasxva klasis naerTebi. maT Soris

gansakuTrebiT mniSvnelovania: cximovani mJavebi, neitraluri cximebi,
fosfolipidebi, glikolipidebi, terpenebi da steroidebi. steroidebidan
mravali swored - hormonia. yvelaze meti lipidi mitoqondrionebSi da
e.w. mikrosomul fraqciebSi gvxvdeba (mikrosomuli fraqcia
endoplazmuri badis fragmentebs, ribosomebs da sxva wvril nawilakebs
Seicavs).

cximovani mJava aris organuli naerTi, romelic Sedgeba 16-18
naxSirbadis atomisgan Semdgari naxSirwyalbadovani jaWvisa da masTan
dakavSirebuli karboqsilis jgufisgan. cximovani mJavebi SeiZleba iyos
najeri (jaWvSi naxSirbadis atomebs Soris mxolod erTmagi kavSirebiT)
da ujeri (jaWvSi erTi an meti ormagi kavSiriT) (7).

aRsaniSnavia cximovani mJavebis ormagi buneba, rac ganpirobebulia
molekulaSi hidrofobuli (wylis moZule) `kudisa~ da hidrofiluri
(wylis moyvaruli) `Tavis~ arsebobiT. cximovani mJavebis da samatomiani
spirtis naerTs cximi ewodeba. gaxurebisa da fuZiT damuSavebisas xdeba
cximebis hidrolizi cximovani mJavebisa da glicerinis warmoqmniT. am
process gasapvna ewodeba. aqedan gamomdinare, lipidebis or jgufs
gamoyofen, esenia: sapvnadi da arasapvnadi lipidebi.



2.2.3.1. sapvnadi lipidebi

sapvnadi lipidebi Semdegia: fosfolipidebi, plazmalogenebi,
sfingolipidebi da glikolipidebi.

fosfolipidebis: mTavari warmomadgenlebia fosfoglicerinebi anu
glicerofosfatebi. yvela es naerTi fosfatidis mJavas warmoebulia (8).

fosfolipidebi maTi polarobis gamo, wyalTan urTierTqmedebisas
monoSreebs, biSreebs da micelebs qmnis. lipidebiT warmoqmnili biSre
ujredis membranis ZiriTadi nawilia.

plazmalogenebi - gansakuTrebiT bevria nervuli da kunTovani
ujredebis membranebSi. aseve damaxasiaTebelia avTvisebiani simsivneebis
ujredebisaTvis. plazmalogenebi fosfolipidebis msgavsia.
gansxvavdebian mxolod imiT, rom erTi cximovani mJava ujeri eTeriT
aris Senacvlebuli.

sfingolipidebi - sfingozinis warmoebulia. sfingomieliniT
gansakuTrebiT mdidaria mielini. Tumca amiT sfingomielinis mniSvneloba
ar amoiwureba. is ujredebis erT-erTi umniSvlovanesi struqturuli
lipidia.

glikolipidebi - ujredis membranis gareTa zedapiri dafarulia
naxSirwylebis mokle jaWvebiT. es jaWvebi an glikoproteinebis (ix.
zeviT) nawilebia, an membranis zedapirTan SekavSirebis Sedegad
warmoqmnili glikolipidebia. glikolipidebi metad didi mniSvnelobis
molekulebia. isini arsebiT monawileobas Rebuloben imunitetSi,
sisxlis jgufis gansazRvraSi da ujredebis urTierTSecnobaSi.

umartivesi glikolipidebia - cerebrozidebi. cerebrozidebi
gansakuTrebiT bevria tvinis qsovilSi (razec maTi saxelwodebac
migvaniSnebs). mielinis mSrali wonis 20% cerebrozidebia. mcire
raodenobiT maT TirkmelSi, RviZlSi da elenTaSic pouloben. nervul
qsovilTan asvea dakavSirebul gangliozidebi, romlebSiac garda
glukozisa da galaqtozisa (cerebrozidebi), neiroaminis mJavac Sedis.
gangliozidi Gm2 SeiZleba tvinis ujredebis lizosomebSi dagrovdes. es
xdeba tai-saqsis daavadebisas, rodesac ujredebi ver gamoimuSaveben Gm2-
is damSlel ferments. daavadebul pirebs aReniSnebaT dambla, sibrmave
da sxva darRvevebi, ferxdeba ganviTareba.

2.2.3.1. arasapvnadi lipidebi



amgvari lipidebi ar Seicavs cximovan mJavebs. maT zogjer martiv
lipidebs uwodeben. eseni (hormonebi, vitaminebi da sxva) umTavresad
funqciuri (da ara struqturuli) daniSnulebisa. maT yofen or jgufad:
terpenebi da steroidebi.

terpenebi - maTSi Sedis wyalSi uxsnadi vitaminebi: A, E, K da
karotinoidebi (mcenareuli pigmentebi, monawileoben fotosinTezSi);
zogierTi maTgani kofermentia (kofermenti Q, ubiqinoni). yvela maTgani
mTavar `samSeneblo blokad~ iyenebs izoprens (9).

izoprenis molekulebi sigrZivad uerTdeba erTmaneTs. ori
izoprenis bloki qmnis monoterpens, oTxi - diterpens, eqvsi - triterpens
da a.S. monoterpenebi aris pasuxismgebeli mcenareebis surnelebisaTvis
(geranioli, menToli, limoneme da sxva).

steroidebi - nivTierebebis umniSvlovanesi jgufia. warmoiqmneba
cikloheqsanisa da ciklopentanis rgolebis Serwymis Sedega. yvelani
perhidrociklopentanofenantrenis (10) warmoebulebia:

isini funqciurad mravalferovania, rac maTTan mierTebul qimiur
jgufebzea damokidebuli. zogi maTgani hormonia (estrogeni,
progesteroni, kortikosteroni) zogierTi ki vitamini (vitamini D),
zogierTi maTgani ujredis (plazmuri) membranis Semadgenelia da
gavlenas axdens membranis struqturaze, ganvladobasa da transportze.
amaTgan yvelaze gavrcelebuli qolesterolia. qolesterols
centraluri adgili ukavia steroidebis sinTezSi. yvela steroidi
qolesterolis warmoebulia.

2.2.4. nukleinis mJavebi

Sveicarielma mecnierma fridrix miSerma (1869) anTebiTi eqsudatis
leikocitebis birTvebidan gamoyo aracilovani nivTiereba, romelsac
nukleini uwoda. 20 wlis Semdeg riCard altmanma mas nukleinis mJava



daarqva. rogorc SemdegSi gairkva, miSers birTvebidan gamouyvia
dezoqsiribonukleinis (dnm) mJava. miSeris aRmoCenidan 60 wlis Semdeg
dadginda dnm-s wamyvani roli cilis biosinTezSi. aranakleb
mniSvnelovania kidev erTi nukleinis mJava - ribonukleinis mJava (rnm).

orive nukleinis mJava - dnm da rnm aris polimeri, romelTa
monomers nukleotidi ewodeba. yoveli nukleotidi, Tavis mxriv, Sedgeba
azotovani fuZis, xuTatomiani Saqris naSTisa (sur. 10) da fosfatis
jgufebisagan. nukleotidis SemadgenlobaSi Semavali azotovani fuZeebi
or jgufad iyofa. esenia: pirimidinis (citozini, Timini da uracili) da
purinis (adenini da guanini) jgufebi. dnm-s da rnm-s molekulebi
erTmaneTsagan gansxvavdeba erTi fuZiT. dnm-Si gvxvdeba: adenini, guanini,
citozini da Timini. rnm-Si Timinis nacvlad Sedis uracili.

suraTi 10. nukleotidebSi Semavali xuTatomiani Saqrebi
a - riboza; b - dezoqsiriboza.

Saqris naSTis Semcvelobis mixedviT ganasxvaveben ori saxis
nukleotids: dezoqsiribonukleotidebs da ribonukleotidebs.
nukleotidebi erTmaneTs fosfodieTeruli bmiT (11) ukavSirdeba da
miiReba polinukleotiduri jaWvi. pentozisa da azotovani fuZis naerTs
(fosformJavas naSTis gareSe) nukleozidi ewodeba.

(11)



2.2.4.1. dezoqsiribonukleinis mJava

dezoqsiribonukleinis mJava - ormagi spiralia, romelic miiReba
Semdegnairad: ori polinukleotiduri jaWvis komplementarul fuZeebs
Soris (fuZeTa komplementarobis principi gamoavlina Cargafma) myardeba
wyalbaduri kavSirebi (komplementaruli fuZeebia: adenini=Timini da
guanini=citozini) da miiReba marjvniv Caxveuli spirali. dnm-dan dnm-s
sinTezs replikacia ewodeba.

spirali SeiZleba wrfivi an wriuli (rgolovani) iyos. yvela
eukariotul ujredSi aris wrfivi (birTvuli) da rgolovani
(mitoqondrioni, plastidi) dnm. dnm-s spiralis ramdenime forma arsebobs
esenia A, B, C, D, E da Z (sur. 11).

Cveulebrivad dnm-s ganxilvisas mis B formas aRweren. es imiTaa
gam,owveuli, rom Zalian didxans B-formas, bunebaSi erTaderT
gavrcelebul formad Tvlidnen. bolo dros es azri ramdenadme
Seicvala, Tumca A formas bunebaSi Zalian iSviaTad Tu SexvdebiT. dnm-s
B forma erT xviaSi 10 nukleotids Seicavs. A da C dnm erT maryuJze
ufro met nukleotids Seicavs. B formis spiralis biji 3,4 nm (34 Å)
udris, xolo diametri ki 2 nm (20 Å)-s. A formis dnm erT xviaSi 11 fuZes
Seicavs da misi bijic 2,8 nm (28 Å)-s udris. A formis molekulis
diametri B formisas aRemateba. garda amisa, B formis azotovani fuZeebi
molekulis RerZis mimarT perpendikularul erTsa da igive sibrtyeSi
arian ganlagebulni, xolo A formaSi isini molekulis RerZis mimarT
daxril sxvadasxva sibrtyeSia ganlagebuli. amasTan dakavSirebiT
fosfatis naSTebs Soris manZili A formis molekulaSi 5,9 Å, xolo B
formaSi ki 7 Å, rac molekulebis konformaciaSi SesamCnev gansxvavebas
warmoSobs (sur. 11).

suraTi 11. dezoqsiribonukleinis mJava



1 - ormagi spirali; 2 - dnm-s sxvadasxva forma.
a - B forma; b - A forma; g - Z forma.

dnm-s C forma miiReba 66%-iani tenianobis pirobebSi da liTiumis
Tanaobas moiTxovs. dReisaTvis cnobilia dnm-s kidev ori forma - D da
E. am dnm-ebis spiralis maryuJebSi fuZeTa umciresi raodenoba Tavsdeba.

rac Seexeba Z formas, misi sxva formebisagan ZiriTadad imiT
gansxvavdeba, rom polinukleotiduri jaWvebi marcxniv daxveul spirals
warmoqmnis. bolo dros gairkva, rom Z forma bunebaSi sakmaod xSirad
gvxvdeba. qromatinis SedgenilobaSi (ix. Tavi 5. ujredis birTvi da
birTvis struqturebi) dnm Taviseburad struqturirebulia da B-formis
jaWvSi Z-formis ubnebia CarTuli.

zogierT viruss, magaliTad X174 da S13 E.coli-s fagebs, erTjaWviani
dnm aqvT. amgvar dnm-s jaWvSi adeninisa da Timinis, aseve guaninisa da
citozinis raodenoba toli ar aris. virusis dnm-s plus (+) jaWvi
ewodeba. ujredSi SeRwevisas is, moqmedebs rogorc matrica, Seqmnis da
miierTebs ra minus (-) jaWvs ormag spiralad yalibdeba. aq warmoSobili
jaWvebi Seimosebian cilebiT da virionad (virusuli nawilaki)
gadaiqcevian da a.S.

2.2.4.2. ribonukleinis mJava

imTaviTve ujredebSi ribonukleinis mJavas sami forma iyo
aRmoCenili. esenia: ribosomuli (r-rnm), informaciuli anu mesenjer-rnm
(m-rnm) da satransporto (t-rnm). yvela es rnm cilebis biosinTezSi
(translacia) monawileobs. garda amisa, birTvebSi aRmoCenilia e.w. mcire
rnm-ebi (4 - 4,5 S) kodirebulia e.w. U-genebiT. mcire rnm-ebis erT-erTi
funqcia maTi transkripciis (rnm-s sinTezi) regulirebaSi monawileobaa.
ujredebSi napovnia rnm-ebi, (7 – 9 S), romlebic sxva funqciebs asrulebs.
erT-erTi amgvari rnm membranuli cilebis sinTezSi monawileobs, xolo
amgvarive rnm-ebi genebis demaskirebasa da transkripciis Sekavebas iwvevs
(TumaniSvili, jandieri, ZiZiguri, 1973).

rnm erTjaWviani molekulaa. satransporto rnm-s SedarebiT rTuli
konformacia aqvs, Tumca TviTon molekula mcire zomisaa. am mxriv
aRsaniSnavia rnm-s Taviseburi ubnebi - palindromebi, sadac erTmaneTis
mezoblad mdebareobs komplementuri ubnebi, romlebic erTmaneTisken
`fexebiT” aris miqceuli (sur. 12).



suraTi 12. palindromebi rnm-Si (a) da dnm-Si (b), `Tmis sarWi~ rnm-Si
(g) da jvrisebri struqtura dnm-Si (d).

rnm-s aseTi monakveTebi erTmaneTs advilad uerTdeba
komplementarobis principiT da Tavisebur struqturas qmnis. mas
Cveulebriv Tmis dasabnevs (hairpins, Tmis sarWi) uwodeben. palindromebi
dnm-s jaWvebSic gvxvdeba. aq isini jvrisebr struqturas qmnian.

2.2.4.3. dnm-s da rnm-s funqciebi

albaT, yvelam kargad icis, rom dnm da rnm memkvidruli
informaciis Semcvelia da upirveles yovlisa cilis biosinTezSi
monawileobs. Tu romelime nukleinis mJavas ase Tu ise gansxvavebuli
roli akisria, is mainc cilis biosinTezis CarCoSia moqceuli. ase
fiqrobdnen dRemde, magram bolo dros am problemaze Sexeduleba
SesamCnevad Seicvala.

dnm yvelgan mxolod matricis rols asrulebs). Tu is
garkveulwilad transkripciis intensiurobaze moqmedebs, misi
translaciaSi monawileoba erTob pasiuria. sul sxvaa rnm. dResac
umravlesad fiqroben, rom rnm-s genetikuri informaciis gadatanisa da
matareblis (matricas) roli akisria, xolo orive es funqcia cilis
biosinTezs emsaxureba. matricis funqcias zogierT virusSi rnm atarebs,
magaliTad ,adamianis virusebi, romlebic mxolod rnm-s Seicavs. am
erTjaWvian rnm-idan virusi orjaWvian rnm-s asinTezirebs. miRebuli
molekulidan Semdeg mravali asli sinTezirdeba. zogierT SemTxvevaSi
rnm-dan dnm-is sinTezi xdeba. didi gaoceba gamoiwvia rnm-s fermentuli
funqciis aRmoCenam. kargad aris cnobili, rom yvela fermenti cilaa.
SeiZleba iTqvas, rom es debuleba marTebulad veRar CaiTvleba. am



aRmoCenisTvis 1990 wels sidnei altmanma da tomas Cekma nobelis premia
miiRes.

s. altmani, t. Ceki da maTi mravalricxovani kolegebi erTujrediani
organizmis - tetrahimenas - (Tetrahymena thermophila). ribosomul rnm-s
ikvlevdnen. avtorebma daadgines, rom maT mier gamokvleuli rnm
fermentis msgavsad iqceva: Wris Tavis sakuTar Tavs da Semdgom
ganapirobebs gaWrili rnm-s boloebis SeerTebas - splaisings. rnm-s
molekulebis gaWra da kvlav gadabma rnm-s `momwifebis~ anu e.w.
procesingis procesSi xdeba. rnm-s mier ganpirobebuli reaqciis Sedegad
rnm-s molekulidan gamoiWreba misi fragmenti. swored es fragmentia
fermentuli Tvisebebis matarebeli. fermentis magvar rnm-s ribozimi
uwodes. ribozims SeuZlia ara marto sakuTari, aramed ucxo rnm-s
gaWrac da splaisingi (gakerva, SeerTeba), amitom is WeSmarit fermentad
SeiZleba CaiTvalos. amgvarad, rnm-s yvela sasicocxlo funqcia aqvs da
sicocxlis CasaxvisTvis SesaZlebelia mxolod rnm-s arseboba yofiliyo
sakmarisi.



3. eukariotuli ujredebis ZiriTadi struqturebi

gavecaniT ra ujredis qimiur Sedgenilobas SeiZleba vTqvaT, rom
nebismieri ujredi aris membraniT SemosazRvruli biopolimerebis da
maTi makromolekuluri kompleqsebis mowesrigebulad struqturirebuli
sistema. amave dros, ujredebi erTmaneTisagan gansxvavdeba, ris gamoc
`tipiuri~ ujredis aRwera SeuZlebeli xdeba. organelebis umravlesoba
da zogierTi struqtura arsebiTad yvela ujredSi gvxvdeba. zogierTi
struqtura ki ujredebis mxolod erTi romelime tipisTvis aris
damaxasiaTebeli. ujredis ZiriTadi struqturebis Seswavlas membranebis
sistemis ganxilviT daviwyebT.

3.1. ujredis membranebis sistema

ujredSi, rogorc irkveva, membranebi erT gaerTianebul sistemas
qmnis. amave dros membranebis meSveobiT ujredi ganyofilebebad iyofa.
cnobilia, rom ujredis organelebis umravlesad membranuli warmonaq-
mnia. arsebiTad mxolod ori organela aris umembrano. eseni centrioli
da ribosoma gaxlavT. gansakuTrebiT gvinda gamovyoT periferiuli anu
plazmuri membrana (plazmalema), romliTac ujredia Semofargluli.
plazmuri membrana aris ujredis zedapiruli struqtura, romelic
ganapirobebs ujredgareTa garemosTan mis uSualo kavSirs.

ujredis plazmuri membrana ramdenime funqcias asrulebs:
1. barieruli - plazmalema ujreds gamijnavs garemosgan da ujredis

da garemos urTierTqmedebas agvarebs;
2. damcvelobiTi - plazmalema ujredis samosels `SaliTas~ qmnis,

amgvarad is ujredis formis organizaciaSi monawileobs;
3. kontaqturi - plazmalema aregulirebs ujredebs Soris

urTierTqmedebas, radgan yoveli ujredisaTvis misi mezobeli ujredi
garemos nawilia;

4. satransporto - plazmalema monawileobs nivTierebaTa
transportSi.

3.2. membranis Semadgeneli komponentebi. membranis
agebulebis modelebi

ujredis membranebs, zogierTi Taviseburebebis miuxedavad, msgavsi
agebuleba aqvs. yvelaze ufro sruli cnobebi ujredis plazmuri
membranis Seswavlisas iyo mopovebuli. plazmalemis agebulebis Sesaxeb
qvemoT gadmocemuli cnobebi ZiriTadad eriTrocitebis membranis
gamokvlevisas iqna SemuSavebuli, magram maT sxva membranebzec
avrceleben. 1925 wlidan membranis modelebSi lipidebis bimolekulebis
Sre moiazreboda (Gorter, Grendel). am modelebSi cilebi mxedvelobaSi
miRebuli ar iyo. SemdgomSi danielim da devsonma (Danielli, Devson, 1930)
Tavis modelSi cilebi hidratirebuli (wyliT garemoculi) molekulebis
saxiT Semoitanes (sur. 13).



suraTi 13. danielis da devinsonis modeli

1959 wels membranis agebulebis kidev erTi modeli SeimuSava
robertsonma. man SemoiRo elementaruli membranis (unit membrane) cneba.
robertsonis modelis Tanaxmad membrana samSriania. membranis aseTi
agebuleba ganpirobebulia imiT, rom lipidur bimolekulur Sres orive
mxridan cilovani Sreebi akravs (sur. 14).

suraTi 14. robertsonis elementaruli
membranis modeli

1 – polaruli jgufebi; 2 – cximovani mJavas jaWvebi; 3 – cilebi.

membranis sisqe 7,5 nm-s udris. robrtsoni Tvlida, rom yvela
membrana ZiriTadad ase aris agebuli.

dResdReobiT yvelaze gavrcelebuli da aRiarebulia s.singerisa da
g.nikolsonis (Singer, Nicolson) Txevad-mozaikuri modeli, romelic maT mier
1972 wels iqna SemoTavazebuli. am modelis mixedviT lipidebis biSre
Txevad fazad ganixileba. lipidebis mier biSris warmoqmnis unari maTi
struqturiTaa ganpirobebuli. biSreSi lipidebis arapolaruli kudebi



erTmaneTisken aris mimarTuli, xolo  polaruli Tavebi ki - wyliani
arisken.

lipiduri biSris zemoT dacuravs, an masSia Setivtivebuli cilis
molekulebi. cilis molekulebi mTlian Sres ki ar qmnis, aramed
lipidur biSreze, an mis sisqeSi araTanabrad da mozaikurad aris
ganlagebuli (sur. 15).

membranis SemadgenlobaSi naxSirwylebic Sedis. lipiduri biSris
gareTa zedapirze naxSirwylebi zogierT cilas (glikoproteinebi da
proteoglikanebi) da lipids (glikolipidebi) ukavSirdeba da warmoqmneba
Sre, romelsac glikokaliqsi ewodeba. eleqtronuli mikroskopis
gamoyenebiT dadginda, rom glikokaliqsi aris 3-4 nanometris sisqis Sre,
romelic ujredis zedapirs faravs. yvelaze kargad glikokaliqsi
nawlavis Semwovi epiTeliumis jagrisebr yaeTanSi Cans (ix. qvemoT). igi
uzrunvelyofs plazmuri membranis meqanikur simtkices.

membranis cilebi or jgufad iyofa. esenia: periferiuli da
integraluri. periferiulia is cilebi, romlebic lipidur biSres orive
mxares akravs da masze `dacuravs~.

suraTi 15. plazmuri membranis Txevad-mozaikuri modelis sqematuri
gamosaxuleba.

1 – naxSirwylis jaWvi; 2 - glikolipidi; 3 - glikoproteini;
4 – membranis ujredgare zedapiri; 5 – hidrofiluri nawili;

6 – qolesteroli; 7 – citoConCxis filamentebi; 8 – hidrofobuli
nawili; 9 – membranis ujredSida zedapiri; 10 – lipiduri biSre;

11 – transmembranuli cila.

cilebis meore jgufi an `Setivtivebulia~ lipidur biSreSi, an
membranas mTlianad ganWolavs. maT integraluri cilebi ewodeba.



integralur cilebs, romlebic membranas mis mTel sigrZeze ganWolavs _
transmembranuli cilebi ewodeba. plazmuri membranis SenebaSi monawile

erTerTi TvalsaCino integraluri cilaa glikoforini- (upiratesad

eriTrocitebSia Seswavlili). glikoforini- aris glikoproteini,
romlis transmembranuli a-spiraluri ubani ganWolavs lipidur biSres.
integraluri cilebidan yuradReba unda mieqces membranul arxebs
(magaliTad, ionuri arxebi) da satransporto cila - matareblebs,
romlebic nivTierebaTa gaadvilebul difuzias ganapirobebs (ix. qvemoT).
iTvleba, rom rac ufro aqtiuria nivTierebaTa cvlis (metabolizmis)
mxriv membrana, miT ufro meti raodenobiT aris masSi integraluri
cilebi. ase magaliTad, qloroplastebSi, romelTa membranis 75%-s
cilebi Seadgens, integraluri cilebi bevria, xolo metabolurad
inertul mielinSi ki (romlis mxolod 18%-s cilebi Seadgens),
integraluri cilebis molekulebi sul ar gvxdeba.

membranas SigniTa zedapiridan akravs cilovani bade, romelic
integralur cilebs aerTebs erTmaneTTan. amgvari badis aRwera
SedarebiT axal saxelmZRvaneloSi mxolod bolo dros iqna Setanili
da mas kortikaluri Sre uwodes (cortex - qerqi). es aris 0,1-0,5 mkm-is
sisqis Sre, romelSic gvxvdeba mikrofilamentebi da mikromilakebi.
ZiriTadi komponenti aris aqtinis Semcveli mikrofilamentebi, romlebic
uzrunvelyofs integraluri cilebis dakavSirebas. iseve rogorc
glikokaliqsi, igi uzrunvelyofs plazmuri membranis meqanikur
simtkices.

aRsaniSnavia araimunuri bunebis cilebis erTi jgufi saerTo
saxelwodebiT leqtinebi. leqtini aris arafermentuli cila an
glikoproteini, romelic membranuli cilebis (glikoproteidebi)
oligosaqaridebs specifikurad ukavSirdeba. leqtinebi pirvelad
mcenareebSi aRwera p.stilmarkma (Stillmark, 1888). abusalaTinis Teslis
eqstraqtidan man gamoyo cilebi, romlebic specifikurad ikavSireben
naxSirwyals ise, rom ukanaskneli qimiurad ucvleli rCebian. rogorc
mcenareuli, aseve cxoveluri ujredebidan gamoyofil leqtinebs
sisxlis wiTeli ujredebis aglutinaciis unari gaaCniaT. aglutinaciis
reaqciis arsi mdgomareobs SemdegSi: leqtins Saqris SemakavSirebeli
ori an meti saiti (ubani) aqvs, romliTac is ukavSirdeba eriTrocitebis
membranis glikoproteinis Saqris naSTebs. amis Sedegad eriTrocitebis
erTgvari SekavSireba da maTi daleqva anu aglutinacia xdeba.

leqtinebis cnobili warmomadgenlebia fitohemaglutinini da

konkanavalini  (orive mcenareulia). leqtini erTnairad advilad
ikavSirebs Tavisufal naxSirwylebs da ujredis membranasTan
SekavSirebul naxSirwyals. mogvianebiT leqtinebi ZuZumwovrebSic
aRmoaCines.

3.2.1. membranebis gansxvavebuli Sedgeniloba da Tvisebebi

ujredis membranul sistemaSi Semavali, principulad erTnairi
agebulebis membranebi erTmaneTisagan fiziko-qimiuri TvisebebiT
gansxvavdeba. membranebis gansxvavebuli Tvisebebi maTSi Semavali
lipidebis da cilebis gansxvavebuli SemadgenlobiTa da raodenobrivi
SemcvelobiT aris ganpirobebuli.

membranis SedgenilobaSi ZiriTadad Semdegi lipidebi gvxvdeba:
fosfolipidebi (glicerofosfatidebi), sfingolipidebi (sfingomielini),



glikolipidebi (cerebrozidebi da gangliozidebi) da steroidebi
(qolesteroli). ujredis sxvadasxva membrana gansxvavdeba erTmaneTisgan
aRniSnuli lipidebis procentuli SemcvelobiT. gansxvavebulia
lipidebis Semcveloba membranis gareTa da SigniTa monoSreebSic
(lipidebis asimetriuli ganawileba). magaliTad, eriTrocitis plazmuri
membaranis gareTa monoSreSi gvxvdeba sfingomielini, gangliozidebi da
fosfatidilqolini. neitraluri da uaryofiTi jgufebis Semcveli
lipidebi: fosfatidileTanolamini, fosfatidilinozitoli da
fosfatidilserini, ZiriTadad membranis Sida monoSreSi aris
warmodgenili.

biologiuri rolis mixedviT membranebSi Semavali cilebi SeiZleba
sam ZiriTad jgufad davyoT. esenia: fermentebi, receptorebi da
struqturuli cilebi. ujredis membranebs Soris funqciuri gansxvaveba
aRniSnuli cilebis sxvadasxva raodenobrivi SemcvelobiT aris
ganpirobebuli.

cilebi plazmur da sxva membranebzec araTanabradaa ganawilebuli,
rac sakmaod Wrel mozaikas qmnis. erT ubanze zogierTi cilis
raodenoba danarCeni cilebis raodenobas 1000-jer aRemateba. amav dros,
gareTa mxare ufro nakleb cilas Seicavs, vidre SigniTa mxare (mag.
eriTrocitebSi), anu lipidebis msgavsad, cilebi asimetriulad aris
ganawilebuli.

citoplazmis mxridan membranas ukavSirdeba cilovani struqturebi,
romlebic mis simtkices da amave dros Zvradobas uzrunvelyofen.

kidev erTi gansxvaveba ujredis membranebs Soris imaSi mdgomareobs,
rom maTi zrda (pirveladi) sxvadasxvanairad xdeba. plazmuri membrana,
romlisTvisac Zalian swrafi zrda aris damaxasiaTebli (1 sT-is
ganmavlobaSi misi zoma 65-jer matulobs) membranuli buStukebis
(warmoiqmnebian granularul endoplazmur badeze) CaSenebis xarjze
mimdinareobs. gansxvavebulad xdeba zogierTi organelas (mag.
mitoqondrioni) membranebis zrda. citoplazmaSi sinTezirebuli lipidis
da cilis molekulebi damoukideblad aRweven organelas membranaSi, ris
Semdegac maTi lipidur biSreSi CaSeneba xdeba.

3.2.2. mcnareuli ujredis kedeli (garsi)

mcenareul ujreds, cxoveluris msgavsad, plazmuri membrana aqvs.
plazmur membranas gars ertymis ujredis kedeli. kedeli, romelic
ujreds aniWebs simtkices, plazmuri membranis funqcionirebas xels ar
uSlis. mcenareuli ujredis kedeli ZiriTadad ori komponentisgan
Sedgeba. esenia: matriqsi da sayrdeni fibrilaruli sistema. ujredis
kedlis SemadgenlobaSi garda amisa, Sedis polimeruli naerTebi da
marilebi, romlebic mas simtkices aniWebs. amorfuli, plastikuri da
gelismagvari matriqsis warmomqmneli ZiriTadi qimiuri nivTierebebia:
polisaqaridebis heterogenuli jgufebi, hemiceluloza da peqtinuri
naerTebi. matriqsi agreTve Seicavs didi raodenobiT wyals.
fibrilaruli sistema Sedgeba konebis an boWkoebisgan. boWko Seicavs
fibrilebs, romlebic Tavis mxriv celulozas xazovani molekulebisagan
aris warmoqmnili.

ujredis kedeli, romelic icavs ujredis zedapirs, mravalSriani
warmonaqmnia. ujredis kedlis SemadgenlobaSi arCeven: pirvelad, meorad
da mesameul garsebs. (sur. 16).



rogor warmoiqmneba ujredis kedlis Semadgeneli nawilebi?

suraTi 16. mcenareuli ujredis kedeli
1 - Sualeduri firfita; 2 - pirveladi garsi;

3 - meoradi garsi; 4 - mesameuli garsi.

dediseuli ujredis dayofis procesSi, kerZod anafazaSi, ujredis
centrSi mcire zomis membranuli buStukebi iyris Tavs. mogvianebiT am
buStukebis Serwyma xdeba. amgvarad warmoiqmneba ujredis firfita anu
fragmoplasti. SemdgomSi buStukebis damatebis xarjze firfita
periferiis mimarTulebiT izredba. fragmoplastis centralur nawilSi
matriqsis amorfuli nivTiereba aris ganTavsebuli, romlisganac e.w.
Sualeduri firfita formirdeba. sabolod firfitis Serwyma xdeba
plazmur membranasTan da warmoiqmneba ori Svileuli ujredi. pirveladi,
meoradi da mesameuli garsebi ukve Svileuli ujredis mier
gamomuSavebuli naerTebis xarjze warmoiqmneba. Tavdapirvelad Svileuli
ujredebis mier gamoyofili hemicelulozas da celulozas
fibrilebisgan warmoiqmneba pirveladi garsi. ujredis kedlis ZiriTad
masas meoradi garsi qmnis. es ukanaskneli ujredis saboloo formasc
gansazRvravs. meoradi garsis SemadgelobaSi Semavali celulozas
fibrilebis sxvadasxva mimarTulebiT orientacia Sualedur Sreebis
warmoqmnas ganapirobebs. Svileuli ujredebis dacilebis Semdeg
ujredis kedeli TandaTanobiT matulobs sisqeSi da amasTan erTad
ujredis Sinagani struqturis saboloo formireba xdeba.

3.2.3. baqteriuli ujredis kedeli (garsi)



baqteriuli ujredi garedan dafarulia garsiT (baqteriuli
ujredis kedeli), romlis qveS plazmuri membranaa moTavsebuli.
baqteriuli kedlis ZiriTadi struqtura aris xisti karkasi, romlis
mTavari komponentia peptidoglikani – mureini. mureinis karkasi
warmoiqmneba polisaqaridebisa da tetrapeptidebisagan. am karkasis
dasaSlelad gamoiyeneba fermenti lizocimi. kedlis agebuleba
gansxvavebulia gram-dadebiT da gram-uaryofiT baqteriebSi. baqteriebis
aseT dayofas safuZvlad daedo gramis meTodiT SeRebvis Sedegebi (gram-
dadebiTi baqteriebi iRebeba iisfrad, gram-uaryofiTi – wiTlad).

gram-dadebiTi baqteriis kedelSi mureinis karkasi mravalSriania da
pirdapir plazmur membranas ekvris. gram-uaryofiTi baqteriebis garss
gansxvavebuli agebuleba aqvs. erTSriani mureinis karkass erTi mxridan
gareTa lipoproteinuli membrana akravs (sur. 17).

a b
suraTi 17. ujredis kedlis agebulebis sqema

gram-dadebiT (a) da gram-uaryofiT (b)baqteriebSi.
1 - plazmalema; 2 - mureinis Sre; 3 - lipoproteinuli Sre;

4 - periplazmuri sivrce.

gareTa membrana baqteriuli ujredis struqturul erTianobas
uzrunvelyofs. is sxvadasxva nivTierebisaTvis erTgvar bariers
warmoqmnis. garda amisa, gareTa membrana e.w. cila - forinebs Seicavs.
aRniSnuli cilebis trimeri ganWolavs lipoproteinul membranas da
warmoqmnian hidrofilur forebs. romelTa meSveobiT ujredSi
dabalmolekuluri naerTebi aRwevs. gareTa lipoproteinul da plazmur
membranebs Soris arsebul sivrces periplazmuri sivrce anu periplazma
(10 nm) ewodeba. periplazmur sivrcis Txevadi nawili hidrolizur
fermentebsa da satransporto cilebs Seicavs. baqteriuli kedlis awyoba
plazmuri membranis gareTa mxridan xdeba. amisTvis saWiro samSeneblo
masala ujredis SigniT sinTezirdeba.

3.3. ujredSorisi kontaqtebi da plazmuri membranis
specialuri warmonaqmnebi

mravalujredian organizmSi ujredebi ansamblebs warmoqmnian.
ujredebis ansamblebis warmoqmna maT Soris urTierTqmedebis gziT
miiRweva. ujredSoris urTierTqmedebas safuZvlad maTi grovad dgomis
anu agregaciis (laT. agrego – grovad dadgoma)  da Sewebebis anu adheziis
(laT. adhaesio – Sewebeba) unari udevs. erTgvarovani ujredebi ikribeba da
e.w. agregatebs (magaliTad, Trombocitebis agregatebi) warmoqmnis.
agregatebSi ujredebs Soris urTierTqmedeba transmembranuli
glikoproteinebiT xorcieldeba. adheziiT ujredebis dakavSireba
SeiZleba ganxorcieldes ori gziT: 1. ujredebis adheziis molekulebs -



CAM – cilebs (cell adhesion moleculs - ujredis adheziis molekulebi)
Soris specifikuri urTierTqmedebiT da 2. specialuri ujredSorisi
kavSirebiT – kontaqtebiT.

CAM - cilebs Soris urTierTqmedeba SeiZleba iyos ori saxis:
homofiluri (ujredebis dakavSireba erTi saxis molekulebiT xdeba) da
heterofiluri (adhezia sxvadasxva saxis CAM-cilebiT xorcieldeba).
dReisaTvis CAM-cilebis ramdenime klasi aris cnobili. esenia:
kadherinebi, seleqtinebi, integrinebi da imunoglobulinebis msgavsi CN-
CAM cilebi.

kadherinebi xisti (Ca+2-Sebmuli domenebiT) integraluri membranuli
cilebia. sxvadasxva tipis ujredebi gansxvavebul kadherinebs Seicavs.
CN-CAM nervuli ujredebis adheziis molekulebia. seleqtinebi –
integraluri cilebi (plazmuri membranis) monawileobs endoTeluri
ujredebis adheziaSi. integrinebis meSveobiT xdeba ara mxolod
ujredebs Soris kavSiris warmoqmna, aramed ujredgareTa substanciebTan
maT dakavSirebis uzrunvelyofa.

3.3.1. ujredSorisi kontaqtebi

cxoveluri ujredebis urTierTdakavSireba oTxi tipis kontaqtiT
xdeba. esenia: 1. Camketi kontaqti; 2 komunikaciuri kontaqti; 3. adheziuri
kontaqti ujredebs Soris da 4. adheziuri kontaqti eqstraujredul
matriqsTan. mcenareul ujredebs Soris gvxvdeba kontaqtis
gansakuTrebuli forma, romelsac plazmodesma ewodeba. ujredSorisi
kontaqtebis danaxva mxolod ultraTxel anaTlebze eleqtronuli
mikroskopis gamoyenebiT aris SesaZlebeli. sinaTlis mikroskopSi
kontaqtebi mxolod specialuri saRebavebis gamoyenebis Semdeg vlindeba.

3.3.1.1. Camketi anu mWidro kontaqti

Camketi anu mWidro kontaqti (tight junction, zonula occludens) ujredebs
Soris sivrcis Semcirebas uzrunvelyofs. mWidro kontaqti ujredis
apikaluri nawilis ramdenime ubanSi myardeba. aRsaniSnavia, rom ujredi
TiToeuli aseTi kontaqtis gaswvriv msgavs kontaqtebs masTan mijril
yvela danarCen ujredTan amyarebs. amgvarad iqmneba sartylisebri
warmonaqmni, romelsac SekavSirebis sartyels uwodeben (sur. 18).

sartyeli ujredSoris sivrces axSobs, moqmedebs rogorc barieri
maRalmolekuluri nivTierebisa da ionebisaTvis da maT ujredSoris
sivrceSi gamosvlas uSlis xels. mWidro kontaqti xorcieldeba ara ori
membranis lipiduri biSris SerwymiT, aramed maT integralur cilebs –
klaudinebsa da okludinebs Soris kavSiris warmoqmnis gziT
(dakavSireba xdeba cilis eqstraujreduli domenebiT).



a                        b
suraTi 18. mWidro kontaqti (a); mWidro kontaqtis formireba (b).

1 – mWidro kontaqtis cilebi; 2 – plazmuri membrana;
3 – ujredSorisi sivrce.

mWidro kontaqti yvela tipis erTSriani epiTeliumisTvis aris
damaxasiaTebeli. garda amisa, kontaqtis es forma RviZlis da pankreasis
epiTelur ujredebs Sorisac gvxvdeba.

3.3.1.2. komunikaciuri kontaqti

napralisebri kontaqti (neqsuses) komunikaciuri tipis kontaqts
ganekuTvneba. mezobeli ujredbis membranebi erTmaneTisagan 30-40 Å–iT
aris dacilebuli. am kontaqtis warmoqmnaSi cilindruli struqturebi –
koneqsonebi monawileobs. koneqsoni eqvsi suberTeulisagan Sedgeba. es
suberTeuli cila koneqsinisgan (molekuluri masiT 30 kd -
kilodaltoni) Sedgeba da Reros miagavs (diametri-25Å). eqvsi koneqsini
cilindris anu koneqsonis arxs warmoqmnis. sayuradReboa, rom yoveli
koneqsinis Reros grZeli RerZi, cilindris (koneqsonis) grZeli RerZis
paraleluri ar aris. amitom 6 koneqsinis RerZis daxrilobis cvlileba
koneqsonis centrSi myofi arxis gaRebasa da daxSvas ganapirobebs.
arxebis diametri 15-20 Å-s udris. es diametri sakmarisia ujredidan
ujredSi SedarebiT mcire molekulebis gadasvlisaTvis (800-mde marili,
ioni, aminomJava, Saqari, vitamini, c-amf, zogierTi hormoni da sxva (sur.
19).

arxis gaxsnasa da daxSobaSi Ca+2 monawileobs. napralisebri
kontaqti gvxvdeba: kanis epiTelur ujredebSi, endo- da egzokrinuli
jirkvlebis ujredebSi da sxva. napralisebri kontaqti ujredebs Soris
prenataluri ganviTarebis adreul etapze gvxvdeba.



suraTi 19.  napralisebri kontaqtebi - neqsusi
1 – napralisebri kontaqti (neqsusi); 2 – ujredSorisi naprali;

3 – koneqsoni; 4 – cila koneqsini.

3.3.1.3. adheziuri kontaqti ujredebs Soris

Sualeduri kontaqti anu sartylisebri desmosoma (zonula adherens).
ori ujredis membranas Soris kontaqti cila E-kadherinis saSualebiT
xorcieldeba. aseT kavSirs Sualeduri kontaqti ewodeba. E-kadherini
aris integraluri cila. mis citoplazmur domens kateninebi  da sxva
cilebi ukavSirdeba. Tavis mxriv isini emagrebian membranaze dawnexil
kumSvad mikrofilamentebs. es mikrofilamentebi aqtins Seicavs. aseTi
desmosoma mWidro kontaqtis msgavsad gars ertymis ujreds. aqedan
gamomdinare mas sartylisebr desmosomasac uwodeben. sartylisebri
desmosoma ZiriTadad epiTeluri qsovilSi gvxvdeba.

laqisebri desmosomebi (spot desmosomes, macula adherens) - mWidro
kontaqtebisa da sartylisebri desmosomebisagan gansxvavebiT, ujredis
irgvliv uwyvet sartyels ar qmnian (ix. qvemoT). es Rilakisebri (laqa)
warmonaqmnia, romelic ujredis membranas citoplazmis mxridan ekvris.
or mezobel ujreds Soris manZili daaxloebiT 300 Å-s (30 nm) udris. or
ujreds Soris sivrceSi, mkvrivi warmonaqmni, centraluri firfita aris
moTavsebuli. am ubanSi citoplazma ori nawilisagan Sedgeba: erTi
maTgani Signidan ekvris membranas da gamWvirvalea, xolo meore nawili
ki mkvrivia - mas citoplazmuri disko ewodeba. diskodan
tonofilamentebad wodebuli Sualeduri filamentebi da
mikrofilamentebi gamodian. mikrofilamentebi citoplazmis siRrmeSi
aRweven. fiqroben, rom tonofilamentebi mopirdapire diskos uerTdebian.
maTi ZiriTadi funqcia SekumSvis Zalis gadacemasa da ganawilebaSi
mdgomareobs. wvrili Rerosebri kavSirebiT centralur firfitis da
citoplazmis diskos dakavSireba xdeba. laqisebri desmosoma
gansakuTrebiT mtkice ujredSorisi kavSiria (sur. 20).



suraTi 20. laqisebri desmosoma.
1 – ujredis membrana; 2 – ujredSorisi sivrce; 3 - citoplazmuri
disko; 4 – tonofilamentebi; 5 - wvrili Rerosebri kavSirebi.

