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KoTopbIx cOCTOAT M3 MOHOHYKJIEOTHUIOBa

Takum 06p2130M, HYKJIICHMHOBBIC KHCJIOTBI
ABIIAOTCA ITOJIHMHYKICOTHUAAMU -

HykienHOBbIE KUCIOTHI BIepBbie ObUTH 0OHapyxeHbl B 1868r.
BEUIAPCKUM XUMUKOM D.MHUIIEPOM B KIIETOUYHOM SI/IPEa

OTHOCHTENIbHAST MOJICKYJISIPHASE MacCa HYKJICHHOBBIX KHCJIOT
Bapeupyerca ot 104 1o 1019,

[IpogykTaMy OTHOTO THAPOIN3a HYKJICHHOBBIX KHCIOT SIBISIOTCS T€TEPOIUKINICCKUE
a30TUCTBIC OCHOBaHUs, yrIeBo bl (prbo3a mim ae30kcuprudo3a) u dpocopHas
KHCJIOTa, CIIE0BATENIbHO, OCTATKH STUX COCIWHEHUH SIBISIOTCS CTPYKTYPHBIMH

KOMIIOHCHTAMH HYKJICMHOBBIX KHUCJIOTa

[Tpu nonnom ruaponuse H.K. momyyaror n8a Habopa NpOAyKTOB THAPOIH3A.

1.DochopHas kucioTa, Ae30KCUpH003a, Ba IMYyPHUHOBBIX OCHOBaHUsA(aAeHUH ¥ TyaHHWH) U JBa
TUPUMHUIAHOBBIX OCHOBAHUS(IIUTO3UH U THMHUH)

2.DochopHas Kuciora, pud03a, aBa MypPUHOBBIX OCHOBaHMS(aJICHUH W TyaHWH) U JBa MAPUMHUIHHOBBIX

OCHOBaHMS(IIUTO3MH U YPALIKIT)a
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ICTOPUS OTKPF

B 1869 rony , xorma ®. Muiiiep BBIAEINI U3 AP KICTOK 0C000€ BEIIECTBO, 00IaaaBIICe KUCIBIMU
CBOWMCTBAMHU M Ha3BaHHOE MM HyKJIeMHOM. Hykiewn comeprkan 0osbinoe koauuecTBo docdopa. B 1889
ronxy AJbTMaH BBEN TEPMHUH — HYKJIEHHOBas kuciaoTa. Haunnas ¢ 1879 roma A. Koccenb crain
IPOBOJMTH CBOM MCCIICOBAHHUS 10 XMMUU HyKJIenHa. OH MOKa3aja, YTO B €ro coctaB KpoMe (GochopHoi
KHCJIOTBI BXOJAT IMyPHHBI U TUPUMHUIAMHBI (A30THCTHIC OCHOBAHHS), @ TAKXKE YIIICBOIHBIC KOMIIOHCHTbIa
Bb110 00HAPYKEHO YEeThIPEe a30THCTHIX OCHOBAHHiA: JBa MypHWHA — aJICHUH M TYaHUH U JBa MUPUMHUIMHA —
TUMHH U I[UTO3MH.

‘—J
=
=
-
=

B 1924 rony P. ®enbren paspadoran MeToasl mutonoruueckoro pacrnosnaBanus JJHK u PHK.
Oxkazanocb, uTo (yKcuH n3duparenpHo cBszbiBaeTcs ¢ JIHK. Panee cunranock, uto JIHK cBoiicTBeHHa
TOJIBKO >KUBOTHBIM KJeTKaM. Denbren oOHapyxun JJHK B siapax kieTok pacteHuila OH [UTOJOIMYECKU
nokasaj, uyto JIHK nokamusupyer B siapax kineroky, a PHK — B nuromiasme. B 1936 rony A. H.
benozépckum u H. M. [IyOposckoit JJHK B uncToM Buae Oblia BeIACICHA M3 saep pacTeHuiia B 1934
rogy T. Kacnepccon, ucnonssys cneruduky noromenus JHK ynsrpaduonetoBoro nsera, nokasan
cBsa3b mouiekys JJHK ¢ xpomocomamu.

