3AHSATHUE Nel3
«AMUHOKHUCJIOTHBI. HENITUAbI. BEJIKW»

BOI[pOC]:.I K 3aHATHIO

1. CtpoeHue u CBOWCTBA aMHUHOTPYNIBI (OCHOBHOCTh, HYKICO(DHIBHOCTh, XHUMHYECKOE
MOBEJICHUE).

2. AMHWHOKWHCIIOTBI: CTPOCHHE, U30MEPUS U KIIaCCHPHUKAITHS.

bunonspHas cCTpykTypa aMMHOKHUCIIOT U 00pa30BaHUE XEJaTOB.

XUMHUECKUE CBOMCTBa AMHUHOKHCJIOT: KHCJIOTHO-OCHOBHbBIE CBOIICTBa,

NeKapOOKCUIIMPOBaHUE, [€PeaMUHHUPOBAHHME, PEAaKIHH [0 KapOOKCWIBHON Trpynmne Hu

aMUHOTPYIIIE, XeIaTo00pa3oBaHueE.

CtpoeHue nenTuaHoM cBsi3u. JlakTaM-1akTUMHAsI TAyTOMEPHUSL.

Jlu- ¥ moMMIEenTHIbI: METOABI CHHTE3a (TBepA0(da3HBIN CHHTE3).

benku, ux ctpoenue u 6uogoruveckas poib.

KauecTBenHble peakiinu HA AMUHOKHUCIIOTHI, IETITU/IbI, OCTKHU.
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AMUHOKHCIIOTBl — OpraHuyeckre OM(YyHKIHMOHAIBHBIE COSIUHEHHS, B COCTaB KOTOPBIX
BX0JAT KapOokcuibHble Tpynna —COOH u amunorpynmna —NHj.
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Jpyrumu ciaoBamMu, AaMHHOKHCJIOTBI — OPraHUYECKHE KHCIIOTBI, MOJEKYJBl KOTOPBIX
colepkar OJHYy WIM Heckolbko amuHorpynn (NHp—rpynmsl). SIBIsFOTCS OCHOBHBIMH
CTPYKTypHI)IMI/I 3JICMCHTAMU OenkoB. AMI/IHOKI/ICHOTBI — CTpOI/ITCJH)HBIC 6HOKI/I, n3 KOTOpI)IX
CTPOSITCSL OCITKOBBIC CTPYKTYPBI, MBILICUHBIC BOJIOKHA, HaripuMmep. OpraHnu3M UCTIONb3YyeT UX JJIs
COOCTBEHHOT0 pPOCTa, BOCCTAHOBJIEHUS, YKPEIUIEHHWS U BBIPAOOTKM Ppa3IUYHBIX T'OPMOHOB,
antuten u pepmentoB. [Tomumo 20 Hanbonee pacpoOCTPaHEHHBIX AMHUHOKHCIOT, BXOSIIUX B
cocraB OEKOB, M3BECTHO CBBINIEC 150 Ipyrux, KOTOPhIC BCTPEYAOTCS B PA3IMYHBIX KIIETKAX U
TKaHSX MO0 B CBOOOJHOM, TMOO B CBSI3aHHOM BHJE, HO HHKOTJAa HE BCTPEYAIOTCS B COCTaBe
OEJIKOB.

AMMNHOKNCNOTBI noapasaenAaroTca Ha He3daMeHumble (BaJ'IMH, !'IEVILI,MH, M3OI'IEI\;ILJ,VIH, TPEOHMUH,
METUOHWUH, (IDEHM!'Ia}'IaHVIH, TpVII'ITOd)aH, NIN3UH, FMCTVI,CI,MH). He3ameHMmble aMWHOKUCNOTbI He
CUHTE3NPYIOTCA B OpraHn3me 4yesoBeKka, HO HEO6XO,CI,MMbI ana Hopmaanoﬁ XU3HeJeATeNbHOCTH. OHu
AO0/1KHbI NOCTYNAaTb B OPraHn3m C nmu,eﬁ. an HeaAoCTaTKe HeE3aMEeHUMbIX aMUHOKUCNOT 3a4ePKNBAETCA
pOCT U pa3BuTUE OpraHuama. OnNTMManbHOE coaeprkaHMe He3aMeHMMbIX aMWHOKMUC/IOT B MULLEBOM
6eske 3aBMCUT OT BO3pacTa, Nosa 1 npodeccum YenoBeKa, a TaKkKe OT APYrMX NpUUKUH. benkn nuwm B
OpraHM3Me YesIoBEeKa pacLLennstoTca 40 aMUHOKKCNOoT (Tabamua 1).

Tabanya 1
BakHelwwmne a-AMUHOKUCNOTbI
H, M —(I:H —CO0OH
0-AMUHOKHCIIOTHI 0011IeH (OPMYIIbI R
AMMHOKHCIIOTA OGo3HAYCHIE R MonekynspHas
dopmyna
[ e Gly(G) -H [C.HsNO,

A JTaHUH Ala(A) -CH; [CsH;NO,
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Bamn Val(V) -CH(CHs), ICsH; INO,
HeﬁHHH Leu(L) -CHz-CH(CH3)2 IC6H13N02
30meiinuH Te(I) -CH(CHj3)-C,H; IC/H,5NO,
[{icTenH Cys(C) -CH,-SH |C;H,SNO,
MeTnonnu Met(M) -CH,-CH,-S-CH; IC5H1 1ISNO,
Cepun Ser(S) -CH,-OH |CsHNO;
TpeoHuH Thr(t) -CH(OH)-CHj IC,HoNO;
(Dennnanianux Phe(F) -CH,-C¢H |C9H1 1INO,
Tupo3un Tyr(Y) [CoH 1NO;
—CHEO OH
puntodan Trp(W) _CH i IC,1H2N,0O,
1

PT] e

H
A criaparuHoBast Asp(D) -CH,COOH IC4sH/NO,
KICI0Ta
[ 1yramuHoBas Glu(E) -CH,-CH,-COOH ICsHoNO,
KICIIOTa
Acriaparux Asn(N) -CH,-CO-NH, IC4HgN,O5
FJIyTaMI/IH Gln(Q) -CHz-CHz-CO-NHz |C5H10N203
[vicTunne His(H) —CHTJ\I ICcHoN;O,

"

H
JTn3nH LYS(K) —(CH2)4—NH2 |C6H14N202
ApruHuH Arg(R) —(CH,}s—NH —(l: =MNH

I H2
[ [posnnH Pro
N”" ~COOH lc.H.NO,
H

OnpefeneHHas 4acTb aMMHOKMC/IOT, B CBOK OYepenb, PaCLLEenfeTca A0 OPraHUYecKux
KETOKWUCNOT, U3 KOTOPbIX B OPraHM3mMe BHOBb CMHTE3UPYIOTCA HOBble aMWHOKMUC/IOTbI, a 3aTeM besiku.
OTaenbHO CTOAT TaK HasbiBaemble ABe "Mosy3ameHumble" aMWHOKUCAOTbI: LMCTUH (LUCTEUH) U
TUPO3UH. OTAMYAIOTCA OHM OT OCTa/bHbIX TEM, YTO OPraHU3M MOKET WMCMO/b30BaTb WX BMECTO,
COOTBETCTBEHHO, METMOHMHA U heHnNanaHmHa ana npoussoactea 6enka. OctanbHble 13 aMUHOKMCAOT
CUHTE3NPYIOTCA B OpraHM3me 4YesoBeKa B Peakuusax TPaHCaMMHWUPOBAHWMA. ITU aMMHOKMUCAOTbl —
«3aMeHUMbIe» — aNaHWH, aprMHUH, acnaparvH/acnaparMHoBas KUCNOTa, KapPHUTUH, UUCTEUH, LUUCTUH,
rNyTaMMUHOBAA KNCNOTA, TNYTaMUH, IINUMH, TMAPOKCUNPOANH, NPOJINH, CEPUH, TUPO3UH.

AMMHOKMNCAOTbI BCACbIBAOTCA M3 XKeNyA04HO-KMLLEYHOro TPaKTa M C KPOBbIO MOCTYNaloT BO BCe
OpraHbl U TKaHW, r4e UCNOb3YIOTCA A1A CMHTe3a 6eNKoB M NoABepraloTCa Pas/IMyYHbIM NpeBpaLLeHUAM.
B KpoBM Noafep*KMBaeTCA NOCTOAHHAA KOHLEHTPALMA aMUHOKUCAOT. M3 opraHn3ma BblAeNAeTca OKoo
1 r a30Ta aMMHOKMUCAOT B CYTKKU. B MbllLLLAX, TKAHM FrOIOBHOIO MO3ra U NeYeHn cogeprkaHue cBoboaHbIX
aMWHOKMCAOT BO MHOTO Pas Bbllle, YEM B KPOBM, MU MeHee MOCTOAHHO. KOHUEHTpaumMa aMMHOKUCAOT B
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KPOBW NO3BONSET CYyANTb O GYHKLMOHANBLHOM COCTOAHUU NedYeHn n nodek. CoaepaHne aMMHOKMUCNOT B
KPOBW MOMET 3aMeTHO HapacTaTb NpW HapyweHuaX GYHKUMU MOYEK, NUXOPaAoYHbIX COCTOSHUAX,
3ab60n1eBaHMAX, CBA3AHHbIX C MOBbILLIEHHbIM coAepXKaHnem beska.

3HaYyeHMe aMMHOKMCAOT He OrpaHMUYMBAETCA UX POJIbIO B CMHTE3€e TKaHeBbix 6enkoB. Kaxaaa us
HUX BbINOJIHAET B OpPraHM3Me CBOM ocobble ¢YyHKLMWM, Hanpas/ieHHble Ha MoadeprkaHne romeoctasa
opraHuMsma.
BanuH. OauH M3 rnaBHbIX KOMMOHEHTOB B POCTE W CUMHTe3e TKaHel Tesna. OCHOBHOM WUCTOYHUK —
YKUBOTHbIE NMPoAyKTbl. OnbiTbl HA N1ab0PATOPHbIX KPbICaX MOKas3anu, YTO Ba/IMH MOBbLIWAET MbILLEYHYIO
KOOPAMHAUMIO N MOHUMKAET YYBCTBUTEIbHOCTb OpraHn3ama K 60um, xonoay v »kape.
MctupgmH. CnocobcTByeT PoCTy M BOCCTAHOBAEHWUIO TKaHeW. B 60/bLIOM KO/IMYECTBE COAEPXKUTCA B
remornobuHe; WCNonb3yeTca Npu JIEYEHUN PEBMATOMAHbLIX APTPUTOB, anNeprun, f3B U aHEMUM.
HepocraToKk rucTnamMHa MoxKeT Bbi3BaTb ocnabiieHne ciyxa.
M3oneiiumH. MoctaBnseTca BCEMM NPOAYKTaMM, COAEPHKALLMMN NOSIHOLEHHbI BENOK — MSiCOM, NTULLEMN,
pblboi, ANLAMN, MONOYHBIMU MPOAYKTaAMMU.
NeiuyumH. NocraBnseTca BCEMU NPOAYKTaMM, COAEPKAMMU MOJHOLEHHbIM 6eNoK — MACOM, NTULEMN,
pbliboi, ANLAMN, MOOYHBIMKU NpoayKTamuK. HeobxoamMm He TONbKO AN CUHTE3a NPOTENHA OPraHNU3MOM,
HO 1 ANA YKPenaeHns UMMYHHOM CUCTEMBI.
JInsuH. ObecneumnBaeT AO/IKHOE YCBOEHME Ka/lbLMA; y4acTByeT B 06pa3oBaHUKM KonnareHa (M3 KOToporo
3aTeM GOpPMUPYIOTCA XPALWM U COEAMHUTENbHbIE TKAHW); aKTMBHO Yy4yacTBYeT B BbipaboTKe aHTUTen,
ropMoHOB U dpepmeHToB. HelaBHME MccnenoBaHMA MOKasanau, YTo /IM3MH, yaydwaa obwmii 6anaHc
nUTaTeNbHbIX BELLECTB, MOXET ObITb Nosie3eH nNpu 6opbbe ¢ repnecom. HefocTaToK MOXKET BblparkaTbCA
B YCTAJIOCTU, HECMNOCOOHOCTU K KOHLEHTPAUUKM, PasaparkKMTeNbHOCTM, MOBPEKAEHWUIO COCYLOB r/a3,
noTepe BOJIOC, aHEMMUU 1 NpobaemM B penpoayKTUBHOM chepe.
MeTnoHUH. BaxkeH B MmeTabosiMame KMUPOB U 6OENKOB, OpPraHM3mM MCMOJIb3yeT €e TaKKe Ans
npou3BOACTBa LMCTEMHA. ABNAETCA OCHOBHbIM MOCTaBLMKOM Cynbdypa, KOTOpbIA NpesoTBpalLaeT
pacctpoctBa B  (GOPMUPOBAHUM BOJIOC, KOMKW W HOITEM; CrocoOCTBYET MOHMMKEHUIO YPOBHS
XO/MlecTepPUHA, YCUAMBasA BbIPabOTKY NeuuTUHA Me4YyeHblo; MOHWMXKAET YPOBEHb XUPOB B MEYEHW,
3alMLAET MOYKKU; Y4aCTBYET B BbIBOAE TAMKE/bIX METANI/IOB M3 OpraHM3mMa; peryanpyetr obpasoBaHue
aMMMaAKa M OYMLLAET OT HEro MOYY, YTO MOHMMKAET Harpysky Ha MOYEBOM MNy3blpb; BO3AENCTBYET Ha
JIYKOBWLbI BOJIOC U NOALEPKMBAET POCT BOJIOC.
TpeoHWH. BarkHas cocTaBnstolLas B CMHTE3€e NYPUHOB, KOTOPbIE, B CBOIO OYepeb, pa3naratoT MOYEBUHY,
NnobouHbI NPOAYKT cMHTe3a 6eska. BaykHasa cocTaBnalowan KoanareHa, 3nacTMHa M NPoOTEUHA 3Manu;
ydactByeT B 6opbbe C OT/NIOKEHMEM KMpa B MNe4YeHu; noadep*kMBaeT bonee poBHyHO paboTy
NULLLEBAPUTENIBHOTO U KULIEYHOro TPAKTOB; NpMHMMAeET obliee yyacTve B npoueccax meTabonmsma u
YCBOEHMUSA.
TpuntodaH. fABnsercA NePBUYHbLIM MO OTHOLWEHWUIO K HUALMHY (BUTaMWUHY B) M CEPOTOHUHY, KOTOPbIN,
y4yacTBys B MO3roBbIX npoueccax, ynpasaseT anneTUTom, CHOM, HacTpOeHMeM W 60oneBbIM MOPOrom.
EcTecTBeHHbIN penaKkcaHT, nomoraeT 60poTbcA ¢ 6ECCOHHULEN, Bbi3biBaA HOPMasbHbIA COH; MOMOraeT
60pOTbCA C cOCTOAHMEM BecnoKomcTBa U Aenpeccun; NomoraeT Nnpu Ne4eHUn ronoBHbIX 6oneit npu
MUTPEHSAX; YKPENNAET MMMYHHYIO CUCTEMY; YMEHbLLAET PUCK CMa3MOB apTepuUin N CepAeUYHON MbILLLLbI;
BMecCTe C IM3nHOM BopeTca 3a MOHMMKEHWE YPOBHSA X0aecTepuHa.
®deHunanaHnH. Mcnonblyerca OpraHM3IMOM AJ1A NPOU3BOACTBA TUPO3MHA U TPEX BaXKHbIX FTOPMOHOB —
3NMH3PIUHA, HOP3INMHIPPUHA M TUPOKCMHA. Mcnonb3yeTcAa ronoBHbIM MO3romM A/A MNPOM3BOACTBA
HopanMH3p$UHA, BelecTBa, KOTOPOe nepenaeT CUrHalbl OT HEPBHbIX KAETOK K FOJIOBHOMY MO3TY;
noaAeprKMBaeT Hac B COCTOAHMM 6OAPCTBOBAHMA U BOCMPUMMUYMBOCTU; YMEHbLUAeT YyBCTBO r0N0A43;
paboTaeT Kak aHTUAENPECCaHT M NOMOraeT yaydlwmnTb paboTy namsTu.
TuposuH. Ucnonb3yetrcA OpraHM3IMoOmM BMeCTO ¢deHWnanaHuMHa npu cuHTese 6enKka. UCTOYHMKKM —
MOJIOKO, MACO, pblba. Mo3r Mcnonb3yeT TUPO3UH MNpU BbipaboTKe HOP3NUHIPGMHA, MOBbLILIAIOLWErO
MEHTaNbHbIN TOHYCc. MHoroobelatowme pesynbTaTbl MOKA3aaAM NOMNbITKM MCMNO/Ib30BATb TUPO3MH KaK
cpeacTBo 60pbbbI C YCTAaNOCTbLIO U CTPECCaMMU.
UuctuH (uncreunH). Ecnm B pauMoHe A0CTaTOYHOE KO/IMYECTBO LMCTUHA, OPraHnU3M MOXKET UCNONb30BaTb
ero BMecTo MeTMOHWHa A/1A NpoM3BOoACTBa 6esika. Xopolne UCTOYHMKKU LMCTUHA — mAco, pblba, cos,
oBec M nuweHuua. LMCTUH MCnonb3yloT B MNULEBOW MNPOMbBILIIEHHOCTM KaK aHTUOKCUMAAHT Ann
coxpaHeHus BuTammHa C B roTOBbIX MPOAYKTaX.



ANaHuH. 3aMeHnMan aMUHOKMCAOTA. ABNAETCA BaXKHbIM MCTOYHMKOM SHEPInUM ANA MbILEYHbIX TKAHeN,
r0OI0BHOrO MO3ra U LEeHTPasIbHOM HEPBHOM CUCTEMbI; YKPENASeT MMMYHHYIO CUCTEMY NYTEM BblpabOTKM
aHTUTEN; aKTUBHO y4acTByeT B MeTaboanmame caxapoB M OpraHUYECKMUX KUCNOT.

ApPruHMH. 3amMeHMMasa aMMHOKMUCAOTA. L-AprvuHWH BbI3blBaeT 3amegieHne pPasBUTUA OMyxosen wu
pakoBbix 06pasoBaHUit. OuuwaeT neyeHb. [lomoraeT BblAENEHMIO TOPMOHA pPOCTa, YKpenaser
MMMYHHYIO cUCTEMY, cnocobCTByeT BbIpaboTKe cnepmbl M Mose3Ha NPU NeYEHUU PACCTPOMCTB U TPaBM
noyek. Heobxoanm Ansa cMHTE3a NPoTeMHa M ONTMMaANbHOIO pocta. Hannume L-ApruHMHa B opraHusme
CNOCobHCTBYET NPUPOCTY MbILLIEYHON MACChl U CHUMXKEHMIO XKMPOBbIX 3aMacoOB OpraHM3ma. TaKKe noneseH
NpW PaccTPOMCTBAX MEYEHM, TaKMX, KaK LMPPO3 neyvyeHu, Hanpumep. He pekomeHpgyeTca K npuemy
6epemeHHbIMU U KOPMSALLMMU KEHLLMHAMMN.