3.3.1.4. adheziuri kontaqti eqstraujredul matriqsTan

hemidesmosoma (Hemidesmosom) plazmur membranas ujredgareTa
matriqsTan akavSirebs. desmosomis msgavsad hemodesmosomas
citoplazmuri disko aqvs. diskos SemadgenlobaSi cila pleqtini Sedis.

hemidesmosomis ubanSi lokalizebulia transmembranuli cilebi (a6b4-
integrini da XVII kolageni). a6b4-integrini ujredis gareT bazaluri
membranis SemadgenlobaSi Semaval laminin 5-s ukavSirdeba, citoplazmis
mxares ki cila pleqtinis saSualebiT keratinis Semcvel Sualedur
filamentebs. ujredsa da matriqss Soris urTierTqmedebis es forma
ZiriTadad epiTeluri ujredebis bazaluri nawilebisaTvis aris
damaxasiaTebeli.

fokaluri kontaqtebi mravali tipis ujredisTvis aris
damaxasiaTebeli. aseTi saxis kontaqti gansakuTrebiT kargad aris
Seswavlil fibroblastebSi. fokaluri kontaqtebis warmoqmnaSi
transmembranuli linkeruli cilebi – integrinebi monawileoben.
integrinebi ujredSorisi matriqsis cilebTan (mag: fibroneqtins)
specifikur kavSirebs warmoqmnian. integrinebis citoplazmuri domenebi
cilebis talinis da vinkulinis saSualebiT aqtinis filamentebs
ukavSirdeba. fokaluri kontaqtebi ujredis ujredSoris struqturebTan
mimagrebas uzrunvelyofs. amave dros am kontaqtebis saSualebiT
ujredebis moZraobis regulireba xdeba.

3.3.1.5. plazmodesmebi

mcenareul qsovilSi ujredebi erTmaneTs ukavSirdeba mravali viwro
citoplazmuri arxis saSualebiT, romlebic ujredis sayrden kedelSi
gadis. am arxebs plazmodesmebi (plazmodesmata) ewodebaT. plazmuri
membranis is nawili, romelic amofens plazmodesmas uerTdeba mezobeli
ujredis plazmur membranas anu plazmodesmebiT erTmaneTs ukavSirdeba
ori ujredis hialoplazma. amasTanave, erTi ujredis endoplazmuri



badis gamonazardi (e.w. plazmotubula) erTi ujredis hialoplazmis da
arxis (plazmodesmas) gavliT SeaRwevs meore ujredSi. plazmodesma
zomiT bevrad aRemateba napralisebr kontaqtebs (sur. 21).

suraTi 21. plazmodesma
1 – plazmuri membrana; 2 – ujredis kedeli;

3 - desmotubula; 4 – plazmodesma.

maTi diametri 20-40 nm-ia. amis gamo plazmodesmebis saSualebiT
mezobel ujredebs Soris xsnadi sakvebi nivTierebebis gacvla xdeba.
plazmodesmebi warmoiqmneba ujredebis dayofis procesSi, rodesac
pirveladi ujreduli garsis aSeneba xdeba. axladwarmoqmnil ujredebSi
maTi ricxvi sakmaod maRalia da daberebis dros mcirdeba.

plazmodesmebi mezobel ujredebs Soris xsnadi sakvebi
nivTierebebis gacvlas emsaxureba. plazmodesmebi warmoiqmneba ujredebis
dayofis procesSi, rodesac pirveladi ujreduli garsis aSeneba xdeba.
axladwarmoqmnil ujredebSi maTi ricxvi sakmaod maRalia da daberebis
dros mcirdeba.

3.3.2. mikroxaoebi da lamelopodiebi

zogierTi qsovilis ujredis membranaze SeimCneva mravalricxovani
gamonazardi, romlebsac mikroxaoebi ewodebaT. maTi sigrZe Cveulebrivad
1-2 mkm-s udris, amasTan mikroxaoebi Zlier zrdis ujredis zedapirs.
mikroxaoebi kargad aris ganviTarebuli iseT ujredebSi (mag. wvrili
nawlavis epiTeliumi), romlebSic aqtiuri transporti mimdinareobs (ix.
qvemoT) isini ujredis apikalur (ujredis fuZis mopirdapire) mxares
SeimCneva. mikroxaoebi zogjer kulturaSi myof calkeul ujredebsac
gaaCniaT. ujredebis mikroxaoian zedapirs jagrisebr yaeTans uwodeben.

mikroxaoebi Seicavs 20-30 aqtinis boWkos, romlebic ujredis ConCxis
gamonazardebia. boWkoebi ujredis membranis qveSmdebare e.w. terminalur
bades umagrdebian. terminaluri qselis boWkoebi SeaRweven sartylisebr
desmosomaSi, romelic ujreds gars ekvris.

imis da mixedviT Tu ra funqciur mdgomareobaSi imyofeba ujredi,
mikroxaoebi SeiZleba iyos ujredSi Seweuli an gamoweuli. mikroxaoebis
moZraoba aqtinis boWkoebsa da terminaluri qselis miozinis boWkoebs
Soris urTierTqmedebazea damokidebuli, rac kunTis SekumSvas
mogvagonebs.

mravali tipis ujredis membrana rxevad naoWebs. warmoqmnis maT
zedapiruli naoWebi anu lamelopodiebi ewodeba. lamelopodiebi xSirad
mikrotrabekulur mesers da ujredis ConCxs eyrdnoba. lamelopodiebi



gansakuTrebiT damaxasiaTebelia ujredebisaTvis, romlebic endocitozs
awarmoeben.

aRwerili struqturebi damaxasiaTebelia im ujredTa jgufebisaTvis,
romlebic erTmaneTTan mWidrod dakavSirebuli ujredebisagan Sedgeba.
amgvar SemTxvevaSi ujredebi mTlian Sreebs qmnian. Sred Sekruli
ujredebis jgufebi warmoqmnian qsovilis gansakuTrebul tips, romelsac
epiTeliumi anu epiTeluri qsovili ewodeba. mravali sasicocxlo
funqcia swored epiTelur qsovilebs akisria. magaliTad, Sewova,
sekrecia da sxva amgvari swored epiTeluri qsovilebis mier
xorcieldeba. aseve mikroxaoebi nawlavisa da Tirkmlis epiTeliumSi e.w.
jagrisisebr yaeTans qmnian. qsovilovani struqturebis dawvrilebiTi
aRwera mecnierebis sxva dargis - histologiis sagania da aq, cxadia, mas
adgili ver daeTmoba.

3.4. ujredis ConCxi (citoskeletoni)

tradiciulad ujredSi or ZiriTad nawils - citoplazmasa da
birTvs  arCeven. dResdReobiT sruliad aSkaraa, rom formalurad
ujredis es ori mniSvnelovani nawili metad Zneli gasamijnia. siZneles
ukve membranis sistemis ganxilvisas vawydebiT. marTlac, rogorc Semdeg
davinaxavT, birTvis garsi membranuli warmonaqmnia. amave dros membranebi,
rasakvirvelia, ufro citoplazmas ekuTvnis. amis gamo Cven ujredis
tradiciul ganxilvaze xeli aviReT da yovel struqturas, ase vTqvaT,
`paritetul~ safuZvelze vixilavT. Tumca aqve unda davsZinoT, rom
ujredi erTiani mTliani sistemaa da misi nebismeri danawileba
yovelTvis xelovnuria. amis mkafio magaliTs ujredis ConCxi anu
citoskeletoni warmoadgens, romelic sabolood me-20 saukunis 50-ian
wlebSi eleqtronul mikroskopuli gamokvlevebis Sedegad iyo aRwerili.

ujredis ConCxs mravali funqcia akisria. upirveles yovlisa is
unarCunebs ujreds mis tipobriv formas, gansazRvravs membranis cilebis
gadanacvlebas, monawileobs ujredis gadanacvlebaSi, asrulebs SesamCnev
rols endocitozSi da ekzocitozSi (ix. qvemoT) da a.S.

ujredis ConCxSi arCeven: periferiul cilovan qsels (kortikaluri
Sre) da sakuTriv ujredis ConCxs. periferiuli cilebis umravlesoba
plazmur membranas SigniTa zedapiridan faravs. rogorc eriTrocitebis
membranis gamokvlevidan dadginda, gansakuTrebiT bevria maT Soris cila
speqtrini. es ukanaskneli fibrilaruli cilaa da ori polipeptiduri
jaWvisagan Sedgeba. speqtrini (yovel SemTxvevaSi speqtrinis magvari
cila) eriTrocitebis garda sxva ujredebSic gvxvdeba. is uSualod ar
ekvris membranas, aramed emagreba mas sxva cilebis saSualebiT. umTavresi
maTgania aqtini da ankirini. speqtrin-aqtin-ankirinis kompleqsi
warmoqmnis qsels, romelic ujredis ConCxis anu citoskeletonis
arsebiTi nawilia. sakuTriv ujredis ConCxs warmoqmnis qimiurad,
ultrastruqturulad da funqciurad gansxvavebuli Zafisebri
warmonaqmnebi, filamentebi.

3.4.1. citoplazmis filamentebi

citoplazmis filamentebi wagrZelebuli, dautotveli, cilovani
warmonaqmnebia, romelTa molekulebi zogjer spiraliseburad lagdeba.
citoplazmis filamentebi sam ZiriTad klasad iyofa:



1. mikrofilamentebi anu wvrili filamentebi  (diametri 6 nm);
2. Sualeduri filamentebi (diametri 7-11 nm);
3. mikromilakebi (diametri 25 nm).

3.4.1.1. mikrofilamentebi

mikrofilamentis ZiriTadi komponenti aris globularuli cila
aqtini. sxvadasxva tipis ujredis mikrofilamentSi aqtinis sxvadasxva
izoforma aris warmodgenili. aqtinis yvel izoformas msgavsi
aminomJavuri Tanamimdevroba aqvs, gansxvavebulia mxolod polpeptiduri
jaWvis kidura ubnebi. aqtinis es ubnebi marTalia ar monawileobs
SekumSvis procesSi, magram cilis polimerizacias swored isini
gansazRvravs. monomeris saxiT aqtini aris globula e.w. G-aqtini,
romelic atf-is molekulas Seicavs. G-aqtinis molekulebis
polimerizaciis Sedegad fibrilaruli F-aqtini warmoiqmneba (sur.22).

suraTi 22. aqtinis sqematuri gamosaxuleba

mikrofilamenti aris ori spiraluri formis F-aqtinis jaWvi
(profilamenti). mikrofilamentebi mWidrodaa dakavSirebuli yvela im
funqciasTan, romelic raime moZraobas Seicavs. ujredis citoqalazin B-
Ti damuSaveba mikrofilamentebis daSlas iwvevs, rasac ujredis mier
mTeli rigi funqciebis dakargva moyveba. kerZod, irRveva: fagocitozi,
pinocitozi, ekzocitozi, citokinezisi, citoplazmuri nakadebi,
mikroxaoebis, wamwamebisa da Soltebis moZraoba, ujredis ConCxis
moZraoba da kunTis SekumSva (ix. qveviT).

aqtinis mikrofilamenti Zlier dinamiuri struqturaa, romelic
mikromilakis msgavsad, SeiZleba swrafad warmoiqmnas da swrafadve
daiSalos. aqtinis mikrofilamentis warmoqmna da daSla damokidebulia
G-aqtinis koncentraciaze areSi. mikrofilamentis stabilizacia miiRweva
specifikur cilebTan dakavSirebis gziT. aseTi cilebia: tropomiozini,
filamini, miozini da sxva.

miozini aris cila, romelsac atf-azuri aqtiuroba axasiaTebs. is
atf-s Slis da qimiur energias meqanikur energiad gardaqmnis. arsebobs
ramdenime tipis miozini maTgan aRsaniSnavia sami tipis miozini: I, II da V.
II tipis miozinis ori molekula asocirdeba erTmaneTTan da miiReba
msxvili fibrila, romelic monawileobs kunTis SekumSvis da ujredebis
dayofis procesebSi. miozini I da V monawileobs membranasa da
citoConCxis elementebs Soris urTierTqmedebis procesSi.

gansakuTrebuli mniSvneloba eniWeba aqtomiozinis kompleqss,
romelic mTliani ujredis an misi calkeuli komponentis moZraobs
uzrunvelyofs. aqtomiozinis kompleqsis moqmedebis meqanizmi SemdegSi
mdgomareobs: miozinis molekulis Tavi aqtinis filaments ukavSirdeba,
iwvevs mis moxras da Semdgom cildeba. yovel aseT qmedebas Tan axlavs
erTi molekula atf-is daSla da miozinis Tavi gadainacvlebs aqtinis
filamentis mimarT.



kunTis boWkoebSi didi raodenobiT aris warmodgenili
miofibrilebi. miofibrila Sedgeba ori saxis protofilamentisagan.
esenia: msxvili da wvrili protofilamentebi. wvril protofilamenti
Sedis cilebi: aqtini, tropomiozini da troponini, xolo msxvilSi –
miozini II. miofibrilebis warmoqmnaSi agreTve cila desmini
monawileobs.

3.4.1.2 Sualeduri filamentebi

sxvadasxva tipis ujredSi Sualeduri filamentebi miuxedavad imisa,
rom erTsa da igive funqcias asrulebs, maTi qimiuri Semadgenloba
tipobriv-specifikuria. es imas niSnavs, rom sxvadasxva warmoSobis
ujredebis Sualedur filamentebSi sxvadasxva cilebi Sedis. saxeldobr,
kunTovani qsovilis ujredebis Sualeduri filamenti Sedgeba cila
desminisagan (mol. masa 52 000), mezenqimuri warmoSobis ujredebSi
vxvdebiT cila vimentins (mol. masa 53 000), epiTeliuri ujredebi Seicavs
citokeratinebs (Tormetiode sxvadasxva cilaa, molekuluri masiT 40
000-70 000), nervuli ujredebis saSualedo filamentebi sami
neirofilamentis cilisagan (mol. masa 65 000, 105 000 da 135 000) Sedgeba,
xolo neirogliis ujredebi, upiratesad astrocitebi, erT gliis
fibrilarul mJave cilas (mol. masa 50 000) Seicavs. dadginda, rom
Tvalis brolis ujredebis Sualeduri filamentebi Seicavs brolisaTvis
aucilebel specifikuri cilebis - fakininis da filensinis
heteropolimerebs, romlebic brolisaTvis specifikuri filamentebis
sistemas qmnis.

Sualeduri filamentebis Semadgenel cilebs msgavsi agebuleba aqvs.
yoveli molekulis centralur – spiralur nawilSi, erTidaigive 130

aminomJavuri naSTia. molekulis boloebze, sadac ar aris -spirali,
aminomJavuri Tanamimdevroba gansxvavebulia. swored am centraluri
ubnebiT ori molekula ukavSirdeba erTmaneTs da miiReba dimeri, ormagi
spiraliT (sigrZe 48 nm-ia). ori aseTi dimeri warmoqmnis protofilaments
(tetrameri). protofilamentebi qmnis sqel fibrilas da saboloo jamSi
8 protofilamentisgan miiReba sruli Sualeduri filamenti.

Tanamedrove monacemebis mixedviT Sualeduri filamentebi yvelaze
mdgradi struqturaa, romelic ujredis sayrden sistemas warmoqmnis. ase
magaliTad, epidermisis ujredebSi Sualeduri filamentebi ukavSirdeba
desmosomas da miiReba xisti Sidaujreduli qseli.

3.4.1.3. mikromilakebi (mikrotubulebi)

mikromilaki ujredis ConCxis metad mniSvnelovani komponentia.
mikromilaki interfazul ujredSi an Tavisufali saxiT, an mWidrod
Cawyobili ujredis sxvadasxva organelasa Tu warmonaqmnSi (centrioli,
bazaluri sxeulaki, wamwamebi da Soltebi) gvxvdeba. mikromilaki,
rogorc amas saxelwodeba gviCvenebs, mils warmoadgens da Sesabamisad
sanaTuric aqvs. mikromilaki cila tubulinis molkeulebisa da maTTan
asocirebuli cilebisagan Sedgeba. mikromilakebis ZiriTadi `samSeneblo
bloki~ ori gansxvavebuli suberTeulisagan Semdgari heterodimeruli

cila tubulinia. heterodimeris Semadgeneli suberTeulebi  da 
tubulinebia. dimerebi erTmaneTisagan mcired gansxvavdeba da milakSi

sigrZivad aris ganlagebuli. erTi tubulini Tavisi - suberTeuliT



ukavSirdeba meore tubulinis - suberTeuls da a.S. miiReba grZeli

RerZis paraleluri  da  tubulinebis jaWvebi, protofilamentebi.
amgvarad, mikromilaki protofilamentebisagan Semdgari milia.
mikromilakebis sigrZe metad gansxvavebulia: 200 nm-dan 25000 nm-mde (25
mkm). mikrotubulebis gareTa diametri daaxloebiT 25 nm-s, xolo SigniTa
diametri 15 nm-s udris (sur. 23). mikromilki aris sakmaod dinamiuri
struqtura, romlis sicocxlis xangrZlivoba saSualod 5 wuTs Seadgens.
is swrafad warmoiqmneba da swrafadve iSleba.

suraTi 23. mikromilakis sqema
1 - dimeri; 2 – protofilamenti.

mikromilakis daSlis da awyobis procesi mis boloebze
mimdinareobs, magram erTze awyoba Warbobs daSlas (awyobis bolo,
mzardi plius-bolo), xolo meoreze ki piruku, daSla Warbobs awyobas
(e.w minus-bolo). amgvarad, mikromilaki faqtobrivad mxolod erTi
boloTi izrdeba. tubulinebis dimerebad awyoba da maTi Semdgomi zrda
gtf-Tan SekavSirebas moiTxovs. mikromilakebis awyobasa da daSlaze
kalciumi (Ca+2) moqmedebs.

sainteresoa mikromilakebTan asocirebuli proteinebi map (MAP –
Microtubules asociation proteins), romlebic maT zedapirzea dafenili. ori saxis
map-s arCeven: map-1 da map-2. map-ebi xels uwyobs mikrotubulebis awyobas
da icavs maT mTeli rigi nivTierebebisagan (kolqicini, vinkristini,
vinblastini), romlebic ukavSirdeba mikromilakebis gansakuTrebul
saitebs da iwvevs maT daSlas.

mikromilakebiT xorcieldeba moZraoba, riTac is sxva kumSvad
struqturebs (magaliTad, miofibrilebi) mogvagonebs, Tumca araviTari
kavSiri maT arc aqtinTan da arc miozinTan ar aqvT. sainteresoa, rom
swored mikromilakebi Seadgens wamwamebis, Soltebisa da
spermatozoidebis kudebis samoZrao aparatis ZiriTad komponents. yvela



es struqtura arsebiTad erTnairadaa mowyobili. maTi ZiriTadi nawili
e.w. aqsonemaa (sur.24).

suraTi 24. wamwamis an Soltis ganikveTis (aqsonema) sqema.
1 - ujredis (plazmuri) membrana; 2 - centraluri milakebi;

3 - centraluri SaliTa; 4 - A-qveboWko; 5 - B-qveboWko;
6 - radialuri mana; 7 - dineinis SigniTa mxari; 8 - dineinis gareTa

mxari; 9 - neqsoni (Sualeduri zRudari).

aqsonemis centrSi wyvili mikromilaki mdebareobs (centraluri
milakebi). yoveli maTgani 13-13 protofibrilisagan Sedgeba. centraluri
milakebi Tavisebur centralur SaliTaSia moqceuli. aqsonema
mikromilakebis sul cxra wyvils Seicavs. TiToeuli wyvilis
Semadgeneli qveboWkoebi sxvadasxva formisaa: erTi maTgani ganikveTSi
srul wres qmnis da 13 protofibrilisagan Sedgeba. mas A qveboWkos
uwodeben. wyvilis meore wevri - B qveboWko ganikveTSi
naxevarmTvarisebri moyvanilobisaa da 11 protofibrilisagan Sedgeba.

mikromilakebis wyvilebi neqsonebiT anu Sualeduri zRudarebiT
aris SekavSirebuli. garda amisa, yoveli wyvilis A qveboWko sxva
wyvilis B qveboWkosTan e.w. mxrebiT aris SeerTebuli. aRniSnuli mxrebis
SemdgenlobaSi Sedis cila dineini, amitom maT dineinis mxrebs uwodeben.
cila dineins aqvs ori sami globularuli Tavi. dineinis globularul
Tavebs, msgavsad miozinisa, atf-azuri aqtiuroba axasiaTebs. dineinis
mxrebis amokveTis SemTxvevaSi aRar xdeba wamwamebis moZraoba. aqedan
gamomdinare, fiqroben, rom swored dineinis mxrebis atf-azuri
aqtiurobiT ganisazRvreba maTi monawileoba moZraobis procesSi.
mikromilakis yoveli wyvilis A qveboWkodan aqsonemis centrisken
radialurad gamodis manebi. advili dasanaxavia, rom mikromilakebis
funqciebi ujredis ConCxis funqciebs scdeba. es struqtura ujredis
samoZrao aparatic aris. rogorc SemdgomSi davinaxavT, mikromilakebi
ujredis gayofaSic monawileobs.

3.5. mikrotrabekuluri meseri

bolo dros literaturaSi citoplazmis kidev erT struqturas
aRweren. mas mikrotrabekulur mesers uwodeben. mikrotrabekuluri
meseri citoplazmuri matriqsis erT-erTi ZiriTadi nawilia. Tumca,



rogorc Cans, sayovelTao aRiareba am struqturam mxolod sul bolo
dros moipova. zogierT saxelmZRvaneloSi mikrotrabekuluri meseri ar
moixsenieba. mis aRmoCenas ukavSireben maRali Zabvis eleqtronuli
mikroskopiis ganviTarebas. am struqturis SeswavlaSi didi wvlili
miuZRviT k. porters da mis Tanaavtorebs. SemuSavebuli Sexedulebis
Tanaxmad eukariotuli ujredi or did ganyofilebad iyofa. esenia:
mikrotrabekuluri meseri da intertrabekuluri sivrce.
mikrotrabekuluri meseri warmoadgens Taviseburi Wimebis (trabekulebis)
qsels, romelic yvela ujredul struqturas erT sistemad aerTianebs
(sur. 25).

meserSi trabekulebi cilebiTaa mdidari. intertrabekuluri sivrce
wyalSi gaxsnili nivTierebebiTa (glukoza, aminomJavebi, Jangbadi da
araorganulimarilebi) warmodgenili.

napirebze mikrotrabekuluri meseri ujredis membranas, xolo
ujredis SigniT endoplazmuri bades uerTdeba. mikrotrabekuluri
meseri ujredis formis Camoyalibebasa da SenarCunebas emsaxureba. garda
amisa, mas umagrdeba citoplazmis ConCxis struqturebi da organelebi,
rac ujredis komponentebis sivrciT organizacias uzrunvelyofs.
citoConCxis komponentebTan erTad mikrotrabekuluri meseri
organelebis ujredSi gadanacvlebasa da translokaciis procesebs
uzrunvelyofs.

suraTi 25. mikrotrabekuluri mesris modeli
1 - plazmuri membrana; 2 - ribosoma; 3 - mikrotrabekuluri Wimi;

4 - endoplazmuri bade; 5 - mitoqondrioni; 6 - mikromilaki;
7 - mikrofilamentebi.

mikrotrabekuluri meseri xisti struqtura ar aris. is dro da dro
pirobebis Secvlis Sesabamisad icvleba. ase magaliTad, dabal
temperaturaze kultivirebisas (+40C) ujredi sferuli formisa xdeba.
ujredis ConCxis cvlilebis gamo mikromilakebi iSleba, citoplazmuri
filamentebi qreba, xolo mikrotrabekuluri meseri nawilobriv iSleba.
sayuradReboa meseris zogierTi trabekulis gamocalkeveba da
`beltebad~ Sekvra. `beltebis~ warmoqmna TviT meserSi RriWoebs aCens,
ris gamoc organelebs moZraobisTvis ufro meti Tavisufleba eZleva.
normalur pirobebSi dabrunebisas ujredis struqturebi, da maT Soris



mikrotrabekuluri meseri, aRdgeba da organelebis gadanacvleba kvlav
izRudeba.

mikrotrabekuluri meseris Seqcevad cvlilebebs iwvevs garemos
qimiuri Semadgenlobis Secvlac. nivTiereba citoqolazini B, maRali an
dabali osmosuri wneva, zogierTi ionebis (Ca2+ da Mg2+) koncentraciis
cvlilebebi da metabolizmis zogierTi inhibitori  mikrotrabekuluri
meseris mdgomareobas Seqcevadad cvlis.

mikrotrabekuluri meseri, ujredis ConCxis cilebis (aqtini, miozini
da tubulini) garda, kidev 100-mde sxva cilasac Seicavs.

3.6. ujredis receptorebi
ujreds arseboba, Cveulebrivad, mikrogaremoSi uxdeba. mikrogaremo

mraval sasignalo nivTierebas Seicavs, romelic ujredis arsebobasa da
funqcionirebaze garkveul zegavlenas axdens. metad mniSvnelovania is
nivTierebebi (mag. hormonebi), romelTa saSualebiTac ujredSorisi
urTierTobebi myardeba. dadgenilia, rom ujredSi sinTezirebuli
zogierTi nivTiereba ujredis Sesabamis struqturaze zemoqmedebisaTvis
Tavdapirvelad ujredSoris sivrceSi unda gamovides. Semdeg es
nivTiereba amave an sxva ujredis membranas specifikurad ukavSirdeba.
amgvari moqmedebis sami gza arsebobs. aqedan gamomdinare ujredebis
urTierTobis sam formas arCeven: avtokrinuls, parakrinuls da
endokrinuls (sur. 26).

1. faqtori gamodis ujredidan da maszeve moqmedebs (avtokrinuli
gza); 2. faqtori gamodis ujredidan da mezobel ujredze moqmedebs
(parakrinuli gza); 3. faqtori gamodis ujredidan da moSorebiT mdebare
ujredze moqmedebs (endokrinuli gza).

Tu moqmedi faqtori raime procesze zegavlenis mosaxdenad ujredSi
usaTuod unda Sevides, maSin ujredSi nivTierebaTa transports eqneba
adgili. Zalian xSirad, iqneb umetes wiladac ki, faqtori uSualod
ujredSi TviTon ar Sedis. miuxedavad amisa, signali mainc aRwevs
ujredSi. amisaTvis ujreds Sesaferisi saSualebebi gaaCnia.

suraTi 26. ujredebis qimiuri urTierTqmedebis gzebi.
a - endokrinuli; b - avtokrinuli;

g - parakrinuli.



ujredebTan nivTierebis specifikuri urTierToba sagangebo
glikoproteinuli bunebis molekulebiT receptorebiT xorcieldeba.
yoveli receptori specifikurad ierTebs erT an ramdenime ligands
(sasignalo molekula). ligand-receptoruli urTierTqmedeba ujredebis
normaluri cxovelqmedebis aucilebeli pirobaa. Tu yvela nivTiereba
erTnairad imoqmedebs ujredze, misi cxovelqmedeba airdaireva da
amgvari sistema masSi amtydari qaosis gamo dakisrebul funqciebs ver
Seasrulebs. arsebobs ori tipis receptori: plazmur membranaSi
CaSenebuli (membranis receptorebi) da birTvSi an citoplazmaSi
Tavisuflad arsebuli (birTvuli receptorebi).

3.6.1. ujredis membranis receptorebi da maTi molekuluri struqtura

membranis receptorebi Tavisi bunebiT integraluri cilebia. yovel
maTgans aqvs ujredgareTa ubani, lipidur biSreSi `Cafluli~ ubani da
citoplazmaSi moTavsebuli SigniTa ubani (sur. 27).

suraTi 27. transferinis receptori
1 - transferini; 2 - ujredgareTa domeni; 3 - ujredis membrana;

4 - ujredSigniTa domeni.

receptorebis molekuluri masa sakmaod didia da 90-350 kd-s udris.
receptoris suberTeulebi Tavis mxriv Sedgeba ubnebisagan, romlebsac
domenebs uwodeben. domeni - rTuli makromolekulis funqciurad
avtonomiur ubans ewodeba. cilovani domenis magaliTs warmoadgens
receptoris ujredgareTa nawilis ubani, romelic imunuri cilebis
(imunoglobulinebis) erT-erT ubans emsgavseba da, rogorc Cans
imunologiuri procesebis warmarTvaSi iRebs monawileobas.

ligandi receptoris ujredgareTa nawils, mis aqtiur centrs
ukavSirdeba. miiReba ligand-receptoris kompleqsi. zogierTi receptori
ramdenime suberTeulisagan Sedgeba (sur. 28).

receptoris funqciis SesrulebaSi suberTeulebis wvlili toli

ar aris. magaliTad, insulinis receptoris -jaWvi aqtiuri centris
SeqmnaSi monawileobs, xolo β ki e.w. efeqtorul funqcias (ix. qvemoT)
asrulebs.

ligandis receptorTan SekavSireba am ukanasknelis garkveul
konformaciul cvlilebebs iwvevs. zogierTi ligandi erTi da igive
ramdenime receptors ukavSirdeba. amis Sedegad receptorebis



erTmaneTisaken gadanacvleba, erTad Sekvra da e.w. qudis (inglisuri
sityvidan cap) warmoqmna xdeba. `kepingis meqanizmi~, rogorc Cans, zemoT
aRweriliT ar amoiwureba. zogierTi nivTiereba (citoqalazini B,
kolqicini) kepings aferxebs, rac am procesSi ujredis ConCxis
komponentebis monawileobas mowmobs.

suraTi 28. insulinis receptori
1 - insulini; 2 - naxSirwylovani komponentis datotvili jaWvebi;

3 -  suberTeuli; 4 -  suberTeuli.

yoveli receptori gansakuTrebuli genis eqspresiis produqtia. rac
ufro aqtiuria geni, miT ufro metia Sesabamisi receptorebis ricxvi
ujredis zedapirze (receptorebis simWidrove).

3.6.2. receptoruli signalis gatarebis gzebi

ligands, romelsac ujredTan signali moaqvs pirvelad Suamavals
anu mesenjers uwodeben. ujredis zedapirze mdebare receptorze mosuli
signali, gadaecema genoms an ujredSida sxva efeqtorul struqturebs.
erT-erTi yvelaze ufro Seswavlili membranis zedapiridan genomSi
signalis gadacemis gza G cilis monawileobiT ganxorcielebuli gzaa.

Cveulebrivad ligandreceptoris kompleqsidan signali modis G
cilasTan, romelic gtf-Tan SekavSirebisas aqtiurdeba. G cila erTi

didi ) da ori mcire  da ) suberTeulebisagan Sedgeba (sur. 29).
Tavdapirvelad G cila gdf-Tan (guanozindifosfati) aris

SekavSirebuli. ligand-receptoris kompleqsis Seqmnis Sedegad
receptori konformacias icvlis, ris Semdegac G cilas ukavSirdeba.
amis Semdeg cilis molekulaSi gdf-is gtf-iT Canacvleba xdeba, cila

icvlis konformacias da ori da  suberTeuli wydeba. amnairad
Secvlili G cila aqtiurdeba da adenilatciklazasTan urTierTqmedebs,
romelic, Tavis mxriv, atf-is ciklur amf-ad (cikluri
adenozinmonofosfati) gadaqcevas iwvevs. G cila adenilatciklazas
stimulacias, an piriqiT, inhibirebas axdens (sur.29). amgvarad,
regulirdeba ujredSi c-amf-s raodenoba. G cilis gtf-Tan
urTierTqmedeba mis receptorisadmi naTesaobas amcirebs. samagierod,
gaaqtiurebuli adenilatciklaza gtf-s daSlas iwvevs da miiRba gdf.
amis Sedegad G cilis sawyisi konformacia da misi receptorTan
naTesaoba aRdgeba.



suraTi 29. receptoriT signalis gadacemis gza
1 – hormoni (ligandi); 2 – receptori; 3 – adenilatciklaza;

4 – G cila.

c-amf meorad Suamavals anu mesenjers warmoadgens. c-amf sxvadasxva
reaqciaze moqmedebs. misi moqmedeba xanmoklea, radganac ferment
fosfodiesTerazas gavleniT is 5’amf-ad gadaiqceva. c-amf ZiriTadad
aaqtiurebs proteinkinazebs, romlebic cilis molekulaze fosfatis
jgufis gadatanis (fosforileba) katalizs axdenen.

kidev erTi meoradi mesenjeria Ca2+. ligandis (pirveladi mesenjeri)
zegavleniT ixsneba kalciumis membranuli arxebi. kalciumi, SeaRwevs
citoplazmaSi da specifikur cilebs (rogoricaa kalmodulini da sxva)
SeukavSirdeba. es kompleqsi mravali fermentis aqtivacias axdens. garda
amisa, am kompleqsiT aqtiurdeba sistema, romelic  c-amf-is araciklur
amf-ad gadaqcevas aCqarebs.

kalciumis monawileobis SemTxvevaSi amoqmeddeba meoradi mesenjeris
kombinacia: Ca2+, inozitoltrifosfati da diacilgliceroli.
ukanasknelni membranis fosfolipidebidan warmoiqmneba, kerZod,
polifosfoinozitolidan anu fosfatidilinozitolidan, misi daSlis
gziT. am procesSi fosfatidilinozitol-specifikuri fosfolipaza-C
(fermentia) monawileobs (sur. 30).

fosfolipaza C-s sami formaa aRmoCenili. amasTan,
fosfatidilinozitolTan mxolod erTi maTgani Sedis urTierTobaSi.
fermentis sami formidan ori citoplazmaSia napovni, xolo mesame
ujredis membranasTan aris SekavSirebuli. SesaZloa, mesame forma
fosfolipaza C arc iyos, aramed raRac sxva funqcias asrulebdes.



yvela danarCeni reaqcia fosforilirebis procesTan aris dakavSirebuli
da e.w. proteinkinazebis monawileobiT mimdinareobs.

aq motanili sqemebi sakmaod zogadia. unda iTqvas, rom Tanamedrove
biologiaSi yuradReba gansakuTrebiT

hormonebs eqceva. amitom esa Tu is movlena hormonebis magaliTze
ixileba, Tumca ar aris gamoricxuli, rom igive meqanizmi arahormonuli
ligand-receptoruli wyvilisaTvisac gamodges.

suraTi 30. receptorebidan signalis gadacemis gzebis gamartivebuli
sqema

1 – fosfolipaza C; 2 – inozitoltrifosfatdamokidebuli (IP3) Ca2+

arxi; 3 - endoplazmuri badis intracisternuli faza; 4 – substratis
fosforileba; 5 - Ca2+-is maragis gamolevis Sesaxeb signalis gadacema;

6 - Ca2+ damokidebuli arxi. PIP2 - fosfatidilinozitoldifosfati;
DAG – diacilgliceroli; PKC – proteinkinaza C.

hormonebis umravlesoba SeiZleba sam mTavar jgufad davyoT:
1. hidrofiluri molekulebi;
2. mcire lipofiluri molekulebi, romlebic difuziis gziT aRweven

ujredis membranaSi da ukavSirdebian ujredSigniTa receptorebs;
3. lipofiluri molekulebi, romlebic ujredis membranasTan Sedis

kontaqtSi.
plazmuri membranis gavlis Semdeg ligandi (umravlesad -

steroiduli hormonebi) birTvul an Sesabamis, citozolSi Setivtivebul
receptors ukavSirdeba. warmoiqmneba receptorisa da ligandis
kompleqsi, romelic zrdis an amcirebs Sesabamisi genebis transkripcias.
am jgufs ekuTvnis: yvela sasqeso hormoni, (magaliTad, estrogeni da
progesteroni) da sxva hormonebis sakmaod didi ricxvi. amave jgufSi
Sedis farisebri jirkvlis ori hormoni _ Tiroqsini (tetraiodTironini)
da triiodTironini. aRniSnuli hormonebi Seicavs iods da monawileobs
nivTierebaTa cvlis regulaciaSi. aRsaniSnavia agreTve e.w. retinoidebi,
romlebic izoprenis polimers (ix. zemoT) warmoadgens.

gansakuTrebuli mniSvneloba eniWeba retinois mJavas, romelic
mraval ujredul process akontrolebs. esenia ujredebis gamravleba
(proliferacia, ix. qveviT), ujredebis diferencireba da a.S.



sxvadasxva tipis ujredebs receptorebis sxvadasxva nakrebi SeiZleba
hqondes. amave dros, erTi da igive receptori SeiZleba sxvadasxva tipis
ujredebis zedapirze aRmocendes da sxvadasxva pasuxi gamoiwvios.
sxvadasxva pasuxi, rogorc Cans signalis gadacemis sxvadasxva gzas
Seesabameba.

arsebobs kidev erTi jgufi - es wyalSi xsnadi hormonebis, an sxva
ligandebis receptorebia. am SemTxvevaSi sasignalo molekulebs ujredis
membranaSi gasvlis unari ara aqvs. yoveli maTgani ujredis zedapirs,
kerZod ki ujredis membranis receptors ukavSirdeba. nivTierebaTa es
uzarmazari klasi SeiZleba or jgufad davyoT:

1. peptiduri bunebis hormonebi, rogoricaa insulini da glukagoni.

2. mcired damuxtuli molekulebi, rogoricaa epinefrini da
histamini.

sayuradReboa receptorebis kidev erTi jgufi, romelic ikavSirebs
lipidebSi xsnad hormonebs _ prostaglandinebs.

prostaglandinebi Tavis mxriv Sedis hormonebis sakmaod did
jgufSi, romelsac eukozanoidebi ewodeba. eukozanoiduri hormonebi
warmodgeba _ araqidonis mJavisagan. araqidonis mJava fosfolipidebis da
diacilglicerolis warmoebulia.

zogierTi prostaglandini lokaluri (adgilobrivi) mediatorebis
rols asrulebs. zogi ki gluvi kunTebis SekumSvas iwvevs (magaliTad,
saSvilosnos kunTebisa). prostaglandinebi sxva mraval funqciasac
asruleben.

aRsaniSnavia cilovani hormonebi da kateqolaminebi (mag. epinefrini,
norepinefrini da dofamini). yvela cilovani hormoni (mag. insulini,
glukagoni, hipofizis adrenokortikotropuli hormoni da sxva)
sekretorul buStukebSi moxvedris Semdeg fragmentebad danawevrebas
ganicdis, gadadis aqtiur mdgomareobaSi da egzocitozs eqvemdbareba.

mizanSewonilia cilebis kidev erTi jgufis ganxilva. mxedvelobaSi
e.w. adaptoruli cilebi maqvs. maTi molekula mravaldomeniania. yvela
domeni cilebisaTvis erTgvar sayudars warmoadgens. katalizuri an sxva
raime aqtiuroba am cilebs ar aqvs.

amrigad, receptorebiT signalis gadacemis ori ZiriTadi wesi
dadginda:

1. ligandTan dakavSirebis Semdeg receptori konfomacias icvlis,
ukavSirdeba meorad mesenjers da sxvadasxva proteinkinazas gaaqtivebis
gziT signalis gadaecemas axdens. TviT ligand-receptoris kompleqsi
ujredis membranaze rCeba;

2. ligandi uSualod membranaSi gasvlis Semdeg SeaRwevs ujredSi,
ris Semdegac citozolSi myof receptorebs erwymis. saboloo jamSi
ligand-receptoris kompleqsi birTvSi SeaRwevs da uSualod dnm-is
samizne ubanze axdens zemoqmedebas.

3.6.3. birTvuli receptorebi

dResdReobiT aRaravis epareba eWvi, rom zogierTi nivTiereba (mag.
lipofiluri naerTebi) ujredSi plazmuri membranis receptorebTan

*insulini da glukagoni _ urTierTsapirispiro moqmedebis cilovani hormonebia. romlebic
pankreasis  ujredebSi (e.w. langerhansis kunZulebis ujredebi) gamomuSavdeba da sisxlSi
glukozis dones aregulireben. insulini xSirad zrdis faqtoradac gvevlineba (zrdis
faqtorebze ix. qveviT)



SekavSirebis gareSe aRwevs. maT Soris unda aRiniSnos steroiduli
hormonebi: Tiroiduli (farisebri jirkvlis) hormoni, retinois mJava,
vitamini D3, glukokortikoidebi (mag. kortizoli), romlebic
Tirkmelzeda jirkvlebSi gamomuSavdeba. lipofiluri nivTierebebi
plazmur membranas advilad gadis, xolo maTi moqmedebis specifikuroba
birTvuli receptorebiT aris ganpirobebuli. birTvuli receptorebi
aris cilebi (transkripciis faqtorebi), romlebic genebis eqspresiis
regulaciaSi monawileobs. lipofiluri hormonebi ukavSirdeba aRniSnul
faqtorebs da maTi aqtiurobis regulacias axdens.

birTvuli receptori, rogorc naxatidan Cans, sami domenisagan
Sedgeba (sur. 31).

suraTi 31. steroiduli hormonis receptori birTvSi
1 - hormonis SemakavSirebeli domeni; 2 - hormonis SemakavSirebeli
saiti; 3 - steroiduli hormoni; 4 - gen-regulatoruli domeni;
5 - dnm-SemakavSirebeli domeni; 6 – steroid - mainhibirebeli cila;

7 – suberTeulebis saxsruli SeerTeba; 8 – dnm.

esenia: hormonis SemakavSirebeli, dnm-s SemakavSirebeli da
variabeluri  domenebi. dnm-s SemakavSirebeli domeni receptoris
centralur ubanSia ganTavsebuli. am domenSi Sedis aminomJavuri naSTebi,
romlebic saerToa sxvadasxva receptorebisaTvis (mag, estrogenis da
glukokortikoidis receptorebi). garda amisa, am domenSi Sedis e.w.
`TuTiis TiTebis~ motivi (orvalentiani TuTiis Zn2+ ionis garSemo
Caxveuli aminomJavuri Tanamimdevroba, romliTac xdeba dnm-s Secnoba).
amasTan, receptors ori bolo aqvs: NH2 da COOH. NH2 bolo sxvadasxva
receptors gansxvavebuli sigrZis aqvs. sxvadasxva birTvuli receptoris
COOH – domenebs nawilobriv dakarguli aqvs homologia.

birTvis receptori aris ori saxis: homo da heterodimeruli.
heterodimeruli birTvuli receptorebi lokalizebulia birTvSi (mag.
retinois mJavas receptori). homodimeruli birTvuli receptorebi
gvxvdeba rogorc birTvSi, aseve citoplazmaSi (mag. glukokortikoidebis
receptorebi).

hormonis gareSe birTvuli receptorebi dakavSirebulia cila-
inhibitorTan e.w. siTburi Sokis (“heat shock”) cilebTan. aRniSnul
cilebTan komleqsSi receptori aris araqtiur mdgomareobaSi. hormonTan
SekavSirebis Semdeg receptori Tavisufldeba inhibitorisagan, gadadis



aqtiur mdgomareobaSi da citoplazmidan  birTvSi gadainacvlebs. aq
receptori ukavSirdeba dnm-s da Sesabamisi genis aqtivacias iwvevs

arsebobs birTvuli receptorebi, romelTa ligandebi jer ar aris
cnobili, maT martouli (orphan - martouli) an oboli receptorebi
ewodebaT. am receptorebis rolis da maTi ligandebis identificireba
dRemde aqtiuri kvlevis sagania.