XaiimapcreH u Kacnepccon obHapysxuiu, 4to Mosiekynsl JIHK o6namator GoabuM MOJNEKYISIPHBIM
BECOM, IPEBBIMIAOIINM BEC MOJIEKY Oenka. B 310 xe Bpemsa B. Ctannu, ®. boynen u Ha. I[upwu,
UCCIIElysl PACTUTEIIbHBIE BUPYCHI, IIPUIILIA K 3aKJIFOYEHUIO, YTO BCE BUPYCHI COAEPKAT HYKIIEMHOBYIO
KHUCJIOTY= B CBETE 3TOro0 OHM CUMTAJIX BO3MOXXHBIM IPUIATh HYKJICHUHOBBIM KHCIJIOTAM 3HAUYCHUE
TEHETUYECKOI0 MaTepralida

OTU OTKPBITHUSI CTUMYJIUPOBAIN TTyOoKkuii uutepec k mojekyinam JJHK u ux renerudeckoil posu.



B 1947 rony D. Yapradd oOHapy)ui, YTO pa3HbIE BUIABI OPTaHU3MOB XapaKTEPU3YIOTCS Pa3HbIM
KOJIMYECTBEHHBIM COOTHOIIICHUEM ITYPHUHOBBIX W MUPUMHUIMHOBBIX OCHOBaHHI. JTO yYKa3bIBAJIO HA
NPUHIUITHATHPHO HOBOE M BXKHOE IOJIOKEHHUE, ITIACHBIIECE, YTO TCHETHYCCKAS CICITU(PUIHOCTE
MOXKET OBITh CBSI3aHa C COCTaBOM HykJeoTuaoB B mojekyne JJHK.

BropeiM BakHeHMM OTKpbITHEM J. Yapradda Obu10 00HApYKEHHE, UTO COOTHOIICHUE
a30TUCTBIX OocHOBaHUM B MoJiekyie JIHK ne ciaydaitno. Oka3anochb, 4TO B JJAHHOW BBIOOPKE
JIHK konn4ecTBO TUMHHOB PaBHO KOJMYECTBY aJCHHMHOBy a KOJWYECTBO T'YAHUHOB PABHO
KOJIMYECTBY IIUTO3UHOB

B 1953 rony /Ixx. Yorcon u ®. Kpuk, onupasce Ha nanasie Yapradda, Ha Marepuai
PEHTTE€HOCTPYKTYPHOTO aHaJIn3a, Ha MPUHIUMNBLI TEOPUU I€HA B POJIb AHATUTUYECCKUX JTaHHbBIX,
co3ay Mojenab Makpomonekyisipaon ctpykrypy JAHK. CormacHo stor monenn, monekyna JIHK
COCTOMUT U3 JIBYX IMOJMHYKJICOTUIHBIX IETE€i, B3AUMHO OOBUTHIX OJIHA BOKPYT JIPYTOM.

Takum o0pazom, monenb YorcoHa=Kpuka OTKpbUia MyTh K UCCIEIOBAHUIO BaXKHEHIIIUX
T€HETUYECKUX SIBJICHUM.



TUIIbl HYKJIIEMHOBBIX KHUCJIOT

CymiectByeT Tpu THna HykienHoBbix kucior: JJHK (mezoxcupubonykiientoBsie kuciotsi)y PHK (pubonykienHoBbie
kuciotel) u ATO® (anenosuntpudocdar). [logodHO yrieBomgam u OeKaM, 3TO MONIUMepbla Kak u Oeku, HyKJICHHOBbIC
KHUCIIOTHI SIBJISIFOTCS JIMHEWHBIMU TIoJMMeEpaMu. OIHAKO UX MOHOMEPBI — HYKJICOTH/IbI — SIBJSIOTCS CIOXKHBIMU
BEIIECTBAMHU, B OTIMYUE OT JOCTATOYHO MPOCTHIX CAXapOB U aMUHOKHUCIIOT.