AcnaparuH. 3ameHMMasa aMMHOKMUCNOTA. ACMaparMHOBAsA KWUCNOTA AKTMBHO Yy4yacTByeT B BblBOAE
aMMMaKa, BpeaHOro Ans LEeHTpanbHOM HEpBHOM cucTembl. HegaBHMe MccnegoBaHMA NOKasanu, yTo
acnaparMHOBaA KMCAOTA MOXKET NOBbIWATL CONPOTUBAAEMOCTb YCTANOCTU.

FnytamumH. 3ameHMMaa amMWHOKMCNOTAa. BakeH Ana Hopmanmsauum ypoOBHA caxapa, NOBbIWEHUU
paboToCnOCO6HOCTM MO3ra, NpU NEYEHUN WMMOTEHUUM, MPU NEYEHUM anKoroiMsama, rnomoraet
60pOTbCA C YCTAaNOCTbHO, MO3FOBbIMW PACCTPOMCTBAMWU — 3NUNENCUEN, WN30PPEHNEN U NPOCTO
3aTOPMOXKEHHOCTbIO, HYXEH MNpu  Je4eHMn A3Bbl  XKenyaka, M GOpPMUpPOBAHME  340pPOBOrO
NULLEBAPUTENIbHOTO TPAKTa.

FnyTamMmuHOBAs KMUCAOTa CUYMTAETCA EeCTeCTBEHHbIM 'TonanBom" AN rONOBHOrO MO3ra, YAydllaeT
YMCTBEHHblE CMOCOBHOCTU, CNOCOBCTBYET YCKOPEHWUIO fNeYEHUs fA3B, MOBbLIWAET COMNPOTUBAAEMOCTb
yCTanocTu.

FAMumuH. AKTMBHO y4yacTByeT B obecneyeHuMM KUCNOpPOAOM npouecca 06pa3oBaHUA HOBbIX K/ETOK.
fiBnAeTcA BaXHbIM YYAaCTHWMKOM BblpabOTKM TOPMOHOB, OTBETCTBEHHbIX 3@ YCUJIEHWE MMMYHHOM
CUCTEMbI.

MponunH. 3ameHnMmasa amMHOKUCAOTA. MpeaenbHO BaxKeH gnA NPaBUAbHOrO GYHKLLMOHMPOBAHMA CBA3OK
W CYCTaBOB; TaKKe y4acTBYeT B NoaaepKaHnm paboTocnocobHOCTU U YKpPENEHUM CepAEeYHOM MblLlLbl.
CepMH. 3ameHNMaA aMMHOKMCAOTA. YYacTBYeT B 3anNacaHMM MEYEHbO U MbIWLAMM FIMKOreHa; aKTUBHO
Yy4acTBYeT B YCUAEHUW MMMYHHOW cucTembl, obecneymBas ee aHTUTENaMK; GOPMUPYET KUPOBblE
"yexnbl" BOKPYr HEPBHbIX BOJIOKOH.

NlnweHne Bcex aMUHOKUCAOT NPUBOAMT K COBEPLUEHHOW noTepe 6enka OpraHM3MOM, WCTOLLEHMIO,
NONHOW MOTEpe 3Heprum, NoTepe Beca, aHEMMUU, PA3PYLUEHUIO MbIWL, B CAMOM TAMKE/IOM C/ly4dae — K
cCMepTu.

§ 1 Knaccupukanusi aMMHOKHCJIOT

MpocTenwmnin npeacTaBuTeNlb — aMMHoyKcycHas Kucnota H,N-CH,-COOH (eauyuH)
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AMMWHOKUCAOTbI KNaccuuUMPYIOT MO HECKOIbKMM NPU3HAKaM.
B 3aBMCMMOCTM OT B3aMMHOrO pacnoO/IOKEHUS aMMHO- U KapbokcunbHoOI  rpynn
aMWHOKMCNOTbI NoApa3aenatoT Ha a-,B-,y-,0 nT. 4.
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Z2-aMUHOTIPONAHOEAT KHCTTOTA 3-aMUHONIP OMAHOBAT KHCTIOTA
{0e-aMMHOIIP DITMOHOBA, ( B-aMHHOIP OITHOHOEA )
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f-aMHHOTEKCAHOE 3 EHCIOTA

(E-aMHHOKATIP OHOE A4 )

B npupopme BcTpevawoTcAa U B-amuHokucnotbl, RCH(NH,)CH,COOH, Hanpumep PB-anaHuH
CH,NH,CH,COOH, BxoaALnii B COCTaB NaHTOTEHOBOM KUCNOTbI.
Mo xapakTepy yrneBoAopoOAHOro pagauKkana. B 3aBMCMMOCTM OT CTPOEHUA pagMKana aMUHOKUCOTHI
MOTyT 6bITb anudpaTUHECKUMM M LUKANYECKMMMU, M3 KOTOPbIX TOIbKO ogHa (Npo/snH) He aBnasetca
apomaTuMyeckon. [lee aMUHOKUCAOTbI — TUPO3UH U deHUNaNaHNH — ABAAIOTCA KapbouuKanyeckumm u
age (rmctanH m TpuntodaH) — rerepoumnkandeckue. NpreeneHHble Bbille aMUHOKUCAOTbI OTHOCATCS K
KUpPHOMY pagy. MpuMepom apomMaTMYECKOM aMUHOKUCNOTbI MOMKET CAYKWUTb Napa-aMUHOBEeH30MHasA
Kucnora:

HN COOH

n-aMmmHobeH3omHaa KUcnoTa
FeTepounKAnYecKnii dparmeHT B CTPOEHUU MMEIOT creaylolme aMUHOKUCAOTbI: FTUCTUAMH,
NPOJIUH, TMAPOKCUNPOIUH, TPUNTODAH.

N—C—CH,—CH—COOH

NH,
fmctnauH

3.Mo KonnuecTsy KapbOKCMAbHBIX U aMUHOFPYNN B COCTaBe aMUHOKMC/IOT Pas/iMyaioT AnKkapboHOoBbIe
aMMHOKUCNOTbI  (KACNOro XapakTepa), T.K. OHM codepxaT [fABe KapboKCWbHble [pynnbl, WU
ANaMUHOMOHOKapboHOBblIE aMWHOKMUCIOTHI (OCHOBHOFO XapaKTepa), B COCTaB KOTOPbIX BXOAMUT
6o/iblee KOIMYECTBO aMUHOrpynm.
MOHOaMUHOMOHOKap6OHOBbIE KUCNOTDI:
FnnunH — NH,CH,COOH
AnaHuH — CH;CH (NH,) COOH
UmctenH — CH,(SH)CH(NH,)COOH
MeTnoHuH — CH, (SCH3) CH,CH (NH,) COOH
BanuH — (CHs),CHCH(NH,)COOH u ap.
MoHoamMUHOAMKap6OHOBbIE KACNOTDI:
AcnaparmHosaa — HOOC CH,CH (NH,) COOH
rnytamuHosasa — HOOC (CH,),CH (NH,) COOH
OnamnHomoHOKap6boHOBbIE KUCNOTDI:
Jn3nH — NH,CH,(CH5),CH(NH,)COOH
ApruHmH — NH,C(=NH)NH(CH,)sCH(NH,)COOH v gp.

MOHOaMUHOMOHOKapPBOHOBbIE KUC/IOTbI MOTYT COAEPKaTb U Apyrne GpyHKUMOHaAbHbIE FPynmbl
B CBOEM cocTaBe. Hanpumep, rMAPOKCMAaMUHOKMCAOTbI (CEPUH, TPEOHWH, TUPO3UH) W
cepocogepKalme aMmmMHOKUCOTbI (LUCTEMH U METUOHWH).

Mo xapakTepy paAuKana aMWHOKWUCIOTbI NOAPa3AenaloT Ha HenonspHbie (ruapodobHblie
paguKanbl) M nonsapHbie (rmgpodunbHble paauKansb).

K nepBoil rpynne OTHOCATCA aMWHOKUCIOTbI Kak € anndaTMyeckum (anaHuH, BaivH, NerumH,
N30NENALMH, METUOHMH), TaK 1 C LMKANYECKUM PaaMKanom (beHnnanaHuH, Tpuntodar, NpoamH).

Ko BTOpOI rpynne npuHagnexaT a-aMUHOKUCIOTbI, B PaJMKane KOTOPbIX MMEIOTCA NoNApHbIe
dYHKUMOHaNbHbIE TPYNMbl KaK crnocobHble K WOHM3auMM (MOHOreHHble), TaKk M He crnocobHble



(HenoHoreHHble). Mo3ToMmy BTOPYIO Fpynny noapasAenatoT Ha: NoJApHble He3apsaXKeHHble (rANUUH,
CEePWH, TPEOHWH, LMUCTEUH, TUPO3WH, acnaparvH, rIyTamMuH), MONOXKUTENbHO 3apAXeHHble (/M3VH,
aprMHUH, TUCTUAMH) WU OTpULATENIbHO 3apAXeHHble (acnaparMHoBas W rNyTaMWHOBbIE KUCAOTbI). B
pactBopax ¢ pH>7.0 moxKeT npoucxoamTb MNOAHAA MOHM3auuAa HS — rpynn uuctemHa v HO-rpynn
TMPO3MHa, B pe3y/ibTaTe Yero OHU 3apsAXKatoTcA oTpULLaTeNbHO (pUcyHoK 12.1).
PucyHok 12.1
3apAag Ha aMUHOKUCOTax

Honorennwpie Irpyiunbl B ¢-aMHHOKHCI0TAX HECYT MOJIOZKHTEeTbHBIH
H/IH OTpHIIHTEJ'lehIﬁ 3apHAalbl.

a) oTpULATensHUA 3apAg G) NONOMHTENLHWA 3BPAA
Acnaparnnosan “00C—CH,™ Nnsun. H3|:|—(GH2)4—
HHCAOTA

Fnyramutosan “00C —CH4;~CH,~™ AprHHrH Hzl;l =C—NH—(CH,) 4~
HHCnOTA Téng
+

Tupoann "0 GH2-"" " TucTMank

T
VA -
-2
\/l
0
X

UucTens ~s —CH'Q—

B 6esikax MOHOreHHble rpynnbl paguKanos, PacnosioXKeHHble Ha NOBEPXHOCTU MaKPOMOEKY,
O6yCﬂaB!1MBaI-OT 3/1EKTPOCTAaTUYECKHNE B3aMMOp,ef;ICTBMﬂ n o6pasoBaHme I'VI,CI,paTHOI\/i 060/104KM.
|_|0}1ﬂprIe HEMOHOreHHble rpynnbl pacnosiaraloTcA KaK Ha NOBEPXHOCTU, TaK U BHYTPU 6enKoBbIX
MOJIEKYN, yYacTByA B 06pa3oBaHMM BOAOPOAHbIX CBA3EM C APYrMMU NOAAPHBLIMU rpynnamu.

§ 2 HomeHkJIaTypa aMMHOKHUCJIOT

Hanbosnee WKMPOKO ANA O-aMWMHOKUCIOT MPUMEHSIIOTCS TPMBMA/IbHblE HA3BaHWA, MPUHATbIE
MeXKAYHApOoaHOMW HoOMeHKnaTypoli MKOMAK.

Mo cucTemaTMUecKon HOMEHKAAType Ha3BaHUMA aMUHOKMCAOT 06pasytoTca M3  Ha3BaHWUM
COOTBETCTBYIOLLMX KUCNOT NpubaBieHMEM NPUCTaBKM aMMHO W YKa3aHMEM MeCTa PaCnosIoKeHUs
aMMHOrPYNMbl NO OTHOLIEHMIO K KAapbOKCUAbHOM rpynne.

Hanpumep:
CHG—CHE—(le—COOH CHS.—(le —CH;—COOH
NH, NH,
2-aMWHO O YTAHOE ad 3-aMMHOOYTAHOE ad
KHCIOTa KHCIOTa

YacTo MCnonb3yeTca TakKe Apyroi cnocob nocTpoeHuA Ha3BaHWM aMMHOKMCAOT, COrAacHo
KOTOPOMY K TPMBMA/NbHOMY Ha3BaHWIO KapboOHOBOW KWcOTbl A06aBifeTca nNpucTaBka aMUHO — C
yKa3aHWeM NoIoXKeHUa aMMHorpynnbl 6yKBoi rpeyeckoro andasuta.

Mpumep:
o P
CHG—CHZ—(le—COOH CHr(le —CH;—COOH
NH, NH,
Q-AMHHOMACTTIH AL [-aMHHOMACIAHAS
KICMOTA KMCMIOTA

Ana  a-amuHOKMCAOT, KOTOpble UrpatdT UCKAKYUTENIbBHO BaXXHYKHO pPOJIb B npoueccax
HKn3He[eATe/IbHOCTU MUBOTHDLIX U paCTeHMﬁ, NPUMMEHAKOTCA TPUBUAJIbHbIE Ha3BaHUA. Echm B MO1eKyne



aMWHOKUCNOTbI COAEPKNTCA AiBE aMUHOIPYNNbl, TO B €e Ha3BaHUM UCNONb3yeTCA NPUCTaBKa AUAaMUHO-,
Tpu rpynnbl NH, — TpamuHo- 1 1.4,

Mpumep:
H,N —CHZ—(le—COOH
NH,
23 -MaMHHOTIP OTTAHOE Al
KHCTIOTA

Hannumne AByx A Tpex KapbOoKCWUAbHbIX FPynn oTpakaeTcA B HasBaHMM cydPUKCOM —auoBaa vMan -
TpUOBasa KUcAOTa:

HOOC —CHZ—(le—COOH
NH,
2-aMuHObOYTaHOUOEad
KHCIOTA

§ 3 Usomepua amMMHOKUCNOT

1. 3omepust yriiepoIHOTO CKeeTa

CH,
CHG—CHZ—(FH—COOH CHS—(IZ—COOH
|
NH, NH,
2-aMuHOOYTAHOE AL 2-aMHHO- 2-M eTHIIp OTIAHOE A
KHCTIOTA KHCTIOTA
2.M3omMepus noa0keHus! PyHKIMOHAIbHBIX TPYIIT
CHS—CHE—(le—COOH CHr(le—CHz—COOH
NH, NH,
2-aMHHOOYTAHOE AT 3-aMHHOOYTAHOE AT
KHCIOTA KHCTOTA

3. OnTuueckast U3oMepus

Bce a-amunokucnotsl, kpome rauimaa H,N-CH,-COOH, coaepxaT acuMMeETpUUYECKHil
aToM yriiepoaa (0-aTOM) U MOTYT CYIIECTBOBATh B BHUJE ONTHUYECKHX HM30MEPOB (3€pKaIbHBIX
AHTUNOJ0B) (pUCYHOK 12.2).
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Pucynok 12.2

OnTuueckas HN30MCpHA O-aJlaHWHA

OnTHYE CKHE H3 OMEPEI AJTAHITHA

THS f‘:m

Hooc™ \ © H'/ ™ coon
NH, H,N
SEPEANC

COOH COOH

o . _
NH,—~CH—COOH  H,N- H——NH,

R

a-AuﬁHpuucnon. L-0t- aMWHOHNCAOTA D-ec_-unuoau‘cnora

H30.1efiHH, TPEOHHH H 4-THAPOKCHIIPO.THH COJEP:KAT M0 ABA CTepeoreHHbIX

IeHTpA.
HO
- Shon-oH-cooH :
"CHz CHz CH—CH—COOH CH4+ —CH—
CHz CHa 1 SO £ COOH
1
H
~ Waonedum TpeoHun 4-Cnaporcunponny

ITo E.S-HoMeHRIATYpE:

L=s D=R

Bce npuponHble aMUHOKHCIIOTBHI, KpOME TJUIMHA, COJIEP’KAaT aCUMMETPUYHBIE aTOMBI
yriiepoja, CyIEeCTBYIOT B ONITHUECKU aKTUBHBIX MOIU(PHUKALMIX U, KaK IPaBUIIO, OTHOCATCS K L-
pany. boapIIMHCTBO aMMHOKHMCIOT L-psina MMeroT ciagkuii BKyc, a D-psAna — ropekuil miam
0€3BKyCHbl. AMUHOKHCIOTBI D-psina conepxarcs TOJIBKO B HEKOTOPHIX aHTHOMOTHKAaX M B
obosoukax Oakrepuit (rpamuruanH C, aKTUHOMHIIUH, MOJUMUKCHH). OnTHYecKas U30Mepus
HNPUPOHBIX O -AMHUHOKHUCIIOT UTPAeT BaXKHYIO POJIb B Ipolieccax OMocuHTe3a Oenka.

Bkyc a-amunokucior. Crnagkue L — aMMHOKHMCIIOTHI: TIUINH, CEPUH, TPOJIHMH, aJTaHHH.