3.7. nivTierebaTa transporti ujredebSi

ujredSi mimdinare nivTierebaTa cvlis procesi masSi sxvadasxva
nivTierebebis (ionebi, plastikuri da energetikuli nivTierebebi)
gamudmebul Setanas da nivTierebaTa cvlis produqtebis gareT gamotanas
moiTxovs. biomembranebSi nivTierebaTa gadatanis procesi rTuli da
mravalferovania. yvela am procesis ganxilva elementaruli kursis
farglebSi SeuZlebelia. metad mniSvnelovania ionebis transporti,
romelic ujredebis ionur homeostazs emsaxureba. swored amitom
transportis ganxilvisas didi yuradReba ionebis transports eqceva.

3.7.1 membranuli transportis ZiriTadi formebi

3.7.1.1. pasiuri da aqtiuri transporti

ujredis membranaSi nivTierebaTa transportis or ZiriTad formas
arCeven: pasiurs da aqtiurs. pasiuri transporti energetikuli
TvalsazrisiT TavisTavadi, spontanuri procesia. is ar moiTxovs
damatebiT energias da, maSasadame, mas Tavisufali energiis kleba axlavs
Tan. pasiuri transporti yovelTvis koncentraciis gradientis mixedviT
(maRali koncentraciidan dabali koncentraciisaken) mimdinareobs. Tu
gadainacvlebs ara ionebi, aramed eleqtrulad daumuxtavi nawilakebi,
koncentraciaTa qimiuri gradienti aRmocendeba, xolo Tu
eleqtrolitebis, e.i. ionebis, damuxtuli nawilakebis gadanacvleba
xdeba, eleqtroqimiur gradients eqneba adgili. aqtiuri transporti
koncentraciuli gradientis sawinaaRmdego mimarTulebiT mimdinareobs:
nivTiereba dabali koncentraciidan maRali koncentraciisaken
gadaitaneba. amgvari gadatana damatebiT energias moiTxovs. sanam
ujredis membranaSi nivTierebaTa transports ganvixilavdeT, zogadad
davaxasiaToT, Tu ra gzebiT SeiZleba gadainacvlos nivTierebam
nebismieri membranis gavliT.

3.7.1.2. osmosi da difuzia

osmosi da difuzia - cocxal sistemebSi, kerZod ujredSi, sakmaod
farTodaa warmodgenili. am movlenebis ganxilvamde aucilebelia
zogierTi cnebis ganmarteba.

yvela membrana erTnairi rodia. zogierTi maTgani nivTierebebs
metnaklebad ganurCevlad atarebs. amgvar membranas gamtari anu ganvladi
membrana ewodeba. Tu membrana mxolod erT gamxsnels (cocxali
sistemebisTvis es Cveulebrivad wyalia) atarebs, mas naxevradgamtari anu
naxevradganvladi membrana hqvia. zogierTi membrana wyals ufro kargad
(Tavisuflad) atarebs, vidre marilebs, Saqrebs da a.S. am saxis membranebs
SerCeviT gamtari anu SerCeviT ganvladi membranebi ewodeba.



wylis molekulebi ganuwyvetliv moZraoben ujredidan ujredgareTa
sivrceSi da piriqiT, ujredgareTa sivrcidan ujredis SigniT. vidre
marilebis koncentracia membranis orive mxares tolia, wylis nakadic
orive mimarTulebiT erTnairi iqneba. marilebis koncentraciebis
tolobis darRvevis SemTxvevaSi, wylis gadanacvleba dabali
koncentraciis ubnidan maRali koncentraciis ubnisaken gaizrdeba. es
gansxvaveba miT ufro didia, rac ufro didia koncentraciaTa sxvaoba
membranis sxvadasxva mxares. am movlenaSi araferi specifikurad
biologiuri ar aris. zustad igive iqneba ujredis magivrad celofanis
parki rom vixmaroT. aRweril movlenas osmosi ewodeba. wyalSi gaxsnili
marilis koncentraciaTa sxvaoba membranis gardigardmo wnevas qmnis, ris
gamoc parkSi CaSvebuli minis milSi xsnari zeviT aiwevs (sur. 32).

suraTi 32.. osmosis sqematuri gamoxatuleba
1 - celofnis parki; 2 - marilis koncentrirebuli xsnari;

3 - gamoxdili wyali.

am wnevas osmosuri wneva ewodba. osmosi, rogorc davinaxeT, wylis
an raime sxva gamxsnelis membranaSi gavlasTanaa dakavSirebuli.
TvalsaCinoebisTvis or magaliTs movitanT.

ujredebis umravlesoba mudmivad Sinagan garemosTan kontaqtSi
imyofeba. amgvarad, ujredi metnaklebad garkveul areSia Setivtivebuli.
ujredis SigniTac da mis gareTac sxvadasxva ionebis da nivTierebebis
wyalxsnaria. Tu aris marilebis koncentracia ujredis SigniT myofi
xsnaris koncentraciis tolia, aseT xsnars (are igulisxmeba) izotonuri
ewodeba. Tu areSi marilebis koncentracia metia, vidre ujredis SigniT,
mas hipertonuls uwodeben. Tu ki gare aris marilebis koncentracia
ujredis SigniT koncentraciaze naklebia, es xsnari hipotonuria. amasTan
unda gvaxsovdes, rom mcire molekulebis (ionebis, marilebis da sxva)
osmosuri aqtiuroba gacilebiT metia, vidre didi molekulebisa, Tumca
ukanasknelebic ganapirobeben mcireoden osmosur wnevas. mas amgvar
SemTxvevaSi onkoturi wneva ewodeba. aqve unda aRiniSnos, rom
naxSirwylebic (saqaroza da sxva) osmosurad sakmarisad aqtiurni arian,
Tumca naklebad, vidre ionebi.

cnobilia, rom sisxlis plazmaSi NaCl-is koncentracia 0,15 M udris,
xolo eriTrocitebSi igive koncentraciiT KCl aris warmodgenili.
radganac natriumi da kaliumi osmosurad tolfasia, sisxlis plazma
eriTrocitebis mimarT izotonuria. Tu sisxlis plazma ganvazaveT,



wyali Warbad Sedis eriTrocitSi, ujredi jirjvdeba, skdeba da
hemoglobini gareT gamodis. am movlenas hemolizi ewodeba. hemolizi
osmosuri lizisis kerZo SemTxvevaa.

Tu eriTrocits hipertonul xsnarSi movaTavsebT, wyali Warbad gava
ujredidan, rasac eriTrocitis SeWmuxvna moyveba (sur. 33 b). osmoss
mcenareuli ujredebisaTvisac aqvs mniSvneloba. Tu mcenaris ujredi
saqarozas mixedviT hipotonur xsnarSi movaTavseT, misi turgori
(gajirjvebis xarisxi) mkveTrad gaizrdeba. ujredi gajirjvdeba, magram
lizisi SeiZleba ar ganicados (sur. 33 a). hipertonuli saqarozis
xsnarSi ki ujredi ganicdis e.w. plazmolizs, rodesac wyali gamodis
vakuolidan da ujredis garssa da ujredis membranas Soris sivrces
avsebs (sur. 33 a).

suraTi 33. mcenareuli (a) da cxoveluri (b) ujredi sxvadsxva
koncentraciis xsnarSi

1 – qloroplasti; 2 – vakuoli; 3 – birTvi;
4 – ujredis kedeli; 5 – plazmuri membrana.

difuzia, osmosisgan gansxvavebiT, wyalSi (an raime sxva gamxsnelSi)
gaxsnili molekulebis (ionebis, marilebis da sxva) gadanacvlebaa.
rogorc ukve iTqva, difuzia koncentraciis gradientis Tanaxmad, e.i.
maRali koncentraciis ubnidan dabali koncentraciis ubnisaken
mimdinareobs. difuzia mraval procesSi iRebs monawileobas da masze
sagangebod mogviwevs saubari.

3.7.2. ionebis da zogierTi sxva nivTierebebis specifikuri
transportis ZiriTadi formebi



rogorc ukve iTqva, osmosisagan gansxvavebiT, difuzia gaxsnili
nawilakebis gadanacvlebaSi mdgomareobs. nivTierebaTa transporti
cocxal ujredSi ornairi SeiZleba iyos: araspecifikuri da specifikuri.
araspecifikuri transporti xdeba iq, sadac membranis mTlianoba
darRveulia da masSi defeqtebi Cndeba. cxadia, araspecifikuri
transporti ubralo difuzias warmoadgens. mas araviTari sagangebo
mowyobiloba ar sWirdeba. nivTierebebis, da maT Soris ionebis,
araspecifikuri difuzia metad iSviaTi movlenaa da amitomac mas calke
ar ganvixilavT.

nivTierebaTa specifikuri transporti 4 jgufad iyofa:
1. pasiuri, ubralo anu Tavisufali difuzia;
2. gaadvilebuli difuzia;
3. pirveladi aqtiuri transporti;
4. meoradi aqtiuri transporti.
transportis CamoTvlili formebi umetesad ionebis transports

exeba, magram arc sxva nivTierebebis, magaliTad, aminomJavebisa da
Saqrebis transportia gamoricxuli.

ionebis pasiuri, ubralo anu Tavisufali difuzia Cveulebriv
difuzias warmoadgens da fizikisa da qimiis zogad kanonebs Seesabameba.
am dros nivTierebebis difuzia lipidebis orSrian (bi-Sre)
struqturebSi mimdinareobs. bolo dromde Tvlidnen, rom membranaSi
nivTierebis difuzia misi lipidebSi xsnadobis gamo xdeba. magram
aRmoCnda, rom membranaSi lipidebSi uxsnadi nivTierebebic difundirebs,
rac maTi membranis forebSi gasvlis unariT aris ganpirobebuli.
TumcaRa nivTierebis membranaSi gasvlis unarsa da mis lipidebSi
difuziis unars Soris udavo dadebiTi korelacia (araSemTxveviTi
kavSiri) arsebobs.

mTel rig SemTxvevaSi ionebis transporti e.w. ionebis arxebis
saSualebiT xorcieldeba. ionuri arxi membranis gamWoli
(transmembranuli) integraluri cilaa, romlis suberTeulebi sanaTurs
qmnian. difuzia Tavisuflad mxolod maSin mimdinareobs, rodesac arxi
gaxsnilia. membranuli arxi ionis mimarT specifikuria. cnobilia Na+, K+

da Ca+2 arxebi, romlebic mxolod Sesabamis ions atareben. dResdReobiT
fiqroben (yovel SemTxvevaSi nervuli ujredis ionuri arxebis
SemTxvevisaTvis), rom arxs mis Sua welSi Seviwroveba aqvs, romelSiac
e.w. anionuri centria moTavsebuli. amasTan, cnobilia
potencialdamokidebuli (eleqtrolitebisaTvis) da
potencialdamoukidebeli (araeleqtrolitebisaTis) arxebi.
potencialdamokidebuli arxis funqciuri mdgomareoba (gaxsnili,
daketili) membranis gardigardmo eleqtrul potencialze aris
damokidebuli, potencialdamoukideblisa ki _ mxolod Sesabamisi ionis
koncentraciaze. cnobilia Ca+2 - damokidebuli K+ arxebi, romlebic
ujredis SigniT Ca+2-is garkveuli koncentraciis miRwevisas ixsneba.

Tu riT aixsneba arxebis ionebisadmi specifikuroba, bolomde
cnobili ar aris. dadgenilia, rom arxi Seviwroebis adgilas Seicavs e.w.
seleqciur filtrs, romelic mis specifikurobas gansazRvravs da,
potencial-damokidebuli arxis SemTxvevaSi, membranuli potencialis
sensors, romelic arxis potencialis Sesabamis mdgomareobas
gansazRvravs. rogorc Cans, am procesSi anionuri centri erT-erT mTavar
rols asrulebs. safiqrebelia, rom arxis specifikurobis gansazRvraSi



ionis hidrataciuli garsis sisqe da ionisa da arxis eleqtrostatikuri
Tvisebebi monawileobs.

aRsaniSnavia, rom ionebs arxebis mimarT e.w. agonistebi da
antagonistebi aqvT. magaliTad, Ca+2-arxis agonistebi (xelSemwyobebi)
adeninnukleotidebi, gansakuTrebiT ki c-amf-a, romlebic Ca+2-is
Sesabamisi arxis gaxsnas uwyobs xels.

cnobilia agreTve anionuri arxebi. samwuxarod maTze cnobebi metad
mwiria.

rac Seexeba gaadvilebul difuzias, is ionuri arxebisa da
gansakuTrebuli gadamtanebis saSualebiT xorcieldeba. energetikuli
TvalsazrisiT gaadvilebuli transporti nivTierebaTa gadatanis pasiuri
formaa, radganac koncentraciuli gradientis mimarTulebiT
mimdinareobs. am SemTxvevaSi mxolod difuziis daCqareba xdeba.

garda arxebisa, nivTierebebis gaadvilebul difuzias
gansakuTrebuli gadamtani (carrier) anu satransporto cilebi ganapirobebs.
es cilebic integraluria, magram sanaTurs ara qmnis. rogorc Cans,
nivTierebebis gadatana cilis konformaciul cvlilebebTan aris
dakavSirebuli an membranis sisqeSi cilis difuziis saSualebiT xdeba.
gaadvilebuli difuziis meqanizmi zustad cnobili ar aris. zogjer
gadamtani cila raime hidrolizur fermentTan qmnis sistemas, romelsac
permeaza anu translokaza ewodeba. yvelaze ufro cnobilia permeaza,

romelic ferment galaqtozidazis ujredSi Sesvlas da laqtozis
hidrolizs ganapirobebs.

nivTierebebis (ZiriTadad ionebis) pirveladi aqtiuri transporti
ferment atf-azebis aucilebeli monawileobiT xorcieldeba. rogorc
cnobilia, atf-azebi atf-is hidrolizs axdenen. swored am procesis
Sedegad gamoyofili energiis xarjze xdeba ionebis koncentraciuli
gradientis sawinaaRmdego mimarTulebiT gadatana. rogorc vxedavT, am
SemTxvevaSi atf-azebi Taviseburi gadamtani anu satransporto cilebis
rols asruleben. maTi moqmedebis Taviseburebis gamo maT ionur
tumboebs anu satransporto atf-azebs uwodeben.

yoveli atf-aza Sesabamisi ionis mier aqtivirdeba. yvelaze ufro
gavrcelebulia plazmuri membranis integraluri cila Na/K-atf-aza da
Ca+2-atf-aza, romlebic rogorc plazmur membranaSi, ise ujredSigniTa
membranebSi gvxvdeba (sur. 34).

meoradad aqtiuri transporti ionuri gradientis energiis xarjze
mimdinareobs, Tu ki es gradienti pirveladi aqtiuri transportis
xarjze (mag. Na-atf-azis aqtiurobis Sedegad) Seiqmna. meoradad aqtiuri
transportis saSualebiT ujredebSi ZiriTadad aminomJavebisa da
monosaqaridebis gadanacvleba xdeba. aseT transportSi ZiriTadad Na+

monawileobs. meoradi aqtiuri transporti Taviseburi gadamtani cilebis
meoxebiT xorcieldeba. gadamtanebi Cveulebrivad gadasatani
nivTierebebis mimarT specifikurni arian.



suraTi 34. Na/K atf-azas moqmedebis sqematuri gamosaxuleba

aqtiuri membranuli transportis ganxilvisas aucilbelia
aRiniSnos, rom mTel rig SemTxvevaSi nivTierebebis aqtiuri transporti
urTierTdakavSirebulia, SeTanxmebuli da erTmaneTs ganapirobebs. Tu
nivTierebis (ionis) gadatana xdeba sruliad damoukideblad da
aranairad sxva nivTierebebis gadanacvlebasTan ar aris dakavSirebuli,
am movlenas uniporti ewodeba. transportis sawinaaRmdego formas,
saxeldobr ki nivTierebaTa SeTanxmebul gadanacvlebas, kotransporti
ewodeba. arCeven kotransportis or formas: esenia simporti da
antiporti. simporti ewodeba movlenas, rodesac nivTierebebis (ionebis)
transporti dakavSirebulia sxva nivTierebebis imavdroul da imave
mimarTulebiT gadatanasTan. eseni SeiZleba iyos ionebi anda ioni da
aminomJava, an ioni da naxSirwyali. magaliTad, nawlavebis mikroxaoebSi
naxSirwylebis Sesvla Na+-Tan simportis meSveobiT xdeba. zogierT
SemTxvevaSi simports gaadvilebuli difuziis SemTxvevaSic aqvs adgili.
kotransportis meore forma e.w. antiportia. es procesi simportisagan
gansxvavdeba imiT, rom am SemTxvevaSi ionebi (an nivTierebebi)
urTierTsapirispiro mimarTulebiT moZraobs. metad farTod aris
gavrcelebuli Na+ da K+-is membranis gardigardmo moZraoba. antiporti,
Cveulebrivad, fermentebis - atf-azebis wyalobiT xorcieldeba (sur. 34).

yvela aRwerili procesi, sxva movlenebTan erTad, e.w. ionuri
homeostazis SenarCunebas emsaxureba. ionuri homeostazi ujredebSi da
maT garemoSi (areebSi) ionebis ganawilebis Tvisobriv da raodenobriv
mudmivobaSi mdgomareobs. ionebis koncentracia ujredis SigniT da mis
garemoSi (saarsebo areSi) mudmivs uaxlovdeba, rasac cocxali sistemis
funqcionirebisaTvis uaRresad didi mniSvneloba aqvs. ionebis aqtiuri
transporti ganapirobebs ionebis araTanabar ganawilebas. ase, natriumis
ionebis koncentracia cxovelur ujredSi daaxloebiT 10-jer naklebia
mis koncentraciaze ujredis gareT, xolo kaliumis koncentracia ki
ujredis SigniT 10-jer metia, vidre misi koncentracia garemoSi.
Sesabamisad K+-is koncentracia 10-jer aRemateba ujredis SigniT Na+-is
koncentracias da 10-jer naklebia mis koncentraciaze garemoSi.

3.7.3. endocitozi da ekzocitozi

ufro didi molekulebi da molekulebis agregatebi (bulk) difuziis
gziT ujredSi da mis gareT ver gadaitaneba, garda aminomJavebisa da
zogierTi naxSirwylisa, umTavresad monosaqaridisa. am nivTierebaTa
transporti sxva gansakuTrebuli wesiT xorcieldeba. saxeldobr,



msxvili nawilakebis, maTi jgufebis an agregatebis transporti
endocitozisa da ekzocitozis gziT xdeba.

I. endocitozi - arCeven endocitozis sam formas. esenia:
1. pinocitozi - ujredis mier ujredgareTa siTxis wveTebis da masSi

gaxsnili molekulebis STanTqmaa.
2. sagangebo receptorebiT gaSualedebuli endocitozi - nivTierebis

STanTqva, romelsac specifikuri receptorebi aSualedebs.
3. fagocitozi - ujredi itacebs did kompleqsebs, zogjer

ujredebsac ki da STanTqavs maT.
1) pinocitozi aRmocendeba aminomJavebis an ionebis garkveuli

koncentraciis pirobebSi. pirveli safexuri Sesabamisi nivTierebis
specialuri receptoris mier SekavSirebaa. amis Sedegad xdeba membranis
invaginacia da warmoiqmneba pinocituri buStuki. mis warmoqmnaSi aqtini
monawileobs. Semdgom buStuki citoplazmis SigniT Sedis, patar-patara
buStukebad danawevrdeba da uCinardeba (sur. 35). pinocitozi STanTqmuli
molekulebis mimarT specifikuri ar aris.

suraTi 35. pinocitozis sqematuri gamosaxuleba

2) receptorebiT  gaSualedebuli endocitozi igive
internalizaciaa. aq Cven aRweras mxolod ramdenime detals davamatebT.
rogorc ukve iTqva, receptorebiT gaSuledebul endocitozs
(internalizacias) specifikuri xasiaTi aqvs - yoveli receptori ligands
cnobs da piriqiT, yoveli ligandi cnobs receptors (sur. 36).



suraTi 36. receptorebiT gaSualedebuli endocitozis
(internalizaciis) sruli sqema

1 – ligandebi; 2 – receptori; 3 – klaTrini;
4 - pirveladi lizosoma; 5 - meoradi lizosoma.

Tu ligandi di- an polimeruli ar aris da adgili ar hqonda kepings
(ix. zemoT), ligand-receptoris kompleqsebi iwyeben moZraobas e.w.
SefuTuli fososaken, iq Segrovdebian da qmnian e.w. klasterebs. fosoebs
ujredebis zedapiris 2% ukavia. yoveli foso SefuTulia cila
klaTriniT. foso gadaiqceva SefuTul buStukad, saidanac klaTrini
reciklirebas ganicdis da buStuki e.w. endosomad (an rac igivea,
receptosomad) gadaiqceva. endosoma gardaiqmneba CURL (compartment of
uncoupling receptor and ligand) nawilakad. aqedan receptorebi reciklirebas
ganicdian, xolo endosomis nawili lizosomas erwymis, sadac ligandi
degradacias ganicdis.

fagocitozi pirvelad gamoCenilma rusma mecnierma i.meCnikovma
aRwera zRvis varskvlavaze. fagocitozis saSualebiT ujredi masalis
ufro did moculobas STanTqavs, vidre es endocitozis romelime sxva
formis ganxorcielebisas xdeba. fagocitozi daaxloebiT erTnairad
mimdinareobs amebaSi, sisxlis TeTr ujredebSi, RviZlis, elenTis
ujredebsa da Zvlis tvinSi da sxva.

fagocitozSi SeiZleba Semdegi ZiriTadi etapebi gamovkveToT:
1.crufexebis anu fsevdopodiebis warmoqmna;
2. sakvebi jamis Camoyalibeba. crufexebi gars Semoekvreba

nawilaks, (baqteria, infuzoria);
3.sakvebi vakuolis Seerwyma pirvelad lizosomebTan. lizosomebiT

vakuolis SigTavsis monelebis Semdeg citozolSi gasvla xdeba (sur. 37).



suraTi 37. fagocitozis sqematuri gamosaxuleba
1 - msxvarpli; 2 - fsevdopodiebi; 3 - pirveladi lizosoma;

4 - pirveladi lizosomebi erwymian fagosomas.

aRsaniSnavia, rom, rogorc uaxlesi monacemebidan Cans, goljis
kompleqsSi Semavali fermentebi - sinTazebi monawileoben endocitozSi
marTlac, rogorc a. rozenvaldma daadgina, sinTazebis aqtiurobis
daTrgunvisas TvalsaCinod mcirdeba glikoproteinebis ujredgareTa
sivrcidan ujredSi SeRwevis siCqare.

ekzocitozi ujredebidan didi raodenobiT nivTierebebis gatanis
meqanizmia (sur. 38).

suraTi 38. ekzocitozis sqematuri gamosaxuleba
1 - plazmuri membranis gareTa lipiduri Sre; 2 - plazmuri membranis

Sida lipiduri Sre; 3 - plazmuri membranis Sida cilebi (periferiuli);
4 - plazmuri membranis gareTa cilebi (periferiuli); 5 –

transmembranuli cilebi.

ujredis vakuolis membrana Seerwymeba ujredis membranas da
SigTavss garemoSi gamotyorcnis. citoplazmuri buStukis daSlis da
saerTod ekzocitozis procesSi, mniSvnelovania goljis aparatis roli.
ekzocitozi endocitozis piruku procesia.



4. citoplazmuri struqturebi, organelebi

karga xania bolo moeRo uazro davas, Tu ra aris mTavari, wamyvani,
pirveli da a.S. birTvi Tu citoplazma. ujredebis am orive nawils
Tavisi gansakuTrebuli funqciebi akisria. ase magaliTad, birTvi
moqmedebis da ganviTarebis genetikur programas Seicavs da aqve xdeba
misi nawilobrivi realizacia (rnm-s sinTezi). citoplazmaSi am programis
aranakleb mniSvnelovani da saboloo nawili (cilis biosinTezi)
xorcieldeba.

citoplazma Sedgeba ori mTavari sivrcis anu kompartmentisagan,
romlebic  erTmaneTisagan mkveTrad gamijnuli ar aris. erTi maTgani
citoplazmis xsnad nawils, xolo meore struqturebs Seicavs. zogi ram
citoplazmis Sesaxeb ukve winaTac vTqviT, magram augi ar iqneba
vimoqmedoT principiT repetitia est mater studiorum (gameoreba
swavlis dedaa), rasac am gadmocemis manZilze kidev eqneba adgili.
eukariotul ujredebSi ganasxvaveben membranul da aramembranul
organelebs. Tavis mxriv membranuli organelebi or jgufad iyofa.
esenia: erTmembraniani (endoplazmuri bade, goljis aparati, lizosomebi,
peroqsisomebi da sxva.) da ormembraniani (mitoqondrioni, plastidebi,
birTvi) organoidebi. aramembranuli organelebia: ribosomebi da
centriolebi. ujredis citoplazmaSi TiToeuli organela specifikur
funqciebs asrulebs. amgvarad, SeiZleba vTqvaT, rom ujredi aris
plazmuri membraniT SemosazRvruli erTiani sistema, romelic Seicavs
hialoplazmas, citoConCxis elementebsa da erTmaneTTan funqciurad
dakavSirebul  struqturul erTeulebs – organelebs.

4.1. endoplazmuri bade

1945 wels k. porteri akvirdeboda ra eleqtronul mikroskopSi
fibroblastebs, endoplazmaSi (ujredis centraluri nawili) didi
raodenobiT mcire zomis vakuolebi da arxebi SeniSna. membraniT
SemosazRvruli vakuolebs da arxebi warmoqmnian faSar qsels -
retikulums. am struqturas ujredis endoplazmuri bade anu
endoplazmuri retikulumi ewoda. sinamdvileSi endoplazmuri
retikulumi bade sulac ar aris. is Sebrtyelebuli cisternebis an
lulebis (milebis) sistemaa (sur. 39).



suraTi 39. endoplazmuri bade
1 - granularuli endoplazmuri bade;

2 - gluvi endoplazmuri bade; 3 - birTvis garsi; 4 - ribosoma.

endoplazmuri retikulumi citoplazmas or nawilad yofs: erTi
maTgani intracisternuli (cisternis SigniTa), xolo meore ki
hialoplazmuri nawilia. bolo dros hialoplazmur nawils xSirad
citozols uwodeben. intracisternuli nawili aerTianebs yvelafers,
rac cisternebis sanaTurSia, xolo citozoli ki yvelafers, rac
cisternebs gareTaa. endoplazmuri retikulumis zedapiris farTobi
ujredis membranis (plazmalemis) zedapiris farTobs aTjer aRemateba.

mas Semdeg, rac SesaZlebeli gaxda ultraTxeli anaTlebis
damzadeba dadginda, rom endoplazmuri bade Sedgeba ori nawilisagan:
gluvi da xorkliani. hialoplazmis mxridan endoplazmuri badis
membranebi dafarulia mrgvali granulebiT, romelTa zoma 20 nm-ia. es
granulebi pirvelad j.paladem aRwera da maT ribosomebi uwoda.
ribosoma aris organela, romelic cilebis biosinTezSi mniSvnelovan
rols asrulebs. mravali ribosoma erTmaneTs erTi sainformacio rnm-is
meSveobiT ukavSirdeba da warmoiqmneba e.w. polisoma, romelic eb-is
zedapirze rozetebis an brtyeli spiralis saxiT aris ganlagebuli.
ribosomebis nawili (Tavisufali ribosomebi) citozolSi Tavisuflad
tivtivebs. endoplazmuri retikulumis ribosomebiT dafarul cisternebs
xorkliani endoplazmuri retikulumi ewodeba. ribosomebisgan
Tavisufali, erTmaneTTan SekavSirebuli datotvili milebi sada anu
gluv endoplazmur retikulums warmoqmnis. xorkliani endoplazmuri
retikulumi, masze `gadabmuli~ ribosomebis gamo cilebis biosinTezSi
monawileobs. sada anu gluvi endoplazmuri retikulumi lipoproteinSi
Semavali lipidebis sinTezis adgilia. xorkliani da sada endoplazmuri
retikulumi erTmaneTSi uwyvetad gadadis da garkveul adgilebSi
birTvis garsis membranasa da plazmalemasac ukavSirdeba (sur. 39).
endoplazmur badesTan dakavSirebuli ribosomebis raodenoba miT ufro
metia, rac ufro intensiurad mimdinareobs ujredSi cilis biosinTezi.
xorklian endoplazmur badeze ribosomebis raodenoba sxvadasxva
paTologiis da ujredebis diferencirebis dros mniSvnelovnad mcirdeba.
endoplazmur badeze mimdinareobs plazmuri membranis cilebis,
lizosomis fermentebis da iseTi cilebis biosinTezi, romlebic
ujredis gareT sekretis saxiT (sisxlis plazmis cilebi, saWmlis
momnelebeli fermentebi da hormonebi) gamoitaneba.



endoplazmuri bade aRmoCenilia TiTqmis yvela eukariotul
ujredSi (rogorc cxovelurSi, aseve mcenareulSi). endoplazmuri bade
gvxvdeba agreTve erTujredian organizmebSic, romlebic ujredgareTa
monelebis fermentebs gamoimuSaveben. zemoT aRniSnulidan gamomdinare,
naTeli xdeba, rom endoplazmuri badis funqcia mxolod garkveuli
cilebis biosinTezi ar aris. endoplazmuri bade monawileobs am
cilebis ujredis sxva cilebisagan gamocalkavebaSi, ris Semdegac
goljis aparatis meSveobiT maTi gareT gamotana xdeba.

4.1.1 membranis cilebis da lipidebis sinTezi

4.1.1.1. membranis cilebis sinTezi

membranis cilebis sinTezis aq motanili hipoTeza arsebiTad yvela
maTganze vrceldeba, Tumca garkveul etapze sxvadasxva cilas Soris
gansxvavebac aRiniSneba. am sakiTxSi didi wvlili Seitana e.w. `signalis
hipoTezam~, romelic 1970 wlis dasawyisSi g. blomelma da d. sabatinim
Camoayalibes. am hipoTezis mixedviT sinTezirebuli cila Tavsdeba
lizosomaSi an membranaSi, an sekretis saxiT gareT gamoiyofa. cilis
sinTezi ribosomasTan Sesabamisi i-rnm-s dakavSirebiT iwyeba.
Tavdapirvelad e.w. specialuri `sasignalo peptidi~ (16-30 aminomJavuri
Tanamimdevroba) sinTezirdeba. citoplazmaSi motivtive ` signalis
gamomcnobi nawilaki~ SRP (signal recognition particle), romelic Sedgeba 7S rnm-
s da 6 polipeptidisagan, Seicnobs “sasignalo peptids”. SeukavSirdeba
da mTel kompleqss (i-rnm-ribosoma) miitans xorklian endoplazmur
badeze. SRP-ribosomis kompleqsis endoplazmur badeze damagrebas
receptori anu SemakavSirebeli (Docking) cilebi uzrunvelyofs. SRP
ukavSirdeba ra receptors amiT uzrunvelyofs ribosomis mimagrebas
endoplazmuri badis cilovani bunebis arxTan, romelsac translokoni
ewodeba (sur. 40).

kompleqsidan SRP-s gamonTavisuflebis Semdeg sasignalo peptidi
Sedis translokonSi (arxis diametri 2 nm-ia) da cilis biosinTezi
iwyeba. SRP brundeba citozolSi, sadac kvlav iwyebs cikls, xolo
sinTezirebuli cila ki gadadis intracisternul sivrceSi. amas
kotranslacia ewodeba. arxi ixureba, xolo axladsinTezirebuli cila
ukavSirdeba oligosaqaridebs, ganicdis sxva saxis gardaqmnebs da patara
buStukis saxiT goljis aparatSi miemarTeba.

suraTi 40. membranis cilebis sinTezi
1 - i-rnm; 2 - polipeptiduri jaWvi; 3 - sasignalo Tanamimdevroba; 4 -

SRP ukavSirseba `signals~ da ribosomas; 5 - SRP receptori; 6 - arxi.



membranuli anu uxsnadi cilis sinTezi Tavidan msgavsi sqemiT
mimdinareobs. gansxvaveba imaSi gamoixateba, rom axladsinTezirebul
molekulaSi arsebuli e.w. sdeq-Tanamimdevroba N-boloTi arxSi Sesuli
cilis translokacias zRudavs. amasTan C-boloze grZeldeba
polipeptiduri jaWvis sinTezi. saboloo jamSi polipeptiduri jaWvi
membranaze mimagrebuli rCeba.

4.1.1.2. lipidebis sinTezi

eukariotebSi lipidebis sinTezi gluv endoplazmur badesTan aris
dakavSirebuli. lipidebis biosinTezSi monawile fermentebi
endoplazmuri badis citozolisken mimarTul zedapirSi aris
CaSenebuli. aRniSnul zedapirze sinTezirebuli lipidebi specifikuri
gadamtanebiT endoplazmuri badis SigniTa zedapirze (flip-flop)
gadaitaneba.

t. futermanma (T.Futerman) daadgina, rom sfingomielini da
glikolipidi - glukozilceramidi umTavresad goljis kompleqsSi
(ixileT qveviT) sinTezirdeba. maTi sinTezi gansakuTrebuli fermentebis
- sinTazebis wyalobiT xorcieldeba. es sinTazebi TiTqmis mTlianad
goljis kompleqsiT SemoisazRvreba da sxva organelebSi an ujredebis
sxva nawilebSi iSviaTad Tu Segvxvdeba.

prokariotebSi lipidebis sinTezi plazmur membranaSi xdeba da
ukanasknelSi uSualod CaerTvebian. eukariotebSi es gza ufro rTulia
da msgavsad cilebisa, translokaciis gziT xdeba. lipidebic
endoplazmuri badidan goljis aparatSi gadainacvleben da Semdeg ki
mcire zomis buStukebis saxiT plazmuri membranisaken miemarTebian. am
procesSi citozolis SemadgenlobaSi Semavali fosfolipidebis
satransporto cilebi monawileoben.

4.2. goljis aparati (goljis kompleqsi, goljis sxeuli)

4.2.1. goljis aparatis struqtura

goljis aparati Sedgeba badebrivad an ufro xSirad, paralelurad
ganlagebuli Sebrtyelebuli cisternebisagan, romlebic napirebidan,
zevidan da qvevidan sxvadasxva zomis buStukebiT aris garSemortymuli.
organelas misi aRmomCenis, kamilo goljis saxeli daerqva. goljim
Tavdapirvelad 1898 w. es organela badebrivi struqturis saxiT aRwera.
swored am mizeziT mcenareebSi goljis aparats ver poulobdnen. aq
nanaxi iyo cisternebis `dastebi~. eleqtronuli mikroskopis gamoyenebiT
dadginda, rom goljis aparati yvela mcenareul ujredSi arsebobs da
ujredis periferiazea ganTavsebuli. cxovelur ujredSi Cveulebrivad
goljis  kompleqsi endoplazmuri badis an birTvis garsiskenaa
miqceuli.

ukve 1910 w. peronCitam SeamCnia, rom mitozis procesSi goljis
aparati SedarebiT mcire zomis erTeulebad – `dastebad~ iSleba.
cisternebis amgvari `dasta~ goljis aparatis Tavisebur erTeuls
warmoadgens, da pernoCitam diqtiosoma swored mas uwoda. diqtiosomebis
ama Tu im wesiT da am Tu im saSualebiT SeerTebis Sedegad (gverdi-
gverd, zemoT-qvemoT da sxva) goljis kompleqsis sxvadasxva formebi
warmoiqmneba. TviT dasta ki goljis aparatis SedarebiT martiv formad



SeiZleba CaiTvalos. dayofis dros Svileul ujredebSi diqtiosomebis
SemTxveviTi gadanawileba xdeba.

goljis aparatis struqtura sxvadasxva tipis ujredebisaTvis
principulad erTi da igivea. struqturis aRwerisas SeiZleba goljis
aparatis calkeuli elementaruli struqturiT (diqtiosoma)
SemovifargloT. termini diqtiosoma misi mkacri mniSvnelobiT ar
gulisxmobs buStukebs, romlebic erwymian an wydebian mas. diqtiosoma
Sedgeba metnaklebad paralelurad ganlagebuli cisternebisagan.
cxovelur ujredSi amgvari cisterna 5-6-ia, xolo mcenareulSi 20 da
zogjer metic SeiZleba iyos. cisternebis napirebi garkveulwilad
amozneqilia, ris gamoc mTeli diqtiosoma navisebr formas iRebs.
kompleqsis amozneqil zedapirs gareTa, cis anu warmomqmneli (forming)
zedapiri ewodeba. am zedapirs gamudmebiT mcire zomis buStukebi erwymis.
iTvleba, rom am buStukebis xarjze axali cisternebi warmoiqmneba.
Cazneqili zedapiri Sinagani, trans- anu momwifebis (maturing) zedapiria
(sur. 41).

suraTi 41. goljis aparati
1 - cis-zedapiri; 2 - trans-zedapiri;

3 - cisternebi; 4 - sekretoruli buStukebi.

am zedapirs gamudmebiT wydeba ufro didi zomis buStukebi.
fiqroben, rom es buStukebi cisternebis daSlis Sedegia. amrigad,
mimdinareobs goljis aparatis cisternebis cvla: cis zedapirze
warmoqmnili cisterna mis SigniTa zedapirisaken gadainacvlebs, xolo
rodesac trans zedapirze moeqceva, is buStukebad iSleba da
citoplazmaSi gadadis. aRsaniSnavia, rom orive tipis buStuki goljis
aparatis damatebiT, buStukovan struqturas qmnis. Trans zedapiridan
mowyvetili buStukebidan zogi erwymis ujredis membranas da mis
SemadgenlobaSi Sedis, zogi ki sekretorul buStuks warmoadgens da
sekreciis produqtis (sekretis) Sesabamis ujredSi Camoyalibebas da misi
ujredidan gamotanas emsaxureba. cisternebis napirebi xSirad
daxvretilia. aq warmoqmnil xvrelebs fenestrebi anu sarkmelebi ewodeba
(sur. 41). zogjer napirebze Cndeba miliseburi gamonazardebi,
romlebiTac cisternebi erTmaneTs uerTdeba.

aRsaniSnavia diqtiosomas centraluri ubani. is Cveulebrivad sxva
ubanze mowesrigebulia: cisternebi aq zustad paralelurad da
kompaqturad aris ganlagebuli. perforaciebs centraluri ubani ar



Seicavs. is eleqtronebisaTvis mkvriv nivTierebiT aris warmodgenili da
eleqtronogramaze muqad Cans. mkvrivi nivTierebis Taviseburi ganawileba
centraluri ubnis konusisebr formas gansazRvravs.

4.2.2. goljis aparatis ganaxleba da aRmoceneba

goljis aparatis Camoyalibebisa da aRmocenebis wyaroebis Taobaze
sxvadasxva azri arsebobs. wyaroebad asaxeleben: 1. endoplazmur bades
mowyvetil buStukebs; 2. birTvis garsis gareTa furcels; 3. ujredis
membranis Cazneqvis Sedegad aRmocenebul buStukebs; 4. ujredSi ukve
arsebuli goljis aparatis gayofas. amaTgan yvelaze gavrcelebuli is
mosazrebaa, rom goljis aparati endoplazmuri badis membranas
mowyvetili buStukebisgan warmoiqmneba. TviT am buStukebs
tranzitoruli buStukebi ewodeba, xolo endoplazmuri badis is ubani,
romelic ribosomebs ver ikavSirebs, maTgan Tavisufalia da romlis
mezobladac mdebareobs diqtiosoma, tranzitorul endoplazmur baded
moixsenieba. tranzitoruli buStukebi, romlebsac zogjer sakulebs
(tomsikebs) uwodeben, imTaviTve ujredSi ukve arsebuli diqtiosomebis
cis- anu warmomqmnel zedapirs formireben. amgvarad xdeba goljis
aparatis `gacveTili~ nawilebis ganaxleba. mTel rig SemTxvevebSi,
magaliTad, Canasaxovan ujredSi, oocitebSi, erTujredianebSi da sxva,
goljis aparati winaswar warmodgenili ar aris. amgvar SemTxvevebSi
goljis kompleqsis aRmoceneba kvlav tranzitoruli buStukebis xarjze
xdeba. buStukebi Tavs iyrian citoplazmis uribosomo ubnebSi. am zonas
eqskluziis zona ewodeba. eqskluziur zonaSi tranzitoruli buStukebi
klasterebad (mWidro jgufebad) agregacias ganicdian da saboloo jamSi
cisternebs warmoqmnian. rogorc cisternebis ganaxleba, ise maTi
xelaxla warmoqmna cilis biosinTezzea damokidebuli. marTlac,
cilebis sinTezis inhibitori aqtinomicini D (antibiotiki) am procesis
Sekavebas iwvevs. goljis kompleqsis elementebi, rogorc Cans, mitozis
procesSi mravldeba, radganac ujredebis gayofis Sedegad warmoqmnili
Svileuli ujredebi diqtiosomebis daaxloebiT erTsa da igive ricxvs
Seicavs.