He3okcupuboHykneuHossre | PuboHykneuHosbre
kucnoter (AHK) kucnoter (PHK)

Paznuuma 8
CTpoeHUU

Ponb B XuBbIix
OopraHu3max

HykienHOBbIE KHCIIOTBI, KaK U OCJIKHy 00JIaa0T MEPBUYHON CTPYKTYPOH (TaCa
OMPEEIICHHON MOCIEI0BATEIbHOCThIO HYKJIEOTUAHBIX OCTaTKOB B
MOJUHYKJICOTHIHOM LEMn) U TpeXMepHO# (MpOCTPaHCTBEHHOH) CTPYKTYPOia



OPATMEHRT ITONTMHYKJIEOTHU LA
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CTpyKTypHOE 3BE€HO MOJUHYKJIEOTH]IA —
OCTaTOK MOHOHYKJICOTHUAa(COCTOUT W3
TpeX KOMIIOHEHTOB)
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1. FGTCpOIII/IKJ'II/I‘ICCKI/IC a30TUCTBIEC OCHOBAaHUA

*[lnprmMmnanHoBbIE OCHOBaAHUA

°l IlVYPUHOBbIE OCHOBaHWA

2. YFJ'IGBO,Z[HBIG KOMIIOHCHTBI

Yrnesoabl, BXoAslMe B COCTaB HYKNeoTUAOB, coaepxaTt 5 atromos yrnepoaa(neHTossl). 3to B - pubosa
C°H'°0° u B - aesokcupudo3a C°H'°0* B umknuyeckom copme.

3. OprodochopHas KuciIoTa
OH

HyknenHoBble KUCMOTbI ABNAKTCA MHOFOOCHOBHbLIMM KUCIIOTaMun, NOTOMY 4YTO B
UX MorieKynax coaepxarcs octaTku optogocdopHou kucnotbl C,PO,. Ho_ﬁzo
|
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Cxema obpa3oeaHus nosiuHykneomuoa:

e Hykneosungnbl

* Hykneotuabl
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NONMMHYKNeoTna

MOHOHYKIeoTnabl



nMMPUMNONHOBBIE OCHOBAHUA -
npousBoAHbIe NUpUMUANHA —
LUeCTUYINIEHHOrO reTepoLmKna,
copepxalero 2 atoma asora. [insa
NMMPUMUANHOBBLIX OCHOBaHUM,
coaepxawmx B monekynax OH —
rpynnbl, XapakTepHa KeTo-
€HONbHasA (NnakTamMmnakTumHas)
TayToMepusi, CBA3aHHasi C
MuUrpauuen npoToHa mexay
aTomMamu asoTa U Kucrnopogpaa.
EHonbHbIe hopMbl coaepxaTt
rmapokcunbHble rpynnbl — OH n
ABOMWHbIE CBSAI3N Y OOAHUX U TeX Xe
aToOMOB yrrnepopaa B LKIe
nupumuamnHa. Keto — chopmbi
coaepXxaT aToMbl KMcnopoaa,
CcBsi3aHHble ABOUHOMN CBA3bIO C
aTomMamu yrnepopaa B LUKne
nupummauHa. B coctaB
HYKITEMHOBbIX KUCIOT
NMPUMMANHOBbLIE OCHOBaHUA
BXOAAT B KeTo — popmax.
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HYKIEO3WObI - ato
OBYXKOMMOHEHTHbIE
CUCTEeMbI, cocTosALLME U3
yrneBOoAHbIX OCTAaTKOB U
a30TUCTbIX OCHOBaAHUMN,
CBA3aHHbIX f3-
rMWUKO3UAHON CBA3bIO,
KOoTOopasa obpa3yeTcs
mexay atomamu C (1)
yrnesoga u N (9) B
nypuHoBbIX uniu N (1) B
NMUPUMNONHOBbIX
a30TUCTbIX OCHOBaHUAX.
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*CTPOEHUNE
*OYHKLIN

Awnrnuiickue yuensie J[xeitmc Yorcon u ®@pencuc Kpuk B 1953 r. mpemnoxuiu
IIPOCTPAHCTBEHHYIO Mozenb MoJeKybl JIHK.