Acmapram ( B 200 pa3 crarie caxapo3bl)

I
HOOC—CHy CH—C—NH~-CH-COOCH,
NH, CH,C H,

ocTaTok L-acnaparnHOBOM KHUCJIOTBI  OCTAaTOK METHIIOBOTO 3dupa
(heHMIIaTIaHNHA



§ 4 IlonyyeHne aMMHOKHCJIOT

MHorve pacTteHus 1 6akTepun MOryT CUHTE3MPOBATb BCe HEOBXOAVMMbIE UM aMUHOKMCAOTbI U3
NPOCTbIX HEOPTraHUYECKUX COEAMHEHWI. BONbLWIMHCTBO aMUHOKUCNOT CUHTE3UPYIOTCA B Te/le YesoBeKa 1
YKMBOTHbIX U3 06bIYHbIX 6€33a30TUCTbIX MPOAYKTOB 06MEeHa BellecTs M ycBosemoro asora. OfHaKo, Kak
Y€ TOBOPWIOCb paHee, BajsMH, W30NEULMH, NEAUMH, NU3MH, METUOHWH, TPEOHWUH, TPUNTOdaH,
dbeHunanaHuH - ABNAIOTCA HE3AMEHUMbIMU, T. €. HE MOTYT CUHTE3UPOBATLCA B OPraHU3Me KUBOTHbIX W
YesI0BEKa, U AOMKHbI AOCTABAATLCA C NULeit. CyToYHan NoTPe6HOCTb B3POC/Oro YeNoBeKa B KaX 4o U3
He3aMeHMMbIX aMUHOKWUCNOT COCTaBAsAET B cpeaHem okono 1 r. Mpu HefocTaTKe 3TMX BellecTs (Yalle
TpunTodaHa, AM3MHA, METMOHMHA) UM B CIyYae OTCYTCTBUA B NULLLE XOTA 6bl O4HOW U3 HUX HEBO3MOKEH
CUHTE3 BeNKOB M MHOTMX AP. 6UONOTMYECKM BaKHbIX BELLECTB, HEOBXOAUMbIX AR KU3HW. TUCTUANH U
dPrMHNH CUHTE3NPYIOTCA B XXUBOTHOM OpraHM3me, HO Jinllb B orpaqueHHon, MHOrAa HeAOCTaTO'—IHOVI,
mepe. LMCTeMH M TMPO3MH 06pasyloTca NWllb M3 CBOWX MPEALECTBEHHUKOB — COOTBETCTBEHHO
METUOHWNHa U d)evaanaHMHa — W MOTyT CTaTb HeE3aMeHUMbIMUN NMPU HEJOCTAaTKE 3TUX aMUHOKUCANOT.
HekoTopble aMWHOKWUCAOTbI MOFYT CUHTE3MPOBATbCA B KMBOTHOM OpraHusme w3 6e3a30TUCTbIX
NPeALWecTBEHHUKOB MPY MOMOLLM MPOLLECCa NepeammMHUPOBaHUS, T. €. NEPEHOCA aMUHOTPYMbl C OAHOM
dMUHOKUCNIOTblI Ha ApPYyryto. B opraHn3me aMmMHOKUCIOTbl MOCTOAHHO MUCNONb3YHOTCA ANA CUHTE3a U
pecuHTe3a 6e/1K0B M Ap. BELWECTB — FOPMOHOB, aMUHOB, a/IKaIoMA0B, KOGEPMEHTOB, MUIMEHTOB 1 Ap.
MN36bITOK aMWHOKMCNOT MoABEpPraeTcs pacnafy [0 KOHeYHbIX NPOAyKTOB obmeHa (y uyenoseka u
MIEKOMUTAIOLMX A0 MOYEBUHbI, ABYOKWUCU YIIepoAa U BOApI), MPU KOTOPOM BbIAENAETCA 3Heprus,
HeobxoaymMas OpraHusmy A/s MPOLECCOB YKU3HEAEATENbHOCTU. [TPOMENKYTOUHbIM 3TAnoM TaKoro
pacnaga faBasetca 06blYHO Ae3aMUHUPOBaHME (YaLLe BCEro OKUCUTENbHOE).

CyliectByeT uenblii paj MeTOA40B  MNOAYYEHWUs aMUHOKMCIOT BHe opraHusma (in vitro).
Hanbonbluee npumeHeHWe HAXOAAT MOJyYeHUe M3 OKCUHUTPUNOB (cuHTe3 LLiTekepa) M KapBOHOBbIX
KMCAOT.

1. Cunre3 llltekepa 3akitouaeTcss B TOM, YTO K albJErHAy MNPUOABISIOT aMMHAK H
LIMAHUCTBIN BOJIOPOA, 00pa3yroIuics o0 — aMUHOHUTPIII THIPOJIU3YIOT BOJIHOM KMCIOTOM:

R—CHO + HCN + NH3;— R—-CH(NH,)-CN + H;0'— R—-CH(NH,) - COOH

[Tonmy4yeHne aMHHOKHUCIIOT U3 KapOOHOBBIX KHUCIIOT BKJIIOYAET JIBE CTAANH: OPOMHPOBAHUE
KapOOHOBOM KHCJIOTHI U TMOCIEAYIONYI0 00paboTKy o — OpOMIPOU3BOJHOTO HU30BITKOM
aMMHaKa:

R-CH,-COOH + Br,— R-CH(Br)-COOH +NH;— R-CH(NH,)-COOH

2. IlomyuuTh aMHMHOKHUCIOTHI BO3MOXKHO, HalpuMep JACWCTBUEM aMMHaka Ha
raJioreH3aMemEHHbIe KapOOHOBBIC KHCIIOTHI:
R-CH(CI)COOH+2NH;3; — RCH(NH; )COOH + NH4CI,

3. BoccTanoBieHeM OKCUMOB WA THAPAa30HOB, KETO- UJIN aJIbACTUAOKUCIIOT:
R-C(= NOH)-COOH — R-CH(NH, )-COOH

4, 3aMeH_IeHI/IeM TaJIOr¢Ha Ha aMHUHOTPYHITY B COOTBCTCTBYIOIIUX TaJIOTCH3aAMCIICHHBIX
KHUCJIOTax:

R—(FH—CODH + INHy — R—(FH—CODH + NH4Cl
Cl NH;

5. IlpucoenuHeHneM aMMHuaka K o, [-HENpenelbHbIM KUCIOTaM ¢ oOpa3zoBaHueM [ -
AMUHOKHCIIOT:

CH,=CH-COOH + NH3; —H,;N-CH,—CH,—COOH



6. HexoTopble aMMHOKHUCIIOTHI BBIACTSIOT U3 MPOIYKTOB THAPOIU3a OOTaThIX UMU OEIKOB
METOAOM aJCOpOLUU Ha MOHOOOMEHHBIX CMOJIaX; TaK BBIIEISIOT INIyTAMHHOBYIO KHUCIIOTY M3
Ka3ernHa U KJICHKOBUHBI 3JIaKOB; TUPO3UH — U3 (puOpomHa mIENKa; apruHUH — M3 JKEJIaTUHBL,
TUCTUAMH U3 OJIKOB KpoBU. HekoTopble aMHHOKHUCIOTHI IPOU3BOJAT CUHTETUYECKU, HAlIpUMeEp
METHOHHMH, JH3UH M TJIYTAMHHOBYIO KHCIOTY. AMHHOKHCIOTHI TIOJIY4alOT B OOJIBIIMX
KOJINYECTBAX TAK)KE MUKPOOMOJIOrHYeCKUM cuHTe30M. [locTyrienne B opraHusmM He3aMEHHUMBIX
AMUHOKHCJIOT ONPEIENAETCS KOJUYECTBOM U AMUHOKHCIOTHBIM COCTaBOM IIHMILEBBIX OEIIKOB.
OTo cineayer Y4yuWThIBaTh JJIsl OpPraHU3ALMU IPABUIBHOIO OOLIECTBEHHOIO MHTAaHUS U
COCTaBJICHUSI PALMOHOB JIi Pa3sHBIX BO3PACTHBIX W MPO(PECCHOHAIBHBIX TPYIN HACEICHUS.
[TorpeGHOCTH B MUIIEBOM O€JIKE MOKET ObITh NOJHOCTBIO MOKPHITA 38 CYET CMECH AMHUHOKHUCIIOT.
OTHM NOJIB3YIOTCS B JIEUEOHOM NIUTAHUM.

7. B opranusme (in vivo) 3aMEHUMbIE aMUHOKHUCIOTBHI CUHTE3UPYIOTCSI U3 0-KETOKHUCIIOT

IIyTEM BOCCTAHOBUTCIIBHOTO aMUHUPOBAHWA UJIKM TpaHCAMHUHHUPOBAHHUA C aMUHOKHCIIOTOM.

§ 5 CBoiicTBa aMMHOKHCJIOT

dusuyeckne CBOICTBA. AMMHOKHCIOTBI — O€CLBETHbIE KPHCTAIJIMUECKUE BEIECTBa,
pacTBOPUMBIE B BOJAE; Iy, 220—315°C, npu miuaBiaeHUH pasjiaratoTcsi. XOpollo pacTBOPUMBI B
BO/JI€, BOJHBIE PACTBOPBI JIEKTPOIPOBOIHBI. PaCTBOPUMOCT aMHUHOKHUCIIOT B BOJIE BApbUPYETCS
B IIMPOKUX IpeseiaX B 3aBUCUMOCTHU OT IPUPO/IbI pajuKaia U, TIIaBHbBIM 00pa3oM, OT HAJIUYUS B
MOJIeKyJie THIPOGMIBHBIX WIM THAPOPOOHBIX Ipynn. PacTBOPUMOCTh aMMHOKHUCIOT B CIIUpPTE
3HAUUTENbHO HIDKE, a B 3¢dupe, xjaopopopmMe U APYrux OPraHUYECKUX PACTBOPHUTENSAX OHU
IPAaKTUYECKH HE PacTBOPSIOTCA. Bblcokas Temmeparypa IJIaBIe€HHs aMHUHOKHCIOT CBsi3aHa C
TEM, YTO MX MOJEKYJIbl MMEIOT CTPYKTYpY IJIaBHBIM 00pa3oM amMQpOTEpHBIX (IBY3apsaHbBIX)
noHoB. Hampumep, crpoeHue npocreiiieii aMMHOKUCIOTHI — TIJIMIMHA — MOKHO BBIPA3HUTh
dbopmyIoii:

0 0

0

. — . + — +
HEN—CHE—CE - H3N—CH2—CE HIH H3N—CH2—C;;:'D

B BOAHbIX pacTBOPaX 0-aMMHOKMC/IOTbI CYLLLECTBYHOT B BUAE PAaBHOBECHOMN CMeCH AUMNONAPHOro UOHA,
KaTMOHHOM W aHWOHHOW dopm (pucyHok 12.3):

Pucynok 12.3
JIunosipHbIN MOH
Banun.

‘COOH co0~ , ?oo‘-

| -H" | -H |

CH CH(GH3)2 *-H_*“_’ ?HCH(CHG)Q ? (I}HCH('CHS

+ +
NH NH3 NHo
pl-{a" 2,3 COOH-rpynnui pl-(a2 9.6 NH_;-rpynn_u
~ Hartmon ZMnonApHLIA HOH Annon

pl 6,0



Inymamunoeasa xKuciomad.

COOH ?00 ?.00. GO0~

| + + + é .
CH—NHg _ -H* CH—=NHg _ -H* = CH-NHg _ —H" H—NH,
{GH2)2 ‘+H (CH 2'2 +H (CHQ]Q +H {CH:,)Q
Soon OOH Soo Soo-

pHg, 22 pHa, 43 pHa, 9.7
&-COOH-rpynnu COOH-rpyns NH3-rpynnu
& paawHane
Haruon AunonapHun Wow AHHOH Anannon
pl 3,22

MonoxeHne paBHoBecua 3aBuUcUT OT pH cpeapl. OBWMM Ana BCEX A-aMUHOKUCNOT ABAAETCA
npeobnagaHme KaTMOHHbIX GOpPM B CUAbHOKMCABIX (PH 1-2) M aHUOHHbIX — B cuNbHOWEeNo4HbIx (pH 13-
14) cpepax.

3HayeHne pH, Npu KOTOPOM CyMMapHbIA 3apag, MOMEKY/Ibl AMUHOKUCAOTbI UK 6enka paBeH
HY/t0, @ KOHLLEHTpaums OUMNOAAPHOrO MOHA MAKCMMasbHA, HA3bIBAETCA WU303/IEKTPUUECKOW TOUKOM
(U3T), a Takoe COCTOSIHME MOIEKY/Ibl — U303/IEKTPUUYECKMM COCTOSIHUEM.

[Ona  aMMHOKMCNOT KUCNOTHOFO xapaktepa WIT Haxoautca B CUAbHOKMCAOW cpede (y
acnaparmMHoBoi KucaoTbl pH=2.8, rnytammHoson -3.2), HEUTPaNbHOro XapakTepa — B c/laboKuciol
cpeae, OCHOBHOrO XapaKrepa — B CUM/bHOLLeNno4YHoM (y am3uHa — pH 9.6, y apruHuHa — 10.8 ) (pucyHoK

12.4).
PucyHok 12.4

KpuBasa TUTPOBAaHUA aMMUHOKMCNOTbI LLLEAOYbIO

14 T
13 NH,CHRCOO™ —
12 —Cramsa 1 - Turpopanme
1 — COOH-rpymme PK=9 69 —
10 ‘L
9 - r
ol / NH,;CHRCOO
NH,CHRCOCH / NH,CHRCOO'

17 _I 1
6 pH; =602 —¢&— RHCHRCOO
5 ! faoanexTpuieckas———

Bunonapuan dopMa

4 / ﬁH,CPﬂZCOOH

[ | fmcrrcoo” | /

¥

Cragma 2 — turposaive
FNH y-rpynne

pK, 7234

0.5 1,0 1.5 2.0

Uncao sxBMBajeHTon doGasaeuroil 0,1 M NaOH



B N3T moneKkyna He nepemelLaeTcA B MOCTOAHHOM 31EKTPUYECKOM MOJIE HU K KaToAy, HW K
aHogay. Mpu pH HMKe NIT a- aMMHOKMCNOTA 3aPAXKAETCA MNOMOKUTENbHO U ABMKETCA K KaTtoay, npu pH
Bbiwe MIT npuobpeTaeT oTpMLaTebHbIN 3apas U ABUXKETCS K aHody. Ha aTom ocHoBaHO pasgeneHue
aMWHOKUCNOT M bGenkoB meTodamu 3nekTpodopesa M MOHOOOMEHHOM xpomaTtorpadum, KoTopble
No3BONAT MAEHTMOUUMPOBATL M KOJMYECTBEHHO OMPeAenvTb MX COAEpPKaHMe B pacTBOpax MU
6MONOTMYECKUX KNOKOCTAX (Tabanua 2).

Tabnunua 2
KMCNOTHO-OCHOBHbIE CBOMCTBA aMUHOKMCAOT

pK.

Kucxoru —COOH —NHF HOHOTeHHbIX pl
rpyin s
panHKane

AsaHut 2,3 9,7 6,0
Apruaunu 2,2 9,0 12,5 10,8
Acnaparinu 2,0 8,8 5.4
Acnaparuxobas 2,1 9.8 3.9 3,0
Bannn 2,3 9.6 6,0
Canume 2,3 9.6 6,0
Cayramun 2,2 9,1 5,7
Cayramunosas 2,2 9.7 4,3 3.2
[HeTHAKH 1.8 - 9,2 6,0 7.6
Haonefnq 2.4 9.7 6,1
Jlefunu 2.4 9.6 6,0
JIn3un 2.2 9,0 10,45 9.8
MeTHoHHA 2,3 9,2 5,8
Mponaun 2,0 10,6 6,3
Cepun 2,2 9,2 5,7
Tnposnt 2,2 9,1 10,1 5,7
Tpeonnu 2,6 10,4 6,5
Tpunrodan 2.4 9.4 59
dennnanaHnn 1.8 9,1 5,0
[lncrenu 1,7 10,8 8,3 5,0

§ 6 XMmuueckue cBoiicTBa aMUHOKUCNOT

AMMHOKMNCNOTbI NPOABAAIOT CBOMCTBA OCHOBAHUIA 33 CYET aMUHOrPYNMbl U CBOMCTBA KUCNOT 3a
cYeT KapbOKCMAbHOW rpynnbl, T.e. ABAAIOTCA aMOTEPHbIMU COeAUHEHMAMW. B aMMHOKMCAOTaxX Kak
reTepodyHKUMOHANAbHbBIX COEAMHEHUAX MOMKHO BbIAENUTb CAeAyloWwmne pPeaKUMOHHble LEHTPbI:
KapboKcunbHas rpynna (3nekTpodubHblin), amuHorpynna (HykneoduabHbIN) U pagukan.

PeaKuuu, npoteKatowme no KapbokcuabHoOM rpynne.
Kak KapboHoBble KUCNOTbl OHM 06Pa3ytoT GYHKUMOHAbHbIE NPOU3BOAHDIE:
a) conn

H,N-CH,—~COOH + NaOH < H,N-CH,~COO  Na' + H,0
0) croxxHbIe 3PUpHI

+
H,N-CH,-COOH + C,H;0H ——> H,N-CH,-COOC,H; + H,0



J1st KapOOKCUIIBHOM TPYIIIBI XapAKTEPHbI PEaKUY ANMIMPOBAHUS: IPU
B3aUMO/JICHICTBUHU CO CIIMPTAMHU B IPUCYTCTBUU CHIIBHBIX KHCIIOT 00Pa3yIOTCsl CIOXKHbIE 3(UPBI:

RCHCOOH + CH,;0H HC! €¥v*) peycoocH; N . RCHCOOCH;
—1:.0 —NHCI

NH: NH{Ci~ NH;

MeTHnoBui
3pHp C-aMHHO-
" KHCJOTH

TakmMm 06pasom, B KUCNOM cpeae, Korga aMmHorpynna 6,10KkMpoBaHa NPOTOHOM, aMUHOKUCAOTbI
BbICTYNAOT auUIUPYIOLLUM PEeareHToOM, T.e. AOHOPOM aLMIbHOM FpynMbl, @ B WE/0YHON cpeae 3a cyeT
CBOOOAHOM aMMHOTPYMMbl OHM BbICTYNAOT aKLENTOPOM aLWUAbHOM rpynnbl OT CUABHOMO aLMINPYHOLLEro
peareHTa, Hanpmep, X/JopaHrnapuaa KapboHOBOW KMUCAOTbI, Npu 3Tom obpasytoTca N- auunbHble
NpPOM3BOAHbIE aMUHOKMUC/IOT.

REH=COOH  +  Cl=G=0C,Hs — 35> ROH-0-0—(-002H;
NHX -0 XHN O O
Jawwwennas 3r ““"{'C'Pdlopuuar Gaewansusi
G -AMHHOKWCNOTA aurwapna

O6pa3oBaHue ranoreHaHruapuaos. [lpu [eNcTBMM Ha aMUHOKMC/IOTbI C  3alMLLEHHOM
aMUHOTPYMNMNON OKCUA-ANXIOPUAOM CEPbI (XN0PUCTBIM TUOHMUIOM) UAN OKCUA-Tpuxnopugom dpocdopa
obpasytoTca XNopaHrMapuasbl 3aLMLLEHHbIX aMWHOKMC/OT:

SOCL, uau POGI _
RCH— COOH et 3 _RcH-—cf:o

I
CH3aCO—NH CH 3o-::a—lm cl

XJ'IOpaHFI/II[pI/II[BI AMHWHOKHCIIOT Ooiee peaKLII/IOHHOCHOCO6HI>I B peaKknusax
HYKJ'ICO(I)I/IJ'IBHOFO 3aMCUICHUA, YEM aMHUHOKHUCIIOTHI, HAITPUMCEP, B pCAKIIUAX CAMMHAKOM !