4.2.3. goljis aparatis funqciebi

goljis aparats funqciebis sakmaod did ricxvs miaweren. amaTgan
aRsaniSnavia:

1. sekretoruli produqtebis ujredidan gamotana (sekreciis
kontroli);

2. cilebis modificireba anu translaciis Semdgomi (ix. qvemoT)
procesingi;

3. cilebis daxarisxeba da maTi ujredis sxvadasxva ubanSi
ganawileba;

4. zogierTi polisaqaridisa da glikolipidis sinTezi;
5. ujredis plazmuri membranis da sxva membranuli

struqturebisTvis axali membranuli elementebis `gamravleba~.
goljis aparatis sekreciaSi monawileoba 1964w. iyo dadasturebuli.

l. karom da g. paladma gamoiyenes radioaqtiuri izotopebiT moniSnuli
aminomJavebi da daadastures, rom ujredebSi moniSnuli naerTi
Tavdapirvelad xorklian endoplazmur badeSi vlindeba. 17 wuTis Semdeg



moniSnuli aminomJavebi TiTqmis mTlianad goljis aparatSi aRmoCndebian.
Semdeg moniSnuli aminomJavebi mTlianad toveben rogorc endoplazmur
bades, aseve goljis aparats da Tavs iyrian zimogenis marcvlebSi
(granulebSi), romlebic fermentebis winamorbedni arian, magram
fermentuli aqtiuroba jer ar gaaCniaT. SemdgomSi moniSnuli
aminomJavebi ujredSoris sivrceSi gadadian. upiratesad fexmokidebulia
mosazreba, romlis mixedviT cilebis gadasvla endoplazmuri badidan
goljis aparatSi, aseve cisternidan cisternaSi, goljis buStukebis
warmoqmnisa da cisternebTan an plazmur membranasTan Serwymis
saSualebiT xdeba. saboloo jamSi isini sekretoruli buStukebis saxiT
wydebian goljis aparatis trans-zedapirs da ujredidan ekzocitozis
gziT gamoiyofian.

rac Seexeba cilebis translaciis Semdgom procesings,
gansakuTrebiT aRsaniSnavia ori procesi: glikozilireba da
fosforilireba. glikozilirebis procesis Sesaswavlad gamoiyenes
ujredSi moniSnuli naerTebis gadanacvlebaze dakvirvebis (chase) meTodi.
naCvenebi iqna, rom nawlavis epiTeliumis Tasisebr ujredebSi (romlebic
lorwos da Sesabamisad mucins gamoimuSaveben), niSandebuli glukozis
Seyvanidan 15 wuTis Semdeg niSani mTlianad goljis aparatSi aRmoCnda.
dakvirvebidan 20 wuTiani `Ceizis~ Semdeg niSani axladCamoyalibebul
lorwos buStukebSi iyris Tavs, ris Semdegac plazmuri membranis
gavliT nawlavis sanaTurSi gadadis. amgvarad, SeiZleba darwmunebiT
iTqvas, rom glikoproteinebis Camoyalibeba goljis aparatis SigniT
iwyeba. am mxriv Tasisebri ujredi unikaluri ar aris. msgavsi suraTi
xrtilovan ujredebSic SeiniSneba. bolo dros naCvenebia, rom cilebis
procesingSi monawile fermentebi swored im TanamimdevrobiT arian
ganawilebuli erTmaneTis momdevno cisternebSi, romliTac isini
procesSi CaerTvebian.

mravali cila glikozilirebis Sedegad iCens oligosaqaridebis
ganStoebul jaWvebs. garda amisa, cila goljis aparatis erTi
cisternidan meoreSi gadasvlisas sxvadasxva cvlilebebs ganicdis
(magaliTad, fosfatis an sulfatis jgufebis mierTeba). sxvadasxva
jgufebi, maT Soris fosfatis jgufebic, oligosaqaridebis ganStoebebs
uerTdebian. gansakuTrebiT intensiur procesings ganicdian sekretoruli
cilebi. oligosaqaridebis ganStoebebi Cveulebriv, galaqtozisa da
acetilneiroaminis (igive sialis mJavaa) molekulebs ierTeben.

goljis aparati, rogorc ukve zeviT vnaxeT, monawileobs membranebis
sinTezsa da CamoyalibebaSi.

dadgenilia mniSvnelovani faqti, rom goljis kompleqsSi cilebis
daxarisxeba mimdinareobs, ris Sedegadac yoveli cila buStukis saxiT
Tavis daniSnulebis adgilisaken miemarTeba. fiqroben, rom amas cilebTan
SekavSirebuli oligosaqaridebis mokle jaWvebi uwyobs xels.
`daxarisxebis~ meqanizmi cnobili ar aris. amave dros j.riTmanma Tavis
TanaavtorebTan erTad goljis aparatis Taobaze sayuradRebo Teoria
Seqmna. misi azriT, goljis aparati sami kompartmentisagan Sedgeba da
arsebiTad sami organelas Serwymis Sedegs warmoadgens. pirveli cis-,
meore Sua- da mesame trans-kompartmentia. cis-kompartmenti gadmoarCevs
endoplazmuri badis cilebs da agreTve ukavSirebs fosfatis jgufebs
naxSirwylebis jaWvebis boloebs. Sua kompartmenti, romlis cisternebi
`dastis~ Sua nawilSi mdebareobs, emsaxureba manozis Canacvlebas N-
acetilglukozaminiT, rac gansakuTrebiT cilovan sekretebs axasiaTebs.



rac Seexeba cilasTan galaqtozisa da sialis mJavis N-acetilneiraminis
SeerTebas, es trans-kompartmentis funqciaa. sainteresoa, rom
lizosomuri SaqrebisaTvis galaqtozis, N-acetilglukozaminisa da N-
acetilneiroaminis SeerTebas arsebiTad eSleba xeli, Tu ki cis-
kompartmentSi terminaluri naxSirwylebis fosforilireba xdeba.

da bolos, am ganakveTis damTavrebisas unda aRiniSnos, rom goljis
aparatis wyalobiT xdeba peqtinisa da celulozis awyoba, ris Semdeg
isini ujredis firfitas - fragmoplasts (ix. zemoT), an ujredis kedels
warmoqmnian.

4.3. lizosomebi da mikrosxeulakebi

4.3.1. lizosomebi

lizosomebi Taviseburi organelebia, romelTa arsebobaze
amerikelma mecnierma qristin de duvma 1950 w miuTiTa, xolo 1955 w.
a.novikovma sabolood daadgina, rom lizosomebi organelebis calke
jgufia. lizosoma eleqtronebis mimarT mkvrivia, SedarebiT mcire
zomisaa da garSemokrulia martivi, calfa, elementaruli membraniT.
amJamad cnobilia, rom lizosomebi mraval ferments (40-mde fermenti)
Seicavs. aq mxolod da mxolod lizisis gamomwvevi fermentebi gvxvdeba.
lizosomebi nivTierebaTa metad farTo speqtrze moqmedeben, rac maT
funqcias (ix. qvemoT) Seesabameba.

lizosomebs polimorfizmi (formis sxvadasxvagvaroba) axasiaTebT.
maTi diametri 0,1-0,8 mkm farglebSi meryeobs. lizosomebis identifikacia
(gamovlena) eleqtronul mikroskopSi g. gomoris mier SemoRebuli
SeRebvis saSualebiT xdeba. am meTodiT specifikurad iRebeba mJave
fosfataza, romliTac lizosomebi gansakuTrebiT mdidaria.

arCeven lizosomebis sam formas. esenia: 1) pirveladi lizosomebi, 2)
meoradi lizosomebi da 3) narCeni sxeulakebi (sur. 42).

pirveladi lizosomebi anu protolizosomebi axlad warmoqmnili
organelebia. maT calfa membrana akravs gars. pirveladi lizosomebi
mcire zomisaa (0,1-0,8 mkm). iTvleba, rom pirveladi lizosomebi goljis
aparatis trans-zedapirs wydebian. pirveladi lizosomebi, Tu SeiZleba
ase iTqvas, `xeluxlebeli~ nawilakebia, romelTa momnelebel fermentebs
raime reaqciaSi monawileoba ar miuRia.



suraTi 42. momnelebeli vakuolis warmoqmnis meqanizmi

meoradi lizosomebis ori forma gvxvdeba. pirvelia e.w.
heterofaguli vakuoli (maT heterolizosomebs anu fagolizosomebsac
uwodeben). meoradi lizosomebis meore forma e.w. autofaguri vakuoli
anu autolizosomaa. heterofaguli vakuoli warmoiqmneba pirveladi
lizosomis citoplazmur vakuolTan anu endosomasTan (zogjer
fagosomasac uwodeben) Serwymis Sedegad, ris Semdegac pirveladi
lizosomis hidrolazebi (hidrolizis warmmarTveli fermentebia)
endosomaSi CaiRvreba da masSi moyolil eqstracelularul (ujredis
gareTa) SigTavss daSlis. autofaguri vakuoli aseve pirveladi
lizosomis citoplazmur vakuolTan Serwymis Sedegia, oRond am
SemTxvevaSi vakuoli TviT ujredis nawilakebs, zogjer mitoqondrionsac
ki Seicavs. autolizosoma am nawilakebis monelebas awarmoebs.
TviTmonelebis procesi anu autolizi ujredisaTvis sakmaod
Cveulebrivi movlenaa, romelic ekzocitoziT sruldeba. SigTavsis
moneleba, rogorc vnaxeT, heterofagur vakuolSic mimdinareobs.
garkveul stadiaze hetero da autofaguri lizosomebis garCeva metad
Zneli xdeba da maT momnelebeli vakuolis saxeliT aerTianeben. meoradi
lizosomebis warmoqmnisas erT endosomas SeiZleba erTi an ramdenime
pirveladi lizosoma Seerwyas.

narCeni sxeulaki ewodeba meorad lizosomas, romelic mounelebeli
masalis narCenebs Seicavs. narCens zogjer telolizosomas anu mkvriv
sxeuls uwodeben. narCeni sxeulaki droebiTi struqturaa, radganac
mounelebeli narCenebi Cveulebrivad ekzocitozis gziT ujredis gareT
gamoityorcneba.

mravali gamokvlevis safuZvelze gamoTqmuli iyo mosazreba, rom

pirveladi lizosoma goljis kompleqsis momwifebis (trans) zedapiris
dakvirtvis gziT warmoiSoba. pirveladi lizosomebi trans-zedapirs
wydebian an SefuTuli, an SeufuTavi buStukebis saxiT, romelTa
diametri 0,05-0,1 mkm-is tolia. buStuki, rogorc Cans, Tu ki SefuTulia,
klaTriniT aris SefuTuli. gamokvirtvis Semdeg buStukebi kargaven
klaTrins. pirveladi lizosomis meore komponenti - hidrolazebi -
goljis kompleqsis maxloblad mdebare xorklian endoplazmur badeze



warmoiqmnebian. isini toveben endoplazmur  bades mcire zomis
buStukebis saxiT da goljis aparatis cisternebSi SeaRwevs. saboloo
saxis miRebis (procesingis) Semdeg hidrolazebi goljis kompleqsis
momwifebis zedapiridan pirveladi lizosomis SemadgenlobaSi
gamoiyofian. advili dasanaxia, rom goljis kompleqss, endoplazmur
bades da pirvelad lizosomebs Soris mWidro kavSiri arsebobs,
amitomac ujredis ubans, romelSiac yvela es organelaa Tavmoyrili,
xSirad “GERL” kompleqss (inglisuri “Golji-Endoplasmic Retikulum Lisosome”-
dan) uwodeben.

zemoT motanili aRweridan rogorc Cans, miuxedavad lizosomebis
funqcionirebis garegnuli `erTferovnebisa~ (endosomasTan Serwyma da
a.S.), mas ramdenime funqcia akisria. is, Tu ra funqcias asrulebs
lizosoma, endosomis SigTavszea damokidebuli. lizosomas SeuZlia
Seasrulos:

1) signalis gadacemis funqcia, Tu ki lizosoma ligand-receptoris
kompleqsis Semcvel buStuks Seerwymeba;

2) mkvebavi funqcia, Tu ujredma misi kvebisaTvis gamosadegi
nivTiereba SeiTvisa;

3) dacviTi funqcia, rasac ucxo sxeulebis an organizmebis
fagocitozis dros vxvdebiT;

4) `sanitaruli~ funqcia, romelic autofagiis procesSi an
endocitozisas usargeblo nivTierebis an nawilakis ekzocitozis
Sedegad xorcieldeba.

sanitarul funqciad SeiZleba CaiTvalos, magaliTad, eriTrocitebis
destruqciis, ujredebis programirebuli kvdomis da sxva amgvar
procesebSi monawileoba.

garda amisa, lizosomebs zogierTi specialuri funqciac akisria.
aseTebia, magaliTad, spermatozoidis kvercxSi SeRwevisas hidrolazebis
gadmoRvra akrosomuli reaqciis ganxorcielebisas, TirkmelSi mimdinare
reabsorbcia da sxva amgvari.

cxadia, sxvadasxva tipis ujredebSi lizosomebis raodenoba
erTnairi ar aris. gansakuTrebiT mravladaa isini ujredSi, romlebic
fagocitozs awarmoeben, magaliTad, leikocitebSi (granulocitebSi).
kunTis ujredebSi lizosomebi mcirericxovania.

mcenareebSi lizosomebis funqciebs ZiriTadad centraluri vakuoli
asrulebs. mravali mcenareuli ujredi erT an or vakuols Seicavs.
diferencirebul ujredSi centraluri vakuoli ujredis moculobis 80%

ikavebs. is TiTqmis mTlianad gansazRvravs ujredis turgors.
aradiferencirebul, swrafad gamravlebad ujredebSi vakuoli mcire
zomisaa. vakuolebi lizosomebis msgavsad, hidrolazebs Seicaven. Tumca,
garda hidrolazebisa, vakuolis wveni Seicavs Saqrebs, mJavebs, azotovan
naerTebs (magaliTad, alkaloidebs) da sxvas.

4.3.2. mikrosxeulakebi

bolo dros xSirad ixilaven sferosebr, calfa membraniT
garSemokrul, mcire zomis (0,5-1,5 mkm) organelebs, romlebsac
sxvadasxvagvari fermentuli aqtiuroba axasiaTebT. maT amorfuli
granularuli matriqsi aqvT, romelSiac zogjer kristalur CanarTebs
vxvdebiT. yvela amgvar sxeulaks mikrosxeulakebs uwodeben. samwuxarod
xSirad terminologiur gaugebrobebs aqvs xolme adgili. saqme isaa, rom



100000g-ze centrifugirebis pirobebSi miRebul fraqcias didi xania
mikrosomuli fraqcia daarqves. amave dros, mikrosxeulebs zogjer
mikrosomebs arqmeven xolme (soma - sxeuls niSnavs). unda gvaxsovdes, rom
mikrosxeulakebi (inglisurad microbodies da ara microsomes) da
mikrosomebi sruliad sxvadasxva rames niSnavs. mikrosxeulakebidan
aRsaniSnavia peroqsisomebi da glioqsisomebi.

peroqsisomebi de duvma aRwera. am nawilakebis saxel-wodeba
peroqsidazasgan warmodgeba. es fermenti wyalbadis zeJangs Slis.
SemdgomSi gairkva, rom peroqsisomebi ufro katalazas Seicaven, vidre
peroqsidazas, magram saxelwodebis gamocvla ukve uxerxuli Seiqmna da
is ucvleli darCa.

glioqsisomebi SedarebiT gvian aRmoaCines. glioqsisomebi
mcenareebSi da sokoebSi aRmoaCines. isini Cveulebrivad cximis Semcvel
ujredebSi gvxvdeba.

peroqsisomebisa da glioqsisomebis aRmocenebisa da Camoyalibebis
wesi arsebiTad daudgenelia. fiqroben, rom orive SemTxvevaSi Sesabamisi
fermentebi Tavisufal ribosomebze (e.i. endoplazmur badesTan
daukavSirebelze) sinTezirdebian ris Semdeg citozolSi gadadian,
saidanac Sesabamis mikrosxeulebSi SeaRweven. rogor Cndebian mza
nawilakebi citoplazmaSi, gaurkvevelia. bolo dromde fiqrobdnen, rom
isini   endoplazmuri badis gamonazardebia, romlebic Semdgom mas
mowydebian.

xSirad peroqsisomebi e.w. `kudebis~ meSveobiT hantelisebur
struqturebs warmoqmnian. maTi SekavSirebis Sedegad `peroqsisomebis
baded~ wodebuli struqtura SeiZleba Seiqmnas.

4.4. mitoqondrionebi (mitoqondriebi)

forma, romelsac Cven eseoden SeveCvieT (mitoqondria,
mitoqondriebi), rogorc Cans, marTebuli ar unda iyos. sityva
mitoqondrioni ori berZnuli sityvidanaa warmoebuli (mito - Zafi da
qondrion - marcvali, granula). miuxedavad amisa, ufro xSirad
`mitoqondria~ da `mitoqondriebi~ ixmareba rusulidan kalkirebis gamo.
Cven aq, rac ufro samarTliania imas vixmarT, Tumca literaturaSi ufro
araswori formaa gavrcelebuli. mitoqondrionebi pirvelad kiolikerma
aRwera 1850w. man isini mwerebis kunTovan ujredebSi aRmoaCina.
mitoqondrionebis Semdgomi Seswavla mravali mkvlevaris saxelTanaa
dakavSirebuli. maT Soris gansakuTrebiT aRsaniSnavia: r.altmani,
a.leninjeri da mravali sxva. Tanamedrove gamokvlevebSi izolirebuli
mitoqondrionebi diferencialuri centrifugirebis gziT miiReba (isini

10000g-ze ileqebian).
mitoqondrionebis funqcia umTavresad ujredis energetikasTan aris

dakavSirebuli. mitoqondrioni atf-is sinTezis ZiriTadi adgilia. atf-is
molekula, rogorc viciT sam makroergul bmas Seicavs. am qimiuri bmebis
gaxleCis Sedegad gamonTavisuflebul energias ujredi iyenebs
sxvadasxva sasicocxlo procesis warmarTvisaTvis. amis gamo,
mitoqondrionebs xSirad ujredis `energetikul sadgurebsac~ uwodeben.
garda naxsenebi reaqciebisa mitoqondrionebSi mimdinareobs cximovani
mJavebis da zogierTi sxva lipidis Jangva, zogierTi citoqromis sinTezi,
awyoba da sxva.



mitoqondrionebis gadanacvleba citoplazmis nakadebis saSualebiT
xdeba, ris Sedegadac isini SeiZleba citoplazmis ama Tu im ubanSi
Segrovdnen. ujredSi mitoqondrionebis erTobliobas qondriomi ewodeba.
sxvadasxva ujredisTvis gansxvavebuli qondriomia damaxasiaTebeli.
arCeven sami tipis qondrioms. pirveli tipis qondriomis mitoqondrionebi
calk-calke arian mimobneuli mTel ujredSi; meore tipis qondriomis
mitoqondrionebi ujredis sxvadasxva ubanSi jgufebad arian
ganlagebulebi; mesame tipis qondrioms mitoqondrionuli retikulumi
ewodeba. zogierTi tipis ujredSi ramdenime mitoqondrionis nacvlad
erTi giganturi, datotvili mitoqondrioni SeiZleba arsebobdes
(magaliTad, erTujredian organizmebSi), romelic qsels mogvagonebs da
amitom ewoda mitoqondrionuli retikulumi. aseTi giganturi
mitoqondrioni uzrunvelyofs masSi sinTezirebuli atf-is ujredis
yvela nawilSi Tanabar miwodebas. garda amisa, aseTi datotvili
giganturi mitoqondrionebi gars akravs ConCxis kunTis boWkoSi Semaval
TiToeul miofibrilas, rac uzruvelyofs am miofibrilebis erTdroul
SekumSvas. gulis ganivzoliani kunTis ujredebSi mravali wagrZelebuli
mitoqondrioni ganlagebulia miofibrilebis gaswvriv. rogorc
datotvil aseve wagrZelebul mitoqondrionebs Soris arsebobs e.w.
mitoqondrionTaSorisi kontaqtebi. am kontaqtebiT mitoqondrionebi
ukavSirdeba erTmaneTs da warmoiqmneba grZeli jaWvi, romelic
miofibrilebis sinqronul SekumSvas uzrunvelyofs.

4.4.1. mitoqondrionebis struqtura, forma da raodenoba

mitoqondrionebis struqtura, forma da raodenoba ujredSi metad
cvalebadia. maTi raodenoba 1-1000-mde meryeobs. ujredebSi, sadac
energiis xarji didia, mitoqondrionebi bevria da piruku -
energetikulad araaqtiur ujredebSi mitoqondrionebis ricxvi mcirea,
Tumca mraval erTujredian organizms erTaderTi mitoqondrioni aqvs.
Jangbadis naklebobis pirobebSi mitoqondrionebis raodenoba ujredSi
swrafad izrdeba, rac gansakuTrebiT kargad Cans ujredul kulturebSi.
mitoqondrionebis ricxvi ujredis gayofis win izrdeba.

aseve mravalgvaria mitoqondrionebis forma da zoma.
mitoqondrionebis sigrZe sxvadasxva ujredSi 1-10 mkm-mde, xolo sigane ki
0,25-1 mkm-mde icvleba. rac Seexeba formas, ujredebSi gvxvdeba mrgvali,
ovaluri, gaWimuli da datotvili mitoqondrionebic ki.

mitoqondrionebis ultrastruqtura metad Taviseburia.
mitoqondrions ori, gareTa da SigniTa membrana akravs. SigniTa membrana
mitoqondrionis mTel moculobas or nawilad yofs: erT-erTi maTgani
SigniTa membraniT Semoifargleba da matriqsad iwodeba, xolo meore ki
gareTa da SigniTa membranebs Soris Tavsdeba da mas intramembranul
sivrces uwodeben. matriqsi gelis msgavsi konsistenciisaa, xolo
membranebs SigniTa sivrce ki ufro Txevadi nivTierebiTaa amovsebuli.
mito-qondrionis yvela nawili da ganyofileba sxvadasxva ferments
Seicavs. kerZod matriqsSi mimdinareobs e.w. krebsis anu trikarboqsilis
mJavebis cikli. matriqsSi Sewonilia agreTve rgolovani(wriuli) formis
mitoqondrionuli dnm-s molekula da ribosomebi.



mitoqondrionis agebulebis sqema 43-e suraTzea gamosaxuli.
mitoqondrionis struqtura didadaa damokidebuli misi membranis
agebulebaze. gareTa da SigniTa membranebi TvalsaCinod gansxvavdebian
erTmaneTisagan. SigniTa membrana gareTaze ufro sqelia da (6-8) nm-s
udris, maSin rodesac gareTa membrana 6 nm-s ar aRemateba. SigniTa
membranas didi zedapiri aqvs. amas SigniTa membranis Taviseburi naoWebi -
kristebi - ganapirobebs (sur. 43).

suraTi 43. mitoqondrionis sqematuri gamosaxuleba
1 - gareTa membrana; 2 - SigniTa membrana; 3 - intramembranuli sivrce;

4 - kristebi; 5 - matriqsi.

sxvadasxva tipis ujredebis mitoqondrionebs gansxvavebuli
raodenobis kristebi aqvs. maTi formac sxvadasxva tipis ujredebSi
sxvadasxvaa (sur. 44). kristebis raodenoba icvleba imis mixedviT, Tu
rogor Seicvala ujredis sunTqviTi aqtiuroba. SigniTa membrana
gacilebiT ufro mdidaria cilebiT, vidre gareTa membrana. Tavis mxriv
gareTa membrana 4-jer ufro met fosfolipids Seicavs, vidre SigniTa.

yoveli krista ori furclisagan Sedgeba. kristebis furclebs
Soris sivrce metad mcirea. mas ubralod

kristis SigniTa sivrce ewodeba. kristebis matriqsisaken miqceul
zedapirze Taviseburi, sokos formis msgavsi sxeulakebi Cans, romlebic
1962 wels fernandec-moranma (Fernandez-Moran, 1962) aRwera. maT xan SigniTa
membranebis sferoebs, xan ki ubralod elementarul nawilakebs
uwodeben. kristis elementaruli nawilakis fuZeze sunTqviTi Jangva-
aRdgenis, xolo mis Tavze JangviTi fosforilirebis procesebi
mimdinareobs. jaWvis yvela Sesabamisi komponenti (fermenti, nivTiereba)
im TanamimdevrobiTaa ganlagebuli, ra TanamimdevrobiTac esa Tu is
procesi irTveba. amgvarad, aq mimdinare procesebi sivrciTi da droiTi
organizaciis sruli Sesabamisobis kargi magaliTia.



suraTi 44. kristebis sxvadasxva forma

rac Seexeba e.w. krebsis cikls (zogjer mas limonmJavas ciklsac
uwodeben), masSi monawile fermentebi, suqcinat - dehidrogenazas garda,
mitoqondrionis matriqsSi arian lokalizebulni.

4.4.2. qemiosmosuri Teoria

atf-s sinTezi, rogorc ukve avRniSneT, mitoqondrionebSi
xorcieldeba. gamoTqmuli iyo mosazreba, rom atf-s sinTezi SeWidulia
sxvadasxva naerTebis Jangvis procesebTan. es mosazreba safuZvlad daedo
e.w. qemiosmosur anu mitCelis Teorias, romlis Tanaxmadac, atf-is
sinTezisTvis aucilebelia naxSirwylebis anaerobuli (uJangbado)
daJangva (glikolizi), romelic mimdinareobs hialoplazmaSi. garda
amisa, aucilebelia aminomJavebisa da cximovani mJavebis daJangva. am
daJangvis produqtebis monawileobiT xdeba glikolizis Sedegad
warmoqmnili triozebis Semdgomi daJangva anu krebsis (limonmJavas,
trikarboqsilis mJavebis) cikli, romelic ukve  mitoqondrionis
matriqsSi xorcieldeba. krebsis ciklSi gamoiyofa ori molekula CO2
da Tavisufldeba eleqtronebi. gamoTavisuflebuli eleqtronebi erTveba
e.w. sunTqviT jaWvSi (eleqtronebis satransporto jaWvSi). am procesSi
monawileobs mitoqondrionis Sida membranaSi CaSenebuli cilovani
molekulebi (nad, nadf-H, fad, ubiqinoni da citoqromebi). CamoTvlili
naerTebi Jangva-aRdgenis safexurebriv reaqciebs axorcieleben kristis
elementaruli nawilakis fuZeze. mitoqondrionis Sida membranaSi
eleqtronebis gadatanis procesis dros gamoyofili energia xmardeba
matriqsidan intramembranul sivrceSi H+-is (protonebis
gamonTavisufleba xdeba krebsis ciklSi mimdinare procesebis Sedegad)
gadanacvlebas. protonebis gadanacvlebas Tan sdevs membranaze
potencialTa sxvaobis warmoqmna anu intramembranul sivrceSi dadebiTi,
xolo matriqsSi - uaryofiTi muxtis siWarbe iqmneba. warmoiqmneba
eleqtroqimiuri gradienti. potencialTa sxvaoba rodesac miaRwevs
gansazRvrul sidides (220 mv), ixsneba cilovani kompleqsis - atf-
sinTetazas (transmembranuli cila) arxi, romlis meSveobiT
intramembranul sivrceSi dagrovili protonebis mitoqondrionis
matriqsSi Wavlis saxiT Semotana xdeba. am dros gamoTavisuflebuli
energiis xarjze adf-s makroerguli bmiT ukavSirdeba fosfatis jgufi.

warimarTeba reaqcia:

adf + f = atf + H2O



gamomdinare iqidan, rom fosforilireba SeWidulia JangviT
procesebTan, SeiZleba vTqvaT, rom kristis elementarul sxeulakis
Tavze mimdinareobs JangviTi fosforilireba.

Cveni droisTvis p. mitCelis hipoTezis damadasturebeli mravali
faqti dagrovda, xolo man 1978 w. nobelis premia miiRo. axla cxadia,
rom am sqemas sul male `hipoTezis~ saxelwodeba mocildeba da is
sabolood dadgenil movlenad iqneba aRiarebuli.

rac Seexeba mitoqondrionis sxva funqciebs, Cven aq maT dawvrilebiT
aRar aRvwerT da mxolod am ganakveTis TavSi CamoTvlas davjerdebiT.

4.4.3. mitoqondrionebis ujredSi warmoqmna da l. margelisis
hipoTeza

Tadapirvelad miaCndaT, rom axali mitoqondrioni warmoiqmneba
sxvadasxva ujreduli struqturebidan, rogoricaa birTvis garsis
gareTa furceli, mikrosxeulakebi, endoplazmuri bade da sxva. amJamad
dadgenilia, rom mitoqondrions TviTreproduqciis unari aqvs: axali
mitoqondrionebi arsebuli winamorbedebis gayofis Sedegad warmoiqmneba.
es procesi 45-e suraTzea gamosaxuli.

suraTi 45. mitoqondrionis gayofis sqema

mitoqondrionis gayofisas masala or axlad warmoqmnil
mitoqondrions Soris daaxloebiT Tanabrad nawildeba. ujredSi
mitoqondrionebis mudmivi ganaxleba xdeba. magaliTad, RviZlis
ujredebSi mitoqondrionis sicocxlis xangrZlivoba saSualod 10 dRea.
naCvenebia, rom mitoqondrionebis ricxvis gazrda xdeba maTi
danawevrebis gziT (grZel mitoqondionSi Cndeba ramdenime tixari).

naTqvams unda daematos isic, rom mitoqondrionebi, rogorc ukve
aRiniSna, dnm-s Seicaven. es rgolovani formis dnm-ia. cxadia,
mitoqondrionebis dnm maT dayofaSic monawileobs. mitoqondrionebis dnm
prokariotebis dnm-s msgavsad aris warmodgenili. zogierT
mitoqondrionSi (wagrZelebuli) SeiZleba iyos 1-100 cikluri dnm-s
molekula. mitoqondrionis dnm ujredSi arsebuli dnm-s 1%-s Seadgens.
sxvadasxva individebis mitoqondrionis dnm-ebi mxolod intronebisa da
aratranskribirebadi ubnebis SemcvelobiT gansxvavdeba. yovelive aman
misca safuZveli l.margeliss saintereso hipoTeza wamoeyenebina.
l.margelisis mixedviT, Tu ki mitoqondrionebs aqvT dnm, ribosomebi da



ramdenime funqcia, romlebic ujredis funqciisagan damoukidebelia,
SeiZleba vifiqroT, rom mitoqondrioni odesRac simbioturi prokarioti
iyo, romelic kargad SeeTvisa maspinZel ujreds da droTa ganmavlobaSi
mis organelad gadaiqca.

samwuxarod, es hipoTeza metad mraval daSvebas moiTxovs. kerZod,
Zalian mcirea imis albaToba, rom aseTi organizmebis maspinZel ujredSi
SeWra erTdroulad ramdenime sxvadasxva ujredSi moxda. garda amisa,
mitoqondrionis dnm-s mier kodirebuli cilebis ricxvi bevrad
Camouvardeba birTvuli dnm-s mier kodirebuli da
mitoqondrionebisaTvis specifikuri cilebis raodenobas. Tanac,
ukanasknelebi an citozolSi an endoplazmur badeze sinTezirdeba, rac
l.margelisis hipoTezas ewinaaRmdegeba.

vamTavrebT ra am ganakveTs, kvlav unda gamovTqvaT imedi, rom aq
gakvriT ganxilul movlenebs studentebi ufro dawvrilebiT Sesabamisi
disciplinebis (bioqimia, biofizika) Seswavlisas SeiTviseben.

4.5. plastidebi da CanarTebi

cxovelebis ujredebis citozolSi sayuaTo nivTierebebidan
naxSirwylebi da cximebi deponirdeba. naxSirwylebi citozolSi
glikogenis saxiT aris deponirebuli. yvelaze didi raodenobiT
glikogenis damarageba RviZlis ujredebSi xdeba. ufro naklebi, magram
mainc didi raodenobiT, glikogeni kunTebSi gvxvdeba. sxva tipis
ujredebSi glikogeni SesamCnevad naklebia, vidre RviZlSi da kunTebSi.

cximebi ZiriTadad grovdeba gansakuTrebul ujredebSi, romlebsac
cximis ujredebs uwodeben. es ujredebi cximovan qsovils qmnian. cximi
zogjer RviZlis da zogierT sxva tipis ujredebSic gvxvdeba.

CanarTebis daxasiaTebisas maT Soris pigmentebsac  asaxeleben.
pigmentebi Sefervadi nivTierebebia (ubralod saRebavebi). qsovilis
Seferiloba ujredebSi CarTuli pigmentis tipze da raodenobazea
damokidebuli. pigmentebs Soris gansakuTrebiT sayuradReboa
hemoglobini - eriTrocitebis rkinis ionebis Semcveli cila.
hemoglobini Jangbadis gadamtania. hemoglobinis daSlis Sedegia naRvlis
pigmenti bilirubini. uxerxemlo cxovelis ujredebSi hemoglobinis
msgavsi sxva pigmentebic gvxvdeba. aseTia, magaliTad, hemocianini -
sisxlis lurji pigmenti romelic spilenZs Seicavs.

yuradRebis Rirsia pigmentebis jgufi, romelsac karotinoidebi
ewodeba. karotinoidebi - narinjisferi, yviTeli, wiTeli an yavisferi
pigmentebia. karotinoidebi umTavresad mcenareebSi gvxvdeba, Tumca maT
cxovelebSic SeiZleba wavawydeT. mcenareebSi karotinoidebi
Cveulebrivad mwvane pigmentiT - qlorofiliT (ix. qveviT) aris
SeniRbuli. amitom aris, rom foTolcvenis win foTlebi sxvadasxva
ferad iRebeba. amis mizezi aris qlorofilis sxva pigmentebze adre
daSla, ris Sedegadac xdeba sxva pigmentebis gamovlena.

karotinoidebi or jgufad iyofa. esenia karotinebi da
qsantofilebia. karotinebi tetraterpenebia (ix. `arasapnvadi lipidebi~).

gansakuTrebiT mniSvnelovania -karotini, romelic narinjisferia da

didi raodenobiTaa stafiloSi. -karotini vitamin A-s winamorbedia.

xerxemlian cxovelebis momnelebel gzebSi erTi molekula -karotini



iSleba da miiReba or molekula A vitamini. karotinebi gvxvdeba agreTve
pamidoris kanSi, xolo Zalian mcire raodenobiT kvercxis gulSi da
karaqSic. pamidoris kani kidev erT karotins - likopins Seicavs, rac mas
naTel fers aZlevs. qsantofilebi Zalian mcired gansxvavdebian
karotinebisagan. isini Jangbads Seicaven.

gansxvavebiT cxovelebisagan, mcenareul ujredebSi CarTuli da
dagrovili nivTierebebi an struqturebi umravlesad plastidebTan aris
dakavSirebuli. yoveli plastida Seicavs ormag membranas. plastidis
SigniT arCeven membranul sistemas da metnaklebad homogenur nivTierebas
- stromas. momwifebul plastidas Cveulebrivad masTan dakavSirebuli
nivTierebis mixedviT arCeven. ase magaliTad, plastidebs yofen
qloroplastebad, qromoplastebad da leikoplastebad. qromoplastebi
Seicaven karotinoidebs, romlebic mcenareebis nawilebis sxvadasxva
Seferilobas ganapirobebs. maTi funqcia zustad cnobili ar aris.
leikoplastebi upigmento plastidebia. isini sxvadasxva funqcias
asruleben. ase magaliTad, e.w. amiloplasti saxameblis dagrovebasa da
Senaxvas emsaxureba. yvelaze did yuradRebas qloroplastebi imsaxurebs.
qloroplastebi Seicavs qlorofils da amgvarad, swored esenia
fotosinTezis mwarmoebeli organelebi. yvela tipis plastidas erTi da
igive winapari - proplastida yavs. sxvadasxva mcenareSi qloroplastebis
sxvadasxva ricxvi gvxvdeba. umdablesi mcenareebis yovel ujreds xSirad
mxolod erTi an ramdenime qloroplasti aqvs.

fotosinTezs, rogorc ukve iTqva, zogierTi prokariotic awarmoebs,
magram maT WeSmariti qloroplastebi ar gaaCniaT. qloroplastebis
magier maT e.w. qromato-forebi aqvT.

umaRles mcenareebSi qloroplastebi foTlis rbilobSi anu
mezofilSia ganlagebuli. mezofili ki zevidan da qvevidan epidermisiTaa
SemosazRvruli. arCeven mesrisebur da Rrublisebur mezofils.
mesrisebur mezofilSi qloroplastebi ujredebis napirebzea
ganlagebuli centraluri vakuolis gayolebiT, xolo Rrubliseburi
mezofilis ujredebSi maT ganlagebas Cveulebrivad SemTxveviTi xasiaTi
aqvT. xSirad citoplazmis nakadis e.w. ciklozis, wyalobiT
qloroplastebi ujredebSi gadaadgildebian. ufro iSviaTad maTi
gadanacvleba aqtiurad, amebisebri moZraobebis Sedegad xdeba.
qloroplastebis mier `SerCeuli~ mdebareoba maTze sinaTlis ufro
Zlier zemoqmedebas uzrunvelyofs.

qloroplastebis raodenoba da zomebi gansxvavebulia da cvalebadi.
umaRles mcenareebSi maTi diametri4-dan 6 mkm-mde meryeobs. mcenaris
sinaTleze yofnisas qloroplastebis zoma izrdeba, xolo CrdilSi
mcirdeba.

qloroplastebis forma umravlesad sferosebri, ovalisebri an
diskosmagvaria. umdables mcenareebSi sxva formis qloroplastebic
gvxvdeba. magaliTad, wyalmce-nareebSi Tasisebr, spiralur,
varskvlavisebr da sxva amgvar qloroplasts (qromatofors) naxuloben.
aqtiuri fotosinTezis Sedegad qloroplastebSi saxamebeli grovdeba,
rac maT formas cvlis.

4.5.1. qloroplastebis struqtura

qloroplastebi warmoadgens membranebis sakmaod rTul sistemas.
qloroplasts aqvs ori membrana. membranas, romelic hialoplazmas exeba



gareTa membrana ewodeba. mis qveS ganTavsebulia SigniTa membrana.
SigniTa membrana, romelic gareTa membranis paraleluria,
qloroplastis SigniT Canazardebs iZleva. SigniTa membranis Canazardebi
warmoqmnis membranuli furclebis sistemas. yovel furcels lamela
ewodeba. lamelebi qloroplastis labisebr matriqsSia Setivtive-buli,
romelsac stromas uwodeben.

qloroplastis membranebi organizebulebi arian Tavisebur brtyel
membranul parkuWebad - Tilakoidebad. arCeven mcire da did
Tilakoidebs. mcire Tilakoidebi umravlesad monetebis svetebiviT
lagdebian. yovel amgvar svets ki granums uwodeben (sur. 46).

suraTi 46. qloroplastis sqematuri gamosaxuleba
1 - gareTa membrana; 2 - SigniTa membrana; 3 - stroma; 4 - granebi; 5 -

lamela; 6 - Tilakoidi

Tu ujredSi didi Tilakoidebic arsebobs, isinic mcire
Tilakoidebs da granumebs lamelebiT uerTdeba. Tilakoidebis
warmomqmnel lamelebs granumis lamelebs uwodeben, xolo lamelebi,
romlebic granumebs erTmaneTTan aerTebs, stromis lamelebia.

stromaSi sxvadasxvagvari nawilakebi moipoveba. upirveles yovlisa,
es saxameblis marcvlebia. eleqtronuli mikroskopiT gasinjvisas
stromaSi osmofiluri marcvlebi gvxvdeba. zogi maTgani elifsoiduri
formisaa. es e.w. stromocentrebia. stromaSi dnm da ribosomebia
gabneuli.

qloroplastis stroma Seicavs dnm-s da rnm-s.  mitoqondrionebis
msgavsad, qloroplastebis dnm-s molekulac rgolovania. dnm-s udidesi
nawili ribosomuli genebiTaa warmodgenili. amgvarad, qloroplasti
zogierT sakuTar cilas TviTon asinTezirebs, Tumca, mis mier
kodirebuli da sinTezirebuli cilebi qloroplastis cilebis metad
mcire nawils Seadgens.

4.5.2. qloroplastebis qimiuri Semadgenloba

organuli naerTebis udidesi nawili (mSrali wonis 70%)
qloroplastebSi cilebiTaa warmodgenili. cilis didi raodenobis gamo
mcenaris mTeli azotis 75% foTlebze modis. qloroplastebi rogorc



wyalSi xsnad, ise wyalSi uxsnad cilebs Seicaven. umravlesi maTgani
identificirebulia, magram mxolod zogierTi maTgania gamoyofili da
gasufTavebuli. granumisa da stromis lamelis cilovani Semadgenloba
gansxvavebulia, magram es ufro raodenobrivi gansxvavebebia, vidre
Tvisobrivi. arsebiTad, yvela pigmenti da citoqromi lamelebSia
moTavsebuli. stromaSi es naerTebi ar gvxvdeba, samagierod masSi dnm-s
da rnm-s vpoulobT. Tumca, dnm qloroplastebSi metad mcire
raodenobiT moipoveba, es raodenoba sakmarisia ramdenime cilis, kerZod,
fotosinTezis warmmarTveli zogierTi fermentis sinTezisaTvis.

fotosinTezisaTvis aucilebel naerTTagan mTavari qlorofilia.
qlorofilebi mravalgvaria, magram arsebiTad maT Soris gansxvaveba
metad mcirea. arCeven a, b, c, d da e qlorofilebs. a qlorofils yvela
mcenare Seicavs, danarCeni qlorofilebis arseboba da Semcveloba
mcenaris saxeobazea damokidebuli. umaRlesi mcenareebi Cveulebrivad a
qlorofilTan erTad b qlorofils Seicaven. yovel qlorofils
sakuTari, gansxvavebuli, STanTqmis speqtri aqvs. yvela maTgans STanTqmis
ori maqsimumi aqvs: speqtris iisfer – lurj da wiTel nawilebSi. a
qlorofilis STanTqmis maqsimumebia 430 da 670 nm, xolo b qlorofilsa
ki 455 da 640 nm. rac Seexeba mwvane fers, mas qlorofili aireklavs,
riTac aixsneba qloroplastebis da Sesabamisads foTlebis mwvane
Seferiloba.

qloroplastebSi aRmoCenilia naerTebis kidev erTi jgufi,
romelsac karotinoidebi ewodeba. qloroplastebSi karotinoidebi
izoprenis warmoebuli naerT karotiniTaa warmodgenili. arsebobs a da b
karotinebi. maT Soris gansxvavebebi minimaluria. aRsaniSnavia, rom
karotinebi, romlebic mxolod mcenareebSi sinTezirdeba da
fotosinTezSi monawileobs, vitamin A-s winamorbedi aris. karotinebi
iseve rogorc qlorofili, mxolod lamelebSi gvxvdeba. qloroplastis
stromaSeicavs mraval fotosinTezSi monawile ferments, rgolovan dnm-s
da ribosomebs. ukanasknelebi 70S ribosomebis jgufs ekuTvnis da 16S da
23S ribosomul rnm-s Seicavs. qloroplastis dnm 180-280 aminomJavuri
naSTis Semcvel polipeptidis kodirebas axdens.

4.5.3. qloroplastebis aRmoceneba ujredSi da misi filogenia

axali qloroplastebi ujredSi masSi myofi qloroplastebis
gayofis gziT aRmocendeba. qloroplastis gayofa Zalian gavs
mitoqondrionis gayofas (sur. 45) da amitomac aq mas dawvrilebiT aRar
ganvixilavT. Tu rogor pozicias ikavebs da rogor nawildeba Svileul
qloroplastebs Soris dnm sakmaod bundovania. arsebobs axali
qloroplastebis warmoqmnis meore gzac. kerZod, qloroplastebi
ujredis proplastidebidan viTardeba. es gza, rogorc Cans, yvela sxva
danarCeni plastidasaTvis saerToa. qloroplastad gardaqmnisas
proplastidas Sinagani membrana adgil-adgil SigniT Caizrdeba da
lamelebis sistemas warmoqmnis. aRsaniSnavia, rom proplastidasac
gayofis unari aqvs.