CornacHo 3T0# Mozenu, Makpomosekyna JJHK mpencrasnser coboii cnvpaib, COCTOSIIYIO U3 IBYX
MOJMHYKJICOTUAHBIX IeTei, 3aKPYUCHHBIX BOKPYT OOIIECH OCHa

A30THCTBIC OCHOBAHUS PACIONATAIOTCS BHYTPHU crvpaiv. Ha 1 BUTOK CiUpaiu MPUXOIUTCS, KAk
npaBmio, 10 HYKICOTHIOB.

[lenu BbICTpanBarOTCsl B MPOTUBOIIOJIOKHBIX HAIIPABJICHUAX U YIEPKUBAOTCS BMECTE BOJOPOIHBIMU
CBSI3MHU, 00pa3yIOIIKUMUCS MEXIY MyPUHOBBIMH U MUPUMHUAMHOBBIMUA OCHOBAaHUSIMHU. BonoponHsie
CBSI3M 00pa3yIOTCs JIUIb MEXIY ONpeaesicHHbIMI OCHOBaHHsMU: A = T (coemuHeHbl ABYMsI
BofiopoaHbIMU cBsizsimu)j I = 1 (coemnuHenbl TpeMsi BOIOPOIHBIMU CBs3siME). Takue mapbl
OCHOBAaHMI Ha3bIBAIOTCS KOMIUIEMEHTAPHBIMU MapaMUa

Takum oOpazom, Bropuunas ctpykrypa JJHK — 310 aBoiinas cnmpanib, oOpasyromascs 3a cueT
BOJIOPO/IHBIX CBSI3€M MEX]ly KOMIUIEMEHTAPHBIMH [ApaMU T'€TEPOLUKINYECKUX OCHOBAHMa

amuHa Mostekyasl JJHK xpomMocoMsl deoBeka 10CTUraeT 8 cM, HO yMEIIaeTcss B XpOMOCOME
JUTMHON B HECKOJILKO HAaHO METPOB. JTO OOBSICHSETCS TEM, YTO AByxIenodeuHas crnupans JIHK B
MIPOCTPAHCTBE YKIIAABIBACTCS B elle 0ojee CIMKHYIO KOJIBLEBYIO (pOpMY, WIH CyNepClupalibs
['enernueckast nadopmarysi, HeoOXoAUMas JJIsl YIIPABIEHUSI CHHTE30M OEJIKOB CO CTPOIrO
OIPENCIIEHHON CTPYKTYPOM, 3aKOAMPOBAaHA HYKIEOTHIHOW mocnenoBarenbHOoCThIO Henu JIHK.

B JIHK conpepsxutcst Bcero 4 ocuoBanust (A, I'y 11, T), Kogupyromiei equHuIei st KaxIou
AMUHOKHUCIIOTHI Oelika SIBIISIOTCS TPUILIET (KO U3 TPEX OCHOBAaHHIt)y BCErO BO3MOXKHBI BAPUAHTOB
64(4> = 64). D10 Gonee yeM TOCTATOYHO AN KOXUPoBaHUS 20 Pa3IMUHEIX AMHHOKHCIIOT
BXOIAIINX B COCTAB OEJIKOBa
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JIHK = ne3oxcuprnOoHyKIEUHOBAsT KUCJIOTA —
BBICOKOMOJIEKYJISIPHBIN JIMHEUHBIA MTOJIUMEPy COCTOALIUN
U3 JABYX IOJIUMHYKJICOTHUAHBIX Lener. Monomepamu JJHK
SIBIIIOTCS HykJeoTuasl 4 tunos: A, T, I' u L3 Bce onun
MOCTPOEHBI HA OCHOBE caxapa J1€30KCUPHUO03bl.
[ToBropsitecst BHyTpH JIHK HyKneotnasl MoryT
OecuucieHHoe Komn4yecTBo paz: 23 moinekynbsl JJHK
YeIIOBEKa, HAIIPUMEPy COJEPIKAT B ceOe Oosiee 3 MIIp.
nap HykKJIeoTua0B!