R — CH(NH,) - COCl + NH;— R — CH(NH,) — CONH, + HCI

JTa peakuma MMeeT BaKHOe 3HauyeHue AnA 06e3Bpe)KMBAHMA amMmMMUaKa B KneTke, obpasytolieroca B
npoueccax Ae3aMUHMPOBAHUA aMUHOKMCIOT, aMUHOB M aMUO0B.

DekapboKcMnmMpoBaHMe — BaXKHbIi NyTb pacnaga amMMHOKUCNOT B oOpraHusme. B a-
aMMWHOKMCNOTaxX 3NeKTpoHoaKLenTopHas rpynna — NH;* pacnonosxeHa B a-nonoxexnun Kk rpynne — COO".
37O BbI3bIBAET CM/IbHYIO NOAAPU3ALMIO CBA3U MEXKAY aTOMaMu yrnepoda n cnocobCcTByeT ee paspbiBy C
obpasosaHnem CO,, T.e. [AekapboKcMampoBaHMioo. B opraHMsme peakumsa KaTaausmpyetca
AeKapboKcnnasamu, aKkTUBHOCTb KOTOPbIX oOnpeaenserca nupuaoKkcanbpochatom. B pesynbrate
AeKapboKCUAMPOBaHMA U3 O-aMUHOKMCIOT 06pa3ytoTcs 6UoreHHble aMUHbI:

R - CH(NH,) - COOH — RCH, - NH, + CO,

AHaoru4aso MMPOUCXOAUT 06pa3OBaHI/IC TruCTaMHHa U3 T’MCTUHNHA, a U3 TpI/IHTO(I)aHa —
TpUnTaMruHa U CCPOTOHHUHA.



N

N
< \ CH; CH~COOH ———> <3—CH;OHQ NH,
N | -CO, N

| NH, l
H H

FMeTUamnH Fucramuu

fMcTaMuH 06/1a4aeT LWMPOKMM CNEKTPOM GU3MONOTUYECKOTO AeCTBUA: pacluMpaeT Kanuanapsl,
yCKopAeT MNPUTOK NEeNKOUMTOB B O4yar BOCManeHua, CnocobCTByeT aKTUBM3aUMKU 3alMTHbLIX CUA
opraHvM3ama, YyCUAUBAaET CEKPELMIO CONAHON KUCNOTbI B XKeNyaKe, UMeeT NpAmMoe OTHOLWEHME K ABAEHUAM
ceHcMbunusaumm U geceHcMbunnsaumm, BAMAET Ha peLenTopbl COCYA0B, ABNAACL HeMpoMeaMaTopoMm,
y4yacTeyeT B 601eBOM CUHAPOME.
PeaKuuu, npoTeKalowme no amuHorpynne. Moao6Ho ammMHam, aMMHOKUCAOTbI PpearnpytoT C KUCA0Tamu
c obpasoBaHMeEM cONen aMMOHUS:

H,N-CH,—~COOH + HCl — [H3N-CH,-COOH]'CI

Peaknust anmunupoBaHUS TNPOTEKaeT B CHAOOIIENOYHOM Ccpeie, HCIONb3yeTcs A
3alMThl AMHHOTPYHNIIbI:

HOOC - CH(R) -NH; + R; — COCl — HOOC — CH(R) - NH - CO —R; + HCI
Peakuusi anknaupoBaHus (U1 3aIIUTHI (.-aMUHOTPYIITIBI)
H,;N — CH,—COOH + R—Hal— R; -NH — CH, — COOH +H-Hal
Peakuma c as3oTuctoit Kucaotoih. MoaobHO nepBUYHbIM aMMHAM, aMWHOKUC/IOTbl pPearnpylotr c

a30TUCTOWN KMC/IOTOM, NPU 3TOM aMMWHOrpynna npespaLLaeTca B rMAPOKCOrpynny, a aMMHOKMC/IOTa — B
rMAPOKCUKUCAOTY:

H,N-CH(R)-COOH + HNO, — HO-CH(R)-COOH + N1+ H,O
VlsmepeHme obbema BblAenBLIEroca a3oTa N0o3Bos1AeT onpeaeinTb KOnM4eCTtsBoO aMMHOKUCOTbI
(meTon Ban-Caaiika).

AMMWHOKMC/IOTbI  MOTYT  pearMpoBaTb CO CNUPTaMM B MPUCYTCTBMM  ra3006pasHoro
XN0POBOAOPOAA, NPEBPALLAACH B COXKHbIN 3PUpP (TOYUHEE, B X1I0POBOAOPOAHYIO COMb 3duMpa):

H,N-CH(R)-COOH + R'OH —— H,N-CH(R)-COOR' + H,0.

JJMMHUHMPOBAaHUE — ITyTh TPAaHCPOPMALIUU AMUHOKHCIIOT ¢ (YHKLIMOHAIBHOMN IpyMIon
B -TIOJIOKEHUH.



Taytomepun

R—CH—-CH—COOH —_— R—-OH=(‘3-—COOH -
X NH HQN'
EHAMHMHHBIA
p-3aMOLEHHAA O -BMHHOKWCAOTA PparmexT
X= OH, SH
b
. HyO .
= RCHy-C+COOH ———> RGHy+—C1COOH —> RCH;C—COOH
| | i I
HN HWMMHOrpYnna : 0]
(I'HHH.HDnucnoTa xapGuuon- o -OHcoxucnoTa

aMWHHAR rpynna

B OpraHnu3Me MpOTEKACT pCaKIus SJTMMUHUPOBAHNA CCPUHA:

HOCH;—CH—COOH ——+ Csz(i:—COOH = CH3—C—COOH -
| — Iz

||
NH; NH. NH

CepHH : (eHaMHHOKHC- (a-HMHHOKHC/IO-
JoTa) Ta)

(l)H
+1:9 CH;—C—COOH NH*U&—%—&OOH

| - i

NH; o)

IMuporHorpaaHas
KHCJ0TA

C anbaerngamu. C dopmanbaerngom B cnabollenoyHon cpeae aMMHOKUCAOTbI IeFKO MepexoaATt B
MOHOAHWOH, coaepawuin cBoBOAHYID aMWHOrpynny, MO3TOMY ANerko BCTyNalT B peakuuio
HyKneodunbHOro npucoeamHeHus K dopmanbaernay. pu B3aMMOAENCTBUN  O-aMUHOKMUCAOT C

anbaerngamm obpasyloTca 3amelleHHble MMUHbLI (ocHoBaHMA Lndda) uepes ctaamio obpasoBaHuA
KapbUHONAMMNHOB.

R—(lf.HwCDDH + O=CH—R -~ R—CH—COOH G R—CH—COOH

NH: NH—CHR N=CHR
| H
a-AMHHOKHCAOTA Anbjerua KapGuuoaamun 3aMmelennsif
HMHH (OCHOBA-
nue llingda)

AMd)OTeprIVI Xapaktep o —aMMUHOKUCNOT He Nno3BONAET HenocpeaCtBeHHO NpoBOAUTb
TUTPOBaHME WUX LWENOYbKO B aHAJIUTUYECKUX LUenAax. I'Ipvl B3aVIMO,EI,el‘;1CTBVIM AdMUHOKUCNIOT C
d)OpMaﬂbAel'Vl,Cl,OM nony4yaroTcA OTHOCUTE/IbHO YCTOﬁQMBbIe Kap6l/IHOfIaMMHbI — N-meTunonbHble

npon3sogHble, B KOTOPbIX Haan4dume CBO6OAHOﬁ Kap60KCVIfIbHOI7I rpynnbl NMO3BOJIAET NPOBECTU
TUTPOBAHUE LLENOYDbIO.



R—CH—COOH + HyC—0 —. R—CH—COOH
!
NH. NH—CH,0H

- a- AMHHOKHCAOTA Dop- N-meTHa0NBHOE
MaJbje- NpOH3BOAHOE
rHi Q-aMHHOKHCIIOTH

B TaKmx nNpou3BOAHbIX aMUHOKUCAOT OCHOBHOCTb aTOMa as30Ta CW/AbHO MOHWMKEHA, YTO
NO3BO/IAET UCMO/Ib30BATb 3TY PEaKUMIO ANA KOJMYECTBEHHONO onpeaeneHns o-aMMHOKMUCAOT METOLOM
CepeHceHa. CnocobHOCTb aMMHOrpYynn B aMMHOKUCAOTAX MW 6enkax B3aMMOAENCTBOBATb C
dopmanbaerngom npUMBOAUT K HeobpaTUMON AeHaTypauum 6enkoB. ITUM  O0ObBACHAETCA BbICOKas
TOKCMYHOCTb GOpManbaermaa v ero CTepuansytow,as cnocobHoCTb.

O6pasoBaHue [JH® — nponsBoaHbIX. AMUHOKMCAOTbI 06pasytoT ¢ 2,4-AnHUTpPodTOPOEH30/10M
OKpaLUEeHHbIE B }KeNTbli LBET AMHUTPOdEHUIbHbIE Npon3BogHble (APP-nponssoaHbie), pacTBOpUMbIE B
OpraHuyeckmx pacteoputensix. OHM 3SKCTPArnpyrTcAa U3 pPeakuMOHHOW CMecu OpraHUYecKMmu
PacTBOPUTENAMM U UCMOb3YIOTCA ANA UAEHTUDMKALUM XpOMaTOrpapuueckumm meToaamm.

[JaHHaa peaKkums npoTeKaeT MO MeXaHW3My HYKNeobUAbHOro 3amelleHus B 6eH30/bHOM
Konbue. Takoe 3amelleHMe CTaHOBUTCA BO3MOMHbIM 33 CYET BAMAHMA  ABYX  CUJIbHbIX
3/IEKTPOHOAKLLENTOPHbIX HATPOrpynn:

NO NO,
OyN F+ NH;~CH—COOH —2—» OgN NH=CH~COOH
R
2 4-Anuntpo-
fropGexson ﬂH: ﬁmm:::
(AH®EB)

O6pasoBaHune PTr-npousBoAHbIX (peakumsa SaAmaHa). ITa peaKkuusa LMPOKO WCMoAb3yeTca npu
YCTaHOB/MIEHUN CTPOEHMA nenTuaoB. BsaumopelhcTBue aMMHOKMCAOT € GEHUAN3OTMOLMOHATOM
NPOTEeKaeT MO MeXaHW3My HyKneoduabHOro npucoeamnHeHusa. B obpasoBasluemca MNPoOAyKTe aAanee
OCYLLECTBNAETCA BHYTPUMOJIEKYNAPHAA peaKkuus HYKAeopUNbHOTO 3aMelleHua, npueoaawas K
06pa30BaHMIO LMKANYECKOTO 3aMeLLEHHOro amuaa.

l \Al 6+A .‘/—\,_PSWO
CgHg~N=C=S + NH;~CHyCOOH —> CgHz NH—(&-NH-C 20\ —
S

DenHaMa0oTHOUNEHAT F MUy OH

8
&
uskansaunn, H" TN
“H,0 >  CgHg=N NH

/
""CH 2
'.:)l/G

Amkanan cenas

DAHUNTHOTHABHTOMH

Limknnyeckne coeamnHeHua, nonydyaembie no AaHHOﬁ peakuun, npeacrasaaroT coboii npon3soaHble
TUOTMAAHTOUHA, NO3TOMY ONA HUX NMPUHATO Ha3BaHUe dDEHVIJ'ITVIOFM,CI,aHTOMHOBbIX NPOn3BOAHbIX (CDTI' -
I'IpOM3BOAHbIX) 0-aMMUHOKMCANOT. Takne npomnsBogHble OT/INYAIOTCA CTPOeHneM pagmKkana R.



De3amunHupoBaHue, oTwenseHne (3nMMUHMpoBaHMe) amuHorpynnbl (NH;) 13 opraHmyeckmx
coeamHeHui. [e3aMMHMPOBaAHUE COMPOBOMKAAETCA 3aMelleHMeM aMUHOrpynnbl Kakon-nnmbo Aap.
roynnoii (Hanpumep, H, OH, OR, Hal) uaM obpasoBaHMem ABOWNHONM cBA3KU. [e3aMUHUPOBaHUE
NpPoOM3BOAAT, B YAaCTHOCTW, AENCTBMEM HA NEpPBUYHbIE aMMHbI a30TUCTOM Kucnoton. Mpu aTtom u3
anudaTUyecknx ammHoB obpasytoTca cnupThbl (1) u oneduHsl (I1), Hanpumep:

mo, ! cmomew +mO
CHNH, ——2—[ 7 N

= LCH, +N, +2H,0

[e3amnHMpOBaHUE UMKN0ANUDATUYECKMX aMMHOB COMPOBOXAAETCA pPaclIMpPeHneM Uan
CY)KEeHMEeM UMKNa. ApomaTuyeckme amMuHbl [Al0T C a30TUCTOM KMCIOTOM (B MPUCYTCTBUM CU/IbHbIX
HeopraHMYecKkUx KUCNOT) AMa30HMA conn. Takue peakumm, Kak rMaponus, rmaporeHonns, pacuienieHme
YeTBEPTUYHbIX AMMOHMEBBLIX COJMIEN, MUPOJINUTUYECKME U Ap., TaKXKe NpuUBOSAT K peakuum
OEe33aMMHUTPOBaHMA. BayKHYI0 poJib UrpaeT 3Ta peaKkums B NPOLECCax XKU3HeAeATeNbHOCTU KUBOTHbIX,
pacTeHU 1 MUKPOOPraHN3MOB. [N d-aMUHOKUCNIOT XapaKTepPHO OKUC/IUTENbHOE Ae3aMUHUPOBaHUE. C
06pa3oBaHMEM aMMMaAKA U O-KETOKMUCNOT. OKUCAUTENIbHOMY [€3aMUHUPOBAHUIO MOABEPraloTCa TaKKe
amuHbl. OKcuaasbl NPUPOAHbLIX aMUHOKUCAOT, KpOMe rIyTamaTaerMaporeHasbl, gesammHupytowen L-
rNYTaMUHOBYIO KUC/IOTY, B KMBOTHbIX TKAHAX Masio akTUBHbI. 03TOMy 60/IbLUIMHCTBO L-aMMHOKUCNOT
NnoABepraeTca Henpsmomy Ae3aMMHUPOBAHUIO NYTEM NpeaBapuUTENbHOrO MNepeamuHUPOBAHUA C
o6pa3oBaHMEM  [lYTAMMHOBOM  KMCAOTbl, KOTOpasa  3aTemM  MNpeTepneBaeT  OKUCAUTENIbHOE
[pe3amunHupoBaHve wan ap. npespaweHus. Ap. TUMbl 4e3aMWHUPOBAHMA — BOCCTAHOBUTENbHOE,
rmgponntuyeckoe (gesaMMHMpOBaHME. aMUHOMPOM3IBOAHbBIX MYPUHOB, MUPUMUAMHOB M Caxapos) U
BHYTPUMONEKYNAPHOE (Ae3aMUHMPOBAHUE. TUCTUAMHA) — B OO/blUEN CTEMEeHW PacnPOCTPaHEeHbl Y
MWKPOOPraHM3MOB.

BuyTrpumoexynspHoe 1e3aMUHUPOBAHNE

R-CH, — CH(NH,)- COOH— R-CH=CH-COOH -+ NHj

(I,B — HCHACBIIMICHHAs KHUCJIO0Ta
FI/II[pOJ'II/ITI/ILIGCKOC )IC?;aMI/IHI/IpOBaHI/IC
R—CH(NH,) - COOH +H,0 — R — CH(OH) — COOH + NH;
O - OKCUKHCJIOTA

OKHUCITUTENRHOE AC3aMUHHUPOBAHUC

R-CH(NH,) — COOH +1/2 O,— R —C(O) — COOH + NH;

0-K€TOKHCJIOTA



OkncIATe1bHOE Je3aMHHHPOBAHHE AMHHOKHCJIOT
NpoTeKAeT NoJ AeHCTBHEM 0ecUOPOceHA3.

HAA"
HOOGCCH,CH,CCOOH
HOOCCHQGHQ?HCOOH o 2CH O

NH2 NH

L-rnyTamuHoBan wucnota o -MIMUHOrIYTAPOBAR HUGCAOTA

HOOGCHQGHQ(IfCOOH + H,0 == HOOCGHQCHQ(FZ':COOH +  NHy
NH 0

@ -QHCOrnyTapoBan HACNOTA

OﬁpﬂTHHﬂ pPearus (BOCCTHHOBHTEJ’IBHO@ aMHHHpOBaHHE
ORCOKHC.I'IOT) TaRRe MPOoTeRaeT B KJI€TRaX.

IlepeamuHupoBaHue, TPAHCAMUHMPOBAHUE, OOPAaTHUMBbII EPEHOC AMUHOTPYMIIbI (—
NH;) 0T aMMHOKHCIIOT WM AMUHOB K OKCOKHCIIOTAM:

::{_‘H —NH:+-R—CO—COOH =

- >C =0-+R—CH (NH;)—COOH

Peakuust ¢epMeHTaTUBHOTO TEpeaMHUHHPOBAaHUS, OTKpbITas B 1937 coBerckumu
ouoxumukamu A. E. bpaynmreitnom u M. I'. KputimMan, urpaet poiip BaKHOTO IPOMEKYTOUHOTO
3B€HA B IIPOIECCaX CUHTE3a U JI€3aMUHUPOBAHUS MHOTUX aMHHOKHCIIOT Y JKHUBOTHBIX, PACTCHHI
¥ MUKPOOPTaHU3MOB. BONBIIMHCTBO MPUPOJHBIX AMUHOKHUCIOT CUHTE3UPYETCS B TKAHAX IYTEM
nepenoca NH,-rpyniibl OT IIyTaMUHOBOM KUCIOTBHI — HAYaJIbHOTO MPOJIYKTA YCBOCHUS a30Ta —
Ha pa3IMyHble OKCOKUCIOTHL. ObecneunBas ObICTpOe B3aUMOIIPEBpAILlEHHE PA3INYHBIX AMHUHO- U
OKCOKHCIIOT, PEAKIIUN ITEPEaMUHUPOBAHUS UTPAIOT BAXHYIO POJIb B PETYISIUU U CONPSIKEHUU
oOMEHa aMUHOKMCIOT M YIJIeBOJOB, ()epMEHThl NepeaMHUHHUPOBAHUS— aMHHOTpaHC(epasbl
UMEIOTCS BO BCEX JKMBBIX KieTKax. OmnucaHo cCBbIIe 55 pa3auyHbIX aMUHOTpaHcgepas,
KaTaJIM3UPYIOLINX 3Ty PEaKIUI0 BCEX M3BECTHBIX MPUPOIAHBIX AMUHOKHCIOT U psjia OMOT€HHBIX
amuHOB. KodepmeHToM amuHOTpaHcdepas sBISETCS NPOU3BOAHOE BHTaMHHA Bg —
nupuaokcanbdocdar, urparomuil ponb nepeHocunka NH2-rpynmsl . Pe3koe mnoBblieHHe
COJIep’)KaHUsl ~ HEKOTOpbIX  aMHUHOTpaHcdepa3 B  IJIa3M€  KPOBM  OOJBHBIX  CIYXKUT
JMarHOCTUYECKUM TPU3HAKOM IMpH MOPAKEHUSX IMe4YeHU (rematuTsl), cepauna (MHapKT
MHOKap/1a), MBIIIL (TpaBMbI, MUOAUCTpO(HUUECKrEe 3a001€BaHuU).