Cveulebrivad qloroplastze mitoqondrionisaTvis ukve aRweril
endosimbiozis hipoTezas avrceleben. am hipoTezis Tanaxmad
qloroplastebi (iseve rogorc mitoqondrionebi) odesRac damoukidebeli
prokariotis msgavsi organizmebi iyvnen. evoluciis gzaze isini
ujredebSi SeiWrnen. maTsa da maspinZels Soris simbiozi damyarda, rac



orive xelsayreli aRmoCnda da prokariotebi samudamod eukariotul
ujredebSi damkvidrda, gadaiqca ra maT organelebad. am hipoTezis
kontrargu-mentebi ukve moyvanilia mitoqondrionis ganxilvisas. mas isic
unda daematos, rom es hipoTeza, rogorc Cans, danarCen plastidebzec
unda gavrceldes. maSin unda dauSvaT, rom erTdroulad ramdenime
sxvadasxva ujredSi sxvadasxva prokariotuli organizmebis erTi da
igive nakrebi SeiWra, rac metad naklebad albaTia da Zneli
warmosadgenic.

4.5.4. fotosinTezi

fotosinTezi sakmaod adre iqna aRmoCenili. mcenaresa da haers
Soris airTa cvlaze monacemebi jer kidev me-18 saukunis bolos iqna
mopovebuli (pristli, sosiuri, ingenhauzi da sxvebi). zogadad, rac
yvelasaTvis cnobilia, fotosinTezi imaSi mdgomareobs, rom sinaTleze
mcenareebi STanTqaven naxSirorJangs, ris xarjzec maTSi naxSirwylebis
(saxameblis) dagroveba da Jangbadis gamoyofa xdeba, xolo sibneleSi ki
mcenare sunTqavs da Sesabamisad CO2-s gamoyofs. fotosinTezis zogadi
gantoleba Semdegia:

6CO2 + 12H2O = C6H12O6+ 6O2 + 6H2O

Tu ki fotosinTezs ufro detalurad ganvixilavT, davinaxavT, rom
is etapobrivi procesia. gamoyofen fotosinTezis or ZiriTad etaps:
fotoqimiuri anu sinaTlis da sinTezur anu sibnelis fazebs. sinaTlis
fazaSi ZiriTadi procesebia sinaTlis STanTqma da eleqtronebis ufro
maRal energetikul doneze gadasvla da Semdgom sawyis mdgomareobaSi
dabruneba, ris Sedegadac energia gamoiyofa. sibnelis faza
naxSirorJangis naxSirwylebSi SeRweviT mTavrdeba. naxSirorJangis
aqtiuri forma naxSirmJavaa. sanam naxSirorJangi naxSirmJavad gadaiqceva
da naxSirwylebis SemadgenlobaSi Seva, is reaqciebis cikls gaivlis. am
reaqciaTa Tanmimdevroba da arsi m.kelvinma da misma TanamSromlebma
daadgines, ris gamoc am cikls kelvinis cikli ewodeba. am mokle
aRweras, rasakvirvelia, araviTari samecniero pretenziebi ar aqvs. es
mokle cnobebi mxolod garkveuli miniSnebaa, Tu sad da rogor
Seiswavleba fotosinTezis procesis detalebi. Tanac mkiTxveli zogierT
sayovelTaod gavrcelebul terminsac gaecnoba.

4.5.5. membranis nakadis Teoria

ujredis membranebis sistema, rogorc davinaxeT, erT mTlian
sistemas warmoadgens. sul ociode wlis winaT fiqrobdnen, rom yvela
membranuli struqtura fizikurad ukavSirdeba erTimeores. es mosazreba
ar gamarTlda, yovel SemTxvevaSi mas zogadi mniSvneloba ar unda
hqondes, magram membranuli struqturebis mWidro kavSiri sayovelTaod
aRiarebulad iTvleba. gamonakliss mitoqondrionebi da plastidebi
warmoadgens. es struqturebi, rogorc ukve davrwmundiT, raRaca wil
avtonomiurni arian da membranuli struqturebis sistemasTan ise
mWidrod ar arian dakavSirebuli, rogorc es sxva danarCeni membranebis
mimarT SeiZleba iTqvas. amav dros, Tu ki Cven membranebis fizikur
kavSirze aviReT xeli, dasadgeni gagvixdeba, Tu ra bunebisaa membranebs



Soris kavSiri. am problemasTan erTad kidev erTi ram aris gadasawyveti,
gasarkvevia, Tu rogor aRmocendeba esa Tu is struqtura, Cndeba Tu ara
is misi mdebareobis adgilas, Tu sxvagan aewyoba da Semdgom `misTvis
miCenil~ adgilas gadainacvlebs? arsebiTad, am orive sakiTxze zeviT
gadmocemul masalaSi mkiTxvelma SeiZleba ipovos pasuxi,  magram meti
simwyobrisaTvis SevecadeT gamovyoT es sakiTxebi calke da metnaklebad
logikur sqemad CamovayaliboT.

Cvens amocanas garkveul wilad aadvilebs is, rom frankem da morom
(1979) Camoayalibes Teoria, romelsac `membranuli nakadis Teoria~
uwodes. es Teoria  frankem mokled Semdegnairad Camoayaliba: `zogierTi
ujreduli membranis biogenezi xorcieldeba membranebis masalis,
ujredis erTi komponentidan meorisaken fizikuri gadatanis gziT, rac
maTi Camoyalibebisa da funqcionirebis procesSi xdeba~. Cven ukve
Tavadac davrwmundiT, rom membranebis mTavari `metransporteebi~
endoplazmuri bade da goljis kompleqsia. gadatanis gzaze membranebi
sxvadasxva saxecvlilebebs ganicdian. aseTia, magaliTad, glikozilireba,
lipoproteinebis awyoba da sxva amgvari. aseTi saxecvlilebebi ama Tu im
membranuli komponentisaTvis gansxvavebulia da sxvadasxva xarisxiT
xdeba. amitom membranebis sxvadasxva ubnebi erTmaneTisagan gansxvavdebian.
membranul struqturebs Soris sxvadasxvagvarobis aRmocenebas membranis
diferencireba ewodeba. aq gadmocemuli movlenebis ramdenime
Tavisebureba unda aRiniSnos. ukve davrwmundiT, rom membranuli
struqturebi dinamikuri struqturebia. funqcionirebis procesSi isini
erTdroulad iSlebian da warmoiqmnebian kidec. mocveTili ubnebis
aRdgena-Sevseba membranuli buStukebis an sxva raime komponentebis
(romlebic membranebis nakads miyvebian) xarjze, xdeba. Tumca
endoplazmuri bade da goljis kompleqsi xSirad fiqsirebul
struqturebad Canan, isini xSirad icvlian formasac da mdebareobasac.
amav dros, memranuli nakadi procesebis kompleqsia. sxvadasxva
struqtura membranebis specifikuri komponentebis mimarT aSkarad
gamoxatul SerCeviTobas iCens, maSin rodesac zogierTi maTgani
gadaitaneba, nawili nakadSi saerTod ar monawileobs. gamokvlevebi
aCvenebs rom membranebis sinTezi, maTi gadatana goljis aparatisa da
endoplazmuri badis mxolod garkveuli ubnebiT Semoifargleba, rac
membranebis diferencirebis Sedegia.

membranebis nakadi arsebiTad membranuli komponentebis nakads
niSnavs. marTlac. gadanacvlebas da gadatanas ganicdian rogorc raRaca
wilad awyobili komponentebi (lizosomebi, membranuli buStukebi,
endosomebi, egzocituri vakuolebi da a.S.) aseve ufro elementaruli
nawilakebi da molekulebi, rogoricaa; lipidebi, cilebi,
glikoproteinebi, fermentebi da a.S. yvela am komponentis gadanacvleba
uredSi nakadebis sakmaod rTul suraTs qmnis. simartivisaTvis SeiZleba
yvela saxis nakadi sam jgufad gaiyos: gverdiTi nakadi; pirdapiri nakadi
da maqosebri nakadi (sur. 47).



suraTi 47. pirdapiri da maqosebri (aRniSnulia wyvetili xaziT)
nakadis sqema.

1 - birTvis garsi; 2 - xorkliani endoplazmuri bade; 3 - goljis
aparati; 4 - plazmuri membrana; 5 - endosomuri buStuki; 6 - CURL
nawilaki; 7 - pirveladi lizsosoma; 8 - meoradi lizosoma; 9 -

autofaguri buStuki; 10 - gluvi endoplazmuri bade; 11 - sekretoruli
buStuki.

zeviT Cven araerTxel gvixsenebia membranis komponentebis, cilebisa
Tu lipidebis da sxvaTa, membranis zedapiris paralelurad
gadanacvleba. amgvar gadanacvlebas gverdiTi migraciebi anu nakadebi
ewodeba. gverdiTi nakadebi membranebis diferencirebaSi da
CamoyalibebaSi metad did rols asruleben.

pirdapiri migraciebi ama Tu im membranuli komponentis gadatanis
gziT akavSireben membranebis sxvadasxva ubnebs, membranul struqturebs
da organelebs. ufro xSirad amgvari nakadebis saTaveSi xorklian
endoplazmur bades (ufro iSviaTad gluvsac) an birTvis garss aTavseben.
amgvari nakadebi dadgenilia birTvis garssa da xorklian endoplazmur
bades Soris, xorklian endoplazmur da gluv endoplazmur badeebs
Soris, goljis aparatsa da sekretorul buStukebs Soris, xorklian
endoplazmur badesa da goljis aparats Soris, endoplazmur bades,
goljis aparats da lizosomebs Soris, goljis aparatsa da plazmur
membranas Soris da a.S. saocaria, magram faqtia, rom mcenareebSi nanaxia
kavSirebi xorklian endoplazmur badesa da mitoqondrionis gareTa
membranas Soris. agreTve xorklian endoplazmur badesa da plastidebis
membranas Soris. rogorc vxedavT, pirdapiri nakadebi kavSirebis sakmaod
masStabur bades qmnian.



maqoseburi nakadebi - isinic bolos da bolos saerTo sqemaSi
Caewereba. amgvar nakads aqvs adgili pinocitozis an internalizaciis
(receptorebiT gaSualedebuli endocitozi) procesSi, rodesac
ujreduli (plazmuri) membranis erTi ubani Caizniqeba, gadaiqceva
endocitur buStukad anu endosomad, gaivlis mTel rig fazebs, Semdeg ki
pirvelad lizosomasTan kontaqtis Sedegad receptorebTan erTad
reciklirebas ganicdis da kvlav ujredul (plazmur) membranaSi
CaSendeba. amgvarad, membranis ubani wydeba plazmur membranas, raRaca
manZiliT mocildeba mas (CURL nawilakis stadiamde), xolo Semdeg ki
kvlav ubrundeba plazmur membranas. amgvarad, membranis garkveuli ubani
gaivlis gzas, romelic sarTavi Carxis maqos moZraobas mogvagonebs.
maqosebri nakadebis kerZo SemTxvevad miviCnioT sul bolo dros
aRmoCenili lipidebis (ufro swored ki maTi fluorescentuli
analogebis) unari, miaRweven ra isini goljis aparats, kvlav dabrundnen
da CaSendnen ujredis endoplazmur badeSi.

yuradRebis Rirsia erTi ucnauri garemoeba. rogorc ukve iTqva (es
sakiTxi goljis aparatis aRmocenebis ganxilvisas gavarCieT), goljis
aparatis aRmocenebis wyaro an xorkliani endoplazmuri bade an birTvis
garsia. amasTan dakavSirebiT aRsaniSnavia, rom Canasaxis adreuli
ganviTarebis erT-erT stadiaze (gastrulaciis dasawyisi) endoplazmuri
bade jer Camoyalibebuli ar aris, xolo goljis aparati ujreds
(blastomers) ukve aqvs. udavoa, rom am stadiaze membranebis warmoqmna
(membranogenezi) ukve mimdinareobs. albaT, mkiTxvels isic emaxsovreba,
rom membranebis masala ujreduli membranis asagebad xorkliani (cilebi)
da gluvi (lipidebi) endoplazmuri badidan modis. membranuli
komponentebi goljis aparatis warmomqmnel zedapirs (cis-zedapiri)
aRweven, xolo Semdeg ki trans-zedapiris gavliT toveben mas. amas isic
unda daematos, rom TviT goljis aparatis warmoqmnis wyaro xorkliani
endoplazmuri badea. Tuki es asea, adre Canasaxovan stadiebze arc
goljis aparati unda aRmocenebuliyo da membranebis warmoqmnac ver
warimarTeboda. am viTarebas erTi ram Tu xsnis. aSkaraa, rom organizmis
ganviTarebis garkveul stadiebze da albaT, garkveuli viTarebis Seqmnis
SemTxvevaSi, xorkliani endoplazmuri badis funqciebs birTvis garsi
kisrulobs. ufro metic, Sesalebelia birTvis garsi endoplazmuri badis
wyaro iyos. es mosazreba Tu sabolood damtkicebuli ara, kargadaa
dasabuTebuli da simarTles aSkarad uaxlovdeba.

sanam am ganakveTs davasrulebdeT, unda mokled vupasuxoT im
kiTxvas, romelic am ganakveTis TavSi davsviT. rogorc Cans, naTeli unda
iyos, rom ujredis membranebis sistema marTlac funqciurad
gaerTianebulia, magram es kavSirebi meqanikuri da xisti ki ar aris,
aramed membranuli nakadebis saSualebiT xorcieldeba.

aqve aRsaniSnavia, rom bolo dros mopovebuli faqtebis safuZvelze
gamoiTqva mosazreba, romlis mixedviT membranebis saTave sulac
mitoqondrionebia (e. miqaZe), xolo mitoqondrionebisa da ujredebis
membranas Soris meqanikuri kavSiri iSviaTi movlena ar unda iyos.

4.6. mikromilakebis organizaciis centri

ujredebSi yvela citoplazmuri mikromilaki mikromilakebis
organizaciis centrSi (moc) warmoiqmneba. mikromilakebis Semadgeneli



tubulinebis polimerizacia – nukleacia, am centris zonaSi iwyeba.
Tavdapirvelad warmoiqmneba patara zomis mikromilaki. mikromilakis
zrda plius – boloTi ujredis periferiisken xdeba, misi minus-bolo
moc-isken aris mimarTuli.

struqturisa da lokalizaciis mixedviT ganarCeven ori tipis moc-s.
pirveli tipis moc, Cveulebriv, ujredis geometriul centrSi
mdebareobs da amitom ujredis centri an centrosoma ewodeba.
centrosoma aris cxoveluri ujredebis aucilebeli komponenti,
romelic ar gvxvdeba umaRles mcenareebSi, umdables sokoebsa da
zogierT umartivesSi. meore tipis moc-s ar gaaCnia zusti lokalizacia.
aseTi moc aRwerilia magaliTad, orfrTianebis sanerwyve jirkvlis,
umaRlesi mcenareebis da sxva tipis ujredebSi.

moc-is areseboba dadgenilia eqsperimentulad. am mizniT gamoiyenes
cocxal ujredSi kolcemidiT mikromilakebis Seqcevadi blokirebis
unari. kolcemidis mocilebis Semdeg ujredis erTi adgilidan
(citasteri) radialurad gamosuli sxivebi SeiniSneba. es aris
mikromilakebis warmoqmnis pirveli safexuri. Semdgom etapze
mikromilakebi cildeba citasters da mTels citoplazmaSi nawildeba.

4.6.1. ujredis centri

ujredis centris SemadgenlobaSi Sedis centrosfera da mcire
zomis mkvrivi sxeulakebi - centriolebi. zogjer centrosomaSi
centrioli ar gvxvdeba. Cveulebrivad centrioli - es wyvili
warmonaqmnia, romelic garemoculia ufro naTeli citoplazmiT,
romlisganac radialurad uwvrilesi fibrilebi gamodis (centrosfera).
centriolis da centrosferas erTobliobas ujredis centri an
centrosoma hqvia (sur.48).

zogierT ujredSi (sisxlis ujredebSi, nervul ujredSi)
centrosoma goljis aparatis gverdiT mdebareobs. ufro xSirad ki,
ujredis centri birTvTan mimdebare ubanSi aris ganTavsebuli.
centrosoma monawileobs iseT procesebSi rogoricaa:

1. gayofis TiTistaras mikromilakebis warmoqmna mitozis fazaSi;
2. citoplazmuri mikromilakebis warmoqmna;
3. wamwamebis warmoqmna (plazmuri membranis gamona-zardebi) G0-

fazaSi;
4. procentriolebis warmoqmna – dublikacia.



suraTi 48. ujredis centri
1 - centrosfera; 2 - centrioli; 3 - mikromilakebi.

4.6.2. centriolebi da bazaluri sxeulaki

centrioli aris ujredis struqtura, romlis saerTo moculoba 0,03
mkm3-ia. dRemde ar arsebobs am struqturis sufTa saxiT miRebis meTodika
da amdenad, misi qimiuri Semadegenloba bolomde ar aris dadgenili.
gamomdinare iqidan, rom kolxicini aCerebs mikromolakebis zrdas
procentriolebSi. iTvleba, rom centriolis mikromilakebi Seicavs
cila tubulins. interfazaSi myof ujredSi centrioli Sualeduri
filamentebiT aris dakavSirebuli birTvis membranasTan.

centriolebis wyvili anu diplosoma ujredSi erTmaneTis
perpendikularulad Zevs. arCeven `dediseuli~ centriols da `Svileul~
centriols. `dediseuli~ centriolis distalur nawilSi moTavsebulia
amorfuli masa

centriolebis struqtura metad Taviseburia. ganivkveTSi is kbilana
borbals miagavs. zogjer mas urmis Tvals amsgavseben (sur. 49 a).

am borblis periferiaze mikromilakebis cxra jgufia ganlagebuli.
yoveli jgufi triplets warmoadgens da Sesabamisad, sam-sam mikromilaks
Seicavs. tripletis Semadgeneli milakebidan erTi maTgani (centrTan
yvelaze axlo mdebare) ganivkveTSi srul wred gamoiyureba: mas A milaks
uwodeben. danarCeni ori mikromilaki (Sesabamisad B da C)
naxevarmTvarisebri formisaa. yoveli mikromilakidan Taviseburi zolebi
gamodis, romlebic centrSi erTdebian. zolebi uerTdebian centrSi
ganlagebul `mils~ (sur. 49 a).



suraTi 49. centriolis, bazaluri sxeulakisa (a) da aqsonemis (b)
sqematuri gamosaxuleba

1 - manebi; 2 - tripletebi; 3 - amorfuli masa; 4 - dupletebi; 5 -
plazmuri membrana; 6 - mikromilakebis centraluri wyvili

zolebi, rogorc Cans, fibrilebs warmoadgenen. savaraudod,
tripletebi erTmaneTTan SemaerTebeli fibrilebiT arian SekavSirebuli.

`dediseuli~ centrioli garkveulad gansxvavdeba `Svileuli~
centriolisagan. magaliTad, `dediseul~ centriols gars akravs
fibrilaruli Rrubeli. garda amisa, `dediseuli~ centrioli Seicavs
damatebiT struqturebs - pericentriolarul satelitebs. am satelitSi
arCeven fibrilarul fexs da Tavs. satelitis Tavidan xdeba
mikromilakebis warmoqmna. diplosomasTan mimdebare ubanSi arCeven mkvriv
sxeulakebs e.w. fokusebs, sadac Tavs iyris ori an meti mikromilaki.
amgvarad, citoplazmuri mikromilakebi dasabams iReben deda-centriolis
damatebiTi struqturebidan. isini ar warmoiqmneba centriolis
SemadgenlobaSi Semavali mikromilakebisagan.

centrosoma, rogorc ukve zemoT aRvniSneT,  wamwamebis warmoqmnaSi
monawileobs. arCeven: pirvelad wamwamebs da kinetocilebs. kinetocilebi
anu moZravi wamwamebi da Soltebi, uzrunvelyofs Tavisufladmcxovrebi
erTujrediani organizmebis moZraobas. mravalujredian organizmebSi
wamwamebis meSveobiT xdeba ujredis zedapiris gaswvriv siTxis
gadaadgileba. cxovelebSi da zogierT mcenareebSi (xavsebi da gvimrebi)
spermatozoidebis gadaadgileba Soltebis meSveobiT xorcieldeba.
wamwami aris citoplazmis cilindruli gamonazardi, romlis ZiriTad
komponentebs mikromilakebisgan warmoqmnili aqsonema (sur. 49 b.) da
bazaluri sxeulaki warmoadgens. yvela es struqtura arsebiTad
erTnairadaa mowyobili.



wamwamebis proqsimalur ubanSi moTavsebulia bazaluri sxeulaki.
mas aqsonemis msgavsi diametri (200 nm) aqvs da moTavsebulia
citoplazmaSi. bazaluri sxeulakebi (sxvanairad maT kinetosomebs,
blefaroblastebs, bazalur granulebs an bazalur korpuskulebs
uwodeben) centriolebisagan, garda mdebareobisa, arafriT gansxvavdebian,
ris gamoc maT zogjer centriolebs uwodeben (sur. 49. a).

bazaluri sxeulaki da aqsonema struqturulad erTmaneTTan arian
dakavSirebuli. kerZod, bazaluri sxeulakis tripletSi Semavali A da B
mikromilakebis gagrZelebas warmoadgens aqsonemis dupletis A da B
mikromilakebi. amdenad iqmneba STabeWdileba, rom aqsonema da bazaluri
sxeulaki erTiani struqturaa. amave dros, maTi centraluri nawilebi
gasxvavebulia. isini erTgvarad gamoyofili arian amorfuli ganivi
firfitiT, saidanac dasabams iRebs aqsonemas mikromilakebi.

kinetocilebisagan gansxvavebiT, pirvelad wamwamebs ar aqvT
centraluri milebi da amitom ar gaaCniaT moZraobis unari. pirveladi
wamwamebi damaxasiaTebelia xerxemliani organizmebis ujredebisaTvis.
gamonakliss warmoadgens sisxlis, kunTis da nawlavis epiTeliumis
ujredebi. pirveladi wamwamebis funqciuri mniSvneloba ucnobia.

4.7. ribosomebi

centriolebisa da bazaluri sxeulakebis msgavsad, ribosoma
membranul komponentebs ar Seicaven. ribosoma yvelaze mcire zomis
organelaa, romelic Sedgeba ori, didi da mcire suberTeulisagan.
suberTeulebis agebuleba ramdenadme gansxvavebulia.

mcire suberTeuli aris Cxirisebri formis warmonaqmni ramdenime
gamonazardiT (sur. 50 b).

suraTi 50. ribosomis sqematuri gamosaxuleba.
a - ribosoma; b - mcire suberTeuli; g - didi suberTeuli.

ribosomis didi suberTeuli naxevarsferos mogvagonebs, romelsac
sami gamonazardi aqvs (sur. 50 g).

mcire suberTeulSi arCeven Tavs, fuZes da baqans, xolo did
suberTeulSi ki - yunwsa da centralur gamonazards (protuberancas).
ribosomis did suberTe-ulSi sami mezobeli saitia ganlagebuli, rasac
translaciis procesisaTvis metad didi mniSvneloba aqvs. kerZod, didi
suberTeuli Seicavs A saits (aminomJavuri anu aqceptoruli saiti), P
saits (anu peptidur saits) da E anu gamosasvlel saits (sur. 52).

ribosomebi 100000g aCqarebiT centrifugirebisas  ileqebian.
ribosomebis suberTeulebi gamudmebiT SekavSirebulni rodi arian.
translaciis procesSi maTi dacileba (disociacia) aucileblad xdeba.



prokariotuli da eukariotuli ujredebis ribosomebi formis mixedviT
ar gansxvavdeba erTmaneTisagan.

translaciis procesSi sainformacio (mesenjer-rnm – m-rnm) rnm-ze
`akinZuli~ ribosomebi poliribosomebs anu polisomebs qmnian. m-rnm
ribosomebis `gvirabebSi~ Tavsdeba.

4.7.1. ribosomebis qimiuri Semadgenloba

ribosomebi ramdenime rnm-sa (ribosomuli anu r-rnm) da ramdenime
aTeuli cilisagan Sedgeba. prokariotul ujredSi ribosomis (70S) didi
suberTeulis sedimentaciis konstanta 50S-s udris, mciresi ki – 30S-s.
maTSi Sedis rnm-ebi sedimentaciis konstantiT 23S da 16S, Sesabamisad.
didi suberTeuli kidev erTs, SedarebiT mcire zomis, 5S rnm-s Seicavs
(sur. 51).

eukariotuli ujredebis ribosomaSi (80S) Sedis didi suberTeuli
sedimentaciis konstantiT 60S da mcire suberTeuli – 40S.

citoplazmaSi ganlagebis mixedviT ansxvaveben ori tipis ribosomebs:
membranaze (endoplazmur badeze) damagrebul da Tavisufali ribosomebs.
maTgan pirvelebi, sekretoruli, lizosomuri an membranebis cilebis
sinTezSi monawileoben. eukariotebis ribosomebis rnm-ebic gansxvavdebian
prokariotebis rnm-ebisgan. mcire suberTeuli Seicavs 18S, xolo didi
28S rnm-s. msgavsad prokariotisa didi suberTeulis SemadgenlobaSi 5S
rnm Sedis, magram damatebiT aq 5,8S rnm-sac vpoulobT (sur.51).

Sesacvleli

suraTi 51. eukariotebisa da prokariotebis ribosomebis qimiuri
Semadgenloba

eukariotebis ribosomebi gansxvavdebian  cilis SemadgenlobiTac.
prokariotebis mcire suberTeuli daaxloebiT 21, xolo didi ki 31
sxvadasxva cilas Seicavs. Sesabamisad isini S1, S2, S3,....21 da L1, L2,
L3,....L31 simboloebiT aRiniSnebian S (small - patara) - mcire, xolo L (large
- didi). am cilebs 52 geni Seesabameba.

eukariotebis ribosomebi 78 sxvadasxva cilas Seicavs, mcire
suberTeulSi - 33, xolo did suberTeulSi - 45. eukariotebis
ribosomebis cilebis molekuluri wonebi ufro maRalia vidre,
prokariotebisa.

sedimentaciis konstanta – dasamatebelia ganmarteba



4.7.2. ribosomebis warmoqmna da funqcia

sxva organelebisagan gansxvavebiT ujredSi ribosomebi didi
raodenobiT aris warmodgenili. ujredebis gayofis dros daaxloebiT
1x107 odenobiT ribosoma warmoiqmneba. ribosomebis warmoqmnisaTvis
saWiroa 4 tipis rnm-a da yvela ribosomuli cilis arseboba.

prokariotebis da eukariotebis ribosomebis funqciebi erTi da
igivea: isini cilis biosinTezis, kerZod translaciis, erT-erTi ZiriTadi
monawileni arian.

A saits citozolidan mosuli e.w. aminoacil-t-rnm uerTdeba (sur.
52).

suraTi 52. ribosomaze arsebuli saitebi

P saitSi aris peptidil-t-rnm, romelTanac dakavSirebulia
aminomJava meTionini. P saitidan aminomJavis gadatana xdeba A saitSi
aminoacil-t-rnm-Tan dakavSirebul aminomJavasTan. ferment peptidil-
transferazis meoxebiT xdeba pirveli peptiduri bmis warmoqmna am
aminomJavebs Soris.

amis Semdeg ribosoma gadainacvlebs m-rnm-s gaswvriv, rom
CamoikiTxos Semdegi kodoni da aminoacil-t-rnm aRmoCndeba P saitSi.
sabolood, dakavSirebuli aminomJavebi ribosomidan E saitis gavliT
gamodian. translacia sakmaod rTuli procesia da mis detalebs Cven aq
ar aRvwerT.



5. ujredis birTvi da birTvis struqturebi

birTvi (laTinurad - nucleus, berZnulad - karion) eukariotuli
ujredis ZiriTadi Semadgeneli nawilia.  birTvSia moTavsebuli
genetikuri informaciis Semcveli da Semnaxveli struqturebi. cilebis
biosinTezis saTavec birTvia. birTvis funqciebi birTvis garsiT
SemosazRvruli struqturebis mieraa uzrunvelyofili. esenia:
nukleoplazma, matriqsi (birTvis cilovani ConCxi), qromatini da
birTvaki. axla swored maT aRweras SevudgebiT.

5.1. birTvis garsi

birTvis garsi membranuli warmonaqmnia, romelic birTvSi
ganlagebul danarCen struqturebs citoplazmisagan gamoyofs. birTvis
garsi ori membranisagan Sedgeba (sur. 53 b). birTvis garsis or membranas
Soris warmoqmnil sivrces perinuklearuli sivrce ewodeba (sur. 53 b).

a b
suraTi 53. birTvi (a); birTvis garsis agebuleba (b)

1 - garsi; 2 - fora; 3 - nukleoplazma;
4 - birTvaki; 5 - qromatini; 6 - lamina;

7 - ribosoma; 8 - xorkliani endoplazmuri bade.

citoplazmisaken moqceul membranas gareTa, xolo membranas,
romelic birTvis SigTavss esazRvreba SigniTa membranas uwodeben.
birTvis garsis gareTa membranas endoplazmuri badis membranisaTvis
damaxasiaTebeli struqturuli Taviseburebebi gaaCnia. ase magaliTad,
gareTa membranaze didi raodenobiT ribosomebia ganTavsebuli. garda
amisa, naCvenebia birTvis gareTa membranis gadasvla endoplazmuri badis
arxebis sistemaSi. dReisaTvis dadgenilad iTvleba, rom mitozis Semdeg
birTvis garsis aRdgena endoplazmuri badis xarjze xdeba (mitozis
dros birTvis garsi iSleba. ix. qvemoT).

5.1.1. birTvis garsis forebi



eleqtronuli mikroskopiis saSualebiT gadaRebul suraTebze
(eleqtronogramebze) birTvis garsSi Taviseburi xvrelebi moCans. es
birTvis garsis forebia. specifikuri meTodebiT damuSavebis Semdeg
gamovlinda, rom es ar aris ubralod xvreli. birTvis garsis fora an
foris kompleqsi (fk) aris struqtura, romlis warmoqmnaSic birTvis
garsi da fibrilarul-granularuli komponentebi monawileobs. fk-is
fuZes foraSi Cadgmuli cilindruli (an SesaZloa, oqtaedruli)
struqtura warmoadgens. cilindri ganivkveTSi rgolis saxiT Cans,
amitom mas anuluss (laTinurad anulus - rgoli) uwodeben. anuluss
Sesabamisad, sanaTuri aqvs (sur. 54). anuluss 8 wriulad ganlagebuli
anularuli granula anu granularuli suberTeuli SemosazRvravs.
anularuli granulebis Sesabamisad, garsTan membranis Taviseburi
Sverilebia  ganlagebuli. foris sanaTuris centrSi centraluri
granula anu trasportiori Zevs. zogjer forebi ara rogorc rgolebi,
aramed rogorc patara oqtagonaluri warmonaqmnebi Canan. fk-s gaaCnia
sami rgoli – citoplazmuri, birTvuli da terminaluri (sur. 54).

suraTi 54. birTvis garsis foris kompleqsi
1 - birTvis garsi; 2 - perinuklearuli sivrce; 3 - citoplazmuri

filamentebi; 4 -centraluri granula; 5 - citoplazmuri rgoli; 6 -
anularuli granula; 7 - birTvuli rgoli; 8 - kalaTis filamentebi;

9 - terminaluri rgoli.

fk-is modelebi sakmaod mravalricxovania. Cven aq mxolod yvelaze
fexmokidebuls ganvixilavT. arCeven daxSul, naxevrad Ria da Ria
forebs. radganac forebi imTaviTve birTvidan citoplazmaSi da
citoplazmidan birTvSi transportis saSualebad iyo miCneuli, egonaT,
rom foris sxvadasxva xarisxiT daxSva ujredis funqciur mdgomareobasa
da Sesabamisad, birTvsa da citoplazmas Soris nivTierebaTa mimocvlis
intensiurobas asaxavda. amJamad es azri Seicvala. rogorc aRmoCnda,
birTvis garsis forebis perioduli daSla da aRdgena xdeba. foris
daxSulobis xarisxi foris awyobis sisrules asaxavs. Riad sruliad
auwyobeli fora Cans. unda vifiqroT, rom ujreds birTvsa da
citoplazmas Soris nivTierebaTa gacvla-gamocvlis intensiurobis
regulirebis sxva saSualebebic aqvs.

birTvis garsis foris kompleqsis zoma yvela eukariotuli
ujredisaTvis erTi da igivea. misi gareTa diametri 100 nm-ia, simaRle –
75 nm. fk-Si Sedis 1000-mde cilovani molekula. fk-is cilebs
nukleoforinebi ewodebaT.



forebis raodenoba sxvadasxva ujredis birTvebisaTvis metad
gansxvavebulia 1-60/mkm2. xSirad foris sanaTuri amovsebulia e.w.
anualuri masaliT, romelic rogorc citoplazmisaken, ise birTvakisaken
miemarTeba. fk-is raodenoba ujredis metabolur aqtiurobaze aris
damokidebuli. rac ufro intensiurad mimdinareobs ujredSi sinTezuri
procesebi, miT ufro didia fk-is ricxvi.

5.1.1.1. birTvis forebiT nivTierebaTa importi da eqsporti

nivTierebaTa mimocvla birTvsa da citoplazmas Soris ZiriTadad
forebis saSualebiT xdeba. gansakuTrebiT es makromolekulebs da did
agregatebs exeba, Tumca birTvsa da citoplazmas Soris nivTierebaTa
mimocvla sxva gzebiTac xorcieldeba. ionebi da mikromolekulebi
uSualod membranaSi gadis da perinuklealur sivrces kveTs. ufro
mozrdili molekulebi membranaSi gaaRwevs  mcire zomis ubeebisa da
buStukebis warmoqmnis saSualebiT. garda amisa, forebiT SerCeviTi
transporti xorcieldeba. bolo dros gaiSifra aseTi transportis
(importis da eqsportis) specialuri meqanizmebi (sur. 55).

suraTi 55. birTvis forebiT makromolekulebis importi

forebiT importis procesSi monawilebs Semdegi molekulebi: cila

adaptori (importini ) da receptori (importini ), cila RanGTP,
romelsac gtf-azuri aqtiuroba gaaCnia da sxva aqtivatorebi (Ran GAP,
GAS). ganvixiloT detalurad importis procesis meqanizmi. foris
kompleqsiT mxolod kariofiluri cilebis (cargo) importi xorcieldeba.
am cilebs C boloze sasignalo Tanamimdevroba gaaCnia. 7 aminomJavisagan
Semdgar fragments birTvuli lokalizaciis Tanamimdevroba (nuclear
localization sequences – NLS). cargo/NLS Tanamimdevrobas Seicnobs importini ,
romelic meore boloTi ukavSirdeba receptors - importin -s.
warmoqmnili kompleqsi birTvis garsis gareTa membranas uaxlovdeba da



forovani kompleqsis filamentebs emagreba. amis Semdeg kompleqsi Sedis
foraSi, gaivlis mas da nukleoplazmaSi gadadis. aq receptori
ukavSirdeba cila RanGTP-s da kompleqsidan kariofiluri cilis
gamonTavisufleba xdeba. RanGTP aucilebelia importis kompleqsis

dasaSlelad. garda amisa, mas ukavSirdeba importini  da  xdeba maTi

birTvidan gamotana. importinis da RanGTP-s kompleqss citoplazmaSi
ukavSirdeba Ran GAP, romelic iwvevs GTP-s gardaqmnas GDP–ad da

inportinis gamoTavisuflebas. importini TavisTavad gamoitaneba
citoplazmaSi an nukleoplazmaSi ukavSirdeba RanGTP-s da GAS-s.
warmoqmnili kompleqsi gadaitaneba citoplazmaSi da GTP-s gardaqmna

GDP–ad iwvevs importinis gamonTavisuflebas.
forebiT analogiurad xorcieldeba eqsportic. birTvidan, rogorc

cnobilia, xdeba ara mxolod cilebis, aramed rnp nawilakebis
transportic. gadasatan cilas an rnp nawilakSi Semaval cilas aqvs
sasignalo Tanamimdevroba. es aris birTvuli eqsportis Tanamimdevroba
(nuclear export  sequences - NES). cargo/NES Tanamimdevrobas Seicnobs da

uerTdeba eqsportini warmoqmnili kompleqsi ukavSirdeba eqsportis
receptor GAS-s. aRniSnuli kompleqsi foris gavliT gamoitaneba gareT,
sadac importis kompleqsis analogiurad disociacias ganicdis.

5.2. birTvis wveni

birTvis wveni sruliad pirobiTi cnebaa. Cveulebrivad ase birTvis
SigTavsis Txevad fazas uwodeben. birTvis wvenSi sxvadasxva
nivTierebebia gaxsnil. es aris sxvadasxva peptidi, nukleotidi, Saqari
da zogierTi cila. birTvis wvens literaturaSi xSirad nukleoplazmas
uwodeben (sur. 53 a).

5.3. birTvis matriqsi

birTvebis gansakuTrebuli meTodiT damuSavebis gziT miiReba
Taviseburi sayrdeni struqtura, romelic birTvs formas unarCunebs da
romelsac birTvis matriqss uwodeben. birTvis matriqsi ultraTxel
anaTlebze badisebr struqturad gvevlineba, romelSic varCevT
fibrilarul-granularul warmonaqmnebs. aRwerili struqtura e.w.
birTvis SigniTa fibrilarul-granuralur bades warmoadgens.

ujredis birTvis maskanirebeli (rastruli anu stereoskopuli)
eleqtronuli mikroskopis saSualebiT gamokvlevisas irkveva, rom
birTvis ConCxis (igive matriqsia) ZiriTad struqturul komponents
Taviseburi granulebi warmoadgens. matriqsis granulebi uaRresad
emsgavseba birTvis garsis forovani kompleqsis granulebs, rac birTvis
garsisa da matriqsis mWidro kavSirze miuTiTebs. sxvadasxva obieqtidan
aRebuli birTvis matriqsis granulebic erTmaneTis msgavsia. isini
Sebrtyelebuli formisaa da amave dros Sesqelebuli periferiuli
nawili gaaCniaT. safiqrebelia, rom birTvis matriqsis granulebi
suberTeulebisagan Sedgeba.

birTvis matriqsi umTavresad arahistonuri mJave cilebisagan
Sedgeba (90-98%). matriqsi lipidebisa da naxSirwylebis garkveul
raodenobasac Seicavs. unda aRiniSnos, rom eqstraqciis garkveul
pirobebSi lipidebis raodenoba SeiZleba sakmaod didi aRmoCndes (8-10%).



damuSavebas matriqsis birTvebidan gamoyofisaTvis Zalian didi
mniSvneloba aqvs. marTlac, Tu gamoyofisas matriqsi rnm-aziT ar
davamuSaveT, rnm-s didi nawili (10-20%) matriqsTan SekavSirebuli rCeba,
xolo Tu ar davamuSaveT dnm-aziT, maSin birTvis mTeli dnm
matriqsTanaa SekavSirebuli. es imas niSnavs, rom dnm (albaT, qromatini:
qromatinis Taobaze ixileT qvemoT) birTvis matriqss ukavSirdeba da
qromatinis sivrcobriv organizaciaSi monawileobs (ix. qvemoT).

matriqsis SemadgenlobaSi arCeven sam ZiriTad komponents. esenia:
birTvis garsis fibrozuli Sre anu lami-na (Lamina fibrosa, Lamina densa),
SigniTa Sre anu interqromatinuli bade da `narCeni~ birTvaki (sur. 53).

fibrozuli Sre anu lamina birTvis garsis SigniTa Sres amofens
birTvis mxridan. lamina matriqsis periferiuli nawilia, romlis
ZiriTadi cilovani komponenti arahistonuri cilebi. maT laminebs
uwodeben. lamina sami saxis cila - laminisagan Sedgeba (A, B da C
laminebi). mitozis dros laminebi xsnad fazaSi gadadis da
citoplazmaSi gvxvdeba. aRsaniSnavia, rom forovani kompleqsebi laminebs
ar Seicavs. A da C laminebi aminomJavuri Semadgenlobis mixedviT metad
msgavsia. laminis B forma A da C formebisagan arsebiTad gansxvavdeba.
glikoproteinuli bunebis es molekula ufro mWidrodaa birTvis garsis
membranasTan SekavSirebuli. SesaZloa, B lamina ganxiluli iyos rogorc
forovani kompleqsis komponenti

qromatinis nawili, kerZod ki e.w. periferiuli qromatini laminaze
magrdeba, riTac dasturdeba mosazreba dnm-s (ufro swored qromatinis)
birTvis matriqsze damagrebis Sesaxeb. fiqroben, rom dnm birTvis
matriqss gansakuTrebul wertilebSi emagreba.

sxvaTa Soris, aRmoCnda, rom mitozuri qromosomis erT-erTi
ZiriTadi komponentia misi sayrdeni anu skafoldi. gansakuTrebuli
meTodiT damuSavebisas miRebuli skafoldi inarCunebs masze mimagrebul
dnm-s maryuJebs (ufro dawvrilebiT ix. qvemoT).

interqromatinuli bade anu birTvSida sayrdeni morfologiurad
gamoiyofa mxolod qromatinis eqstraqciis Semdeg. igi qromatinis ubnebs
Soris faSari, fibrozuli badis saxiTaa ganlagebuli. am badis
SemadgenlobaSi xSirad rnp bunebis sxvadsxva granulebi gvxvdeba.

birTvis matriqsis mesame komponenti – narCeni birTvaki – mkvrivi
struqtura, romelic  birTvakis formas imeorebs. igi, interqromatinuli
badis msgavsad, mWidrod ganlagebuli fibrilebisagan Sedgeba. unda
aRiniSnos, rom birTvis matriqsis aRmoCenas rus mecniers - i.zbarskis
aweren.