Kaxnas u3 nenen JJHK sBisgercs nnHeHHBIM
MOJINMEPOM, B KOTOPOM HYKJICOTHJIBI TTOCIIEI0BATEILHO
COCIMHEHBI APYT C APYTOM IIPH MOMOIIM KOBAJICHTHOMN
dochoandupHO CBA3U, KOTOpasi 00pazyeT MEXIy
MOJIEKYJION caxapa, OJHOro HykJjeotuaa u ¢ochopHon
KHCJIOTOM APYroro HyKJICOTH/Iaa
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OOpazyromiasicst B pe3yJbTare enovka
MMEET TUTAHTCKYIO JUIMHY — JIECATKH U
COTHA MWUJIMOHOB HYKJICOTHIOB U BEC
10"° -11"1 . Ona croms Benuka, uTo
Mosiexkyny JIHK BUAHO B CBETOBOI
MHUKPOCKOII B BUAE XPOMOCOMbla

B omiimuune ot ocranbHBIX BemeCcTB KieTku, JJHK
MPEACTABIISIET COOOM JIBYXIIETIOYHYIO MOJIEKYTY, B
KOTOpPOHM 00€ IIeNU MPOYHO CBS3aHBI APYT C APYTOMa.
CymiecTBoBaHHE MOJOOHON CTPYKTYpPbl BO3MOXKHO
Omarojapsi 0COOEHHOCTSIM CTPOCHUSI HYKJICOTHIOB. [lenu
JIHK opueHTHpOBaHbI CTPOTO ONPEACTEHHBIM 00pa3oM:
a30THUCTBIE OCHOBAHUSI HYKJICOTUIO0B 00EUX Ierneu
oOpallleHbl BHYTPhy @ caxapa u (ocdarbl — HAPYKY}
KpOME TOT'0, LMK PACHOJIOKEHBI OYEHb OJU3KO JIPYT K
apyry (oxomo 1,8 um).



B pesynbrare Takoro mpocTpaHCTBEHHOTO PACIIOIOKECHHS MEXKITY
a30TUCTBIMH OCHOBAaHHUSIMH JIBYX HYKJICOTHUJIOB, PACIOJOKEHHBIX JIPYT
HaIPOTHUB JIpyTra B 00€MX IEMsAX, BOSHUKAIOT HEKOBAJICHTHBIS
BOJOPOAHBIC CBSA3U. DTO ClIa0ble CBSI3M, OJHAKO 3a CUET OOJNBIIOTO
KOJIMYECTBA OHHM MPOYHO CBS3BIBAIOT 00€ IICTIH.

B 1949 roay D. Yapradd omydnrkoBan padoThl 0 3aKOHOMEPHOCTAX KOJMYCCTBEHHOTO COACPKAHMSI
a30TUCTBIX OcHOBaHMM B Monekyie JJHK, mo3xe onun Obuin Ha3BaHbl mpaBuiamu Yapradpda. OnHo u3
HUX IJIaCUT, YTO KOJIMYECTBO AJICHUHOB A PaBHO KOJWYECTBY THMHUHOB T, a KOMMYECTBO I'yaHWHOB [’ —
uuTo3uHOB LI, To ectb A=T, ['=11. OcHOBaHKMEM 3TOr0 MpaBuiia ABISETCA CIACAYIOIUNA (DAKT.
CrpykTypa a30TUCTBIX OCHOBAHUI TAaKOBAa, YTO M3 BCEX BO3MOXKHBIX B3aMMOAECHCTBHUI UX JIPYT C
IPYTOM DHEPreTUYECKU U IMPOCTPAHCTBEHHO OCYIIECTBIIIETCS OJHO=CAUHCTBEHHOE, TO €CTh
ONPEACIEHHOE a30TUCTOE OCHOBAHUE MOXKET B3aMMOJEUCTBOBATH C OJHUM E€AUHCTBEHHBIM TUIIOM
A30TUCTBHIX OCHOBAaHWU!.