Tpaﬂca.mmtq)os(mue — OCHOBHOMH noyTh OHOCHHTE32 AMHHOKHC/IOT
H3 ORCORHCJIOT. HOHOPOM AMHHOI'DYIILI BRICTYIIAET
U-aMHHORKHCI0TAa, HAX0OANIAACH B KJICTKaX B 00JIbIIIOM

KROJIHIeCTBe.
Llonopnan AxuenTopHan
C-aMWHOKKWCNOTa OL-OHCOHHCNOTA
TpancamuHasa+
nnpunoucanbdmcd:mh
HOOC~CH3 CH=COOH + HOOC—CHzCH;-G-COOH = et
Il
NH,
L- acnaparkHoean o-OncornyTaposan
Hucnota | Kucnora |l

S—————= HOOG~CHy §~COOH +HOOG-CHz GH;-GH-GOOH
\NH,

LLiasenesoyKcycHan L-rnyramu+osan
uucnora | wucnota |l

AxuenTopHan JlonopHas
Q-OHCOHMCNOTA O -AMHHOHHC noTa

Kpome Toro, BO3MOKHO B3aMMO/IEHCTBHE aMHUHO- U KapOOKCHIILHOW TPYII KaK BHYTPU
OJTHOW MOJIEKYJIbI (BHYTPUMOJIEKYIISIpHAs peakiys), TaK U MPUHAJIEKAIIUX Pa3HbIM MOJIEKYJIaM
(MEXMOJIEKYIISIpHAsL PEAKIIHS).

HpI/I Harp€BaHuu B CyXOM BUJC PA3JIMYHBIC aMUHOKUCIIOTBI BEAYT cebg 1o pasHOMY. TaK,
0-aMHHOKHCJIOTHI O6p213y}OT HMUKINYCCKUC JUIICTITUABI, HA3bIBACMbIC TUKETOIMUIICPA3ZHHAMMN

H
R—(|3H—CO ¢ R N o
N & —
NHZ | -2H20
OC— CH—R
@ N R
H

B -aMHHOKHCIIOTHI ITPETEPIIEBAIOT 1e3aMHUHUPOBaHMe:
CH;-CH,-CH(NH;)-CH,-COOH — CH3-CH=CH-CH,-COOH + NH3

O - aMUHOKHCJIOTBI MPEBPAIAIOTCA B HUKITMYCCKUEC BHYTPHUMOJICKYIAPHBIC IICITUIbI-

JaKTaMbI.
[94
@]
¥ 8 o f 8
CH2-CH2-CH2-COCH —
| -H20
N
v \

NH2
H



[IpakTnueckoe 3HA4YCHHE UMeEeT BHYTPUMOJIEKYJISIPHOE B3aUMO/ICIICTBUE
(YHKIMOHATIBHBIX TPYIII £-aMHHOKAIIPOHOBOM KUCIIOTHI, B pE3yJIbTaTe KOTOPOro 00pa3yercs € -
KarpoJjakTaM (TMOXYIPOAYKT JUIsl MOTYYSHHs KalpoHa):

_CHi
CH;-CHy-CHy-CH;-CH, ¢\ Gl “Cf{z
H-N-H HO-Cc=0 -H:0 CH{N*”’CI\
E-AMHHOEAMPOHOBAA FICIOTA IlI 2

E-KAallp oIl aKTaM

ObpasoBaHne KOMMNIEKCOB C MeTa/laMU.0-AMUHOKHUCIOTHl 00pa3yloT ¢ KaTHOHAMU
TSDKEJIBIX METAJUIOB BHYTPUKOMIUIEKCHBIE cOJIM. CO CBEXENPUTOTOBIEHHBIM T'HMAPOKCHUAOM
meau(Il) Bce 0-aMMHOKHCIOTBI B MATKHMX YCIOBHMSIX JAarOT XOPOIIO KPHUCTAJUIU3YIOLIUECS
BHYTPHUKOMIUIEKCHBIE (xenaTHbie) conu Mmeau(Il) cunero nBera:

+
0 o H:N
N
\cit-/ oH \?H R
R"C\I:I + Cu + _ /C\O —Ho’
NH, HO o

\‘/0\/ CH-R.
R—C‘H/’ \ /

NI—i2

ey

B Takux conax noH mean KOopanHaUMOHHbIMUK CBA3AMU COeaUHEH C aMUHOrpynnamu.

PeaKyMoHHaa cnocobHOCTb paguKana obycnosneHa Hannumem HO-, SH- rpynn wuam
apOMaTUUYCECKOTO AAPa. BarKHENWMMMN U3 HUX ABNAIOTCA OKUC/IUTE/IbHO-BOCCTAHOBUTE/IbHbIE peaKLUK,
B-pekapbokcnnnpoBaHue, LUMETUINPOBaHME, NEPEMETUINPOBAHME, KOTOPbIE BEAYT K Nepexony o4HUX
dMUWHOKNCNOT B Apyrne, 4to paclimpaeT BO3MOXHOCTU CUHTE3a Pa3/IMYHbIX aMUHOKUCNOT (Hanpvuvlep,
OKUc/eHVe GeHUMaNaHMHA B TUPO3UH).

Mpy NONHOM OKWUCNEHWUU TUOJIOBOW TPYMMbl LMUCTEMH NMPEBPALLAETCA B LMCTEMHOBYIO KUC/OTY,
KOoTopas AeKapboKcMaMpyAck, NpeBpaLLaeTcs B TaypuH, 06pasytowmii C }KeNUYHbIMM KMCA0TaMM NapHble
YKEeNYHbIE KUCNOTbI (TaypOXONeBYIO U TaypoLe30KCUXONEBYIO).

HS — CH,-CH(NH,) - COOH + 2 O,— HO3S — CH, - CH(NH,) - COOH—
LIUCTENH LMCTEMHOBAsA KMCIIOTA
—CO, + H,N - CH, — CH, -SO3H
TaypHUH
§ 7 KauecTBeHHbBIC peaKIMU AMHHOKHUCJIOT

AMMHOKMCIOTbI MOXKHO OBOHApyKWUTb C TMOMOLLBIO LBETHbIX PeaKkumit: HUHIMAPUHOBOM,
KcaHTonpoTenHoBowW, ®ona, MwunoHa, buypetoBoi Npobbl U Ap. ITU peakumm HecneuuduyHbl, T.K.



OCHOBaHbl Ha OOHapy)XeHWUM OTAEeNbHbIX PParmMeHTOB B CTPYKTYPE aMMHOKMCAOT, KOTOpble MOryT
BCTPeYaTbCA U B APYIMX COEAUHEHUAX.

HuHrmapuHoBaa peakuua, LUBETHasa peakuua, MNpUMeEHAemMas [Aaa  KayeCTBEHHOro w
KO/IMYECTBEHHOIO ONpeseneHns aMMHOKUCAOT, UMWUHOKUCAOT MU aMUHOB. Npu HarpeBaHUN B LLLENOYHOWN
cpefe HUHrMAapuHa (TpuketorngpuHaeHrngpata, CoHgO4) C BewecTBamu, UMEOWMMU MepBUYHbIE
amuHorpynnbl  (—NH,), obpasyeTca npoayKT, KOTOPbIi WMMEEeT YCTOMYMBYIO WHTEHCUBHYIO CUHe-
d1oNeToBYIO OKPACKy C MAKCMMa/bHbIM MOrAoLWeHNeM oKoso 570 Hm. T. K. nornouweHue npu 3Tom
OJ/IMHE BOJIHbl JIMHEMHO 3aBUCUT OT YMCNa CBOBOAHLIX AMWMHOIPYMNM, HUHIMAPUHOBAA peaKkuuma
MOCAYXXWaa OCHOBOW ANA MX KOAMYECTBEHHOIO OMpPeAeNeHUs MeToLaMW  KOJOPUMETPUM UK
cnekTpopoTOMETPUM. ITa peaKkums MCNOAb3YETCA TaKXKe AN onpefeneHMA BTOPUYHbLIX aMUHOTpynn
(>NH) B MMMHOKMCNOTax — MNPOJANHE U OKCUMPOJIMHE; B 3TOM C/ly4ae 0bpasyeTcs NpoayKT APKO-KENTOro
yBeta. YysctButenbHoctb — Ao 0,01%. CoBpemMeHHbIit aBTOMATUYECKUA aMUHOKMUCAOTHbLIA aHanus
NpoBOAAT, coYeTas MOHOOBMeHHOEe pa3fesieHne aMUHOKUCAOT U KOJIMYECTBEHHOE onpesesnieHne Ux C
NMOMOLLBIO HUHTMAPWUHOBOM peakuuun. Mpu pasgeneHnm cmeceil aMMHOKMCAOT MeToaoM BymarkHoM
Xpomartorpaduun no3BosAeT onpeaenATb Kaxayto aMMHOKMUCIOTY B KOIMYECTBE HE MeHee 2—5 MKT.
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Q\‘ + NHCM-COOH —120C
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o -AMHHOHMGNOTA
Huuru.upnu
—— @:G/ =N— \:. + CO, + RCHC + 3H,0

Anuuﬂu

MpoayHT peakumk
cuHe-noNeToBOro useTa

Mo MHTEHCMBHOCTU OKPACKM MOMKHO CYAUTb O KOJIMYECTBE aMUHOKUCIIOT.

3Ta peaKkuusa MOOXKUTENbHA HEe TOJbKO CO CBOOOAHBLIMW aMUHOKMCIOTaMK, HO U NenTUaamm,
6enkamm u gp.

KcaHTonpoTtenMHoBas peakuus M03BOMAET OOHapPYKUTb APOMATUYECKME AMWHOKWUCIOTLI
(beHnnanaHuH, TMPO3UH, TMCTUAMH, TpMNTOodaH), OCHOBaHa Ha peakLMu 3/1eKTPOPUIbHOIO 3ameLleHNn
B apoMaTMYeCKOM fape (HUTpoBaHue).

HNO
HO CHg~GH~COOH 25 wo HFGH—COOH 2%
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{HenTar oHpacHa)

CHgGH—COO™ Na'
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(OPEHMBBARA OMpacHa)



Mpn AeNCTBUN KOHLEHTPMPOBAHHOW a30THOW KMC/AOTbI, Hanpumep, Ha TUPO3UH 0bpasyeTcsa MPOAYKT,
OKpaLUEHHbIM B *KeNTbli LBET.

Peakuua ®ona. ITo0 peakuMa Ha UUCTEUH W UUCTUH. [pu  LWEeNOYHOM ruaposnse
«cnabocenszaHHan cepa» B LUUCTEMHE M LMUCTMHE AOCTAaTOYHO JIErKO OTLIEMNAETCA, B pe3y/bTaTte 4yero
0b6pasyeTca cepoBoAOPOA, KOTOPbIM, pearMpya Co LiesoYbio, AaeT cyabduabl HAaTpUA Man Kanua. Mpu
nobasneHuu auetata ceuHua(ll) obpasyertcs ocanok cynboumaa cemHua(ll) cepo-yepHoro ugerta.

HS—CHz—([‘-H—COOH + 2NaOH = HO—CHE—CI”.H—COOH + Na,S + H)0O,

NH, NH,

IHCTEHH CEPHH
Pb(CH,COO), + 2NaOH = Pb(OH)4 + 2CH,COONa.
Pb(OH), + 2NaOH = Na,PbO, + 2H,0,

NaS + NaPbO, + 2H0 = PbS{ + 4NaOH.

Peakuus Llummepmana. D10 peakiysi HA aMUHOKHCIIOTY TIIUIUH.

Omnucanue omnbita. K 2 mit 0,1%-ro pactBopa rimiuHa, A0BeieHHOTro nooasieHueM 10%-
ro pacrtBopa menoud jno pH = 8, mpuwmmsator 0,5 M BogHOro pactBopa o0-(hTajieBOro
avajibaeruaa. PeaKHI/IOHHaﬂ CMCCb HAYMHACT MCIJICHHO OKpAIlMBATLCA B ﬂpKO-?;CJICHbeI IIBCT.
Yepes HECKOJIbKO MHHYT BBINAJIACT 3€JICHBIH 0CaJIOK.

Peakuma Ha TpuntodaH. Tpunrodan, pearupyss B KHUCIOH cpele C ajbJerujiamu,
o0Opa3yeT OKpallleHHble MPOAYKTbl KOHJAeHcauuu. Hampumep, ¢ TIJIIMOKCHIIOBOM KHUCIOTOM
(sABIAIOLIEHCA MPUMEChI0 K KOHLEHTPUPOBAHHOM YKCYCHOM KHCIIOTE) peaklusi MPOTEKaeT IO

YpaBHEHUIO:
il
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[To aHanoru4HOM cxeMe MpOTEKaeT U peaklus Tpunrodpana ¢ GopMaIbIaeTUIOM.

Peakuma Cakaryuu. Ora peakuuss Ha aMHHOKUCIOTY AaprMHUH OCHOBaHa Ha
B3aMMOJICHICTBUM aprUHMHA C O-HAQTOJIOM B NPUCYTCTBHM OKHUCIuTens. Ee mexaHusm ere



MOJTHOCThIO HE BBUICHEH. [lo-BHIUMOMY, peakiusi OCYIISCTBISCTCS 10  CJCIYIOIEMY
YpaBHEHHIO:

OH
NH NH,
I ey NaBrO
+ HN-C-NH-(CH,;-CH-COOH ——
APTHHEH
u-HadToNI

OH

I;ITII I‘iIIIQ
NH—C-NH—(CH,),-CH-COOH.

Hajp THIAPT HHHH

MoCKO/IbKY NPOM3BOAHbIE XMHOHUMWUHOB (B A@HHOM c/yyae HapTOXMHOHA), Y KOTOPbIX BOAOPOA,
umuHorpynnbl —NH— 3amellleH Ha anKWIbHbIA UAW apUAbHbIA paauvKan, BCeraa OKpalleHbl B KenTo-
KpacHble TOHa, TO, NO-BUOMMOMY, OPaHMKEBO-KPACHbIA LBET pacTBopa MpU MPOBEAEHUMM peakuuu
Cakaryym obbAcHAETCA BO3HMKHOBEHMEM MMEHHO MPOM3BOAHOIN0 HaPTOXMHOHMMUHA. He mckatoyeHa,
O[HAKO, BEpOATHOCTb Obpa3oBaHMA euwe 6o/ee CAOXKHOIO COEAMHEHMA 33 CcYeT JajibHenllero
oKucneHua octaBlumxcst NH-rpynn apruHMHOBOIO OCTaTKa M 6eH301bHOro Agpa a-HapToNa:

OH

NaBrO

NH NHZ H.O, NaBr

|
NH-—-C-NH-(CH,)-CH-COOH

Had THIIA PruHUH

0
i.n
NH §H2

Il
N—C-NH-(CH,),-CH-COOH.

Onucanue onsita. B mpobupky nHamuBaror 2 mia 0,01%-ro pactBopa apruHMHa, 3aTeM
nobasisitor 2 Ma 10%-ro pacTBopa €AKOTro Hatpa M HecKoibko Kamenb 0,2% crnupToBOTO
pactBopa o-Hadrona. CoaepxkuMoe MPOOMPKU XOPOILIO MNepeMeluBaroT, npuiausaioT 0,5 M
pacTtBopa TUMOOpPOMHTa U BHOBBH nepememmBaioT. Hememnenno nobGasnstor 1 mi 40%-ro
pacTBOpa MOYEBMHBI Ui CTa0MJIM3alMK OBICTPO PA3BUBAIOILEIOCS OpPaHKEBO-KPACHOTO
OKpaIllMBaHUS.

BuypetoBaa peakuuA — MCNONb3YETCA KaK LiBETHaA peakuua Ha 6enku. B wenoyHol cpeae B
npucytcteumM coneit  megu(ll) oHmM paoT  duonetoBoe oOKpawmBaHue. OKpacka o06ycnoBseHa
obpasoBaHMEM KomnnekcHoro coeguHenus meau(ll), 3a cyet nentuaHon rpynnel -CO-NH- , KoTopas
XapaKTepHa ana 6enkos. CBoe Ha3BaHWeE 3Ta peakumnsa Noayuymnaa ot NPoOn3BOAHOrO MOYEBUHbI - BUypeTa,
KOTOpPbI 06pasyeTcs Npu HarpeBaHMM MOYEBUHbI C OTLLENIEHNEM aMMMaKa:

Kpome 6enKoB 1 bMypeTa TaKoe Ke OKpallMBaHMe AaloT M Apyrve coeaMHEHUs, coaepKallme -
3Ty rpynny: amuabl, MMuabl KapOOHOBbIX KWUCAOT, a TaKKe COeAMHEHMA, codepXKallne B MOJIeKyne
rpynnbl -CS-NH- nan =CH-NH-. Tak:ke peakuuto AatoT 6e/K1, HEKOTOpPble aMMHOKUCAOTbI, NenTuApbl,
6uypeT u cpegHMe NENTOHbI.

LiBeT KomnseKca, noJsiydaembli Npu OBUYpPeTOBOM peakuuu C PasAUYHbIMU  NenTuaamu,
HECKOJIbKO OT/IMYaeTCA U 3aBUCUT OT AJIMHbI NenTUAHOM uenu. MenTuabl ¢ AJIMHON LEnn OT YeTblpex



aMUHOKMCNOTHBIX OCTaTKOB W Bbille 06pasyloT KPacHbIM KOMNAEKC, Tpunentuabl — GUONEToBbIN, a
AnnNenTuabl — CUHUNA.

CHOJIbHAas (bopMa IMOJIMIICIITH A

[Ipu B3ammopeiictBun mnonunentuaa ¢ Cu (OH), oOpasyercss KOMILIEKC, CTPOCHHUE
KOTOPOT'O MOYKHO ITOKa3aTh TaK:

§ 8 O6pa3oBaHue nenTUAHOM CBA3M

MG)KMOJIGKYHHPHOC B3aHMOJCHCTBHE O-aMHHOKHCIOT IIPpUBOAUT K O6p8.30BaHI/IIO
OCITUI0B. HpI/I B3aUMOACHCTBUU ABYX 0-aMHUHOKHCIIOT 06pa3yeTc;1 JUTICIITUI.