5.4. qromatini

5.4.1. heteroqromatini da euqromatini

eukariotuli ujredebis birTvSi dnm warmodgenilia  rTuli
nukleoproteinuli kompleqsis saxiT, romelsac qromatini ewodeba.
termini qromatini SemoRebuli iyo 1886 wels flemingis mier im
substanciis aRsaniSnavad, romelic sxvadasxva saRebaviT da
gansakuTrebiT kargad, fuZe saRebaviT iRebeba.

interfazul birTvSi e.w. birTvuli saRebavebiT SeRebvisas
vlindeba intensiurad SeRebili marcvlebi, romlebsac imTaviTve
qromatinis marcvlebi uwodes. sul male gairkva isic, rom birTvis



danarCeni nawilic iRebeba, magram am SeRebvas difuzuri xasiaTi aqvs.
amgvarad, gamoikveTa qromatinis ori forma - euqromatini, romelic
mkrTalad iRebeba da heteroqromatini, romelic intensiurad iRebeba da
marcvlebis saxe aqvs (sur. 56). eleqtronuli mikroskopiis gamoyenebis
Semdeg gairkva, rom eu- da heteroqromatinis qimiuri Sedgeniloba
sruliad erTnairia. gansxvavdeba mxolod maTi konformacia. kerZod,
heteroqromatini gacilebiT ufro Sekrulia, kondensirebulia,
kompaqturia, vidre euqromatini da birTvis garsis Sida membranis
mimdebare ubnebSi sxva da sxav zomis, eleqtronulad mkvrivi, blokebis
saxiT aris warmodgenili.

qromatinis is ubani, romelic srulad aris  dekondesirebuli
difuzuri (aqtiuri) qromatinis saxelwodebiT aris cnobili. birTvuli
qromatinis Semad-genlobaSi arsebobs iseTi ubnebic, romelic mudmivad
kondensirebul mdgomareobaSia (magaliTad, qromosomis

centromeruli da telomeruli ubnebi). aseT qromatins
heteroqromatini ewodeba. arsebobs ori saxis heteroqromatini:
konstituciuri da fakultaturi.

konstituciuri heteroqromatini aris genetikurad araaqtiuri,
aratranskribirebadi qromatini. misi replicireba  yvelaze gvian xdeba.
mis SemadgenlobaSi Sedis e.w. satelituri dnm (ganmeorebadi
nukleotiduri TanamimdevrobebiT mdidari). konstituciuri
heteroqromatinis funqciuri mniSvneloba bolomde ar aris garkveuli.

suraTi 56. interfazuli birTvi heteroqromatinis da euqromatinis
blokebiT (p. WeliZe x 40000)

1 - euqromatini; 2 - birTvakTan asocirebuli qromatini; 3 - birTvaki;
4 - heteroqromatini; 5 - birTvis garsi.

fakultaturi heteroqromatini Seicavs dnm-s iseT Tanamimdevrobas,
romelic erTi tipis ujredebSi heteroqromatinSi Sedis, xolo sxva
tipis ujredSi euqromatinis SemadgenlobaSi vlindeba. ase magaliTad
mamrobiTi sqesis adamianis ujredebSi X qromosoma dekondesirebuli da
aqtiuria. mdedrobiTi sqesis ujredebis ori sasqeso X qromosomidan
erTi arsebobs difuzur anu aqtiur mdgomareobaSi, meore -



kondensirebul anu araaqtiurSi. aseT mdgomareobaSi is SeiZleba
adamianis mTeli sicocxlis ganmavlobaSi iyos. rogorc ki aseTi
qromosomis replicirebis Sedegad warmoqmnili sruli asli (axali X
qromosoma) moxvdeba mamrobiT Svileul ujredSi, isev gaaqtiurdeba.
inaqtivirebuli X qromosoma birTvis periferiaze warmoqmnis
heteroqromatinis diskretul bloks, romelsac baris sxeulaki ewodeba.
mas kvercxis forma aqvs.

interfazul birTvSi qromatini ganawilebuli aris Tanabrad an
warmoqmnis sxvadasxva zomis agregatebs – qromocentrebs. aseTi
agregatebi ufro xSirad birTvis periferiaze gvxvdeba. zogjer birTvis
SigniT qromocentrebi Tavisebur qsels warmoqmnis.

suraTi 57. ujredis birTvis struqturuli tipebi
a) difuzuri; b) qromocentruli; g) qromonemuri;

d) qromonemur-qromocentruli; e) qromosomuli; v) birTvi
politenuri qromosomebiT.

qromatinis ganawilebis mixedviT birTvis ramdenime struqturuli
forma arsebobs. esenia: difuzuri, qromocentruli, qromonemuri,
qromonemur-qromocentruli, qromosomuli da birTvi politenuri
qromosomebiT (sur. 57).

5.4.2. qromatinis qimiuri Semadgenloba

sxvadasxva obieqtebidan gamoyofili qromatinis Seswavlam aCvena,
rom birTvis am mniSvnelovan struqturas erTgvarovani Sedgeniloba aqvs.
xazi unda gaesvas imas, rom qromatini ar aris calke nivTiereba, aramed
sxvadasxva qimiuri komponentebisgan Semdgari agregatia, romelic
mowodebulia moagvaros genebis aqtiuroba.

qromatinis ZiriTadi qimiuri komponentebia: dnm (40%) da cilebi
60%). qromatinis SemadgenlobaSi Semavali cilebis 40-80%-s fuZe cilebi
- histonebi Seadgens. danarCeni - mJave arahistonuri cilebia (ix. zeviT).
garda amisa, qromatinis SemadgenlobaSi Sedis: rnm, naxSirwylebi,
lipidebi, glikoproteidebi, membranuli komponentebi. dRemde ar aris



sabolood gadawyvetili ramdenad Sedis es minoruli komponentebi
qromatinis struqturaSi. ase magaliTad, rnm SeiZleba aris
axladsinTezirebuli molekula, romelsac jer ara aqvs gawyvetili
kavSiri dnm-Tan.

qromatinSi Semavali dnm-is molekulis sigrZe varirebs ramdenime
aseuli mikrometridan ramdenime santimetris farglebSi. aseve
gansxvavebulia dnm-s molekuluri masebic. magaliTad, drozofilas 2 sm
sigrZis dnm-s molekuluri masa Seadgens 41x109-s; safuarebis dnm-s
molekuluri masa aris 1x108-109, sigrZe - 0,5 mm.

eukaruiotuli ujredebis dnm nukleotiduri Tanamimdevrobebis
mixedviT heterogenuli molekulaa. masSi arCeven nukleotiduri
Tanamimdevrobebis sam klass: xSirad ganmeorebadi Tanamimdevrobebi (106-
jer ganmeorebadi); zomierad ganmeorebadi (102-105) da unikaluri
Tanamimdevrobebi. sxvadasxva organizmebis birTvul dnm-Si
gansxvavebulia am klasebis wili. amiT SeiZleba aixsnas  agreTve,
sxvadasxva obieqtebSi dnm-s gansxvavebuli Semcveloba.

5.4.3. qromatinSi dnm-s organizaciis struqturuli doneebi

qromatinis struqturis mravali mxare jerac ucnobia da didwilad
gaugebari. gansakuTrebiT mniSvnelovania imis gageba, Tu rogor aris
qromatinis SemadgenlobaSi myofi dnm-s uzarmazari molekulebi
Calagebuli birTvebSi, romelTa diametri saSualod 5-10 mkm tolia.
sakmarisia gavixsenoT, rom adamianis ujredebis birTvebi itevs dnm-s
molekulebs, romelTa saerTo sigrZe 1,72 metrs udris. imTaviTve cxadia,
rom dnm-s kopmpaqtizacia (kondensacia) birTvSi mis moTavsebis
aucilebeli pirobaa. arCeven qromatinSi dnm-s organizaciis oTx dones.
esenia: pirveli done – nukleosomuri fibrila (10 nm); meore done –
nukleomera (30 nm-is fibrila - solenoidi da superbidi); mesame done –
qromomera (0,2-0,3 mkm) da meoTxe done – qromonema (0,7-0,8 mkm). ganvixiloT
TiToeuli maTgani.

5.4.3.1. qromatinis kompaqtizaciis pirveli done - nukleosomuri
fibrila

1973 w. d.siuiSma da l.burJainma (avstralia) daadgines, rom garkveul
pirobebSi nukleaziT damuSavebisas qromatinis dnm daaxloebiT tol
fragmentebad iSleba (daaxloebiT 200 wyvili nukleotidi). amrigad,
gairkva, rom qromatinis dnm ganmeorebadi fragmentebisagan Sedgeba. sul
male a.olinsma da d.olinsma (aSS) eleqtronuli mikroskopiis
saSualebiT gamoavlines qromatinSi mZivisebri struqtura. amasTan,
`mZivebi~ sakmaod zusti periodulobiT ganlagebuli aRmoCnda. bolos
r.kornbergma (kembriji, didi britaneTi) daadgina, rom yoveli marcvali
Sedgeba dnm-s fragmentisagan, romlis sigrZe 150-200 n.w.-s udris. garda
amisa, maTSi rva molekula histoni Sedis. esenia: H2A, H2B, H3 da H4
histonebi, romlebic Tavisebur gulgulad (kori, inglisuri core-dan)
aris Sekruli. TiToeuli histoni korSi warmodgenilia ori asliT.
aRmoCnda, rom dnm-s fragmenti (146 nukleotiduri wyvili - n.w.) histonur
korze (gulgulze) aris daxveuli. amasTan, dnm korze marcxena
spiraladaa daxveuli (sur. 58).



suraTi 58. qromatinis struqturuli organizaciis
I done - nukleosomuri fibrila (10 nm).

TavisTavad cxadia, rom calkeuli nukleosoma bunebaSi ar gvxvdeba.
nukleosomebi erTmaneTTan gadabmuliadnm-s TiTqos da SemaerTebeli
ubnebiT, romlebsac linkeruli dnm ewodeba. sinjaraSi gamoyofil
qromatinSi nukleosomebs Soris manZili daaxloebiT 100-200 Ås udris. am
Zafis diametri 100 Å-s udris. am 100 Å-ian mZivisebr struqturas dnm-s
kompaqtizaciis pirveli done anu nukleosomuri fibrila ewodeba.

nukleosomaSi gansakuTrebuli adgili ukavia H1 histons, romelic
swored linkerul ubanSi aris ganTavsebuli. is moicavs 34 n.w. da aqedan
gamomdinare, erT nukleosomaSi mTlianad Sedis 200 n.w. H1 histoni
transkripciis regulaciaSi iRebs monawileobas. es marTlac asea, magram
rogorc ukve ramdenjerme iTqva, transkripciis regulirebis meqanizmebi
da masTan dakavSirebuli sakiTxebi molekuluri biologiis sagans
warmoadgens da aq ganxiluli ar iqneba.

dResdReobiT iTvleba, rom nukleosomebTan dakavSirebul dnm-s
ubnebSi transkripcia (rnm-s matriculi sinTezi) ar mimdinareobs. ase Tu
ise, dasturdeba mosazreba, rom histonebi genebze damTrgunvelad
moqmedebs. dnm-s nukleosomebisagan Tavisufali ubnebi aqtiurad iTvleba.
TumcaRa aRricxulia iseTi SemTxvevebic, rodesac rnm dnm-s
nukleosomebiT mdidar ubnebSic sinTezirdeboda. es sakiTxi jer kidev
bolomde Seswavlili ar aris. rogorc ukve iTqva, qromatini
arahistonur mJave cilebsac Seicavs. iTvleba, rom mJave cilebi
qromatinis dnm-s aranukleosomur ubnebs uerTdeba.

amgvarad, dnm-s organizaciis pirveli done, romelic 6-7-jer zrdis
dnm-s SemWidrovebas, qromatinis rogorc struqturas, aseve misi
aqtiurobis regulacias gansazRvravs.

5.4.3.2. qromatinis kompaqtizaciis meore done (solenoidi da
superbidi)

nukleosomuri struqtura ar iqneboda sakmarisad kompaqturi dnm-s
didi molekulebis ujredebis birTvebSi CatevisaTvis. qromatinis
organizaciis meore dones nukleomers uwodeben. mowodebulia
qromatinis superspiralizaciis ori modeli. pirveli maTganis mixedviT
dnm, inarCunebs ra nukleosomur struqturas, daxveulia solenoidis
msgavsad (sur 59 a). aseTi solenoidis modelad nebismieri, raime RerZze
daxveuli mZivi gamodgeba. aseT modelSi mZivis yoveli marcvali
nukleosomis Sesabamisi iqneba.



suraTi 59. qromatinis struqturuli organizaciis
II done – nukleomera (30 nm)
a) solenoidi; b) superbidi.

meore models Cveulebriv superbiduls uwodeben (supperbead). `bidi~
inglisurad mZivis marcvals niSnavs. superbiduli modeli gulisxmobs,
rom nukleosomis jgufi ikvreba mWidro marcvalad - bidad. amgvarad,
marcvali - bidi anu nukleomeri 6-dan 12-mde nukleosomas Seicavs (sur.
59 b). bidis diametri daaxloebiT 300Å udris, xolo mTlianad ki
mZivisebur struqturas 300Å fibrilas uwodeben. superbiduli modeli
SeiZleba aseve mZivis saSualebiT warmovsaxoT. zogjer am struqturas
nukleomersac uwodeben. orive modelis Tanaxmad dnm-s molekula 40-jer
ufro mWidrod aris Calagebuli.

Zneli saTqmelia, romeli modelia marTebuli. SesaZlebelia, orive
am modeliT nagulisxmevi struqtura, rogorRac Tanaarsebobs
qromatinSi. dResdReobiT ufro gavrcelebuli solenoiduri modelia,
magram es mis siswores sulac ar niSnavs. es problema udavod Semdgom
guldasmiT gamokvlevas moiTxovs.

5.4.3.3. qromatinis kompaqtizaciis mesame done - qromomera

Semdegi nabijebi qromatinis struqturis Sesaxeb ingliselma
mecnierebma p.kukma da i.brezelma gadadges. maT daadgines, rom Tu
qromatins yvela histoni gamovacaleT, dnm rCeba birTvebSi birTvuli
matriqsis SemadgenlobaSi. amasTan, superspiralizirebuli dnm
(solenoidis an super-biduli jaWvis saxiT) maryuJebs qmnis. aqedan
gakeTda daskvna, rom dnm gansazRvrul adgilebSi birTvis ConCxs
umagrdeba.

SemdgomSi u. lemlim (Sveicaria) gansakuTrebulad damuSavebis
Sedegad, eleqtronuli mikroskopis saSualebiT aCvena, rom dnm mTlianad
Sedis maryuJebSi, romelTagan yoveli 30-90 aTas n.w. Seicavs. maryuJebi
gansakuTrebul arahistonur cilovan struqturebTanaa damagrebuli. maT
`qromosomebis sayrdens~ anu `ConCxs~ uwodeben. rogorc Cans,
`qromosomebis ConCxi~ birTvis matriqsis nawili an misi warmoebulia. es
sakiTxi dResdReobiT gaurkvevelia. cilovan RerZovan struqturas,
romelsac qromatinis superspirali emagreba, xSirad `skafolds~
uwodeben (inglisuri scaffold - samagri). maryuJebi (15-80) periodulad
ganlagebul rozetebs qmnian (sur. 60).



suraTi 60. qromosomuli organizaciis III (qromomera) da IV
(qromonema) doneebi

rozetebi eleqtronogramebze Semsxvilebebs qmnian, romlebsac
qromomerebs uwodeben. zogierTi avtori fiqrobs, rom birTvis
matriqsTan an qromosomis ConCxTan mimagrebis adgilas nukleotidebis
sruliad gansazRvruli e.w. Camketi mimdevrobebia ganlagebuli.

Tumca am mosazrebas yvela ar iziarebs. qromomeraSi dnm-s Calagebis
simWidrove 600-700-jer izrdeba.

5.4.3.4. qromatinis kompaqtizaciis meoTxe done - qromonema

rogorc qromatinis kompaqtizaciis mesame donis, aseve dnm-s
kompaqtizaciis Semdegi donis warmoqmnaSi monawileobs arahistonuri
cilebi. kopaqtizaciis xarisxis Semdgomi gazrdis Sedegad warmoiqmneba
Zafisebri struqtura sisqiT 0,7 mkm. am sturuqturas qromonema ewoda.
aRsaniSnavia, rom dnm-s kompaqtizaciis yoveli done maryuJebis
warmoqmnis gziT miiReba. qromonema SeiZleba gamovlindes ujredSi
(rogorc mcenareul, aseve cxovelurSi) mitozis dros - profazaSi
qromosomis gamoCenamde da telofazaSi qromosomebis dekondensaciis
dawyebis Semdeg. literaturaSi maT xSirad qromosomis Zafebis saxeliT
moixseneben. Tumca, dRemde ucnobia, arsebobs Tu ara interfazul
ujredSi dnm-s kompaqtizaciis ufro maRali done metafazur
qromosomamde.

5.4.4. qromosomebi



sinaTlis mikroskopSi qromosomebi kargad metafazasa da anafazaSi
Cans. metafazaSi qromosomebi ujredis ekvatorze gayofis RerZisadmi
perpendikularul sivrceSi lagdeba. am dros kargad Cans, rom arsebobs
sxvadasxva formis qromosoma. garda amisa, sxvadasxva sistematikuri
jgufis individis ujredebi qromosomebis gansxvavebul ricxvs Seicavs.
ase magaliTad adamianis ujredebSi aris 46 qromosoma, drozofilas - 8.
niSan-TvisebaTa jgufs, romliTac qromosomebis sxvadasxva nakrebi
erTmaneTisgan gansxvavdeba, kariotipi ewodeba. amgvari niSan-Tvisebebia -
qromosomebis forma da ricxvi.

sxvadasxva organizmis ujredebSi qromosomebis sigrZe
gansxvavebulia da varirebs 0,2-50 mkm-is farglebSi. yvelaze mokle
qromosoma aqvs zogierT umartives organizms, sokoebs da
wyalmcenareebs. adamianis qromosomis sigrZe aris 1,5 mkm-dan 10 mkm-mde.
yvelaze didi qromosoma aRwerilia mag. amfibiebSi, zogierT mwerebSi da
sxva.

qromosoma aris Cxirisebri struqtura, romelSic arCeven Semdeg
nawilebs: qromosomis sxeuli (ori mxare), centromera da telomera.
centromera – ubani, sadac qromosomis ori mxari erTdeba. centromerac
granulas warmoadgens. is e.w. pirveladi Seviwroebis ubanSia
ganlagebuli (sur. 61).

suraTi 61. a – metafazuri qromosomis agebuleba,
b – eleqtronograma, g – qromosomis formebi

1 - centromera; 2 - telomera; 3 - qromosomis mxari; 4 - diseuli
qromatida.

Zalian iSviaTad, qromosomas ori an meti centromera aqvs.
centromeras maxlobel ubnebs qromosomis centromerul ubnebs, xolo
centromeradan maqsimalurad daSorebul ubnebs ki telomerul ubnebs
anu telomeras uwodeben.

telomereuli ubnebi Seicavs e.w. telomerul dnm-s, romelic dnm-s
replikaciis procesSi icavs qromosomas damoklebisgan. garda amisa,
telomeruli ubnebis arsebobis SemTxvevaSi ar xdeba sxvadasxva
qromosomis Sewebeba. pirveladi Seviwroebis ubanSi aris e.w.
centromeruli satelituri dnm, romelic gamoirCeva maRali sixSiriT
ganmeorebadi Tanamimdevrobis SemcvelobiT. pirveladi Seviwroebis anu
centromerul ubanSi aris firfitisebri struqtura kinetoqori,
romelsac mikromilakebi ukavSirdeba. am mikromilakebiT xdeba
qromosomebis moZraoba mitozis da meiozis fazaSi (sur. 62).



suraTi 62. metafazuri qromosomis kinetoqori

centromerebi, mikromilakebis dakavSirebis mixedviT aris
holocentruli (mikromilakebi sxvadasxva adgilze ukavSirdeba
qromosomas) da monocentruli (mikromilakebi mxolod erT ubanSi
ukavSirdeba qromosomas). kinetoqoris agebuleba da funqciebi yvela
eukariotul ujredSi msgavsia.

kinetoqorebi yvelaze kargad umaRles organizmebSia Seswavlili.
TiTo qromosomas erTi kinetoqori aqvs. kinetoqorSi arCeven sam Sres:
SigniTa, mkvrivi, romelic ekvris qromosomis sxeuls, Sua - faSari da
gareTa - mkvrivi. gareTa Sridan gamodis fibrilebi, romlebic
kinetoqoris gvirgvins qmnis. SigniTa Sris qveS moTavsebulia
satelituri dnm da kinetoqoris cilebi (CENP-B, CENP-A, CENP-G,  MCKA
da sxva).

zogierTi qromosomis distalur ubanSi SeimCneva meoradi
Seviwroeba. qromosomis Sesabamis ubnebs birTvakis organizatori
ewodeba. interfazul birTvSi am ubanSi  birTvaki formirdeba. meoradi
Seviwroeba gamoyofs  zogierT qromosomaSi kidev erT morfologiur
elements e.w. Tanamgzavrs anu satelits. es mrgvali an wagrZelebuli
moyvanilobis sxeulakia, romelic qromosomis danarCeni nawilisagan
qromatinis wvrili ZafiTaa gamoyofili. Tanamgzavris qromosomasTan
SemaerTebeli Zafi SeiZleba sxvadasxva sigrZis iyos). mocemuli
qromosomis sateliti da Sesabamisi Zafi gansakuTrebuli da mudmivia.

arc Tu ise didi xania, rac gairkva, rom meoradi Seviwroeba
mxolod SeRebvisas da sinaTlis mikroskopis saSualebiT ganxilvisas
Cans. sinamdvileSi aq araviTari Seviwroeba ar arsebobs. eleqtronuli
mikroskopis saSualebiT Seswavlisas `meoradi Seviwrovebis~ adgilas
raRaca elifsoiduri struqtura Cans. am aRmoCenam didad araferi
Secvala - meoradi Seviwroebis Sesabamisi ubani udaod birTvakis
organizatorTan aris dakavSirebuli.

fluorescentul mikroskopSi specialuri fruoloqromis
gamoyenebis Semdeg SeiZleba davinaxoT qromosomis ganivzoliani
moxatuloba (qromosomis diferencialuri SeRebvis meTodi, romelic
pirvelad mowodebuli iyo kasperinis mier). aseTi SeRebvis Semdeg mTel
qromosomaSi vlindeba naTeli da muqi zolebi, romelTa raodenoba
qromatinis kondensaciis xarisxze aris damokidebuli (naTeli zolebi
Seesabameba dekondesirebul ubans, muqi zolebi – kondensirebuls).

centromerisa da qromosomis mxrebis urTierT- mimarTebis mixedviT
qromosomebis oTx formas gamoyofen: telocentruli qromosoma, romlis
centromera qromosomis bolozea ganlagebuli; akrocentruli
qromosoma, romlis qromatidas erTi mxari meoreze bevrad mcirea;
submetacentruli qromosoma, romlis qromatidas araTanabari mxrebi aqvs



da metacentruli qromosoma, romlis qromatidas Tanabari zomis mxrebi
axasiaTebs (sur. 61).

1887 wels t.boveris mier gamoTqmuli iyo mosazreba (qromosomis
uwyvetobis Teoria), rom dayofis Semdeg qromosoma kargavs Tavis formas
da interfazul birTvSi qromatinis saxiT aris warmodgenili. amis
sasargeblod metyvelebs is faqti, rom zogierTi obieqtis interfazul
birTvSi SeRebvis specialuri meTodebis gamoyenebiT SeiZleba
qromosomis centromeruli da telomeruli ubnebis analogiuri
specifikuri ubnebi gavarCioT.

5.4.4.1. politenuri da lampris jagrisisebri qromosomebi

zogierTi orfrTiani mweris (magaliTad, drozofilas da koRos)
sanerwyve jirkvlebis ujredebSi gigantur anu politenur qromosomebs
vxvdebiT. politenuri qromosomebi metad gasqelebulia. es imiT aixsneba,
rom polite-nuri qromosoma Cveulebrivze daaxloebiT 1000-jer met dnm-s
Seicavs da Sesabamisad, 1000 asls aerTianebs. politenuri qromosomebi
ganivi zolebiT anu diskoebiT aris warmodgenili. diskoTa Soris ubnebi
mkrTalad aris SeRebili. zogierTi disko Sesqelebulia da e.w. `pufs~
anu balbianis rgols qmnis. `pufis~ gaCena Sesabamis ubanSi mdebare genis
gaaqtiurebas asaxavs  (sur. 63).

suraTi 63. politenuri
qromosoma. a - eleqtronograma; b - da g - sqema.

1. qromatinis transkribirebadi ubnis dekondensacia pufis ubanSi. 2.
erTi-erTi qromatida axladsinTezirebuli rnm-s fibrilebiT.

kudiani amfibiebis oocitebSi qromosomebis kidev erTi modifikacia
gvxvdeba. maT lampris jagrisisebri qromosomebi uwodes. pirveli
SexedviT amgvari qromosomebi lampris SuSis (an, rac igive WurWlis)
gasawmend jagrisebs mogvagonebs (sur. 64).

es ki ganpirobebulia qromosomis RerZis perpendikularulad
ganlagebuli gamonazardebiT, dnm-s maryuJebiT. rogorc Cans, maryuJebis
ubnebi nukleosomebs moklebulia, ris gamoc maryuJebi sinTezurad
Zalian aqtiurni arian. RerZis war-momqmneli ubnebi ki araaqtiuria - am
ubnebSi transkripcia ar mimdinareobs. maryuJebi bususebiTaa dafaruli.
bususebi sinTezirebul rnm-s da masTan SekavSirebul cilebs
warmoadgenen.



suraTi 64. lampris jagrisisebri qromosoma
a) ori qromatida masze ganlagebuli gverdiTi maryuJebiT; b)

maryuJis wyvili qromatidaze (isrebi aRniSnavs. transkripciis
mimarTulebas).

qromosomebis struqturis aRwerili modifikaciebi sasqeso
ujredebis Camoyalibebis procesSi (gametogenezi) sinTezuri aqtiurobis
gaZlierebas emsaxureba. es gansakuTrebiT kvercxujredis Camoyalibebas
exeba. am procesis zogierTi safexuri qveviT iqneba aRwerili.

5.5. birTvaki

eukriotuli ujredebis birTvis erT-erT mniSvnelovan komponents,
romelsac interfazul birTvSi, Cveulebriv, sferosebri forma aqvs,
birTvaki (pirvelad 1774 wels aRmoaCina fontanam) ewodeba. es aris
qromosomis specializirebuli ubani (adamianis SemTxvevaSi me-13, me-14, me-
15, 21-e da 22-e qromosoma), sadac koncentrirebulia intensiurad
funqcionirebadi ribosomuli genebi (5 S rnm-s Sesabamisi genebis garda,
romlebic adamianis SemTxvevaSi lokalizebulia pirvel qromosomaSi).
ujredebSi birTvakebis raodenoba meryeobs 1-5 farglebSi. maTi
raodenoba mudmivia erTi da igive tipis ujredebSi. zogierT sasqeso
ujredSi birTvakebis raodenoba ramdenime aseuls aRwevs. ujredSi
birTvakebis raodenoba ganisazRvreba birTvakis maorganizebeli ubnebis
ricxviT. amave dros, umetes SemTxvevaSi birTvakebis raodenoba birTvakis
maorganizebeli ubnebze ufro mcirea. es imiT aris ganpirobebuli, rom
zogjer birTvakis maorganizebel ubnebis Serwyma xdeba da erT
birTvakSi Sedis.

5.5.1. ribosomuli rnm-s makodirebeli genebi

eukariotebis ujredebSi ribosomuli genebi ramdenime aseuli piriT
(asliT) aris warmodgenili. genebi Tandemad lagdebian (Tandemi -
ramdenime adgiliani velosipedia, romelzedac mgzavrebi erT rigad



sxedan). eukariotuli ujredebis ribosomul genebs universaluri
struqtura gaaCnia. masSi arCeven: aratranskribirebad (speiseruli dnm)
da transkribirebad Tanamimdevrobebs (transkripciis erTeuli).
transkripciis erTeulidan sinTezirdeba 45S rnm, roemlic Semdgom
iSleba sam sxvadasxva molekulad. esenia: 28 S, 18 S da 5,8 S rnm-ebi. 5S
ribosomuli rnm-s geni, gansxvavebiT prokariotebisagan, maTgan
moSorebiT mdebareobs. zogjer ribosomuli genebi qmnian damatebiT
aslebs, romelTa ricxvma ramdenime aTaseuls SeuZlia miaRwios. am
process genebis amplifikacia ewodeba.

prokariotebSi Sesabamisi sami rnm-s makodirebeli genebi erT
operonad aris Sekruli da gverdigverd aris ganlagebuli Semdegi
mimdevrobiT: 16S, 23S, 5S. amave operonSi Semodian zogierTi t-rnm-s
genebic. ribosomebSi cilebi rnm-ebs ribosomebis awyobis procesSi
uerTdebian.

5.5.2. birTvakis komponentebi

birTvakSi xdeba r-rnm-s sinTezi, aseve aq xorciel-deba
axladsinTezirebuli pre-r-rnm-s saboloo momwifeba, ribosomul
cilebTan SekavSireba da preribosomuli nawilakebis Camoyalibeba.
amrigad, birTvaki aris SidabirTvuli struqtura (1-5 mkm), romelic
garkveuli procesebis dinamikis morfologiuri asaxvaa. Sesabamisad,
birTvakSi ansxvaveben struqturebs, romlebic Seicaven ribosomul dnm-s
(ribosomul genebs), pre-r-rnm-s da momwifebul rnm-s molekulebs.
(SemoklebiT: r-dnm - ribosomuli dnm; r-rnm ribosomuli rnm; pre-rnm -
rnm-is winamorbedi Camouyalibebeli rnm).

birTvakis komponentebi SesamCnevad gansxvavdeba morfologiurad.
maT aqvT gansxvavebuli eleqtronuli simkvrive da ara erTgvarad
iRebeba ama Tu im saRebaviT. birTvakuli komponentebi mudmivad gvxvdeba
yvela cxovelur da mcenareul ujredebSi. yvelaferi es aadvilebs maT
identifikacias ultrastruqturul doneze. terminologiuri sizustis
TvalsazrisiT, birTvakis yovelma struqturulma komponentma miiRo
Tavisi zusti dasaxeleba, romelic gamomuSavebuli iyo saerTaSoriso
nomenklaturis Tanaxmad (sur. 65).

birTvakis struqturaSi ansxvaveben: fibrilarul da granularul
komponentebs, matriqss, birTvakTan asocirebul qromatins da
intersticiebs. fibrilaruli da granularuli komponentebi birTvakis
eleqtronulad mkvriv nawils qmnis. Tavis mxriv, fibrilaruli
komponenti or mkveTrad gansxvavebul nawilisagan Sedgeba. erT-erT
maTgans axasiaTebs SedarebiT dabali eleqtronuli simkvrive da
cnobilia fibrilaruli centrebis (fc) saxeliT, xolo meores
axasiaTebs maRali eleqtronuli simkvrive da cnobilia rogorc mkvrivi
rnp-fibrilaruli komponenti.

fibrilaruli centrebi - es aris momrgvalo formis struqturebi,
romlebic Seesabamebian mitozuri qromosomebis birTvakis maorganizebel
ubnebs. es daskvna gamotanilia im gamokvlevebidan, romlebSic iqna
dadgenili rom am struqturuli elementis SemadgenlobaSi Sedis
ribosomuli dnm. morfologiurad isini warmoqmnilia faSarad
ganlagebuli fibrilebisagan, romlebic xasiaTdebian dabali
eleqtronuli simkvriviT. fibrilaruli centrebis SemadgenlobaSi
Semavali ribosomuli dnm warmodgenilia aranukleosomuri 2-5 nm sisqis



fibrilebiT. ribosomuli dnm-s garda, fibrilarul centrSi
Tavmoyrilia specifikuri cilebi, maT Soris rnm-polimeraza I,
topoizomeraza I   da ribosomuli qromatinisTvis specifikuri
argentofiluri cilebi.

suraTi 65. birTvakis struqtura
(eleqtronograma, p.WeliZe, X400 000)

1 - birTvaki; 2 - fibrilaruli centri;
3 - mkvrivi fibrilaruli komponenti; 4 - granularuli komponenti; 5

- birTvakTan asocirebuli qromatini; 6 - laminasTan asocirebuli
heteroqromatini; 7 - birTvis garsi; 8 - vakuoli; 9 - nukleolonema.

mkvrivi rnp-fibrilaruli komponenti warmoadgens 4-8nm sisqis
mWidrod ganlagebul fibrilebs, romlebic gars ekvrian fibrilarul
centrs. Tavisi qimiuri SemadgenlobiT es birTvakuli komponenti
Seesabameba axladsinTezirebul 45S pre-r-rnm-s. iq sadac mimdinareobs
ribosomuli genebis transkripcia, mag. fibrilaruli centrebis
zedapirze, yvelgan mfk (mkvrivi fibrilaruli komponenti) gvxvdeba. mfk
Cndeba im ubnebSic, sadac SeimCneva adre inaqtivirebuli genebis
amuSaveba da Sesabamisad, birTvakSida qromatinis nukleosomuri
fibrilebis dekondesacia (gaSla).



birTvakis granularuli komponenti warmodgenilia mkvrivi
nawilakebiT, romelTa saSualo diametri Seadgens 15-20 nm-s. Tavisi
zomebiT da morfologiiT granularuli nawilaki warmoadgens
preribosomebs, romlebic Seicaven r-rnm-s momwifebis sxvadasxva etapze,
maT Soris sruliad momwifebul 18S da 28S r-rnm-s. Cveulebriv
granularuli komponenti birTvis periferiazea ganTavsebuli. zogjer
granularuli da fibrilaruli komponenti mTel birTvakSi Tanabrad
aris ganawilebuli. dadginda, rom birTvakis zonaSi myofi preribosomebi
ukve dakavSirebulni arian citoplazmidan Semosul zogierT specifikur
ribosomul cilebTan da sakmaod swrafad iwyeben preribosomebis
awyobas.

birTvakis SemdgenlobaSi vlindeba agreTve cilovani ConCxi –
matriqsi. matriqsi ar aris mkveTrad gamoyofili komponenti. es aris
faSari bade, romliTac Sevsebulia birTvaki. matriqsis elementebi
uzrunvelyofs birTvakis sivrciT organizacias.

birTvakul komponentebs miekuTvneba agreTve intersticiebi, mcire
zomis vakuolebi. intersticiebi aris sxvadasxva zomis eleqtronulad
naTeli sivrceebi, romlis Semadgenloba praqtikulad ar gansxvavdeba
nukleoplazmisagan.

birTvakTan asocirebul qromatinSi ansxvaveben perinukleolarul
da intranukleolarul qromatins. intranukleolaruli qromatini,
romelic warmodgenilia 20-30nm sisqis nukleosomuri fibrilebiT,
ganWolavs birTvakis mTel sxeuls da akavSirebs erTmaneTTan
fibrilarul centrebs e.i. qmnis erT mTlian funqciur sistemas.
gansxvavebas r-dnp-s (ribosomuli dnm-proteini) fibrilebis sisqeSi
dReisaTvis xsnian imiT, rom fibrilarul centrebSi da maT zedapirze
moTavsebulia transkrip-ciulad aqtiuri (f.c. zedapirze) an potenciurad
aqtiuri (f.c. sisqeSi) wvrili (7-10 nm) aranukleosomuri ribosomuli
qromatinis fibrilebi. xSirad, birTvakSida qromatini warmodgenilia
nukleosomuri fibrilebiT, romlebic araaqtiur ribosomul genebs
Seicavs.

birTvakSi e.w. damatebiT morfologiur elementebs - birTvakul
vakuolebs arCeven. birTvakuli vakuolebi aris msxvili vakuolebi,
romlebic droebiTi warmonaqmnia da Cndeba gansazRvrul pirobebSi da
garkveul ujredebSi. ara erTxel aRniSnula, rom termini birTvakuli
vakuoli ar miesadageba mis zust mniSvnelobas, radgan klasikurad
vakuoli unda Semofargluli iyos membraniT. amave dros, birTvakul
vakuolebs araviTari membrana ar gaaCniaT. miuxedavad amisa, es termini
ara marto miRebulia saerTaSoriso nomenklaturiT, aramed farTod
gamoiyeneba sxvadasxva avtorebis mier.

zemoT CamoTvlili komponentebis garda, birTvakis struqturaSi
ansxvaveben kidev erT elements, romelic ar warmoadgens damoukidebel
komponents. kerZod, Zlier dekondensirebuli r-qromatinis Wimebi
(romlebic calkeul fibrilarul centrebs Soris arian lokalizebuli)
dafarulia axladsinTezirebuli r-rnm-s fibrilebiT da warmoiqmneba
mkvrivi fibrilaruli komponentisagan Semdgari daxlarTuli qseli,
romelsac nukleolonemas uwodeben. nukleolonema warmoadgens yvela
aqtiuri birTvakis aucilebel struqturul elements. igi standartuli
sisqisaa (daaxloebiT 300-500 nm) da aerTianebs yvela fc-s. amrigad,
nukleolonema da fc aqtiur birTvakebSi qmnian erTian uwyvet funqciur
sistemas.



birTvaki mdidaria cilebiT. qromatinTan asocirebuli cilebis
garda, masSi Sedis specifikuri birTvakuli cilebi (fibrilarini,
nukleolini, nukleofozmini, UBF da sxva) da ribosomuli cilebi.
birTvakuli cilebis garkveuli jgufisTvis, romlebic mdidaria
disulfiduri  kavSirebiT, damaxasiaTebelia argentofiluroba
(vercxlis nitratisadmi maRali mgrZnobeloba).

5.5.3. birTvakis morfologiuri tipebi

birTvakis struqturuli organizacia, uSualod aris damokidebuli
TiToeuli komponentis raodenobasa da topografiaze. amave dros r-
genebis funqciuri aqtiurobis cvlilebisas icvleba zemoT CamoTvlili
komponentebis rogorc topografiuli aseve raodenobrivi maCveneblebic.
Sesabamisad, icvleba birTvakis sivrciTi organizaciac. aqedan
gamomdianreobs, rom ribosomebis biogenezSi mimdinare cvlilebebi
pirdapir aisaxeba birTvakis struquturaze. kerZod, ribosomuli genebis
aqtivaciisas SeimCneva rigi kanonzomierebani:

a) fibrilaruli centrebis raodenoba izrdeba, Tumca maTi
individualuri zomebi mcirdeba.

b) matulobs mfk-s raodenoba da yalibdeba nukleolonemis qseli.
g) matulobs granularuli komponentebis raodenoba.
d) farTovdeba vakuolaruli qseli, ris gamoc birTvakis moculoba

izrdeba.
e) mkveTrad mcirdeba intranukleolaruli kondensirebuli

qromatinis raodenoba.
r-genebis aqtiurobis Semcirebisas viTardeba sawinaaRmdego

procesebi, rasac moyveba birTvakis moculobis Semcireba da struqturis
gamartiveba. erT-erT aseT movlenas warmoadgens r-genebis inaqtivacia
sxvadasxva qimiuri da fizikuri inhibitorebiT an paTologiuri
cvlilebebi, rodesac birTvakSi granularuli da fibrilaruli
komponentebi mkveTrad gamijnulia erTmane-Tisagan. am movlenas
birTvakuli segregacia ewodeba.

zemoT aRwerili procesebis sxvadasxva intensiurobiT  ganviTareba
warmoqmnis birTvakis struqturuli organizaciis mravalferovnebas,
romelic detalurad aris Seswavlili da klasificirebuli. amJamad
ansxvaveben birTvakis struqturuli organizaciis 5 ZiriTad tips:
rgoliseburs, retikulurs (an nukleolonemurs), kompaqturs,
segregirebuls da narCen birTvaks.

rgoliseburi tipis birTvakebi ZiriTadad gamovlenilia cxovelur
ujredebSi, eleqtronul mikroskopSi maT rgolisebri agebuleba aqvT,
sadac optikurad naTeli zona moTavsebulia centrSi da fibrilarul
centrs Seesabameba. mis garSemo lokalizebulia mkvrivi fibrilaruli
komponentis Txeli Sre da granularuli komponenti. aRwerili
birTvakebis diametri ar aRemateba 1mkm-s. tipiuri rgolisebri birTvaki
damaxasiaTebelia periferiuli sisxlis limfocitebisaTvis, Timocite-
bisaTvis da endoTeliocitebisaTvis e.i. iseTi ujrede-bisTvis,
romlebsac dabali transkripciuli aqtiuroba  axasiaTebT.

retikuluri tipi birTvakis yvelaze gavrcelebul formas
warmoadgens. igi r-rnm-s sinTezis intensiurobis mixedviT zomierad
aqtiur ujredebSi vlindeba. birTvakis organizaciis aRniSnul tipSi
fibrilaruli centrebis raodenoba 6-dan 10-mde meryeobs. zomierad aris



ganviTarebuli mkvrivi fibrilaruli komponenti, vlindeba calkeuli
nukleolonemuri Wimebi. birTvakis periferiaze zomierad aris
ganviTarebuli granularuli komponenti. birTvakis struqturuli
organizaciis aRniSnuli tipisaTvis damaxasiaTebelia kargad
ganviTarebuli vakuolaruli komponenti, romelic erTgvar qsels
warmoqmnis da birTvaks Rrublisebr agebulebas aZlevs. birTvakis
calkeul vakuolebSi xSirad daimzireba intranuklearuli
kondensirebuli qromatinic. Cveulebriv, aRniSnuli tipis birTvakebis
zomebi 3-4 mkm-de aRwevs. rig SemTxvavaSi (nukleolonemuri tipis
birTvakebSi) gansakuTrebiT kargad aris ganviTarebuli nukleolonema,
romelic mTels birTvakSi rTul qsels warmoqmnis da mTlianad
gansWolavs mas. Zlier aris ganviTarebuli granularuli komponentic.

birTvakTa organizaciis kompaqturi tipi, iseve, rogorc
nukleolonemuri, vlindeba aqtiurad proliferirebadi qsovilebis
ujredebSi, e.i. iq, sadac ribosomuli biogenezi Zlier maRalia.
Sesabamisad, fibrilaruli centrebis raodenoba, (zemoT ganxilulis
msgavsad) maRalia, magram nukleolonema ar vlindeba. samagierod,
birTvakis mTeli masa ukavia Warbad sinTezirebul preribosomul
granulebs. birTvakSi ar vlindeba arc vakularuli komponenti, arc
intranuklearuli kondensirebuli qromatinis blokebi.

segregirebuli birTvakebi, rogorc zeviTac iyo aRniSnuli,
vlindeba sxvadasxva qimiuri da fizikuri inhibitorebis da
antibiotikebis moqmedebis Sedegad, rodesac ujredSi mkveTrad wydeba r-
rnm-s, dnm-s da cilis sinTezi. amgvari zemoqmedebis gamo birTvakuli
komponentebi segregacias ganicdis e.i. erTmaneTisagan gamocalkevdebian.
rogorc wesi, segregirebul birTvakebSi vlindeba erTi didi zomis
fibrilaruli centri da mis gverdiT lokalizebuli mkvrivi
fibrilaruli da granularuli komponentebis msxvili blokebi.

birTvakis zemoT aRwerili struqturuli organizaciis tipebis
garda gamovle-nilia mravali gardamavali da paTologiuri forma,
romelic pirdapir asaxavs ujredSi mimdinare mraval normalur Tu
paTologiur cvlilebebs. dadgenilia, rom birTvakis struqturuli
organizaciis erTi tipi transformacias ganicdis meoreSi, rac
dasturdeba gardamavali formebis arsebobiT. birTvakis natifi
struqturuli cvlilebebi asaxaven ujreduli metabolizmis
variabelurobas.

amrigad, nebismieri faqtori, romelic gavlenas axdens r-rnm-s
sinTezze, proce-singze da transportul procesebze vlindeba birTvakis
morfologiaSi. birTvaki Zalze dinamiuri struqturaa da es misi Tviseba
farTod gamoiyeneba sxvadasxva antibiotikebis (romelTagan zogierTi
samkurnalo preparatia), antimetabolitebis, mutagenebis da
kancerogenebis moqmedebis analizisaTvis. swored amiT aris saintereso
birTvakis morfologia, romlis intensiuri Seswavla dawyebuli gasuli
saukunidan dRevandlamde mimdinareobs.