Okazanocby 4TO A MOXET B3aMMOJIEHCTBOBATh TOJBKO ¢ Ty HO
He ¢ Ay I wim [l T B3auMoaencTByeT TONBKO ¢ Ay [’ = TOJIBKO
c I, a I] = Tonpko ¢ I'. Takoe n3bupaTeIpHOE B3aMMOICHCTBHE
HYKJICOTUJIOB JIPYT C APYTrOM HA3bIBAIOT HPUHIIUIIOM
KOMILIEMEHTAPHOCTH, & CAMU HYKJICOTH]IbI —
KOMILUIEMEHTapHbIMH. [ OBOpsT, 4TO A KOMIUIEMEHTapeH T, a I’
xomiuiemeHntapeH L. [IpuHIMn KOMIIEMEHTapHOCTH UMEET
OTPOMHOE 3HAUCHUS ISl CTPOCHUS U (DYHKIITMOHUPOBAHUS
HYKJIEUHOBBIX KHUCJIOTa

[ToCKOIBKY HYKJIEOTHABI B3AUMOJIEUCTBYIOT JIPYT C JPYTrOM IO
OPUHLKIY KOMIUIEMEHTAPHOCTH, TO CYLIECTBYET CTPOras
3aKOHOMEPHOCTb PACIIOJIOKEHHUS 000MX HYKJICOTHIOB B O0CHX IICTISIXa
Hanpotus A ogHol nenu Haxogutcs T B Apyroii, a Hanpotus [ crout
1, 1 HaoO6opoT. [ToaTOMY, 3Has TTOCIEAOBATEILHOCTh HYKJICOTH IOB
OJTHOM ILIEMU BCETAAa MOXXHO TOYHO 3HATh HYKJICOTHUIHYIO
NOCIEA0BATEILHOCTh BTOPOU LIEMH.




Oyuknuen [JHK sBisercs
XpaHeHHE, Iepenaya u
BOCIIPOM3BEJICHUE B PSIAY
IIOKOJICHUM T€HETUYECKOU
uH(opmaiuu. B opranuzme
JIHK, sBisscb 0CHOBOM
YHUKAJIbHOCTH WHJUBUIyaJIbHOMN
(bOopMBbI, ONPENEIIICT, KaKue
OCNKH U B KaKMX KOJIHMYECTBAX
HEOOXOJIUMO CUHTE3UPOBATh




PHEK: C T ™M

Makpomonekyna PHK, kak npaBuio, mpeacraBisier coOoi ogHy
MOJIMHYKJIEOTUAHYIO 1€1by IPUHUMAIOUIYIO PA3JIUYHBIC
POCTPAHCTBEHHBIE (POPMBI, B TOM YHCIIE U CIHPaATICOOpa3HbICa

Crpoenne monekysn PHK Bo MHOroM cXoHO CO CTpoeHUEM
mosiekys JIHK. Tem He MmeHee nMeeTcst psl CyIIECTBEHHBIX
omm4uid. B cocraB nykneornnoB PHK BmecTo
J€30KCUpUO03bl BXOJUT caxap pubo3a. OCHOBaHHE TUMHUH
3aMelleHo Ha ypauwi. [naBHoe ornmuune ot JJHK cocrour
B ToM, uTO0 PHK mmeer mumb ogny nenws. M3=3a 3Toro
xumudeckn PHK menee crabunpua, uem JIHK: BBOmHBIX
pactBopax PHK ObicTpee moaBepraercs pacuienicHUOs
[Toatomy PHK MeHee moaxoaurt mist JOJITOBPEMEHHOTO
XpaHeHus: UHPOopMalita




OpHako €€ HyKJIECOTHBI TAaKXKe CITOCOOHBI
00pa3oBBIBaTh BOJOPOJHBIC CBSI3M MEXKIYy COOOM
(manmpumep, B monekynax TPHK), HO 3TO BHYTpH,~ a
HE MEXIENOYEYHOE COCAUHEHUE KOMILUIEMEHTAPHBIX
HYKJICOTUJOBa YCTOMYUBBIX KOMIUJIEKCOB C IPYTHUMU
monekynamu PHK wim JIHK B Hopme PHK He
obpasyet. llenmn PHK 3HauntensHO KOpoue menei
JIHK. ¥V HeOomnbI10#l rpynmsl BUPYCOB HOCUTEIEM
TCeHETHYECKOM MHPOPMAIIUU SBIISIETCS ABYXICITOYHAS
PHK, koropas 3amensier JIHK ocTaibHBIX KUBBIX
OpraHU3MOBa. JTO €IMHCTBEHHbBIN MPUMED
ctabmipbHOoro PHK-PHK komrmiekca.