O O
Il 1
HZN—CHZ—C—-OH + H—I‘IJ—(FH—COOH W HZN—CHZ—C—I‘IJ—(IZH—COOH
H CH, ? H CH,
TTIHIIHH ATaHMH TTIMIIMN ATaHHH
{(AHUIenTHI)

MexmMonexysipHOe B3aUMOJEHCTBHE TpeX [J-aMHHOKHCIOT HMPUBOIAUT K OOpa30BaHHUIO
TPUMENTUIA U T.1.



T mummn Bamuin (DeHHTaATaHHH
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[ muHnBanHI(peHHIaTaHHH
Gly-Val-Phe
(cokpammeHHas 3aIlHCh)

dparmeHTbl MONIEKY/1 aMUHOKUCIOT, 0bpasyollme NenTUAaHYI Lienb, Ha3biBaloTCA aMUHOKMCAOTHbLIMM
octaTkamu, a cBasb CO—NH - nentTuaHoii cea3blo.

benkn, NpPoTenHbl, BbICOKOMOJIEKYIAPHbIE NPUPOAHbIE OPraHUYEeCcKNe BELLeCTBa, NOCTPOEHHbIe
M3 aMWHOKUCIOT M wurpawowme ¢GyHAAMEHTANbHYIO POJb B CTPYKTYpEe U KU3HeAesaTe/lbHOCTU
opraHusmoB. HassaHue "npoTeuHbl" (OT rpey. protos — nepsblii, BarkHelLWNiI) 6onee TOUHO OTpaKaer
nepeocTeneHHoe 6MONOrMYecKoe 3HaYeHME 3TOro Kaacca BELLECTB, XOTA B OTEYECTBEHHOM AuTepaTtype
NX NPUHATO HasbiBaTb benkamm nan 6enKoBbIMM BELLECTBAMM MO aHANOMMK C 6eIKOM KypuHOro siua,
npUoBpeTaloLLEro Npu KUNAaYeHun (geHatypauumn) 6enbiit UeeT.B npupoge cylectayet npumepHo 10'-
10" pasnnyHbIX 6e1KOB, 06eCneunBatoLWMX KU3HEAEATENbHOCTb OPraHU3MOB BCEX CTEMEHEN CNOKHOCTM
OT BUPYCOB A0 YEeNOBEKA. ITO MYCKYJ/Ibl, KPOBb, CEPALLE, KOXKa, KOCTU... Benkamu ABnAoTCA pepmeHTsbl,
aHTMUTEeNa, MHOIMe TOpPMOHbI W Apyrne OuosIorMYeckue akTUBHble BelwecTBa. HeobxoammocTb
NOCTOSAHHOrO 06HOBNEHMA BENKOB NIEXKUT B OCHOBE 06MeHa BelecTB. iMeHHOo 6enku (pepmeHTsbl 1 ap.)
OCYLLECTBNAOT 0OMEH BELLECTB M SHEPreTUYecKMe NpeBpaLLeHns, Hepas3pblBHO CBA3aHHbIE C aKTUBHbIMM
6uonornyeckummn GYHKUMAMU. BeNKM BXOOAT B COCTAB CNOXKHbIX KNETOYHbIX CTPYKTYp — opraHenn. U
XOTS OpraHeNNbl COAEP’)KaT TaKKe Apyrve Beuwlectsa (AUNMAbl, YrieBoAbl, HYK/JEMHOBbIE KUCAOTbI,
HeopraHMYeckme KOMMNOHEHTbI), 6eNKU 0COBEHHO BaXKHbl; OHU — OCHOBHbIEe CTPYKTYpoobpasosaTenm u
UrpatoT BeAylylo pPOJib B BbINOAHEHUM Pusmonornyecknx o¢yHkumMn. Hanpumep, 6narogaps
COOTBETCTBYIOLLEN OpraHU3aLMK pas3INYHOro poaa 6enKkoB buosornyeckne memopaHbl, MOKpPbIBatoLWMeE
KNETKW, aKTUBHO (C 3aTpaTol SHEPrumn) NepeHoCaT B KNETKY UAKN U3 KNETKU onpesenéHHble MONEKY/bl U
MOHbI. B 4acTHOCTW, TPAHCNOPT KAaTMOHOB CO34AET 3/IEKTPUYECKYID NOAApuU3aLmio, Heobxoanmyo ans
npoueccoB BO36yKAeHWUs. B ABMraTeIbHbIX annapaTax — MblWEYHbIX BONOKHAX U APYIMX — KOMMJIEKCbI
cneunduyecknx GenKkMm  OCYLLeCTBAAIOT  COKpalieHWe, npeBpallasd XMMWUYECKYID 3SHepruo B
MexXaHUYecKylo paboTy. [eatenbHOCTb 6e/KOB BO MHOFOM CBfi3aHa C pa3HbiIMM  HebenKoBbIMM
BELLeCTBAMM, M3 KOTOPbIX Hanbosbluee OMONOrMYECKOe 3HayYeHWe WMEOT HYK/eMHOBble KMUCNOTbI.
OpHako pewalowmm GaKTOPoOM  MONEKYASPHbIX MEXaHU3MOB BCEX aKTMBHbIX NPOSABAEHWM
KU3HeAeATeNbHOCTU ABAAOTCA BenKku. B aTom cmbiciie NoATBEP!KAEHO U AETAa/NM3UPOBAHO U3BECTHOE
nonoxeHune ®. IHrenbca o 6eske, Kak ocHoBe brosornyeckoi Gopmbl ABUKEHUA maTepun. Moneky bl
6€e/1K0B B CTPYKTYPHOM OTHOLLIEHMM BECKOHEYHO pasHOOb6pPasHbl — MKECTKOCTb M TOYHOCTb YHUKANbHOM
OpraHM3aLMM COYETAOTCA B HUX C TMOKOCTbIO WM NAacTUYHOCTbO. Bcé 31O co3daéT Heobospumble
dYHKUMOHaNbHbIE BO3MOMKHOCTU; MO3TOMY 6E/MKM U ABUAUCD TEM WCKAOYUTENbHbIM MaTepuasnom,
KOTOPbIM NOCAYXUA OCHOBOW BO3HUKHOBEHUA KU3HM HA 3emne. Benkn — oMH N3 OCHOBHbIX NPOAYKTOB
NUTaHMA YeNloBeKa U XUBOTHbIX, OHN CAYXKaT UCTOYHMKOM BOCCTaHOBNEHWUS U OBHOBNEHUA UUTOMIA3Mbl
KNeToK, 06pa3oBaHuns ¢pepmMeHTOB, FOPMOHOB U Ap.

Kak y»xe oTmeyvanoch Bbille, 61arogaps nenTMAHbIM CBA3AM aMUHOKUCAOTbI 06pasytoT 6enKku.
MoneKkyna 6enka noctpoeHa ns 100 unmM 6onee oCTaTKOB aMWHOKMCAOT, KOBANE€HTHO CBA3aHHbIX B
nonMmMmepHble Lenu. B yenoseyeckom opraHuame 5 mMnananoHos 6enKoB, Npuyem HW OAWMH M3 BenKkos
yesioBeKa He MAeHTMYeH c 6enkom NOOro ApPYyroro KMBOrO opraHuama. Yactb 6enkoB obpasyet
KOMMN/IEKCbI C MOJIEKY/TaMU, COAEp KaLLMMM cepy, docdop, Keneso, LMHK U Meab. MosiekynapHaa macca
6enKoBbIX Lenel Konebnetcs oT HECKOIbKUX TbICAY A0 HECKOJIbKMX MUINMOHOB (B BMpYce TabayHol
MO3anKM — okono 40000000 mosiekyn); B WX COCTaB BXOAAT COTHM (MHOrga — COTHM TbicAd)
aMMHOKMCNOTHBLIX OCTATKOB. MoOTeHLMasbHO MHOroobpasne 6esKOB OYeHb BEAMKO — KarKaomy benky



COOTBETCTBYET CBOA 0cobadA nocnefoBaTe/IbHOCTb aMUHOKMCIOT, KOHTPO/Mpyemas reHetudyecku. Ha
00Nt 6eskoB NPUXOAUTCS OKOIO MONOBUHbI CYXOM Macchl KNeTKU. HecMoTpa Ha Takoe pasHoobpasue
6Ee/IKOBbIX CTPYKTYpP ANA WX MOCTPOEHUs HeobxoauMbl Bcero 22 aMMHOKUCAOTbI, 9 M3 KOTOPbIX
He3aMeHMMbl, TO eCTb AOJIKHbl NOCTyNaTb C MULLENA YeN0BEKA, OHU HEe CUHTE3MPYIOTCA B OpraHuM3me
YyesoBeKa, OCTa/bHble AaMWHOKMCIOTbI MOryT 06pa3oBbiBaTbCA B HallemM OpraHMame W3  ApYyrux
amuHOKMCNoT. Takum obpasom, HeobxoamMmo obecrneynTb adeKBaTHYIO MOCTABKY OPraHU3My 3TUX
aMMUHOKMCIOT COOTBETCTBYIOWMM MUTAaHMEM C XOPOLWO CHaNaHCUPOBAHHbIM COCTAaBOM MBOTHbIX M
pacTuTenbHbIX 6enKoB. BOMbLIMHCTBO pPacTUTe/IbHbIX BesKoB, AarKe O4YeHb BarKHbIX, COAEPNKUT NULb
He3HaYUTENIbHOE YMCI0 HE3AMEHUMBbIX aMMHOKUCIOT — MMEHHO MO3TOMY CTporve BeretapuaHupl (He
notpebasowme gaxe AuL MU MOJIOYHbIX MPOAYKTOB) MOTYT UCMNbITbIBaTb AeDULMUT AaHHbIX AMUHOKUCAOT.
HeBO3MOXHO NepeoLeHNTb BAaXKHOCTb COANAHCMPOBAHHOIO NUTAHWUA Aaa obecneyeHUsa A0CTAaTOYHOroO
YPOBHSA BCEX HE3AMEHUMbIX AMUHOKUCAOT.

§ 9 Kinaccupukanus 0e1koB

Knaccudukauma 6enkosB kpaliHe 3aTpyaHEHa MX MHOroobpasmMem U CAOMKHOCTbIO Monekyn. K
NpocTbiMm 6e/IkaM, COCTOALLMM TONbKO U3 aMWHOKMUC/IOT, OTHOCAT anbbyMUHbI (AMYHBLIN anbbyMUH U
CbIBOPOTOYHbIN  anbbymuH KpoBu), rnobynauHbl (aHTUTENa B  KpoBW, GUBPUH), TUCTOHBI,
CK/leponpoTenHbl (KepaTUH BOJIOC, KOXKW U NEPbeB, KONIAreH CYXOXKUUI, 3/1aCTUH CBA3OK).

K cnoxHbim 6enkam oTHOCATCA 6e/ikM, umewlwme camoe pasHoobpasHoe HasHayeHue B
OpraHM3mMe: MEeTaIZIoNPOTENHbI, IMMONPOTENHDI, FIMKONPOTENHbI, docdonpoTenHbl U ap. Hebenkoso
YacTblo MOJIEKY/1 META//IONPOTENHOB ABASAIOTCA MOHbI PA3/INYHbIX METANN0B, K-pble HeNb3A YO4ANUTb U3
MoJieKynbl 6enka, He noBpeaMB ee 6enKoByl 4YacTb. MeTannonpoteMHamu ABAAIOTCA MHOTMe
bepmMeHTbl,  cogeprkawme  Keneso  (UMTOXpOMbl, KaTanasa), Mmegb  (TMPO3MHA3a),  LMHK
(ankoronbaernaporeHasa), a Takxe AblxaTenabHble MUIMEHTbI, B T. Y. reMOrno6uH, MMOrnobuH u ap.
JlunonpoTenHbl nNpeacTaBaAldT coboli XxMM. KomMaekcbl 6enkoB ¢ Aunuaamu. JIMnonpoTewHsl
BbINOJIHAIOT Ba)KHEMLWY GYHKUMIO AENOHUPOBAHMA M TPAHCNOPTA IMNUAOB, ABAAIOTCA HEOOXOAMMOWN
COCTaBHOW YacTblo KNAETOYHbIX MeMbOpPaH. KOHLEHTpaLMA pasHbIX MNOMNPOTEUHOB B CbIBOPOTKE KPOBM
CNYXKUT AMArHOCTUYECKMM MPU3HAKOM pAga 3aboseBaHUI (aTepoCKNepo3a, OXUpeHna 1 ap.). benku, B
KOTOpbIXx  HebenkoBas 4YacTb npeacTaBneHa  yrnesogamu  (MAM  yrneBoAoOM),  HasbiBaloT
rAMKonpoTeMHamu. FMKONPOTEMHAMM ABNAIOTCA HEKOTOPblE GePMEHTbI U TOPMOHbI, aHTUTENA U Apyrue
du13MoNornMyeckn akTMBHble 6enkun. MosaratoT, YTo cneumduyeckas aKTUBHOCTb ITUX COEAUHEHWUIA
onpeaenseTcs MMEHHO YIrNeBOAHOM 4YacTblo WX MoseKyn. CnoHble 6eKM, MOSeKy/bl KOTOPbIX
cofepat octatkm ¢GochOopHOM KUCNOTbl, NPUCOEAMHEHHbIE Yalle BCEro K OCTaTKy aMWHOKMCAOTbI
cepuHa (pexke — TpeoHMHa) B noamnenTugHoi uenu 6enka, HasbiBaloTca dpochonpoTenHamu, 3Tn 6enku
UrpaloT BaXKHY po/Jb B KNeToyHOM MmeTabonusme. K docdonporemHam oTHocATcA Henku
61MoNOrMYecknx MembpaH U KNeTouHbIX AAep, KaseuHbl u ap. MpucoegmHeHne octatkos GpocdopHOl
Kucnotbl (pochopunmpoBaHue) K NATU aMUHOKUCAOTHBIM OCTAaTKaM (CEpUHa M TPeoHMHA) Ha C-KoHue
noAMNenTUAHON Lenu 3puTenbHoro 6enka poaoncuHa M npespalieHne ero B pochonpoTemH urpaet
CYLLLECTBEHHYIO PO/b B Perynauuun agantauum 3peHus K CBeTy U K TemHoTe. NpeBpalleHne BaskHenLWmX
6enkoB mosra B docdonpoTenHbl B pesynbtate GocHopUaNPOBaAHMA MPOUCXOAUT NPU CTUMYNALUK
HEepBOB WM NPW AEACTBUKN Ha HEPBbI ONpeaeNeHHbIX HeipoOMeANaToOPOB.

Mo cTpyKkType 6enKkn genatca Ha ¢pubpunnsapHble (TPeTUYHaa CTPYKTypa NOYTU He BblparKeHa,
HepacTBOPUMbI, NPeACTaBAAT COOON A/IMHHbIE NOAUMNENTUAHbIE UENU), rnobynapHble (TpeTuyHan
CTPYKTYpa XOPOLUO BbIPaKeHa, PacTBOPMMbI) U NPOMEKYTOUHble (GUbpUNNspHbIE, HO PAaCTBOPUMbIE).
MepBble BXOAAT B COCTAB COEAMHUTE/NbHbLIX TKAHEW, BTOPble UrpatoT posib GpepmMeHTOB, FOPMOHOB,
aHTUTeN.

®PYHKUMOHANBbHO 6E/IKM MOTYT ObiTb CTPYKTYPHbIMMU (KOMMOHEHTbI COEAMHUTENbHbBIX TKaHEW,
CN3UCTBIX CEKPETOB), TPAHCMOPTHLIMMU (NEpPeHOC KPOBW, /AWMMMAOB), 3aWMUTHbIMM (aHTUTENA,
Tpomb006pas3oBaHNE), COKPATUTENIbHbIMU (B MbILIEYHbIX TKaHAX), 3anacHbiIMU (MOMOKO, 6enok),
dbepmeHTaMu, ropMOHaMK, TOKCUHAMM (3MEUHbIN A4).

§ 10 ®ynkuun 6eJIKoB



Benky BBIMONHSAIOT MHOXECTBO CaMbIX Pa3sHOOOPa3HBIX (DYHKIHMH, XapaKTEpHBIX IS
’KUBBIX OPTaHU3MOB. 371eCh OyIyT MepeuncieHbl TJaBHble 1 B HEKOTOPOM CMBICII€ YHUKAJIbHbIE
JUISL KU3HEIeATEIbHOCTH YeIoBeKa (DYHKIIMU, HE CBOMCTBEHHBIC WIIH JIMIb YACTUYHO MPHUCYILUE
JIPYTUM KJlaccaM OHOTOJIUMEPOB.

— KaramnTudeckas pyHkuus 6eaxoB. Bee 10 cux mop OTKpbITbIE OMOJIOTHYECKHE
KaTajan3aTopbl — (pepMeHTHI SBIAIOTCA OenkaMu. OTa QYHKIUS OCIKOB SBISETCS
YHUKAJIbHOH, HE CBOMCTBEHHOM JAPYTUM ITOJIMMEPHBIM MOJIEKYJIAM.

— IMurareabHas (pe3epBHas) pyHkuus 0eakoB. K Takum GeinkaM OTHOCSTCS Tak
Ha3bIBa€Mble pe3epBHBIC OCNKH, SBISIOUIMECS HWCTOYHUKAMU MUTaHUS s
pa3BuTUsA TUIOAA; OenKu sifa (OBaJIbOYyMUHBI) W OCHOBHOW OCIIOK MOJIOKA
(ka3erH) TaKXe BBIMOJHAIOT TJIABHBIM O0pa30oM MUTATENbHYIO (GYHKIMIO. Psia
Apyrux OenKoB, HECOMHEHHO, UCIOJIB3YETCsl B OPraHU3ME B KaUeCTBE UCTOYHUKA
aMUHOKHCIIOT, KOTOpPbIE B CBOIO OYEpellb SIBISIIOTCS MpealIeCTBeHHUKAMHU
OMOJIOTMYECKH aKTUBHBIX BEIIECTB, PETYJIUPYIOMIUX MPOLIECCH OOMEHA BEIIECTB.