6. ujredebis gamravleba da diferencireba

ujreduli Teoriis ZiriTadi debulebis Tanaxmad yoveli ujredi
masSi arsebuli genetikuri informaciis realizaciis safuZvelze Tavis
msgavs or axal (Svileuli) ujreds aZlevs dasabams. amisaTvis
aucilebeli pirobaa genetikuri informaciis matarebeli masalis
gaormageba. ujredebis gamravlebis process, romelsac Tan sdevs maTi
raodenobrivi mateba proliferacia ewodeba. ujredebis populaciis
ricxovnobis mixedviT arCeven multiplikaciur, akreciul da
rekurentul proliferacias. multiplikaciuri proliferaciis dros
axladwarmoqmnili ori Svileuli ujredi erTdroulad iyofa da miiReba
oTxi Svileuli ujredi; proliferaciis akreciuli forma gulisxmobs,
rom erTi ujredidan warmoiqmneba ori Svileuli ujredi, romelTaganac
Semdgom iyofa mxolod erTi, meore ki ara; rekurentuli proliferaciis
dros yoveli gayofis Semdeg maSinve iyofa mxolod erTi Svileuli
ujredi, xolo meore ujredi iyofa ufro gvian (sur. 66).

suraTi 66. ujredis proliferaciis formebi
a - multiplikaciuri; b - akreciuli; g - rekurentuli

ujredebis gamravleba maTi gayofiT xdeba. nebismieri, Tavisuflad
arsebuli an mTliani organizmis SemadgenlobaSi Semavali ujredi,
Tavisi sicocxlis  manZilze an emzadeba dayofisTvis da Sesabamisad
warmoqmnis Tavis msgavs ujreds, an imyofeba mosvenebis mdgomareobaSi
manamde, vidre ar miiRebs signals gamravlebaze. ujredis sasicocxlo
cikli aris dro misi warmoqmnidan sikvdilamde. diferencirebuli anu
specialuri funqciebis Semsrulebeli ujredebis sasicocxlo cikli
mosvenebis mdgomareobaSi myofi ujredebis msgavsad, SeiZleba iyos
xangrZlivi. gamravlebaze daprogramebuli ujredebis sasicocxlo



ciklis xangrZlivoba ufro mcirea da xSirad emTxveva ujredul anu
mitozur cikls. mitozuri cikli aris drois monakveTi procesebisa da
movlenebis erTobliobiT, romlebic mimdinareobs erTi dayofidan meore
dayofamde. gayofis ZiriTad formad miCneulia mitozi anu arapirdapiri
gayofa. aRwerilia agreTve, amitozi anu pirdapiri gayofa, romelic
sadReisod paTologiur formad iTvleba.

ujredul ciklSi arCeven interfazas da sakuTriv mitozis fazas.
interfaza Tavis mxriv moicavs ramdenime fazas: presinTezurs anu G1,
sinTezis - S, mitozis mosamzadebel - G2.

G1 faza - drois am monakveTSi, rogorc cnobilia, xdeba Svileuli
ujredebis moculobis dediseuli ujredebis zomamde gazrda. garda
amisa, am fazaSi iwyeba ujredis momzadeba S fazisTvis. kerZod,
sinTezirdeba dnm-s replikaciisaTvis aucilebeli naerTebi (replisoma).
S faza - replisomaSi Semavali komponentebis meSveobiT xorcieldeba
dnm-s sinTezi. G2 faza - ujredSi sinTezirdeba mitozisaTvis
aucilebeli cilovani komponentebi da maRalenergiuli nivTierebebi.
mitozis anu M faza - dediseuli ujredi iyofa da or Svileul ujreds
aZlevs dasabams (sur. 67).

suraTi 67. ujreduli cikli
1 - qromatidebi; 2 - Svileuli ujredebi; 3 - dnm-s sinTezi; 4 -

qromosomebis kondensacia, birTvis garsis daSla, qromatidebis
daSoreba; 5 - qromosomebis dekondensacia, birTvis garsis formireba,

citokinezi.

eukariotuli organizmebis ujreduli ciklis regulaciaSi
monawileobs cilebis jgufi, romelTac proteinkinazebi ewodebaT.
proteinkinaza aris heterodimeruli cila, romelic Sedgeba
regulatoruli da katalizuri suberTeulebisagan. regulatoruli
suberTeulis anu ciklinis koncentracia izrdeba da mcirdeba
ujreduli ciklis fazebSi. katalizur suberTeuls ewodeba ciklin-
damokidebuli kinaza (Cdk), radganac mas ar gaaCnia kinazuri aqtiuroba



manamde, vidre ar daukavSirdeba ciklins. yoveli kinazas katalizur
suberTeuls SeuZlia sxvadasxva ciklins daukavSirdes. katalizur
suberTeulTan dakavSirebuli ciklini gansazRvravs Tu, Cdk-ciklinis
kompleqsiT, romeli cilebis fosforileba unda moxdes.

aRwerilia ujredul ciklSi monawile oTxi proteinkinaza: Cdk1,
Cdk2, Cdk4 da Cdk6. proteinkinazebi, rogorc aRniSnuli iyo, warmoqmnian
kompleqss ciklinebTan. ZuZumwovrebis ujredebSi sinTezirdeba ramdenime
ciklini. esenia: D, E, A da B ciklinebi. ciklini D sinTezirdeba
sxvadasxva tipis ujredSi (mag. fibroblastebi, hematopoeturi ujredebi
da sxva.) da aris sami tipis. miuxedavad amisa, zogadad ixmareba  erTi
forma ciklini D. ciklini E da ciklini D eqspresirdeba G1 fazaSi.
ciklini A da B, aucilebelia imisTvis, rom ujredma gaiaros S, G2 da
M fazebi. ciklinebi D da E, saWiroa imisTvis, rom G1-Si ujredi
moemzados dnm-s gaormagebisaTvis da bolos S-fazaSi gadasasvlelad
gadalaxos e.w. restriqciis wertili (sur. 68).

suraTi 68. ujredis ciklis regulacia

ujredis ciklis fazebis mixedviT arCeven sam ZiriTad ciklin-
damokidebul Cdk-kompleqss: G1-Cdk, S-Cdk da M-Cdk. eukariotul
ujredebSi identificirebulia eqvsi Cdk-ciklinis kompleqsi. esenia: Cdk4-
D, Cdk6-D, Cdk2-E, Cdk2-A, Cdk1-A, Cdk1-B. kompleqsebi: Cdk4-D da Cdk6-D
aucilebelia Sua G1-dan am fazis bolomde. kompleqsi Cdk2-E G1-is
bolos; Cdk2-A aqtiurdeba S-fazaSi; Cdk1-B da Cdk1-A kompleqsebis
funqcionireba aucilebelia ujreduli ciklis fazebSi: S, G2 da M. Cdk-
kompleqsebis aqtiuroba regulirdeba katalizuri suberTeulis
specifikuri ubnebis fosforilirebiT. ujredis ciklSi gamoyofen sam
kritikul gadasvlas. esenia: G1-S, G2-M, anafaza-telofaza. miuxedavad
amisa, ujreduli ciklis gavla aris Seuqcevadi procesi, radganac misi
warmarTva cilebis regulirebadi degradaciiT xdeba, amitom ujredi
iZulebulia es gza mxolod erTi mimarTulebiT gaiaros.

6.1.1. mitozi



sakuTriv mitozi (M) ujreduli ciklis yvelaze xanmokle fazaa.
miuxedavad amisa, swored is warmoadgens ujreduli ciklis `saboloo
mizans~. Cveulebriv, mitozis sinonimad ixmareba sityva `kariokinezi,~
romelic migvaniSnebs imas, rom mitozi ZiriTadad birTvSi mimdinare
procesebs gulisxmobs. amave dros, kargad Cans, rom `kariokinezi~ da
`mitozi~ zusti sinonimebi sulac ar aris, radganac mitozi citoplazmis
gayofas anu citokinezsac moicavs. kariokinezi mxolod birTvis gayofas
gulisxmobs ("karion" - berZnulad birTvs niSnavs). xSirad citokinezs
mitozis calke stadiad gamoyofen.

eukariotul ujredebSi gvxvdeba mitozis ori forma. esenia:
plevromitozi da orTomitozi. plevromitozis dros ar xdeba birTvis
garsis daSla da qromosomebis dacileba mimdinareobs garsis SigniT.
mikromilakebis warmoqmna xdeba polaruli sxeulakebidan, romlebic
urTierTsawinaaRmdego mxares arian ganTavsebuli. membranasTan
SekavSirebuli polaruli sxeulakebidan gamosuli mikromilakebi
ukavSirdebian qromosomebs da warmoiqmneba ori naxevarTiTistara.

orTomitozis dros  ujredis centridan gamomavali mikromilakebi
mTlian TiTistaras warmoqmnian. arCeven sami saxis orTomitozs: Ria,
naxevrad daxurul da daxuruls. Ria orTomitozi anu Cveulebrivi
mitozi danarCeni ori formisgan imiT gansxvavdeba, rom am dros xdeba
birTvis garsis daSla. samive SemTxvevaSi gansxvavebulia TiTistaras
formebic.

Cveulebrivad mitozis fazaSi oTx stadias arCeven. esenia: profaza,
metafaza, anafaza da telofaza (sur. 69).

zogjer CamoTvlil stadiebs kidev ufro anawevreben. magaliTad,
gamoyofen adreul, saSualo da gvian profazas. ukanasknels,
prometafazas uwodeben.

sakuTriv  mitozis pirveli stadiis anu profazis dasawyisad
SeiZleba CaiTvalos dnm-s kondensaciis Sedegad birTvSi Zafisebri
struqturebis - qromosomebis gamoCena. profazaSi xdeba: qromosomebSi
ori diseuli qromatidis gamovlineba, romlebic erTmaneTTan
centromeruli ubnebiT arian dakavSirebuli; vlindeba momwifebuli
kinetoqorebi.  mcirdeba da Semdeg ki qreba birTvaki; laminas da birTvis
garsis cilebis fosforilirebis Semdeg wydeba maTi kavSiri
qromosomebTan, rasac Tan sdevs birTvis garsis fragmentacia mcire
zomis vakuolebis warmoqmniT; paralelurad aqtiurdeba ujredis
centrebi (centrosomebi), romlebic TiTistaras polusebs warmoqmnian;

profazis bolos gaaqtiurebuli centrosomebi
urTierTsawinaaRmdego mimarTulebiT gadainacvleben. am procesSi
monawileobs cila dineini, romlis meSveobiT  TiTistaras centralur
nawilSi urTierTparalelurad ganlagebuli, sapirispiro mimarTulebiT
mzardi mikromilakebis stabilizacia xdeba. mikromilakebis
stabilizacia Tavis mxriv centrosomebis gancalkevebas da sxvadasxva
mimarTulebiT gadaadgilebas uwyobs xels. am procesSi monawileoben
agreTve kinezinismagvari cilebi.



suraTi 69. ujredis gayofa - mitozi.
I - interfaza; II - adreuli profaza; III - profaza; IV - areuli

metafaza; V - metafaza; VI - adreuli anafaza; VII - anafaza; VIII -
adreuli telofaza; IX - telofaza; X - ori Svileuli ujredi.
1 - birTvaki; 2 - centromera; 3 - gayofis TiTistaras mikromilakebi;

4 - gayofis TiTistaras polusi; 5 - qromosoma

yoveli centriolidan xdeba tubulinis mokle milakebis konebis
saxiT gamozrda; profazis dasawyisSi iwyeba citoplazmaSi arsebuli
milakebis daSla da mravali astraluri mikromilakis warmoqmna;
profazis bolos e.w. gayofis TiTistari yalibdeba, romelic
tubulinisagan Semdgari mikromilakebisaganaa agebuli;

metafazas TiTistaras Semadgenloba, rogorc Cans, ufro rTulia,
vidre SeiZleboda gvefiqra. Tumca misi ZiriTadi nawili tubulinia, mis
SemadgenlobaSi sxva cilebic Sedis, romlebic mikromilakebTan
asocirebuli cilebis saxelwodebiTaa cnobili (mag. kinezini da dineini).
bolo dromde iTvleboda, rom TiTistaras SemadgenlobaSi aqtini da
miozinic Sedis. aRiniSneba endoplazmuri badis da goljis apartis
dezorganizacia.

prometafazaSi birTvis zonaSi Tavmoyrili qromosomebi iwyeben
gadanacvlebas (metakinezi), warmoqmnian ekvatorul qromosomul
`firfitas~ da metafazaSi TiTistaras centrSi ganTavsdebian.
metakinezis dros qromosomebi xan uaxlovdebian TiTistaras polusebs,
xan ki misi centrisken gadainacvleben. qromosomebis aseTi gadanacvleba
grZeldeba manamde, vidre isini ar daikaveben metafazisaTvis
damaxasiaTebel mdebareobas. dasawyisSi qromosomebis polusebisken



moZraoba Semdegnairad xdeba: polusidan gamosuli mikromilakebi
SemTxveviTad ukavSirdebian axlomdebare qromosomis erT-erT
kinetoqoras; qromosoma iwyebs mikromilakis gaswvriv srials misi minus
bolosaken da uaxlovdeba poluss, sadac grZeldeba mikromilakebis
warmoqmna; axlad warmoqmnili mikromilaki, romelic TiTistaras
centris mimarTulebiT izrdeba, kinetoqoris gvirgvins miitacebs. amis
Sedegad iwyeba qromosomebis  TiTistaras centrisken moZraoba; amis
Semdeg, Svileuli qromatidis meore kinetoqoras ukavSirdeba
TiTistaras sapirispiro polusidan gamosuli mikromilakebi da aseTi
Zlieri mizidvis Sedegad  qromosomebi iwyeben am sapirispiro
polusisaken gadanacvlebas; normalur mdgomareobaSi, qromosomebi,
romlebic xan erTi da xan ki meore polusis mimarTulebiT
gadainacvleben, sabolood TiTistaras ekvatorul sibrtyeSi metafazuri
firfitis saxiT ganlagdebian. qromosomebis dreifis (jer polusebisken
da Semdeg ekvatorisken gadaadgileba) dros periodulad iSleba
sapirispiro polusidan gamosuli mikromilakebi da piriqiT. kerZod,
polusebidan centrisken qromosomebis moZraobis dros mikromilakebi
izrdeba plius boloze; polusebisken maTi gadanacvlebis SemTxvevaSi ki
imave plius boloze maTi daSla mimdinareobs.

metafazaSi qromosomebis kinetoqorebi mimarTulia sapirispiro
polusebisaken; maTi centromeruli ubnebi TiTistaras centrisken aris
moqceuli, mxrebi ki peri-feriisaken; maT aseT ganlagebas ewodeba
`varskvlavi~ (ar aris damaxasiaTebeli mcenareuli ujredebisTvis). am
fazaSi maqsimums aRwevs mikromilakebis raodenoba.

TiTistarSi samgvar Zafebs vxvdebiT: 1. Zafebi, romlebic Svileuli
qromatidebis kinetoqorebzea mimagrebuli. es e.w. k-mikromilakebia (k -
kinetoqors aRniSnavs); 2. Zafebi, romlebic TiTistaras erTi polusidan
meore polusisaken aris gadaWimuli e.w. nk-Zafebia, (inglisuri non-
kinetochor-dan). es Zafebi mopirdapire polusidan wamosuli Zafebis
SeerTebis Sedegad warmoiqmneba da Zafebi, romlebic polusebidan
gamodian da aranair struqturas ar ukavSirdebian. maT astralur (a)
mikromilakebs (Zafebs) uwodeben (sur. 70).

metafazis boloSi xdeba qromatidebis gancalkeveba. maT Soris
kavSiri mxolod centromerul ubnebSi rCeba.

anafaza iwyeba specifikuri signalis sapasuxod diseul qromatidebs
Soris centromeruli kavSirebis daSliT. kavSirebis daSlis Tanave
qromatidebi TiTistaras polusebisaken iwyeben moZraobas vidre
Sesabamis poluss  ar miaRweven. es moZraoba xdeba kinetoqoruli
mikromilakebis damoklebiT, maTi kinetoqorTan damagrebuli bolodan
tubulinis suberTeulis dakargvis gamo. xdeba mikromilakebis
depolimerizacia. sxvaTa Soris naCvenebia, rom K-milakebis
depolimerizacia sakmarisia qromosomebis polusebisaken ganzidvisaTvis.
amve dros TviT TiTistara grZeldeba misi polusebis urTierTdaSorebis
Sedegad. am procesis asaxsnelad ramdenime modelia mowodebuli. maTgan
arcerTi myarad ar aris argumentirebuli.

telofazaSi iwyeba da sruldeba mitozuri apartis daSla. am
fazaSi wydeba qromosomebis moZraoba. isini iwyeben dekondesacias da
moculobaSi izrdebian. membranuli buStukebidan iwyeba birTvis garsis
formireba Tavdapirvelad qromosomis lateralur mxareze, Semdeg
centromerul da telomerul ubnebSi. garsis formirebis



dasrulebisTanave iwyeba birTvakis warmoqmna. sabolood xdeba ujredis
sxeulis gamijvna or nawilad - citotomia anu citokinezi.

suraTi 70. TiTistaras mikromilakebi
1 - qromosoma; 2 - kinetoqori; 3 - TiTistaras polusi (centrosoma);

4 - kinetoqoris mikromilakebi (k);
5 - polaruli mikromilakebi (nk); 6 - astraluri mikromilakebi (a).

cxovelur ujredebSi citokinezi mis SigniT plazmuri membranis
Cazneqvisa da gadagrexis gziT xorcieldeba. mcenareebSi Sidaujreduli
gardaqmnebis gziT warmoiqmneba ujredis tixari, romelic dediseul
ujreds or Svileul ujredad hyofs. ujreduli cikli garkveulwilad
msgavsad mimdinareobs baqteriebSi. kerZod, xdeba nukleoidis gaormageba
da maTi dacileba motoruli cilebis monawileobiT. Cveulebriv,
baqteriebisTvis damaxasiaTebelia e.w. binaruli dayofa, romelic
saSualod 20-30 wuTi mimdinareobs. membranasTan dakavSirebuli
nukleoidebis gaormagebisa da dacilebis Semdeg warmoiqmneba tixari anu
septa, romelic ujreds or Tanabar nawilad yofs.

6.1.2. meiozi

mravalujrediani cxoveluri organizmis ujredebi or did jgufad
iyofa. esenia: somaturi da germinatiuli (sasqeso) ujredebi. somaturi
ujredebidan warmoiqmeba cocxali organizmis yvela qsovilis da
organos ujredi. germinatiuli ujredebi (gonocitebi) dasabams aZlevs
sasqeso ujredebs - gametebs (spermatozoids da kvercxujreds). ori
sasqeso ujredis Serwymis Sedegad warmoiqmneba ganayofierebuli
kvercxujredi - zigota. zigota axal individums, calke organizms
aZlevs dasabams. yoveli axali zigota qromosomebis diploidur ricxvs
Seicavs. sxvanairad ramdenime Taobis Semdeg organizmebis qromosomebis
ricxvi mkveTrad gazrdili aRmoCndeboda.

germinatiuli ujredebis warmoqmna embrionuli ganviTarebis adreul
stadiaze xdeba. sxvadasxva individebSi maTi warmoqmnis dro
gansxvavebulia.  gonociti  Tavisebur Canasaxovan ujredad - goniumad
(spermatogoniumi, oogoniumi) gadaiqceva. rigi gayofis Sedegad
goniumidan gametociti (spermatociti, oociti) warmoiqmneba. amis Semdeg



iwyeba maTi dayofis, momwifebis procesi, romelsac meiozi ewodeba (sur.
71).

suraTi 71. meiozis sqematuri gamosaxuleba

meiozi (berZn. "meiosis" - Semcireba) ori erTmaneTis momdevno
gayofisagan Sedgeba. yoveli spermatociti (e.i. pirveli rigis
spermatociti) oTx tolfas spermatozoids warmoSobs, xolo yoveli
oociti ki (pirveli rigis oociti) erT kvercujreds anu kvercxs da sam
mimarTulebiT anu abortul sxeulaks warmoqmnis.  sabolood yoveli
gametocitidan oTxi ujredi miiReba. yoveli gameta ori homologiuri
qromosomis nacvlad mxolod erT-erTs miiRebs: qromosomebis ricxvi
naxevrdeba, amitom am process reduqciul gayofasac uwodeben. yovelive
es detaluri aRwerisas ufro naTeli gaxdeba.

arsebobs meiozis ramdenime forma: zigoturi (damaxasiaTebelia
zogierTi sokos, mag. aqsomicetebis, zogierTi wyalmcenareebisa da
sporianebisaTvis), sporuli (umaRlesi mcenareebi) da gameturi
(mravalujrediani cxoveli da zogierTi umdablesi mcenare).

meiozis arsi mdgomareobs SemdegSi: pirveli meiozuri dayofis win
gametocitebSi xdeba qromosomebis gaormageba, anu mitozis da meiozis
dasawyisSi dediseul ujredSi qromosomebis gaormagebuli raodenoba
aris. mitozis dros am gaormagebuli qromosomebis dacileba xdeba
ekvatorze da ori Svileuli ujredidan TiToeuli iRebs dediseulis
sawyis raodenobas. meiozis pirveli dayofis dros erTmaneTs Seicnobs
homologiuri (dediseuli da mamiseuli) gaormagebuli qromosomebi. amis
Sedegad warmoiqmneba mWidrod mijrili wyvilebi (bivalentebi).
TiToeuli qromosoma Sedgeba ori spiraluri Zafisgan anu
qromatidisagan. ese igi bivalentSi aris oTxi qromatidi (ori dediseuli



da ori mamiseuli). TiToeul qromatidi Tavis homologiur partniorTan
(mxolod erTia yoveli qromatidisaTvis) kavSirs e.w. qiazmas warmoqmnis
(sur. 72).

suraTi 72. homologiur qromosomaTa bivalentebi
a - qromosomaTa bivalentebi; b - krosingoveri; g - qromatidebi

ubnebis gacvlis Semdeg.
1 - centromera; 2 - qiazma I da III qromosomas Soris; 3 -

homologiuri qromosomebi.

qiazmis warmoqmnis Semdeg maT Soris ubnebis gacvla anu
krosingoveri xdeba. pirveli metafazis dros  bivalentebi ganTavsdeba
ekvatorze da anafazis stadiaze homologiur qromosomaTa wyvilebi
erTmaneTs cildeba. xanmokle interfazis Semdeg iwyeba meore meiozuri
dayofa. am dros TiToeuli homologiuri qromosomis ori qromatidi
cildeba da nawildeba oTx gametaSi. sabolood miiReba oTxi gameta
qromosomebis haploiduri nakrebiT.

meiozi, romelic ori erTmaneTis urTierTmomdevno  gayofisagan
Sedgeba, mdedrobiT da mamrobiT ujredebSi arsebiTad ar gansxvavdeba.
amave dros, meiozi gansxvavdeba mitozisagan mTeli rigi procesebis
mixedviT. kerZod, meiozis dros xdeba dnm-s rekombinacia; meore meiozur
gayofas dnm-s sinTezi win ar uZRvis, rac qromosomebis reduqciis mizezi
xdeba.

saboloo jamSi yoveli gameta ori homologiuri qromosomis
nacvlad mxolod erT-erTs iRebs. meiozis pirveli dayofis profazaSi
qromosomebis specifikuri gadawyoba xdeba. isini nawilobriv inarCuneben
funqciur aqtiurobas. profaza, romelic Cveulebrivi mitozis dros 0,5 -
1,5sT grZeldeba, meiozis I dayofis dros sagrZnoblad xangrZlivi
procesia (mag. adamianSi 24 sT grZeldeba). pirveli meiozuri gayofis
profaza Tavis mxriv 5 stadiisagan Sedgeba:

leptotenis stadia an leptonema - wvrili Zafebis stadia;
Cveulebrivi mitozis profazas mogvagonebs, mxolod birTvis zomebi
gacilebiT didia da qromosomebi ki Zafisebri da maTi kompaqtizaciis
xarisxi dabalia. leptonemisaTvis damaxasiaTebelia wvril qromosomebSi



qromomerebis anu qromatinis Sesqelebuli ubnebis gamoCena mZivis
marcvlebis msgavsad. qromomerebis raodenoba da ganlageba yvela
qromosomisTvis aris damaxasiaTebeli.xSirad  qromosomebi telomeruli
ubnebiT birTvis garsTan aris dakavSirbuli.  qromosomebis raodenobaa
46.

zigotenis stadia anu zigonema - Zafebis Serwymis stadia. wyvil-
wyvili qromatidebisagan Semdgari homologiuri qromosomebi (e.i.
qromosomebi romlebic genetikurad erTi da igive mniSvnelobisa arian
da e.w. alelebs - e.i. erTi da igive niSan-Tvisebebisa an funqciis
ganmapirobebel genebs - atareben) erTmaneTs poulobs da urTierTis
gverdigverd ganlagdeba, mWidrod ekvris erTmaneTs da qmnis jgufebs,
romlebic amjerad ori wyvili (sul oTxi) qromatidisagan Sedgeba. erTi
qromosomidan warmoSobil qromatidebis wyvils xSirad diseul
qromatidebs uwodeben. qromatidebis urTierTSekavSireba metad
Taviseburi cilovani struqturis - sinaptonemuri kompleqsis - meSveobiT
xdeba, xolo TviT qromatidebis jgufs bivalentebs anu tetradebs
(tetra - oTxs niSnavs) uwodeben. bivalentebis warmoqmnis process
sinapsisi ewodeba.

paqitenis stadia anu paqinema - msxvili Zafebis stadia. am stadiaze
diseuli qromatidebi ufro TvalsaCino xdeba, rac imaze miuTiTebs, rom
qromatidebis gaTiSvis procesi iwyeba. paqinemis yvelaze mniSvnelovan
movlenad krosingovers Tvlian. krosingoveris procesSi erTmaneTis
gverdze mdebare qromatidebi ganivad iWreba, ris Sedegadac maT Soris
ubnebis Senacvleba anu rekombinacia xdeba SesaZlebeli.

diplotenis stadia anu diplonema - ormagi Zafebis stadia. am
stadiaze qromatidebis TvalnaTliv gaTiSva xdeba. sinaptonemuri
kompleqsi qreba, xolo qromatidebi erT an ramdenime wertilSi rCeba
SeerTebulebi [qiazma(-ebi)]. qiazmebi TandaTan micuravsn qromosomebis
telomeruli boloebisaken da sabolood qreba, rac Semdgomi - mexuTe
stadiisTvis diakinezisTvis aris damaxasiaTebeli.

diakinezi - Zafebis daTiSvis stadia. qromosomebis kondensireba aq
sruldeba da ujredi meiozis pirveli gayofis metafazaSi gadadis.
meiozis orive metafaza Cveulebrivisgan imiT gansxvavdeba, rom
qromosomebis ekvatorul sibrtyeSi wyvilebad ganlageba xdeba. pirveli
meiozuri gayofis metafazaSi ekvatorul sibrtyeSi sulac bivalentebi
lagdeba. metafazis Camoyalibebisas birTvis garsi iSleba da qreba.

metafazas anafaza mosdevs. Sesabamisad qromosomebis ganlagebisas
anafaza da meiozis pirveli gayofa ise warimarTeba rom yoveli axali
gametociti homologiuri qromosomebis yoveli wyvilidan erT
homologiur qromosomas iRebs. meiozis telofaza da citokinezi
Cveulebriv arafriT gansxvavdeba Tu ar CavTvliT imas, rom pirveli
meiozuri gayofis procesSi birTvis garsis warmoqmna ar xdeba. meiozis
pirvel gayofas Zalian xanmokle interfaza anu interkinezisi mosdevs.
interkinezisSi dnm-s replikacia ar xdeba.

meiozis meore gayofa Zalian waagavs Cveulebriv mitozs. Tumca
metad mniSvnelovania is, rom homologiuri qromosomebis yoveli
wyvilidan Svileuli ujredi mxolod erT iRebs. amis gamo, raki
interkinezisis periodSi dnm-s reduplikacia ar mimdinareobs, yoveli
Svileuli ujredis qromosomebis ricxvi am stadiaze ganaxevrebulia,
xolo ujredebi haploiduria. damaxasiaTebelia, rom meiozis pirveli



gayofis metafazis stadiaze daSlili birTvis garsi mxolod meiozis
meore gayofis bolos aRdgeba.

garkveuli Taviseburebebi axasiaTebs meiozis procesSi warmarTul
dnm-s sinTezs. gairkva, rom mTeli dnm-s daaxloebiT, 3%-is sinTezi
zigotenis da paqitenis stadiaze xdeba. amasTan, zigotenaSi dnm-is mcire
nawilis dayovnebuli replikacia mimdinareobs, e.i. sinTezirdeba dnm,
romelic S-fazaSi replicirebuli ar yofila. paqinemaSi ki sinTezirdeba
dnm, romelic ukve replicirebuli iyo da xelaxla sinTezirdeba. es
sinTezi replikaciisagan gansxvavdeba da e.w. reparaciuli (aRdgeniTi)
sinTezis xasiaTi aqvs.

gairkva, rom zigonemaSi mimdinare dayovnebuli replikacia
homologiuri qromosomebis Sewyvilebisa da sinaptonemuri kompleqsis
warmoqmnisTvisaa saWiro. zedmeti ar iqneba imis damaxsovreba, rom dnm-s
Zafebis gaWra ferment endonukleazis monawileobiT xdeba, xolo maTi
aRdgena ki rTuli multifermentuli (mravalfermentiani) procesia.

6.1.3. euploidia da aneuploidia.

erTsa da igive saxeobis farglebSi, cxoveli iqneba es Tu mcenare,
yvela ujreds qromosomebis erTi da igive ricxvi aqvs. gamonaklisi
mxolod sasqeso ujredebia (gametebi), romelTa qromosomebis ricxvi
ganaxevrebulia. gametebi qromosomebis haploidur nakrebs Seicavs.
imisaTvis, rom mdgomareoba raRaca erT wesze daviyvanoT, amosaval
pirobad qromosomebis swored haploidur ricxvs iReben. maSin gametebis
garda, romlebsac qromosomebis haploiduri ricxvi aqvT, yvela
danarCeni, anu somaturi ujredi qromosomebis ricxvis mixedviT ormagi
anu diploiduri iqneba. ujredSi SeiZleba diploidurze meti
qromosomac iyos. amis magaliTia yvavilovani mcenaris endospermi.
ukanasknelis ujredebs haploiduris mimarT qromosomebis sammagi,
triploiduri ricxvi aqvT. qromosomebis raodenobis  jeradi zrda anu
endoredublikacia ujredis gayofis gareSe, safuZvlad udevs iseT
movlenebs, rogorebicaa: poloploidia da politenia. ujreds, romlis
qromosomTa ricxvi diploidurs aRemateba, poliploidurs uwodeben,
xolo TviT qromosomebis simravles - poliploidias. poliploidia anu
qromosomebis jeradad gazrdili ricxvi, Cveulebriv ganixileba rogorc
arasruli mitozis Sedegi.

Tu poliploiduri ujredebis qromosomebis ricxvi haploiduris
jeradia, es ujredisaTvis saziano ar aris da umravlesad sasargebloc
ki aris. qromosomebis ricxvis haploiduri nakrebis jeradi ricxviT
Secvlas euploidia ewodeba. am SemTxvevaSi genebis urTierTSefardeba
gawonasworebulia, matulobs mxolod yoveli genis doza, rac genebis
eqspresiis (maTi moqmedebis raime fenotipur niSanSi asaxvis)
intensiurobas zrdis.

amave dros cnobilia SemTxvevebi, rodesac qromosomebis ricxvi
haploiduri nakrebis jeradad ar icvleba, rac ujredebSi genetikuri
wonasworobis darRvevas iwvevs. am movlenas aneuploidia ewodeba.
aneuploiduri ujredebi avTvisebian simsivneebSi gvxvdeba. garda amisa,
aneuploidia zogierTi genetikuri daavadebisaTvis aris damaxasiaTebeli.
amis farTod cnobili magaliTi e.w. daunis sindromia. am SemTxvevaSi



adamianis ujredebSi qromosomebis dawesebuli numeraciis mixedviT 21-e
wyvili 3 qromosomiTaa Secvlili (trisomia), rac aneuplodiis Sedegia.

poliploidiis sxvadasxva formebi arsebobs. upirveles yovlisa, is
SeiZleba or formad daiyos: genetikuri da somaturi poliploidia.
genetikuri poliploidiis SemTxvevaSi ama Tu im saxeobis, an jiSis, an
Stamis yvela ujredis qromosomebis ricxvi arqetipuli, sawyisi formis
an veluri formis qromosomebis ricxvs jeradad aRemateba. cxadia,
gametebis qromosomebis ricxvi somaturi ujredebis ricxvze orjer
naklebia (haploiduri nakrebi). genetikuri poliploidia ufro
kulturul mcenareebSi gvxvdeba. am mxriv gansakuTrebiT kargad
xorblis zogierTi jiSi cnobili.

somaturi poliploidia gamoixateba ujredebis calkeul jgufebSi
qromosomTa ricxvis jerad momatebaSi. Tu qromosomebis haploidur
ricxvs n asoTi aRvniSnavT da mocemul organizms somaturi
poliploidia axasiaTebs, amgvar organizmSi SeiZleba iyos ujredebi
qromosomaTa krebuliT: n, 2n, 4n, 8n da a.S. zogjer poliploidia metad
maRal xarisxs aRwevs. magaliTad, Zvlis tvinis ujredebSi -
megakariocitebSi (Trombocitebis winamorbedebia) - qromosomebis ricxvi
500n-s aRwevs, xolo ZuZumwovrebis Canasaxebis adreul stadiebze
ujredebis gareTa Sre (trofoblasti) 1000n ujredebs Seicavs.

poliploidia gansakuTrebiT kargad aris gamoxatuli zogierTi
mRrRnelis (Tagvi, virTagva) RviZlis qsovilSi. maTi ujredebis
ploidoba 2n-dan 8n-mde aRwevs. daberebul individumebSi ki 16n
ujredebic gvxvdeba. axalSobili individis qsovilebSi praqtikulad
mxolod 2n ujredebi gvxvdeba. asakis matebasTan erTad izrdeba
poliploiduri ujredebis ricxvic. zrdasruli cxovelebis RviZlSi
ujredebis umravlesoba 4n ploidobisaa, Tumca 8n da 16n ujredebic
gvxvdeba. poliploiduri ujredebi nadirTa qveklasis kurdRlisebrTa
rigis zogierT warmomadgenelSi (bocveri, zRvis goWi), frinvelebisa da
amfibiebis RviZlSi ar aris napovni.

poliploidia, SesaZlebelia dnm-s raodenobis jeradi gazrdis
xarjze aRmocendes. esec rom ar iyos, Tu ki gavixsenebT, rom dnm-s
raodenoba qromosomebis ricxvs unda Seesabamebodes, advilad
davrwmundebiT imaSi, rom ploidoba SeiZleba dnm-s raodenobiTac
gavigoT. maSin, Tu haploiduri birTvis dnm-s raodenobas aRvniSnavT c
simboloTi, ploidobis sxvadasxva xarisxi gamoixateba rogorc 2c, 4c, 8c,
16c da a.S.

somaturi poliploidiis ramdenime forma aris cnobili.
poliploidiis formebis Sesabamisad maTi aRmocenebis meqanizmic
sxvadasxvaa. poliploidia miiRweva, rodesac: 1. ujredebis birTvSi
jeradad izrdeba qromosomebis ricxvi anu ar xdeba arc kariokinezi da
arc citokinezi; 2. ujredebSi Cndeba ori an meti diploiduri birTvi
(mravalbirTvianoba) anu xdeba kariokinezi da ar xdeba citokinezi; 3.
TviToeuli qromosomis dnm-s raodenoba izrdeba, magram ujredi ar
gadadis mitozis fazaSi. poliploidiis am formas politenia ewodeba.
replikaciis Semdeg (ix. Tavi 5.) qromosomebi erTmaneTs ar cildebian, ar
ganicdian kondesacias. aseTi qromosomebis Semcveli ujredebi Sesabamisi
signalis miRebis Semdeg, kvlav Sedian ujredul ciklSi, ris Semdegac
maTSi arsebuli qromosomuli Zafebi kvlav ormagdeba maTi dacilebis
gareSe da a. S. miiReba mravalZafiani anu politenuri qromosoma.
politenia anu qromosomaTa diploidur krebulSi qromatidebis



(qromonemebis) ricxvis gaormageba, aris G2-fazis blokis da mitozis
fazis sruli amovardnis Sedegi. politenur ujredebSi ar xdeba
centiolebis gaormageba. pirveli warmodgena politenuri qromosomis
mravalqromonemiani struqturis Sesaxeb ekuTvnis kolcovs (1934). aseT
ujredebSi, diploidurisagan gansxvavebiT, SesamCnevia qromonemebis didi
da grZeli konebi.

politenia aRwerilia mcenareebsa da uxerxemlo cxovelebSi.
ZuZumwovrebSi politenia aRwerilia zibinas mier (1973w.) virTagvas,
Tagvis da bocvris trofoblastebis gigantur ujredebSi.
trofoblastebSi SeiZleba moxdes dnm-s 8-10 Tanamimdevruli replikacia
mitozis gareSe, ris Sedegedac dnm-s raodenoba 4096c-mde izrdeba.
genomis multiplikacia aRwerilia amave avtoris mier adamianis
placentis trofoblstis eqstrawamwamovan ujredebSi diferencirebis da
endometriumSi invaziis dros.

6.2. ujredebis programirebuli kvdoma (apoptozisi)

ujreduli homeostazis SesanarCuneblad SeiZleboda sakmarisi
yofiliyo ujredebis proliferaciis siCqaris Secvla da regulireba.
ujredebis ricxvi SenarCunebuli iqneba, Tu ujredebis raodenobis
danaklisi srulad iqneba kompensirebuli ujredebis proliferaciis
siCqaris momatebiT da piriqiT, ujredebis Warbi raodenobis
aRmocenebisas homeostazi SenarCunebuli iqneba ujredebis gamravlebis
SenelebiT. homeostazi mWidrodaa dakavSirebuli sxvadasxva zrdis
faqtorebTan. amgvar SemTxvevaSi ujredul homeostazs zrdis
damaCqarebeli da zrdis Semakavebeli urTierTSefardeba gansazRvravs.
bolo dromde ujreduli homeostazis SenarCunebis es meqanizmi
sakmarisad miaCndaT.

bolo wlebSi dagrovda cnobebi ujreduli homeostazis
SemanarCunebeli sxva meqanizmebis Sesaxeb, romelic pirvelis
paralelurad arsebobs da damoukideblad moqmedebs. yuradReba mieqca im
garemoebas, rom ujredebis ricxvis mudmivoba SeiZleba SenarCunebuli
iqnes ara marto ujredebis proliferaciis tempis regulirebis gziT,
aramed ujredebis kvdomis tempiT. Tu ama Tu im populaciis (jgufis,
qsovilis da a.S.) ujredebis gayofis tempi ucvleli iqneba, misi
ricxovnoba mTlianad misi Semadgeneli ujredebis kvdomis tempze iqneba
damokidebuli. homeostazis SenarCunebis amgvar mravalricxovan
saregulacio sistemas, romlis safuZvelia ujredebis kvdomis tempis
cvalebadoba `ujredebis  TviTmkvlelobis  sistema~ daarqves.

ujredebis TviTmkvlelobis movlenis safuZveli e.w. ujredebis
programirebuli kvdoma anu programirebuli sikvdilia. ujredebis
programirebuli kvdoma Tavisi bunebiT mkveTrad gansxvavdeba ujredebis
daRupvisagan, romelic maT mier Sesabamis funqciasTan aris
dakavSirebuli da Cveulebriv `cveTas~ warmoadgens  magaliTad,
epidermisis garqovaneba da Camofqcvna, ujredebis mier ujredebis
Tvisebebis dakargva). programirebuli kvdoma zustad Seesabameba
ontogenezis ama Tu im etaps, sxvadasxva struqturebis warmoqmnas,
ganviTarebas da sxva amgvars. garda amisa, sadReisod damtkicebulia, rom
ujredebis programirebuli kvdoma kontrolirdeba genebis jgufiT da
ubralo pasiur sikvdils ar warmoadgens.