PHK oGnapyxeHO Takke B IUTOIIa3Me.




Ponb HyKJI€OTHIOB B OpraHu3Max HE OrpaHUYMBAETCS
TE€M, YTO OHHU SBIISAIOTCS MOHOMEpaM HYKJIEHHOBBIX
KHCTIOT

Hampumep, Monekyna ageHo3uHTpudocHopHOit
KuciaoTel (ATD) comepKUT OCTaTKH aJCHUHA,
pu603bl U HOCHOPHOI KUCITOThIy Ta €a [0 CBOEMY
COCTaBy TaKXXe SIBJISCTCS HYKJICOTHIOMa.
CymectBenHoe orinune AT® ot HykiieoTuaa AneHin Pusosa dochar docipar ®ocdpar
HYKJIEMHOBBIX KHCJIOT COCTOUT B TOMy YTO BMECTO P~

oxHoro ocrarka docdopHoit kuciorel B ATD
COJIEP)KUTCSI TPY TAKUX OCTaTKa:

I'maBuo¥t dynkuuent AT® siBnsieTcsi XpaHEHUE, MEPEHOC U BBIJICICHUE YHEPTUH, HEOOXOIUMON JIJIsi
POTEKAaHUS JTIOObIX PEaKIHiia

Bce mporiecchl B KJI€TKey KOTOPbIE 00ECeUnBaIOT €€ YHEPIrueiiy, B KOHEUHOM CUETE MPUBOIAT K
obpazoBanno AT® u3z AJI® u docdara (wm 3 AM® u aByx docdaros).



[Ipu okucnennn OEIKOB, YIIIEBOJAOB W KHUPOB, MOCTYMAIOIINX B OPTAHU3M C THUIIEH, BBIICTSETCS YHEPT U,
KoTopasi akkymyspyetcs B AT®, T. €. HaKarIMBaeTCs B MPOIECCE MPEBPAIICHUS aJeHO3MHMOHO(POCHOPHON

kucinotel (AM®) u agenosunaudochopHoii kuciorsl (AJID) B ATD: 3a cyetr obpaTHO# peakiuu (ruaposusa
AT®)

AT® + H20  AJI® + H3PO4 +40 x/x/Moib

3alaceHHass B MaKpOIPTUUCCKUX CBSA3SX SHEPIHsI BBIICISICTCS M WCIOIb3YETCS KUBBIMUA OPraHU3MaMH Ha
SHEPreTUYECKHE MPOIIECChI: COKPAIIEHUE MBI, OMOCHHTE3 OeliKa, MOAACpKAHUE TEMIIEPaTyphl Teaa y
TCTUTOKPOBHBIX KHBOTHBIX U Ta I TakuM oOpa3zoM, AT®D urpact 1eHTpaibHyIO POJb B SHEPIETHISCKOM OOMEHE
KJIETKHa

AT® — noctaroyHo cTaOMIIBHOE COCIMHEHHE, OH CIIOCOOEH MEepPEMEIIaThCs MO BCEH KIIETKE, «XpaHs B ceOe»
3arac sHepruv. B Tom Mecrte, rae oHa HeoOxonuma, AT pacuieruisieTcss U BhIIEISET «IOPLIMI0» SHEPIHHa
Oo6pazyercs AT® npenMylIecCTBEHHO B MUTOXOHApUsIX. AT® sBiseTCcs] yHUBEPCAIbHBIM MEPEHOCUYMKOM
sHEprur. Bee uBble opraHu3Mbl 3eMJM UCHOJB3YIOT €ro. CyIIecTBYIOT U IpYyrue MaKpO3PruyecKue CBsi3u
U JIpyTu€ Makpospru, Ho Tojbko AT® siBnsieTcs «BceoOleld YHEPreTUYECKOM BAIIOTON», KOTOPYIO
«IIPU3HAIOT» BCE XMMUYECKHUE MPOLIECChIa