— TpancnoptHasi pyHkuMs 0ekoB. J[prxaTenpHas GyHKIHUS KPOBH, B YACTHOCTH
MEPEHOC KHUCIIOPOJa, LETUKOM OCYIIECTBIISIETCS MOJIEKYJIaMH T'eéMOIJIoOMHa —
OenKa SpUTPOLUTOB. B TpaHCIOpTe IUMHUIOB MPUHUMAIOT y4acTHE albOYMHUHBI
CBIBOPOTKH KPOBH. PsI Ipyrux ChIBOPOTOUYHBIX OENKOB 00pa3zyeT KOMIUIEKCHI C
KUPaMH, MEJbI0, JKEIEe30M, THUPOKCMHOM, BHTAMHHOM A M JpyruMu
COeMHEHUSAMH, o0ecreunBas WX JOCTaBKYy B COOTBETCTBYIOIIME OpTraHbl-
MUIIEHHU.

— 3ammTHass ¢yHkuus OenkoB. OCHOBHYIO (YHKIMIO 3alIUThl B OpraHu3Me
BBITIOJTHSIET HMMMYHOJIOTUYECKAsi CHUCTeMa, KoTopas oOecreyrMBaeT CHHTE3
cnenn(UIECKUX 3alUTHBIX OEJIKOB — AHTHTE] B OTBET Ha IOCTYIUICHHE B
opranu3M OakTepuii, TOKCHHOB WJIM BHUPYCOB. BbICOKas cHenupuUUIHOCTD
B3aUMOJICHCTBUS QHTUTEN C aHTUT'€HAMHU (UYXEPOIHBIMU BELECTBAMH) IO TUILY
O0emok — OelKoBOE B3aMMOJEWUCTBHE CHOCOOCTBYET HEWTpalu3allMh UX
OMOJIOTUYECKOTO JICHCTBUS M COXPAaHEHHIO HOPMAIILHOTO COCTOSIHUS. B kauecTBe
JPYroro mnpuMmepa 3allUTHON POJIM MOXHO MPUBECTH CHOCOOHOCTH psiia OEJNKOB
KpOBH K cBepThiBaHMIO. CBepThiBaHMe Oeika IUIa3Mbl KpOBH (hHOpUHOTEHA
IPUBOANUT K 0Opa30BaHMIO CTYCTKA KPOBH, YTO NPEAOXpaHsEeT OT MOTepU KPOBU
IIPU paHEHMSIX.

— CoxparurenbHasd QyHKHus 0eqkoB. B akTe MBIIIEYHOrO COKpALIEHUS U
paccialieHuns: yyacTByeT MHOXKECTBO O€JIKOBBIX BellecTB Tesna. OHaKo TIIaBHYIO
pOJib B 3TUX JKM3HEHHO BA@XHBIX IMpOIECCaX MIparOT aKTUH M MHO3MH —
cneunpuyeckue Oenku MblieyHOH TkaHU. CokpaTuTeNnbHas (QYHKIUS MpUcylia
HE TOJIbKO MBILIEUHBIM OeNKaM, HO U OeJKaM psija CyOKJIETOUHBIX CTPYKTYp, YTO
obecrieyrBaeT TOHYANIINE IPOLIECCH] KU3HEIEATETbHOCTH KIIETOK.

— CrpykrypHass ¢yHkumus OeiaxoB. JlanHas ¢(yHKUUsS OEITKOB MHOTIOIUIAHOBA.
benku co cTpyKTypHBIMH (PYHKIMSIMH 3aHUMAIOT 110 KOJMYECTBY IEPBOE MECTO
cpeau Apyrux OenkoB Tena yenoBeka. LIIMpoko pacnpocTpaHeHbl TaKue Ba)KHbIE
CTPYKTypHBIE O€IKH, KaK KOJJIareH B COEIWHUTEIbHOM TKaHW, KEpaTWH B
BOJIOCAX, HOITSX, KOKE, 3JIACTHH B COCYAMCTOM cTeHKe U ap. He MeHee BaxkHyr0
POJIb BBIMONHSIOT O€IKM B KOMIUIEKCE C YIJIeBOJaMH B (OPMHUpPOBAHUU psjlia
CEKpPETOB — MYKOUJIOB, MYLIMHOB U T.1. HakoHel, B KOMIUIEKCE C JUNMAaMU (B
gacTHOCTH, (Pocdonunuaamu) OENKU ydacTBYIOT B oOpa3oBaHWH OnoMeMOpaH
KJIETOK.

— T'opmonanbnas pynkuus 6eaxoB. OOMEH BEIIECTB B OPTaHU3ME PETYJIUPYETCS
pa3HoOOpa3sHBIMU MEXaHU3MaMu. B 3Toil perynsuuu BaXHOE MECTO 3aHMMAIOT
TOPMOHBI, BbIpaOaThIBaeMble B jKeJe3aX BHYTPEHHEW cekpeuuu. Psyi ropmMoHOB
MpeJcTaBieH OelKkaMy WM NOJUIENTHIaMHU, HalpuMep, TOPMOHBI runodusa,
MIOJIKETYA0YHOM JKEJe3bl U JIp.



MoXHO yKa3aTh €Ile Ha HEKOTOpbIE IPYTrue >KM3HEHHO BakKHbIE (DYHKIUU OEIKOB, B
YaCTHOCTH, Ha CIOCOOHOCTH OE€JIKOB K COXPaHEHHI0 OHKOTHYECKOrO JAaBJICHHS B KJETKaX U B
KpoBH, Ha OydepHble CBOWCTBa O€nKOB, perynupyromme ¢usnoigornueckoe 3HadeHue pH
BHYTpPEHHEH cpeabl, U Jp.

Du3nKo-xuMHYecKne CBolicTBa OeJiKa.

Mornekynbl OEKOB UMEIOT Maccy OT AECATKOB ThiC. A0 1 MiH. u Bbime. Tak, ¢epmeHT
puOOHyKJIea3a HMMEEeT MOJEeKYIsIpHyl0 wmaccy 12 700, npIXaTenbHbII NUTMEHT YJIUTKU
remormanun — 6 600 000. DmemeHTapHBI cocTaB OonbmMHCTBA OenkoB: 50,6—54,5%
yriaepoaa, 6,5—7,3% Bomopoaa, 21,5—23,5% xkucaopoaga, 15—17,6% a3zora, 0,3—2,5%
cepbl; B cocTaB psifa OeiakoB BXoauT U ¢pocop. CBeneHus o MOJEKYISIPHOW Macce U psizie
CBOMCTB MOJIEKyJ OelKka MOXXHO TMOJYYHTh, HCCICNYS WX OCAXKIACHHE (CEAMMCHTAILUIO0) B
ynpTpanentpudyre, nudd@ysuro, BI3KOCTb, paCTBOPUMOCTh U CBeTOpaccesHue. Bcece Oenku ¢
OUYeHBb OOJIBIIION MOJEKYJISIPHOW MAacCOH MOCTPOEHBI U3 00JIee MENIKMX YacTUIl — CYOBEIMHMIIL.
PacTBopuMble 6emKku — TUApOQHUIbHBIE KOJJIOU b, AKTUBHO CBSI3bIBAIOLINE BOAY; UX PACTBOPHI
001aJat0T 3HAYUTEIBHON BI3KOCTHIO, HU3KUM OCMOTHYECKHM JaBiieHueM. MoJeKyIbl OelKoB He
MIPOXOJISAT Yepe3 MOMYIpPOHUIIaeMble MeMOpaHbl, 00J1a1at0T ¢1a00H CITOCOOHOCThIO K AU(DY3UH.
benkn — am¢oTepHbIe AIIEKTPOIHTHI, T.K. IMEIOT CBOOOAHbBIE KapOOKCHIIbHBIE (KHUCIOTHBIE) U
aMuHHBIe (OCHOBHbIE) Tpynmbl. U303/1eKTpHYecKasi TOUKA PA3IUYHBIX OCIKOB HEOJMHAKOBA!
Uil anpOyMHHA ITUIa3Mbl KpOBH OHa paBHa 4,7, i 3euMHa KyKypy3sl 6,2. benku umeror
ANEKTPUUYECKUIN 3apsijl, U3MEHSIOIIUNCA B 3aBUCUMOCTU OT CTPYKTYpbl M peakuuu cpensl. B
AIIEKTPUUYECKOM TI0JIe paCTBOPEHHBIE OCIKU IBIXKYTCS (3J1eKTpodope3), MpuiéM HapaBICHUE U
CKOPOCTh JBM)KEHUSA WX HEOAMHAKOBBL. PacTBOpMMOCTH OENKOB BapbUpyeT HE MEHbIIE, YeM
apyrue ux cBoiictBa. OOHM M3 HHUX JIETKO DPACTBOPSIIOTCS B BOJE, Apyrue TpeOyroT s
pacTBOpeHHs] HEOONbIINX KOHIEHTPAIMi COJeil, TPeThbH MEepeXoisiT B PacTBOP TOJBKO MOJ
BO3JICHICTBUEM CHJIBHBIX INEJIOYed W T.mM. M3 pacTBOpoOB OEIKM HEOJUHAKOBO OCAKIAFOTCS
OpraHUYECKUMHU BeIIeCTBaMU (HAMpUMEpP, CIHUPTAMHU) WM BHICOKUMH KOHILIEHTPALUSIMH COJEH
(BbicanuBatoTcs). CyllleCTBEHHBIE pa3iMyMsl B PAacCTBOPUMOCTM U JPYIHX CBOMCTBax
UCIIONIB3YIOTCS TIPU BBIJICTICHUH WHIMBUAYAIBHBIX OCJIKOB U3 TEX CIOXKHBIX CUCTEM, B KOTOPBIX
OHM BcTpeyaroTced B npupoae. [locne ounctku MHOrue 0enku criocoOHbI KPUCTANIN30BATHCA.

§ 11 Crpykrypa 0enka

Kaxnomy Oenky cBoHCTBEeHHa ocobas reomerpuueckas cTpykTypa. [lpu onumcanum
IIPOCTPAHCTBEHHOM CTPYKTYPbl OOBIUHO OMUCHIBAIOT YETHIPE PA3HBIX YPOBHS OpraHU3alUH.

[Ton mepBUYHOI CcTPYKTYpoil Oenka OOBIYHO NOHUMAIOT IIOCJIEIOBATEILHOCTh
aMuHOKHUCIOT. [lepBuuHas cTpykrypa uHcynuHa Obuia otkpeita @. Canrepom B 1944-54 rogax;
B HAcTosIllee BpeMs HU3BECTHA IEpPBUYHAs CTPYKTypa HECKOJIBKHMX COTE€H OEJKOB.
[TocnenoBarenbHOCTh aMUHOKHUCIIOT OMNpEeNseT OMOJOTMYECKYl0 (YHKIUIO Oenka, U 3aMeHa
OJTHOW €MHCTBEHHOW aMHUHOKHMCIIOTBI MOXET pe3KO M3MEHUTh 3Ty (pyHKImio. B monekymax
0OeIKOB aMUHOKHUCIIOTHl COEIMHEHBl MexAy coOoil mentuaHbiMu cBsa3simu (—CO—NH—) B
JUHENHON NOCIEN0BAaTENbHOCTH COCTABIISIONIEN TaK HA3bIBAEMYI0 IEPBUYHYIO CTPYKTYPY
Oenka.
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Jns xkaxporo Oenka HE TOJIBKO COCTaB, HO W IOCJIEIOBATEIBHOCTh AMHUHOKUCIOT B
HOJUMENTUIHON LeNy — MepPBHYHAsl CTPYKTYpa — CTPOr0 MHAWBUAYAJIBHBL; JH000€ 3BEHO
Henu — BIOJHE ONpeAeiEHHAas aMUHOKHCIOTa. Bce MHOro4MCIeHHbIE BHIBI OENKOB,
CYLIECTBYIOIIKE B IPUPOJE, PAIUYAIOTCS 110 IEPBUYHOM CTPYKTYpE; NOTEHLIUAIBHO BO3MOKHOE
UX YUCIO TPAaKTHMYECKH HeorpaHnuyeHHo. Kaxapli U3 OECUMCIEHHOIO MHOYKECTBa
CYLIECTBYIOIUX OEJIKOB HMMEET OCOOYH HAClIE€JCTBEHHO JETEPMUHUPOBAHHYIO IEPBUYHYIO
CTPYKTYpY, MPHUCYIIYIO TOJIBKO eMmy. MHAuWBHyanbHas MEepBUYHAS CTPYKTypa KakKJoro Oeika
COXpaHsieTcs B MOKOJIEHHMsX Onarofapsi TOUHOW Ieperadye COOTBETCTBYIOLIEH HacieICTBEHHON
uHpopManuu. 310 00YCIOBIMBAET CTPOTO MHIMBHIYAJIHHYIO CHCTEMY BHYTPUMOJICKYISAPHBIX
CBsi3eH, T. €. YHUKaJbHYIO KOH(popMaruto Oenka. [l aHanu3a nepBUYHON CTPYKTYphl OEIIKOB
pa3paboTaHbl crenuainbHble MeToAbsl. Kaxaplii Oemok  xapakTepusyercs COOCTBEHHOU
«XMMHYECKOU Tomorpaduein» u cBoeoOpasHbIMU COYETAaHUSIMU MTPOCTPAHCTBEHHO COJIMKEHHBIX
XUMHUYECKHX Tpymi. YacTh TaKuxX COUETAHUU CIYKUT (PYHKUMOHATBHBIMH LIEHTPAMH MOJICKYIL.
bnarogapss CTpyKTypHOMY COOTBETCTBHIO, HAIlOMHMHAIOIIEMY OTHOIIEHHE KIHOYa K 3aMKy
(KOMIUIEMEHTApHOCTH), (PYHKIIMOHAIBHBIE IIEHTPHI «Y3HAIOT» U M30UPATEIBbHO MPHUCOCTUHSIIOT
BEIIIECTBA, HA KOTOPbIE COOTBETCTBYIOIIME OEJIKU «yCTaHOBIEHb». DyHKIMOHAJIbHBIE —
AKTHBHBIE WEHTPHbI OETKOB-PEPMEHTOB crenu(UIECKH MPUCOCTUHSIOT CyOCTpaThl U
aKTUBUPYIOT MX, YCKOpss W HalpaBisisl XHMMHUYeckue npeBpauieHus. Hanpumep, mnpu
[IepEeBApUBAaHUU OINpeACAEHHBIMU (EPMEHTAMHU, HAlpUMeEp TPUIICMHOM, KaXIblil Oenok aaér
cBO Habop ¢parMeHToB (menTHaoB). [Ipy COOTBETCTBYIOIIEM UX Pa3/IeleHUH Ha JIUCTe Oymaru
MOJIy4aeTCsl «IENTHAHAs KapTay, KOTOpas, IMOJ0OHO OTIEYaTKy Naiblia, XapaKTepHa s
naHHoro Oenka. PaszjeneHue Ha NHeNnTUAbl M ONpENEIEHUE CTPOEHHUS KaXJI0ro M3 HHUX B
OTJIEIbHOCTU — OCHOBHOM IyTh paclIu(pOBKHU MEPBUYHON CTPYKTYpHI OelKa.

IIpoctpancTBeHHass ~ koHpurypauus  (koHdopMmalus)  NOJUNENTUAHOM  LeNmU
OTIpeneNseTcsl TEPBUYHOW CTPYKTYpOH M yclnoBHAMH cpeabl. [lpu OOBIYHBIX YCIOBHAX
(remnepatypa He Bble 40°C, HopMmalbHOE JAaBJICHHME U T.J.) OEIKHM XapaKTepHU3YITCS
BHYTPUMOJIEKYJISIPHON YHOPSAJO0YEHHOCThIO. «XpeOeT» MOIUMENTHIHON LEeNU MECTaMU MOKET
3aKpy4YMBaTbCs CHHPAIbI0O MM O0Opa3oBBIBATh IMOJHOCTBIO BBITAHYTBIE OTpe3kd. OOBIYHO
OenkoBasg MoJieKyna umeeT (opMmy cnupand. JTO TaK Ha3blBacMasi BTOPHYHAsl CTPYKTYpa,
cTabmin3upyemasi BOJIOPOIHBIMU CBsI3siMH, Bo3HUKaomumu Mexay CO- n NH-rpynnamu. Ha
OJIMH BHUTOK CIHpAJIM MPUXOAUTCA 3,6 aMUHOKUCIOTHOro ocratka. CyIIecTBYIOT U JIpyrue
(dopMBl BTOPUYHON CTPYKTYpHI, HAallpUMEp, TPOiHas CHMpaslb KOJUIareHa M CKJIAA4yaThlil cloi
¢ubpuHa (pucynok 12.5).



Pucynok 12.5
[TpocTpaHCcTBEHHAs CTPYKTYpa KOJUIareHa
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AMUHOKHCIIOTHBIE (IIOJUMIIENTUAHBIE) LIENH, COJEpKallle AMMHOKMCIOTY LMCTHUH, B
MecTax €ro pacHojOXKEeHUs CKperuieHbl JucyinbpuaHbiMu cBs3aMu (—S—S—). Kpome
NENTUIHBIX W JUCYIb(GUIHBIX CBsA3€H, B MOJEKyle OelKka eCTh MHOTOYHCICHHBIE CBSI3U C
MEHbILIEH SHeprued B3auMOJCHCTBUSA, HMMEIOLIMEe OO0JbIIOEe 3HAYEHUE JUIsl BHYTpPEHHEH
opranm3aimi W (QyHKIuoHuUpoBaHus. Cpemu STHX CBsi3edl Hamboiiee CyIMIECTBEHHBI TaK
Ha3blBaeMble TUAPOPOOHBIE CBA3M, CO3/laBaeMble HENOJSPHBIMU OOKOBBIMH IpyNIIaMu
AMUHOKUCJIOT. DTU IPYIMIIbL, JIUIIEHHBIE CPOACTBA K BOJIE, UMEIOT TEHJCHIIMIO KOHTAKTUPOBATh
MEXIy co0oil BHyTpH Mojekyibl. Kpome Toro, B Mojekysne Oejlka MOXKHO BBIJICJIUTh TaKKe
AJIEKTPOCTATUYECKUE B3aUMOIEHCTBUS MEXK/y TPYIIIaMu, HECYIIIUMHU JIEKTPUUECKUE 3apsIIIbl.

JucynbhuaHble, HOHHBIE U BOJOPOIHbIE CBA3HU, a TakkKe rupodoOHOe B3auMo/ieiicTBre
3aCTaBIAIOT OOJNBIIMHCTBO OCJIKOBBIX IIETIEH CBOPAYMBATHCS B KOMIIAKTHYIO IJIO0YJIY.
[TonunenTtuaHas Lenb B ILEJIOM «YIAKOBBIBACTCA» U JKECTKO (DUKCHUpYEeTCcs C IMOMOLIbIO
B3aUMOJICHCTBHI OOKOBBIX TPYII aMUHOKHUCIOT. JTO TaK Ha3biBaeMasi TPeTHYHAasl CTPYKTypa
6enka. B 3aBucMMOCTM OT yKJIQAKU IMOJUIENTUIHBIX Lened ¢opma MOJEKYJI BapbUpPyeT OT
(puOpuIsIPHOIL (BBITAHYTON, HUTEOOPA3HOI) 10 IJI00YJIsIpPHOI (OKpYTIION).