1972 wels kerisa da misi Tanaavtorebis mier aRwerili iqna ujredis
daRupvis ori forma, romelTagan erT-erTi iqamde cnobili ar yofila,
gansxvavebiT ujredebis kvdomis imTaviTve cnobili formisagan,
romelsac Cveulebrivad nekrozs uwodeben. ujredebis meore, im dros
jer ucnob formas ki apoptozisi ewoda. apoptozisi xeebidan foTlebis
Camocvenas an yvavilis gvirgvinis furclebis furclebis mocilebas (apo-
mocileba, ptosis-Camovardna, dacema) niSnavs. sadReisod termini
`apoptozisi~ sayovelTaod damkvidrda mecnierebaSi da ujredebis
programirebul kvdomas aRniSnavs, xolo misi pirvandeli mniSvnelobiT
iSviaTad ixmareba. apoptozisis mniSvnelovani Tvisebaa is, rom
programirebuli kvdoma energiis xarjviT mimdinareobs da amis gamo atf-
s energis saWiroebs. cnobilia apoptozisis ramdenime sinonimi
(kariolizuri sxeulebi, aferocitebi da sxva). apoptozisi SeiZleba,
rogorc fiziologiuri procesebis, ise paTologiuri procesebis
mimdinareobisas aRmocendes.

normaluri ujredis nekrozi ramdenime safexurs Seicavs. esenia:
qromatinis marginacia (qromatinis birTvis garsTan ganlageba)
birTvebisa da organelebis moculobaSi gazrda, karioreqsisi (birTvis
daSla), membranebisa da plazmalemis darRveva, birTvis fragmentacia da
lizisi Tan axlavs anTebiTi reaqcia.

eleqtronul mikroskopul doneze Catarebuli gamokvlevebis
safuZvelze gakeTebuli iyo daskvna, rom apoptozisi aris ujredebis
daRupvis gansakuTrebuli forma. am dros plazmuri membrana ar iSleba,
magram icvleba masSi Semavali molekulebi. histologiur preparatebze
aRiniSneba ara qsovilis ubnebis, aramed calkeuli ujredebis sikvdili.
apoptozisic ramdenime etaps Seicavs, kerZod ki Semdegs: qromatinis
kondensacia da marginacia (nekrozisagan gansxvavebiT xdeba dnm-s
fragmentacia 184 n.w. sigrZis fragmentebad); citoplazmis kondensacia;
karioreqsisi (birTvis gamonazneqebis warmoqmna); apoptozuri sxeulebis
warmoqmna; apoptozuri sxeulebis fagocitozi da moneleba. fagocitozi
xorcieldeba mezobeli ujredebiT da ar aRiniSneba anTebiTi procesi.
zemoT aRniSnulidan naTlad Cans, rom Tu nekrozi aris ujredebis
degeneraciis procesi, apoptozisi maTi aqtiurad TviTdaSlis
programirebuli procesia.

movlenebs Tu kargad davukvirdebiT, CvenTvis cxadi gaxdeba, rom
ujredebis programirebuli kvdoma embriologebis mier didi xania
aRwerilia. apoptozisis yvelaze mkafio da kargad cnobili magaliTebia:

1 - metamorfozis procesSi ujredebis kvdoma, romlis wyalobiTac
larvis qsovilovani struqturebi iSleba;

2 - ujredebis kvdoma Canasaxis gulis ganviTarebisas;
3 - neironebis kvdoma nervuli sistemis Camoyalibebisas, rasac

gansakuTrebiT zurgis tvinSi aqvs adgili.
naCvenebia, rom afrikaSi gavrcelebuli dezebiani bayayis (Xenopus

laevis) Tavkombalas metamorfozis procesSi neironebis TiTqmis 90%
programirebuli sikvdiliT eliminirdeba. gansakuTrebiT didi
mniSvneloba apoptoziss kiduris Camoyalibebisas aqvs. gairkva, rom
TiTebis warmoqmna maT Soris qsovilis “amoWris” gziT xdeba. aRniSnuli
procesebi yvela cxovelisaTvisaa damaxasiaTebeli da metnaklebad
erTnairad mimdinareobs.

apoptozisis araSemTxveviTi kanonzomieri xasiaTi sabolood
dadasturda, rogorc ki misi genetikuri marTvis meqanizmi gairkva.



apoptozisis procesi genetikuri regulaciiT xorcieldeba.
gansakuTrebiT swrafad warimarTa gamokvlevebi mas Semdeg, rac t.sudam
da misma TanamSromlebma gamoyves ligandi, romelic programirebuli
sikvdilis signals warmoadgens.

apoptozisis maregulirebeli faqtorebi rogorc ukve aRiniSna
(yovel SemTxvevaSi cxovelebSi), evoluciurad metad myaria. bolo dros
apoptozisis SemswavlelTa Soris metad popularuli xdeba mrgvali Wia
(nematoda) Caenorahbditis elegans, romelic sul 1090 ujreds Seicavs. aqedan
C.elegans-is ganviTarebis gzaze 131 ujredi programirebulad kvdeba.
ujredebis apoptozisis genetikuri da molekuluri meqanizmi metad
rTulia. SemoklebiT da sqematurad is SeiZleba Semdegnairad SevajamoT.
nematodas magaliTze dadginda, rom apoptozi 4 Tanamimdevruli
safexurisagan Sedgeba: 1. intra da eqstracelularuli ligandebiT
sikvdilis ganxorcieleba; 2. intracelularuli proteazebis aqtivaciiT
ujredebis kvdoma; 3. sxva ujredebis mier mkvdari ujredebis STanTqma da
4. fagocituri ujredebis lizosomebSi maTi degradacia. es safexurebi
da sikvdilis genebi (ced genebi), nematodadan dawyebuli adamianis
CaTvliT aris SenarCunebuli. apoptozisSi CarTulia sami geni: ced3, ced4
da ced9. ced3 da ced4 genebis produqtebi saWiroa apoptozisis
ganxorcielebisaTvis. ced9 genis produqti xels uSlis apoptoziss ced3
da ced4 genebis aqtiurobis inhibirebis gziT. qsovilspecifikuri
signalebi iwveven ced4-is aqtivacias, romlis eqspresiis produqti
aaqtiurebs ced3-s. es ukanaskneli iwvevs ujredebis sikvdils. ced9-s
aqtivacia apoptozisis inhibirebas iwvevs ced4-s da Sesabamisad ced3-s
daTrgunvis gziT.

rogorc ukve iTqva, apoptozisis gansaxorcieleblad energiaa
saWiro. amitomac ar unda iyos moulodneli mitoqondrionebis
apoptozisSi monawileoba. ujredebis “TviTmkvlelobaSi” aucilebel
monawiled C citoqromi gvesaxeba.

apoptozisi mraval kaskads, energetikul jaWvsa da struqturebis
damSlel komponents Seicavs. amasTan, unda gvaxsovdes, rom apoptozisis
meqanizmis Taobaze jer kidev bevri ram aris ucnobi da dadgenasa da
dazustebas moiTxovs.

zedmetad nu mogveCveneba gameoreba imisa, rom apoptozisi
sayovelTao da kanonzomieri movlenaa, misi ganmapirobebeli genebi da
faqtorebi metad msgavsi homologiis maRal xarisxs avlens. albaT
SeiZleba darwmunebiT vTqvaT, rom ujredul homeostazs ujredis
proliferaciisa da maTi programirebuli kvdomis (apoptozisis)
Sefardeba gansazRvravs.

6.3. ujredebis diferencireba

6.3.1. ra aris ujredebis diferencireba
mravalujredian organizmebSi ujredebis yoveli jgufi anu tipi

garkveuli funqciis SesrulebisTvis aris momarjvebuli. zrdasruli
adamianis organizmSi, magaliTad, arsebobs 250-mde sxvadasxva funqcias

Semsrulebeli specializirebuli ujredi. organizmis formirebis garkveul
safexurze ujredebi funqciaTa Sesabamisad specializdeba anu maT Soris
`Sroma~ nawildeba. Sesabamisad, gansxvavebulia sxvadasxva funqciis



Semsrulebeli ujredebis morfologia (garegani saxe da Sinagani
agebuleba).

sakvirveli ki aris ujredebis sxvadasxvagvaroba? gana bunebis
`goniereba~ da mizanSewoniloba sayovelTaod ar aris aRiarebuli?

TiTqos da zigotisagan warmoSobili yvela ujredi misi msgavsi
unda yofiliyo. rogor xdeba, rom mravalujrediani organizmis
ujredebi, erTi winapari ujredidan (zigotidan) warmoSobilni,
gamravlebisas sul ufro da ufro gansxvavebulni xdebian da bolos
iyofian ujredebis did jgufebad (ujredis tipebi), romlebic
sxvadasxvani arian maTi agebulebiTa da funqciebiTac?

ujredis specializaciis process, romlis Sedegadac is erTi an
ramdenime funqciis SesrulebisTvis xdeba mowyobili diferencireba
ewodeba. marTlac ujredis diferencirebis Sedegi imaSi gamoixateba, rom
saboloo jamSi misi morfologiuri Taviseburebebi usaTuod
mcirericxovan an erT, funqcias miesadageba.

ujredebis diferencirebis ufro zogadi gansazRvrebac arsebobs. is
amerikel mecniers k. grobStains ekuTvnis. k. grobStaini sakuTriv
ujredebis diferencirebas citodiferencirebas uwodebs. k.grobStainis
azriT citodiferencireba ewodeba dediseul organizmSi
araerTgvarovnebis aRmocenebis procesSi ujredebSi momxdar
cvlilebebs. amgvarad, Canasaxis diferencirebis safuZveli
citodiferencireba anu ujredebis diferencirebaa. citodiferencireba
ewodeba ujredebSi momxdari cvlilebebiT ganpirobebul deda
organizmSi araerTgvarovnebis aRmocenebis process.

ujredebi gansxvavdebian aramxolod Sesasrulebeli funqciebiT,
romelTa ricxvi 1013 aRwevs, aramed sicocxlis xangrZlivobis
mixedviTac. ujredebis sicocxlis xangrZlivoba SeiZleba iyos erTi
dRe-Rame (nawlavis epiTeluri ujredebi), ramdenime dRe-Rame (sisxlis
ujredebi) an ramdenime aTwleuli (nervuli ujredebi). organizmis
zrdis, ganviTarebis da srulfasovani cxovelqmedebisTvis masSi
daRupuli ujredebis axali ujredebiT Canacvleba xdeba (fiziologiuri
ganaxleba). sicocxlis ganmavlobaSi adamianis organizmSi daaxloebiT 15
tona ujreduli biomasa warmoiqmneba, rac imaze miuTiTebs, rom
organizmSi arsebobs ganaxlebis mudmivi wyaro. dadgenilia, rom yovel
cocxal organizmSi arsebobs moumwifebeli ujredebis ierarqia,
romelTac Reroujredebi miekuTvneba. organizmis ganviTarebis garkveul
safexurze am ierarqiaSi Semavali TiToeuli ujredi specialuri
funqciebis Sesrulebis mizniT gansakuTrebulad icvleba,
diferencirdeba.

Reroujredebis klasifikacia xdeba maTi diferencirebis xarisxis
mixedviT.  arsebobs: totipotenturi, pluripotenturi, multipotenturi
da unipotenturi Reroujredebi.



suraTi 73. Reroujredebi

Reroujredebis ierarqiaSi pirvel safexurze ganTavsebulia zigota
anu ganayofierebuli kvercxujredi, romelic miiReba mamrobiTi da
mdedrobiTi sasqeso ujredebis Serwymis Sedegad da Seicavs genetikur
informacias mTliani organizmis da misi ganviTarebis Sesaxeb. is
dasabams aZlevs organizmebis yvela ujreds. ujredis genomis Tvisebas
moaxdinos embriogenezis programis realizacia anu dasabami misces
mTlian organizms totipotenturoba (totipotency) ewodeba. zigota aris
yvelaze totipotenturi (totipotent laTinuridan-yovlisSemZle) ujredi,
romelic organizmSi arsebuli yvela tipis specializirebuli
ujredidan nebismiers aZlevs dasabams. zigotas SesaZlebelia aseve
idealuri Canasaxovani ujredi vuwodoT. es termini zogjer gvxvdeba
literaturaSi, magram mainc da mainc fexmokidebuli ar aris
(SemoTavazebulia g.TumaniSvilisa da n.salamatinas mier).

vcadoT gavarkvioT, ra cvlilebebs ganicdis ujredi
diferencirebis procesSi. embriogenezSi zigota iwyebs danawevrebas.
pirveli ramdenime dayofis Sedegad (6 cikli) warmoqmneba meoradi
totipotenturi ujredebi, romelTac SenarCunebuli aqvT zigotis
Tvisebebi. TiToeuli aseTi ujredidan SeiZleba warmoiqmnas identuri
axali organizmi (magaliTad, erTi kvercxujredidan miRebuli tyupebi).
pirveli dayofidan daaxloebiT me-4 dRes warmoqmnil blastocistaSi
ujredebi gansxvavdebian da amdenad kargaven totipotenturobas.
blastocistas SigniT arsebul ujredebs, romlidanac viTardeba
Canasaxi, embrionuli Reroujredebi ewodebaT. maT gaaCniaT mxolod
erTi funqcia – ujredebis Semdgom TaobaSi genetikuri informaciis
gadacema.  aseT ujredebSi jer ar aris CarTuli diferencirebis
gamSvebi meqanizmebi.

Reroujredebis ierarqiis Semdeg safexurs ikaveben pluripotenturi
ujredebi. Ppluripotenturoba aris ujredis Tviseba Sesabamisi garegani
signalebis zemoqmedebiT diferencirdes da warmoqmnas organizmis
nebismieri qsovili.

daaxloebiT ori kviris Semdeg pluripotenturi ujredebi kargaven
Tavis universalobas da gardaiqmnebian multipotentur Reroujredebad
multipotenturoba aris ujredis unari dasabami misces sxvadasxva tipis
ujreds, romlebic formireben gansxvavebul qsovilebsa da organoebs
(aseTebia magaliTad, hemopoetinuri da mezenqimuri Reroujredebi).
ierarqiis umaRles safexurze ganTavsebuli arian momwifebeli formebi
anu organizmis sxvadasxva qsovilis unipotenturi ujredebi.
unipotenturoba aris ujredis Tviseba dasabami misces mxolod erTi



tipis ujreds (magaliTad, spermatozoidebis warmomqmneli
spermatogonuli Rero ujredebi). Reroujredebi yvela sxva ujredebis
msgavsd mravldeba  dayofis gziT. gansxvaveba imaSi mdgomareobs, rom
maT ganusazRvrelad SeuZliaT dayofa, maSin rodesac zrdasrul
ujredebs SezRuduli aqvT dayofis ciklis ricxvi.

agvarad, ujredebis diferencireba aris maTi Tanamimdevruli
gardaqmnebis procesi, romelic mimdinareobs ujredebis ramdenime
TaobaSi da moicavs rogorc morfologiur, ise fiziologiur niSan-
Tvisebebs.

diferencirebisas ujredi sawyisi ujredisagan (zigota an spora)
sul ufro da ufro gansxvavebuli xdeba. im gzas, romelsac ujredi
diferencirebis procesSi gaivlis xSirad diferons uwodeben. es termini
amerikelma mecnierebma f.fogelma da misma Tanaavtorebma SemoiRes.
Tumca am avtorebma diferoni ufro Reroujredidan diferencirebis
saboloo, terminalur, safexuramde gzas uwodes, is ufro farTo
mniSvnelobiTac SeiZleba vixmaroT. Tavis droze amave cnebis
aRsaniSnavad termini - ujreduli gza - iyo SemoTavazebuli g.
TumaniSvilis mier. Secdomad arc misi xmareba CaiTvleba (sur. 74).

suraTi 74. ujreduli gzis (diferonis) sqema
E - aradiferencirebuli winapari ujredi; 2, 4, 8, 2n - ujredTa

Taobebi. yoveli axali Taoba winapari ujredisagan ufro da ufro
gansxvavdeba.

ujredebis diferencirebas sididis (odenobis, xarisxis) garda,
mimarTulebac aqvs. marTlac imTaviTve iTqva, rom ujredebis
diferencireba organizmSi nairgvarobis aRmocenebas ganapirobebs, xolo
es nairgvaroba organizmSi sxvadasxva tipis ujredebis arsebobis
Sedegia.



amgvarad, SeiZleba warmovidginoT rom ori an ramdenime ujredi
erTi manZiliT iyos daSorebuli idealuri Canasaxovani ujredisagan.
erTi da igive xarisxiT gansxvavdebodes misgan. amave dros xsenebuli
ujredebi SeiZleba sxvadasxva tips miekuTvnebodes. es viTareba SeiZleba
grafikulad gamoisaxos (sur. 75). naxatidan Cans, rom yvela tipis ujreds
erTi saerTo idealuri Canasaxovani ujredi yavs winaprad.

suraTi 75. diferencirebis grafikuli gamosaxuleba
A, B, C - sxvadasxva tipis ujredebis erTi xarisxiT diferencireba

E - aradiferencirebuli winapari ujredi

rogorc ukve iTqva, es erTi ujredi SeiZleba zigota arc iyos. es
sulac ar niSnavs imas, TiTqos organizmis yvela ujredi erTaderTi
ujredisganaa warmomdgari (amgvari daskvna mxolod im SemTxvevebisTis
iqneba swori, rodesac idealuri Canasaxovani ujredi zigotaa). naxatze
asaxulia mxolod is, rom yvela, metnaklebad diferencirebuli ujredi
warmomdgaria sruliad aradiferencirebuli ujredisagan. amgvarad, 75-e
suraTze warmodgenili sqemis Tanaxmad ujredebis diferencireba
xasiaTdeba, rogorc sididiT, ise mimarTulebiT da erTgvar veqtors
warmoadgens. garda amisa, diferencireba mravaldiferonian sistemas
qmnis. Tanamedrove citologiaSi gabatonebulia azri, TiTqos
diferencirebis terminalur etapze myofi ujredebi erTnairad (erTi da
igive xarisxiT) arian diferencirebulni. am azrs yvela rodi iziarebs.

diferencirebis procesSi myof ujredze xSirad amboben, rom is sul
ufro komitirebuli xdeba. komitacia ujredebis SesaZleblobebis
SezRudvas ewodeba. es termini ufro zogadia, vidre diferencireba,
radganac komitacia TviT diferencirebis Tanmxlebi movlenaa. amgvarad,
ujredebis mier kompetenciis dakargva, misi TandaTanobiTi komitaciiT
aris ganpirobebuli.

6.3.2. ujredis diferencirebis buneba da kriteriumebi



ujredebis diferencirebaze rom vimsjeloT, am procesis bunebaa
dasadgeni. gasarkvevia, ramdenadaa ujredebis diferencireba raime
gansakuTrebuli da arsebiTad gansxvavdeba Tu ara diferencireba sxva
procesebisagan. amisaTvis ki dasadgenia, ra meqanizmi ganapirobebs
ujredebis tipebis sxvadasxvagvarobas. iTvleba, rom erTi da igive
saxeobis sxvadasxva tipis ujredebis genotipi erTnairia da genebis
erTsa da igive nakrebs Seicavs. maSasadame sxvadasxva tipis ujredebSi
genTa sxvadasxva krebulis eqspresia xdeba. aqedan gamomdinare ujredebis
diferencirebis safuZvlad genebis diferencialuri aqtiuroba anu
eqspresia udevs.

ar unda daviviwyoT isic, rom ujredebis umravlesobas gareSe
zemoqmedebebze swrafi reagirebis unaric aqvs. xSirad amgvari,
fiziologiuri, reaqciebis procesSi genetikuri reprogramirebac xdeba.
kerZod, sxvadasxva genebis eqspresiuloba icvleba. amgvari movlenebi
gansxvavdebian ujredebis diferencirebisagan.

ujredebis diferencirebis ganmsazRvreli faqtorebi, e.w.
sadiferenciacio faqtorebia. rogorc Cans, sadiferenciacio faqtorebi
sxva araferia, Tu ara amJamad kargad Seswavlili satranskripcio
faqtorebi. diferencirebas mravali sxva faqtoric gansazRvravs. esenia
nervuli sistema, hormonebi, citoplazmuri faqtorebi da temperaturac
ki. yvela es faqtori gansazRvravs genebis diferencialur eqspresias anu
aqtiurobas.

ujredebis diferencirebis bunebis Sesabamisad misi gansazRvris
kriteriumebi SemogvTavaza k.grobstainma esenia:

1. morfologiuri niSan-Tvisebebi;
2. ujredebis qceva;
3. qimiuri niSan-Tvisebebi;
4. ujredebis ganviTarebis gza;
ujredebis morfologiuri niSan-Tvisebebis Sesaswavlad gamoiyeneba

rogorc sinaTlis ise eleqtronuli mikroskopi. rig SemTxvevaSi es
kriteriumi sakmarisad saimedoa. magaliTad, Tu ujredSi e.w. tigroidi
(nislis sxeulakebi) aRmoCnda, eWvgareSea, rom neironis sxeulTan gvaqvs
saqme. samwuxarod morfologiur kriteriums SezRudvebi aqvs: 1.
morfologiuri kvlevis procesSi, preparatebis damuSavebis Sedegad,
xSirad e.w. artefaqtebi warmoiSveba. ukanasknelni arc ujredis raime
realur Tvisebas da arc masSi namdvilad arsebul struqturas asaxaven.
2. ujredebSi bevria saerTo struqturebi. esenia, magaliTad, ujreduli
membranis sistemis komponentebi da ujredis ConCxi, romelic ZiriTadad
mikromilakebisa, mikrofilamentebisa (mikroboWkoebi) da Sualeduri
filamentebisagan Sedgeba. morfologiuri kriteriumebis gamoyenebisas
rogorc Cans, mxolod da mxolod ujredebis specifikur morfologiur
niSan-Tvisebebs unda daveyrdnoT.

rac Seexeba ujredebis qcevas, aq vgulisxmobT maT SekumSvas,
gadanacvlebas, fagocitozs da a.S., Tu ki amgvari niSan-Tviseba
sakmarisad mkafiod aris gamoxatuli, rac xSirad ar xdeba. albaT
cxadia, rom diferencirebis bolo stadiamde qcevis kriteriumi SeiZleba
arc gamodges, Tumca zogierT SemTxvevaSi SeiZleba sakmarisad mZlavri
aRmoCndes.

qimiur kriteriums. xSirad diferencirebis erTaderT saimedo
kriteriumad Tvlian. es imiTaa ganpirobebuli, rom ujredis qimiuri
komponentebis (ZiriTadad cilebis) sinTezi genebis eqspresiis uSualo



gamomxatvelia. raRa Tqma unda, yoveli ujredi misTvis specifikur
produqts asinTezirebs, xolo ujredis tipi misi cxovelmyofelobis
specifikuri produqtiT SeiZleba ganisazRvros. qimiuri kriteriumis
xsenebisas ar SeiZleba ar iTqvas, rom misi gamoyenebisas mxolod
ujredis mocemuli tipisaTvis damaxasiaTebeli nivTiereba (sinTezi) unda
gamoviyenoT. areulobis Tavidan asacileblad, Tavis droze amerikelma
mecnierebma holtcerma da ebotma ujredis mier nawarmoebi yvela
sinTezi or jgufad dayves. pirvel maTgans `arsebiTi~ anu `diasaxlisis~
sinTezebi, xolo meores ki `specifikuri~ anu `fufunebis~ sinTezebi
uwodes. xazi unda gaesvas imas, rom sxvadasxva tipis ujredebi
erTmaneTisgan `specifikuri~, `fufunebis~ sinTezebiT gansxvavdebian.
Tumca, am wesidan gamonaklisic arsebobs. ase magaliTad, ujredis
Sualeduri boWkoebis cilebi sxvadasxva ujreds sxvadasxva aqvs. amave
dros meore mxriv, cilebi romlebic ujredebis romelime jgufisaTvis
specifikurad iTvlebodnen, ujredebis sxva tipebSic iyo nanaxi. ase
ujredebis ConCxis zogierTi struqtura (ix. zemoT) kidev ufro rTulia
diferencirebis xarisxis (odenobis) gansazRvra. yovel SemTxvevaSi, es
sakiTxi aravis bolomde ar gadauwyvetia. diferencirebis xarisxisa da
mimarTulebis dadgenisas, rogorc Cans erTi kriteriumis xmareba ar
gamogvadgeba. umravlesad ramdenime kriteriumi unda gamoviyenoT.

6.4. ujredebis xazebis mokvdaoba da telomerebis ucnauri
Tvisebebi. fermenti telomeraza

ukanaskneli ramdenime aTeuli wlis manZilze mkvlevarebi sul ufro
da ufro etanebian ujredebis Tvisebebis Seswavlas e.w. ujreduli
kulturis pirobebSi.  ujreduli kultura aris specialur WurWelSi da
Sesabamisi sakvebi aris pirobebSi metnaklebad damoukideblad arsebuli
ujredebi (miiReba qsovilis calkeul ujredebad daqsaqsvis Sedegad).
amgvarad daqsaqsuli ujredebi gareSe zemoqmedebisaTvis ufro
misawvdomia da mTeli sistemac (ujredebi da sakvebi are) mTlian
organizmTan SedarebiT gacilebiT ufro martivia. daqsaqsuli ujredebis
sistemaSi integraluri regulaciis meqanizmebi gamoTiSulia (isini ar
ganicdian nervuli da endokrinuli sistemebis gavlenas). aseT pirobebSi
maTSi sxvadasxva cvlilebebis aRmoceneba xdeba (transformacia) rac
yovelnairi kvlevis dros mxedvelobaSi unda iqnes miRebuli.

bunebriv pirobebTan dasaaxloveblad da cdis kvlevis mizanTan
Sesabamisobis gasazrdelad kulturis ramdenime tipia SemuSavebuli.
zogjer qsovilis ujredebad daqsaqsva saerTod ar xdeba. es e.w.
organuli kulturaa. kulturaSi daTesvisas, ujredebi erTxans ar
iyofian. adgili aqvs e.w. lag-fazas, romlis ganmavlobaSi ujredebi
Tavis axal mdgomareobas `eguebian~, aRsaniSnavia, rom nebismier
SemTxvevaSi yofas, rac substrats miekrobian da metnaklebad mWidro
Sres qmnian. lag-fazis gavlis Semdeg ujredebi swraf dayofas iwyeben.
ujredebis dayofis tempi, sxva faqtorebTan erTad, WurWlis fskeris
farTobzea damokidebuli. garkveuli periodis ganmavlobaSi ujredebis
raodenoba drois mimarT eqsponenturad izrdeba, xolo mrudis
logariTmul maStabSi agebisas, is aRmaval wrfes iZleva. amitom am
periods eqsponencialuri anu logariTmuli zrdis fazas uwodeben.
ujredebis ricxvis sakultivacio WurWlis fskeris farTobTan
Sefardeba rogorc ki garkveul sidides miaRwevs, ujredebis gamravleba



wydeba. amieridan isini mxolod ujredebis daRupvis gamo Semcirebuli
raodenobis aRsadgenad iyofian, ris Sedegadac ujredebis raodenoba
ucvleli rCeba. es e.w. stacionaruli fazaa.

ujredebis kulturaSi arsebobisa da gamravlebisaTvis aucilebelia
maTi saarsebo garemos gamofitvisagan dacva, rasac an ujredebis axali
ariT Sevsebul WurWelSi gadataniT an aris SecvliT aRweven.
organizmidan amoRebul da pirvelad daTesil kulturas pirveladi
kultura ewodeba, xolo pirvelad gadaTesvis an aris Secvlis Sedegad
miRebul kulturas ujreduli xazi ewodeba. Tu moxerxda ujredebis
xazis erTi winamorbedi ujredidan miReba, mas ujredebis klonis
saxelwodebiT aRweren.

Zalian didxans iqmneboda STabeWdileba, rom kulturaSi ujredebs
usasrulod gamravlebis unari aqvT. msgavs movlenas erTujredian
organizmebSi vxvdebiT. amgvari ujredebis jgufebi xSirad ukvdav
populaciebad iwodebian. rasakvirvelia, amgvar SemTxvevaSi mxolod
populaciebis ukvdavobaze SeiZleba laparaki. magram 1961w. l.haiflikma
da p.s.murpedma daadgines, rom kulturaSi myofi ujredebis gayofaTa
ricxvi usasrulo ar aris, xolo TviT populacia mokvdavia. es Sedegebi
fibroblastebze (SemaerTebeli qsovilebis ujredebia) iqna miRebuli.
aRmoCnda, rom sxvadasxva cxovelebis fibroblastebisaTvis gaorkecebaTa
sxvadasxva ricxvia damaxasiaTebeli. ase adamianis fibroblastebi e.w.
meorad kulturaSi saSualod 50-jer iyofian, xolo Tagvisa ki mxolod
15-jer.

SeiZleboda gvefiqra, rom gayofis unaris dakargva kultivirebis
pirobebis uaryofiTi zemoqmedebis bralia. ujredebis gayofis unari
rogorc aRmoCnda, damokidebulia im organizmis asakze, romlisganac
fibroblastebi iqna miRebuli. ase axalSobili bavSvis fibroblastebi
80-90-jer iyofa, xolo 70 wels gadacilebuli, adamianis fibroblastebi
ki 20-30-jer Tu gaiyofa. haiflikis TqmiT ujredi “berdeba, xolo
dabereba ujredebma rogorc kulturaSi (in vitro anu ex vivo), ise mTliani
organizmis SemadgenlobaSi (in vivo), misTvis normalur pirobebSi myofma
(in situ), ujredebma SeiZleba ganicados. raRa Tqma unda, metad
momxibvlelad gamoiyureba idea imis Sesaxeb, rom mTliani organizmis
dabereba misi Semadgeneli calkeuli ujredebis daberebis Sedegia.
miuxedavad daberebis amgvari axsnis momxibvleobisa mkvlevarebi did
sifrTxiles iCenen ujredebis “daberebis” mTliani organizmis daberebis
mizezad aRiarebis mimarT, Tumca ki amgvarma daberebam mTliani
organizmis daberebaSi marTlac SeiZleba Seitanos garkveuli wvlili.

sityvebi in vitro minis an plastmasis WurWelSi moTavsebas da
arsebobas niSnavs, magram bolo dros kulturis misaRebad minis
WurWels ki ara, plastmass iyeneben, ris gamoc es sjobs sityvebiT ex vivo
- organizmis gareT - avRniSnoT.

gansakuTrebiT mniSvnelovania is, rom ujredis mokvdaoba
(mortaloba, inglisurad - mortality) genetikurad aris determinirebuli.
Sesabamisi genebis mutaciebi an mokvdaobis meqanizmis ramenairi moSla
ujredebis gaukvdavebas (immortalization) iwvevs. amgvari ujredebis
gamravleba ukontrolo xdeba da xSirad avTvisebian zrdaSi gadadis.

ujredebis mokvdaoba. ukvdavobis Sesaxeb bevri mosazrebaa
gamoTqmuli, magram am movlenebis WeSmariti meqanizmi bolomde cnobili
ar aris. bolo dros mkvlevarTa yuradRebas iqcevs kidev erTi movlena,
romelsac SeiZleba ujredebis mokvdavobis problemasTan uSualo



kavSiri hqondes. es aris ujredebis replikaciuri dabereba. am procesSi
qromosomebis telomeruli ubnebi anu telomerebi aris CarTuli.

telomerebi Cven adrec vaxseneT. es Taviseburi - qromosomebis
boloebze Camocmuli saTiTis msgavsi - ubnebia. qromosomebis am ubnebs
yuradReba jer kidev Cveni saukunis ocdaaTian wlebSi mieqca.
gamokvlevebi erTmaneTisagan damoukideblad orma gamoCenilma
genetikosma herman j.melerma edinboroSi da barbara makklintokma
misuris universitetSi Caatara. TviT termini `telomera~ h.meleris mier
aris Semotanili (telos-bolo da meros-ubani, nawili). dadgenili iqna,
rom telomerebs moklebuli qromosomebi advilad ewebebian erTimeores
da yovelnairad ziandebian, rac maTi funqciuri aqtiurobis moSlas
iwvevs. SemdgomSi es sakiTxi sulac miviwyebuli iqna, da mxolod 1978w.
elisabed h.blekbornma j.g.golTan erTad daadgina, rom telomerebi
Seicavs dnm-s nawils, romelic genebs ar Seicavs da romlis calmagi
jaWvi metad mokle, mravaljer ganmeorebad motivs Seicavs (motivi -
SedarebiT mokle Tanamimdevrobaa). wamwamiani erTujrediani
cxovelisaTvis - Tetrahymena -saTvis es motivi TTgggg nukleotidur
Tanamimdevrobebs Seicavs. SemdgomSi amgvari motivi yvela organizmis
qromosomebis telomerul ubnebSi iqna nanaxi. Tumca misi Sedgeniloba
yvela warmomadgenlebSi zustad erTgvari rodia. ase, adamiansa da
TagvSi telomeruli motivis Semadgenloba TTaggg-Tia warmodgenili.
sxvadasxvaa ganmeorebaTa ricxvic: Tetrahymena-Si ganmeorebaTa ricxvi 70-s,
xolo adamianSi ki 2000-s udris.

telomeruli ubnis qcevis mixedviT yvela ujredi or did jgufad
SeiZleba gaiyos. pirveli maTgani - erTujrediani organizmebi, sasqeso
ujredebi (gametebi) da avTvisebiani ujredebia, xolo meoreSi ki
mravalujredianTa somaturi ujredebis umravlesoba Sedis. pirveli
jgufis ujredebi gayofisas ar kargaven telomeruli dnm-s
nukleotidebs da maTSi telomerebis sigrZe SenarCunebulia. meore
jgufis ujredebSi ki gayofisas telomeruli ubnis Semcireba xdeba.
samocdaaTian wlebSi rusma mecnierma a.m.olovnikovma wamoayena
mosazreba, rom ujredebis haiflikisebri  dabereba da maT mier gayofis
unaris dakargva telomeruli ubnis dnm-s gansazRvrul zRvramde
Semoklebis gamo xdeba. bolo dros miRebuli monacemebiT es
mosazrebebi dadasturda.

upirveles yovlisa, yuradReba unda mieqces im faqts, rom ujredebis
gayofisas dnm-s boloebSi moqceuli nawili srul gaormagebas
(replikacias) ver awarmoebs da amrigad telomeras sigrZis Semcireba
xdeba. amrigad telomerebis problema qromosomebis boloebSi moqceul
dnm-s replikaciis problemaze iqna dayvanili. gadasawyveti Seiqna
sakiTxi - ris wyalobiT inarCunebs telomeruli ubani Tavis sigrZes e.w.
ukvdav ujredebSi? amis Taobaze jer Teoriulad iyo wamoyenebuli
mosazreba gansakuTrebuli fermentis - telomerazas - arsebobis Sesaxeb,
xolo 1984w. es fermenti aRmoCenili iyo yvela im ujredebSi, sadac
telomeruli ubnis sigrZe ar mcirdeba. telomerazas mTavari
Taviseburebaa isaa, rom cilis garda, is Seicavs mcire rnm-s, romelic
telomeruli dnm-s matricas warmoadgens. amgvarad, telomerazas
yvelaferi aqvs imisTvis, rom telomeruli dnm daasinTeziros. kerZod,
telomeraza iyenebs ra matricad Tavis rnm-s asinTezirebs telomeris
motivs dnm-s Tavisufal boloze dagrZelebuli dnm-s replicireba
Cveulebrivis meqanizmiT xorcieldeba. telomeruli dnm-s sinTezisaTvis



rogorc bolo dros gairkva, marto telomeraza sakmarisi ar aris. masSi
mTeli rigi specifikuri cilovani faqtori monawileobs. dReisaTvis
dadgenilia, rom zrdasruli organizmis ujredebSi ar sinTezirdeba
telomeraza, amitom xdeba dediseuli jaWvis damokleba.

amrigad, telomeruli Tanamimdevrobebis damoklebis Sedegad ujredi
kargavs gamravlebis unars, rasac replikaciuri dabereba ewodeba.
arsebobs mosazreba, rom `ujredis dabereba~ organizmis daberebis
xelSemwyobi pirobaa. dadginda, rom telomeraza aqtiurad sinTezirdeba
simsivnur ujredebSi.



sagnobrivi saZiebeli

r.altmani 47 110
agzneba 23
aglutinacia 53
agonistebi 88
adaptoruli cilebi 80 139
adgezia 60
adenilatciklaza 76 77
adenini 43
aerobuli Jangva 24
avtokrinuli 73
autolizi 107
autolizosoma 107
azoti 26
azotis Jangi 14
akreciuli proliferacia 164
aleli 176
amf 25 76
amfoteruli naerTebi 27
amiloplasti 118
aminomJava 29, 31, 33
amino jgufi 27
amitozi 165
anafaza 55, 168 171 177
aneuploidia 179
anionebi 93
anionuri arxebi 88
anionuri centri 93
antagonistebi 23 88
antiporti 90
anularuli granula 136 182
anulusi 144
apoptozisi 12
arasapnvadi lipidebi 39 40
araspecifikuri transporti 87
araqinoidis mJava 80
aracilovani aminomJavebi 27
arahistonuri cilebi 153
argentofiluri cilebi 161
arginini 27
astraluri mikromilakebi 172
atf 76
atf-aza 89
aferocitebi 193
autolozosoma 107
autofaguri vakuoli 107
aqsonema 70 71 131
aqtini (- F, - G ) 52 64 66 170
aqtinis boWko 64

aqtinomicini D 102
aqtiuri transporti 64 90
aqtiuri centri 75
astrociti 68

e.blekborni 205
g.blomeli 98
t.boveri 162
i.brezeli 149
l.burJaini 146
bazaluri granulebi 131
bazaluri korpuskulebi 131
bazaluri sxeulakebi 16 131
baris sxeulaki 144
baqteria 13 14
beta (β) konformacia 31
bivalentebi 186-187
bilirubini 117
birTvakTan asocirebuli
qromatini 166, 167
birTvaki 16 17 156 172
birTvakis organizatori 153
birTvakuli vakuolebi 169
birTvakuli segregacia 170
birTvakuli cilebi 169
birTvi 14 17 65 136 138 168
birTvis garsi 15 65 168
birTvis garsis fibrozuli Sre
141
birTvis garsis forebi 144
birTvis matriqsi 140
birTvis wveni 140
birTvuli receptorebi 80
blefaroblastebi 131
buferuli xsnarebi 23

k.golji 100
j.goli 205
gomori 105
j.gordoni 109
gorteri 52
grendeli 52
G1 – faza 165 167
G2 – faza 167 181
k. grobSteini 185
GERL kompleqsi 107
gaadvilebuli difuzia 87 89
galaqtoza 104



gameta 173 176 178
gametociti 159 173 174
gangliozidebi 43 53 56
garsi 143
gayofis TiTistari 168, 172
gdf 81
genis amplifikacia 150 191
genis diferencialuri aqtiuroba
191
genetikuri informacia 9
genetikuri reprogramireba 200
genetikuri poliplpodia 179
genis eqspresiuloba 40
genomi 24
- genomis multiplikacia 191
genotipi 200
glicerofosfatebi 39
glikoforini-A 52
glikogeni 37 116
glikokaliqsi 1 51
glikolipidebi 37 39
glikolizireba 33 35
glikoproteinebi 52 57 104
glikozaminoglikanebi 37
glikozilireba 104 124
glioqsisoma 109
globularuli cilebi 26
gluvi endoplazmaturi
retikulumi 102
glukagoni 84
glukoza 37 80
glukozilceramidi 105
goljis aparati 100 104
- kompleqsi 14 17
- sxeuli 49
goniumi 173
granularuli komponenti 157 160
granumi 119
granumis lamelebi 119
gverdiTi migraciebi 125
gverdiTi nakadebi 125
gtf 70 76 82
gtf–azuri aqtiuroba 139
guanini 43

daenis sindromi 179
danawevreba 12
danieli 49
devsoni 52
de duvi 109
dezoqsiriboza 37

dezoqsiribonukleinis mJava 43
dezoqsiribonukleoproteini 36
desmini 67 68
diakinezi 177
demaskireba 45
diasaxlisis funqciebi 6
diacilgliceroli 78 82
dineini 71 75
diploiduri nakrebi 178
diplonema 177
dipoli 21
dispersia 21
diseuli qromatida 186
disociacia 24
disulfiduri (S-S) bma 32 33
diqtiosoma 100
diplosoma 130
diferoni 189
diferencireba 12, 196, 199, 201
- citodiferencireba 197
- diferenciaciis faqtori 200
difuzia 89, 91, 92
dnm 39, 48, 50
- dnm-s replikacia 46, 187, 206
domeni 37
dofamini 85

eboti 202
E-saiti 140
egzocitozi 69, 70, 85, 96
elementaruli membrana 52
elementaruli nawilakebi 119
eleqtronuli mikroskopia 21
eleqtro-qimiuri gradienti 88
endokrinuli 77
endomitozi 191
endonukleaza 188
endoplazmuri bade 15, 31, 66, 83,
101,132
endoplazmuri retikulumi 101
endosimbiozi 128
endosoma 98
endocitozi 68, 69, 96
endoreduplikacia 188
epiTeluri qsovili 68
epinefroni 85
eriTrociti 90
estrogeni 44
eukaizanoidi 85
eukarioti 10, 13



eukariotuli ujredi 9, 46, 51
euploidia 188
euciti 9, 13
eqskluziis zona 108
eqspotencialuri zrdis faza 108

r.virxovi 6
valini 29
vander-valsis Zalebi 22
varskvlavi (aster) 64, 82
vimentini 71
vinblastini 73
vinkristini 73
virusebi 6
vitaminebi 27
vitamini B-12 24
vitamini D 44, 86
vakuoli 14, 16, 98

i.zbarski 156
zibina 191
zigonema 186, 187
zigota 182, 196
zrdis Semakavebeli faqtori 93
zrdis faqtorebi 92, 94

g.TumaniSvili 48, 197, 198
Tavisufali ribosomebi 27, 65
Tilakoidi 125
Timini 45
Tiroqsini 84
Treonini 29
TuTia 26
Txevad-mozaikuri modeli 53

idealuri Canasaxovani ujredi 197
imunoglobulini G 19
importini   146
importini   146
in situ 204
in vivo 204
in vitro 204, 205
ex vivo 204, 205
individualuri ganviTareba 7
invaginacia 96
inozitoltrifosfati 82
integraluri cilebi 54, 55, 61, 92
integrini 61, 65
interkinezisi 187

internalizacia 97
intersticia 168, 166
interferenciuli mikroskopi 19
interqromatinuli bade 149
intramembranuli sivrce 117
intratrabekuluri sivrce 75
intracisternuli nawili 101
intracisternuli sivrce 101
inulini 40
insulini 79
informaciuli rnm 48
ionuri arxebi 54
ionizacia 24
ionuri bma 22, 36
ionuri tumboebi 94
ionuri homeostazi 95
izoleicini 29
izopreni 44, 84
izotonuri xsnari 90

kiolikeri 116
l.karo 109
m.kelvini 169
g.kvinixiZe 80
kolcovi 191k
kornbergi 154
kaliumi K 25
kaliumis kaTioni 95
kaTionebi 13
kadmiumi 26
kalmodulini 82
karboqsilis jgufi 29
kariokinezi 177, 190
kariolizuri sxeuli 193
kareoreqsisi 193
kariotipi 159
kariofiluri cila 146
karotini 123, 127
karotinoidi 44, 123 ,127
katalaza 115
kateqolamini 85
keiloni 93
kelvinis cikli 129
kepingi 80
keratini 28
keratinsulfati 40
klaTrini 98
klasteri 98
kinezini 179
kinetosoma 138
kinetoqori 160



kinetoqoris mikromilakebi 180
kloni 203
kobalti 24
kovalenturi bma 22, 37
kolageni 28, 32, 33
kolqicini 73
komitacia 200
kompartmenti 100
kompaqturi tipis birTvaki 171
kondesirebuli qromatini 151
koneqsoni 62
koniugirebuli cilebi 37
konkanavalini A 55
konformacia 28
konfokaluri mikroskopi 20
koncentraciis gradienti 88
kortikaluri Sre 55
kortikosteroni 44
kontranslacia 104
kotransporti 95
krebsis ciklis reaqciebi 118
kristebi 118
krosingoveri 185, 186
kultura
- organuli 203
- pirveladi 204
- ujreduli 202

l.laita 84
a. levenhuki 6
a. leninjeri 116
u.lemli 157
L meromiozini 118
lag-faza 203
lamela 126
lamelopodiebi 67
lamina 143, 149
laminin 65
lampris jagrisisebri
qromosomebi 163
laqisebri desmosomebi 64
leikoplastebi 125
leptonema 186
leqtinebi 55
leicini 29
ligand-receptoris kompleqsi 80,
98
ligandi 78, 80, 97, 194
lizini 29, 39
lizisi 90
lizosoma 15, 16, 43, 97, 111

linkeruli dnm 155
likopini 124
lipidebi 28, 38, 41, 52, 56
lipiduri biSre 53
lipoproteinebi 38
lipofiluri naerTebi 83, 86
logariTmuli zrdis faza 203

b. maklintoki 205
l.margelisi 121
i.masui 85
miSeri 24
p.mitCeli 120
e.miqaZe 134
h. meleri 205
p.murpedi 204
magniumi 14
makroerguli bma 27, 116
makromolekulebi 27, 28
makronukleusi 9
manebi 75, 137
martouli receptori 87
maskanirebeli eleqtronuli
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