Hakonen, MHorume Oeinku C 0co0O CIOXKHBIM CTPOCHHEM COCTOST M3 HECKOJIBKHX
MOJIMNENTHIHBIX Ieneil — cnocod MX ymakoBKM HAa3bIBAeTCsS YeTBEPTHYHOM CTPYKTYpoii. [Ipu
MIOMOIIIM OCOOBIX LIEHTPOB B3aUMHOI'O CBSI3bIBaHMS («KOHTAKTHBIX IJIOLIAJIOK») OINpeesIEHHbIC
OeNKM COEQUHSIOTCS 10 HECKOJIbKYy BMecTe (CTpykTypa 4-ro TMopsjka) HIM CO3Ja0T
3HAYUTEIBHO 00JIee CI0KHBIE CUCTEMBI (PUCYHOK 12.6).

Pucynok 12.6
[TpocTpancTBEHHOE CTpOEHUE Oeka

MepeudHaA CTRYETYRA BropwdyHad cTpykTypa  TPETMUYHEA CTRYETYPE HeTERRETIHHAA CTRYKTY A
(LEN0H K3 aMUHOKKCNOT) (CE-CIMpane) (kny Aok Benkoe)
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Kondopmanus HEKOTOPbIX OEJIKOB PacKpbITa PEHTI€HOCTPYKTYPHBIMHU UCCIIEIOBAaHUSMHU.
Cozmanne ymopsiioueHHOW MpOYHONW KOH(popManuu OeiaKa OmpenessieTcs HEeIbIMH CHCTeMaMHu
B3aMIMOJICHCTBHM, HAXOASIIMXCS BO B3aUMHOW 3aBHCHUMOCTH. CMeHbI KoH(popmanuu Oenka,
BBI3bIBACMBIC U3MEHEHUSMU CPEIbl WIM PEAKLUSAMH, B KOTOPBIE OHU BCTYIAIOT, CBA3aHBI C
U3MEHeHHeM psna B3aumojeictBuil. KondopManmonHbsie mepexoabl OXBaTHIBAIOT MOJIEKYILY
LEIUKOM WM OIPaHUYMBAIOTCS ONpenenéHHbIMU palioHaMu. [Ipu HarpeBaHuu, pe3KOM
MOJKHUCIEHUU CpeAbl U IPYIMX CHIBHBIX BO3JEHCTBUSX INPOUCXOIUT «IUIABJIEHUE» MOJIEKYIIbI
0enka — nepexo/ B COCTOSIHUE Oecropsii0uHOro Kiryoka. Mosiekysia BpEMEHHO WIN ITOCTOSTHHO
TEpsIET CBOKO TPETUYHYIO CTPYKTYpY M «CBOPAauMBAECTCS» WM BBINAJAET B  OCAJOK.
Hcnonb3oBaHue coupra B Ka4ecTBe Je3MH(EIHUPYIOLIEro CPEACTBA CBSI3aHO UIMEHHO C TE€M, YTO
OH BBI3BIBACT JICHATYpALMIO OelKka JIIoObIX OakTepuil. DTO, KaK MpaBUIIO, BICUET 3a COOOU psf
JpYyTuX MpeBpalleHnii, O0IKN pe3yabTaT KOTOPBIX 0003HAYAIOT KakK JeHaTypanuio Oenka. [Ipu
TOM TIOHM)XKAETCS pPacTBOPUMOCTb, YCHIIMBAETCA BSI3KOCTb HX PaCTBOPOB, TEPSIIOTCS
(bepMeHTaTUBHBIE U Jpyrue OMOoJOrMuecKue CBOMCTBA.

W3yuenue cTpyKTypsl Oenka JaéT BO3MOXKHOCTh MEPEXOIUTh K MX cUHTE3y. B 1955 Opina
BBISICHEHA CTPYKTypa MHCYJINHA, MOJIEKYJ1a KOTOPOIO COCTOMT U3 JIBYX CPABHUTEIBHO KOPOTKHX
noymnenTuanbX meneit (21 u 30 aMUHOKUCIIOTHBIX OCTaTKOB). Benes 3a aTuM Oblia packpbiTa
HEepBUYHAS CTPYKTYpa reMOIJI0o0MHa, puOOHYKIIea3bl, TPUIICHHA U psAAa Apyrux O0enkoB. [lyrém
XUMHUYECKOI'0 CUHTE3a CHayajla ObUIM MOJIyYEHBI CIOXHbBIE IENTHU Il CO CBONCTBAMH T'OPMOHOB,
3aTeM YJalloCch CHUHTE3UpOBaTb TOPMOH MHCYJIMH, HaKoOHell — (epMeHT puOoHyKIeasy.
[TpaBUIBHOCTH XUMHYECKOW (OPMYNBI MHCYJIMHA W PHOOHYKJIEa3bl MOATBEPAMIACH TEM, UYTO
CHUHTETHYECKUE OCJIKM HE OTIMYAINUCh OT MOJIEKYJ, MPOAYLHPYEMBbIX OpraHMU3MOM, HHU IO
(U3UKO-XMMHUYECKUM CBOMCTBAM, HU 11O OMOJIOTMYECKOM aKTUBHOCTHU. Y CTAHOBJIEHA ITOJIHOCTBIO
WJIM YaCTUYHO NepBUYHAs cTpyKTypa cBbie 200 b.

BuocunTe3 6ejika — mpoiiecc o0pa3oBaHus OEIKOB U3 aMUHOKHUCIIOT B KJIETKAX JKUBBIX
OpraHu3MOB. BbIiCHEHME MeXaHHW3Ma 3TOro IMpOLEecca, UMEIOIIEro OrpoMHOE OHOIOrHYecKoe
3HaYeHHE, MOKHO OTHECTH K BaKHEHIIMM AOCTIKeHHsSM Hayku 20 B. buocunTtes Oenka uaer
OpY  TOMOIIM  OCOOBIX  CIOXHBIX  MEXaHHW3MOB, OOECIEUYMBAIOIIUX  YIOPSJIOYEHHOE
BOCIPOM3BEJCHUE CHEUU(PUUECKON YHUKAIBHOM CTPYKTYpbhl. MeXaHU3Mbl 3TH €IUHBI WU
BEChbMa CXOJIHBI JJIl CaMbIX pa3HOOOpa3HbIX KJIETOK U OPraHU3MOB, B HUX IPUHUMAIOT y4acTHe
HYKJIEMHOBBIE KHCIIOTHI, B ocoOeHHocTH puOoHykienHoBble KuciaoTel (PHK). Ortor mpouecc
UAET C MCIOJBb30BAaHMEM HHEPIuH, HAKOIUIEHHOM B BHUJAE aJ€HO3UHTPU(POCHOPHON KUCIOTHI
(AT®). buocuHTe3 Oenka MPOUCXOAUT HAa OCOOBIX PHUOOHYKJIECONPOTEUIHBIX YACTUIAX —
pudocomax, coCTOSIIUX U3 MOYTH paBHBIX kKoiuuyecTB pubocomuHoit PHK (p-PHK) u 6enkos.
[TepBuunas CTPYKTYypa (mocnenoBaTeNbHOCTD AMUHOKHCIIOT) CUHTE3UPYIOLIUXCS
HOJIUIENTHIHBIX 1IeToYeK 00ecreynBaeTcsi COeAMHEHUEM ¢ pubocoMaMu 0co0OW MaTpUYHOM,
w1 nHpopMalnoHHOU, pubonykinenHoBoi kucinotel (M-PHK, min m-PHK), kotopas conepxxur
uHpOpMaLMI0 O cHeuu(UYeckoM CTPOCHUH  Oenka, «3aKOJUPOBAHHYIO» B  BHJE
MOCJIEZI0BATENBHOIO PACIOIOKEHUS HYKIeoTu0B, coctapistomux u-PHK. Oty unpopmanuro
u-PHK nonyuaer ot nezoxcupubonykienHoBoit kuciaots! (JJHK), xpansmeit n nepenatomieii eé
[0 HacleACTBY. AMUHOKHUCIIOTHI, MPEXJIE YeM MOonacTb B pUOOCOMBI, aKTUBUPYIOTCS, MOJIy4dast
sHepruto or AT® u o0pa3ys coequHEHHE C aJCHUJIOBOM KUCIOTOH. (AKTHBHPOBAHHBIE
AMUHOKUCJIOTHl TPEJCTABISIOT COOON CMEIIaHHBIM aHTHIPHA aMUHOKHUCIOTHI M aJIeHUJIOBOMN
KHCIIOTBl — aMUHOAlWIaZAeHuIaT.) [lanee, ocTaTok NaHHOM aMHUHOKHMCIOTHI NEPEHOCUTCS Ha
COOTBETCTBYIOIIYIO TPAaHCHOPTHYIO puOoHykienHoByto kucioTy (T-PHK). O6a s>tm mpouecca
KaTaJIM3UPYIOTCS OJHUM U TeM ke (epMeHTOM (aMUHOAIMIAJICHUIATCHHTETA30M, WU
amuHoanunT-PHK-cunTeTasoif), cnemuduyeckum st KakI0H aMHHOKUCIOTHL. OmnpenaenéHHon
AMUHOKHCIIOTE COOTBETCTBYIOT OJIHA MM HecKoybko crienuduunbix 1 Heé T-PHK. Bee T-PHK
CPaBHHUTEIBHO HU3KOMOJIMMEpHBI, cojepkaT okojso 80 HYKIEOTUIHBIX OcCTaTKoB. OHU
MIOCTPOEHBI IO 00IIEeMY IUIaHy: B Hadaje ey HaXOAUTCS S-TyaHWIOBasi KUCIIOTa, a B KOHLE —
4acTo OOMEHHUBAIOUIAsICsl TPYNIUPOBKA U3 JABYX OCTAaTKOB LIMTUIUIOBOI KHUCIOTHI U aJ€HO3MHA,
K KOTOPOMY M TIPHUCOEIMHAETCS OCTAaTOK aMHUHOKHCIOTBHL. (OCTaToKk aMHUHOKHUCIIOTHI,



coequuénubi ¢ T-PHK, nanee mepenocurcs Ha pubGOCOMBI, Iie U MPOUCXOIUT OOpa3oBaHUE
MOJIMTICTITUIHON LETIOYKH . T. 0., puOOCOMHAsI CTaiusi — LEHTPAIBHBIN 3Tar OMOCUHTE3a OemKa.
B mponiecce GuocuHTe3a pUOOCOMBI COSAMHSIIOTCS B Iienouku npu nomomu u-PHK, o6pasys
AKTHUBHBIE OEJOKCHUHTE3UPYIOIIHUE CTPYKTYPhI — MOJHMPUOOCOMBI, HIIH MTOJIHUCOMBI.

n-PHK cunresupyercs nHa wMarpuue JHK. B yHukanbHOM IOCIEN0BAaTEIbHOCTH
nykieotunoB JIHK nuneliHo «3amnucana» reHetuueckas MH(OpManus O MOCIeI0BaTEIIbHOCTH
AMHHOKHUCIIOTHBIX OCTAaTKOB B MOJUIENTUAHBIX Iernoukax Oenka. B HoBooOpasoBanHoii n-PHK
MOJIy4aeTCsl HYKJIEOTHUIHAs IOCIIEOBAaTEIbHOCTb, COOTBETCTBYtomass marpuunor JIHK, —
KOMIUIEMEHTApHAs  MOCJIEIOBATEIIbHOCTh, KOTOpPAasi OINPEIEIAeT IMEPBUYHYKD CTPYKTYPY
CUHTE3UPYIOLIEHCA  MOJIUMNENTUAHOM  LEeNOYKH. BxiroueHne  KaxIol  aMUHOKHCIOTHI
oOycioBnuBaeTcs (KOJAUPYETCs) ONPEAeIEHHBIMU TPYNIaMU U3 TPEX HYKJIEOTHJIHBIX OCTAaTKOB
(Tpuruieramn). Kax10if aMUHOKHCIIOTE COOTBETCTBYET HECKOJIBKO TPUILIETOB, I KOJOHOB, JUIS
KOTOPBIX TENEPHh YCTAHOBJIEHBI COCTAB U MOCIEA0BATEIIBHOCTh HYKIECOTUIOB.

B nomucomax T1-PHK, HarpyxeHHass aMHUHOKHUCJIOTOM, MPUCOCIUHSIETCA K
cooTBeTcTBYOIMM KogoHaMm u-PHK. D10 mpucoenuHenne coBepiiaeTcsi BHYTpH pHOOCOMBI B
CUJIy B3aUMOJICUCTBUS KOMIUIEMEHTAPHBIX OCHOBAaHMM: aJ€HWHA C YPAalWIOM WIM TUMHHOM U
ryanuHa ¢ nuro3uHoM. IIpu stom T1-PHK npucoenunsercs x komoHy coaepKamumcs B HeEl
KOMIUIEMEHTapHBIM TPUILJIETOM, Ha3bIBaeMbIM aHTHKOI0HOM. [1o Mepe mpoaBuxkeHust pubocoMbl
1o HykJeoTuaHou uenoyke u-PHK k cocenHuM KogoHaM MpUCOETUHSIOTCS HOBBIE MOJIEKYJIBI T-
PHK, wnarpyxennsie amunokucioramu. IIpensinymas 1-PHK mnpu stom ocBoboxkmaercs,
MPUCOCIUHSST CBOIO AaMHMHOKHCJIOTY KapOOKCHJIBHBIM KOHIIOM K aMHUHOTPYIIIE HOBOH
AMUHOKHCIJIOTHI ¢ 00pa3oBaHUEM MENTHAHOHN CBs3U. T. 0., MOJUIMENTUAHAS 1IETI0YKa PACTET MO
Mepe npojaBikeHus pudbocomsl 1o u-PHK u ocBoboknaercs mo 3aBeplieHUH CBOEr0 CUHTE3A,
npois cooTBercTByrOMU yyacTok u-PHK, koMiieMeHTapHbIil JAHHOMY CTPYKTYpPHOMY T'€HY
JAHK.

[Ipouecc OuocuHTe3a Oenaka HE HCUYEPNBIBAETCS OO0pa30BaHUEM MOJIUTEHTHIHBIX
LEMOYEK, T. €. CO3JaHUEM MEPBUYHON CTPYKTYpbl. Jlanee mpouCXoauT CBEPTHIBAHUE LIETIOYEK B
CIIUPAJH, UX «YKJIaJKa» U B3aHUMOJCICTBHUE, U 00pa3oBaHNWEe BTOPUYHOMN, TPETUYHOM U, UHOTIA,
YETBEPTUYHOU CTPYKTYPBI.

B cBA3M C BaKHbIM 3HaueHNeMm Henka pa3pabaTbiBatOTCA HOBble METOAbI  NOAYYEHWUA 6EKOB W
aMWHOKMCNOT MNyTEM NPOMbILLIEHHOTO MUKPOBMONOTMYECKOTO CUHTE3], T. €. BbIPALLMBAHWEM MUKPO6OB
(Hanpumep, AporKel n Ap.) Ha AeWwEBOM cbipbe (Hanpumep, HedTu, rase u ap.).

AMUHOKMUCNIOTHBIN COCTaB YCTaHaBAMBAETCA NyTem ruaposnusa 6enka c  nocnesylowym
XpomatorpaduyeckMum aHanaM3om. AMUAHbIE CBA3M CNOCOGHbI MTMAPO/IN30BaTbLCA Kak B KUC/IOW, Tak U B
LeNoYHOM cpefax. M’MAponn3 MoxeT BbITb YacTUUHbIM (06pasytoTca 60nee KOPOTKME MOAUNENTUADI U
nenTuabl) UM NonHbiMm (0bpasyeTca cMecb aMUHOKMCAOT). LLIMPOKO MCNONb3YIOT YaCTUYHBIWA TMAPONN3
nos Aeicrtenuem GpepMeHTOB MeTUTas, KOTOpble M36KMpPaTeNIbHO TMAPOAN3YIOT NENTUAHBIE CBA3U BHYTPU
6e/IKoBOI MONEKY/bI (3HA0NENTUTA3bI), MO0 Ha KOHLLE Lenu (3K3onenTuTasbl).

MonyyeHHylo B pesysbTaTe r’MAPO/IM3a CMECb aMUHOKWUCIOT aHaIM3UPYIOT B aMUHOKWUCIOTHOM

aHanmsatope. Takum o6pa3om onpeaenseTca aMMHOKUCIOTHBIN cocTaB 6enkoB.
Bonee cnoxHbIM fABNAETCA oOnpeAeseHUe aMUHOKWUC/IOTHOM MNOC/NefOBaTENbHOCTH, T.e. NepBUYHOW
CTPYKTypbl 6enka. [lepBMYHAA CTPyKTypa onpeaenseTca nyTem MNocnefoBaTeNbHOTO OTLEeNIeHus
aMMHOKMCNOT OT OAHOFO M3 KOHLOB LUenU U ux maeHTudukauma. MNepsbiit cnocob oTwenneHua u
naeHTMdMKaumm N-KOHLEBOW aMMHOKMUCAOTbI 6bin npeasioxeH CeHrepom (1945), B KoTopom 6enok
obpabaTtbiBann AMHUTPOPTOPOEH3010M, @ 3aTem rMAPOAN30BaaK. bonee npocTbim, a mostomy u 6onee
PacnpoCTpaHEHHbIM MeTOAOM  OMpeAeNeHns MNepPBUYHOW  CTPYKTypbl 6eslka, ABNAETCA  MeTop,
CTyNneHYaTol AecTpyKuuu SamaHa (PeHUNTMOrMapaHTOMHOBBIN). TpeMMylecTBo 3TOr0  MeToAa
3aK/I0YAETCA B TOM, YTO OH NO3BO/NAET COXPAHWUTb YacCTb MOJIEKY/bI, OT KOTOPOW Obina oTlienneHa
aMMWHOKMCNOTA. TaKKe LUMPOKO M3BECTEH U AAHCU/BbHBIN METOA, KOTOPbIA OCHOBAH Ha B3anMOAENCTBUM
N-KOHLLEBOW aMWHOKUCIOTbI C AAHCUAXTOPUAOM.

B HacToswee Bpema Ana OnNpeAeneHWs aMUHOKUC/IOTHOrO COCTaBa 6e/sKOB WMCMONb3yHT
cneumanbHble NpMbopbl —CEKBEHATPDI, PaboTatoLWMeE B aBTOMATUHECKOM PEXMUME.



