AMUHOKUCIIOTbI W
BEJIKWA

CTpoeHue U CBOUCTBA.

K.D. lepmaH
3aB. Kadpeapon ecTeCTBEHHOHAY4HbIX

n MeaukKobuosormyecknx ANCLUUNIANH
MMW PEABA3




[TOYHEMY
?. .




[lpeambyna -

HEMHOIo dunocomun

= Kakoe opraHunyeckoe
coegnHeHue ABSeTCH
XUMUYECKOM NPeANOCbINKON U
OCHOBOM XW3HU B 060UX
LLapCTBax -

= ( )KMBOTHbIX M PaCTEHUWN) 777




nopgpupuH _
cnocobeH obpartnmo X
BO30Yy>XQaTbCA KBaHTOM
cBeTa, nepegasasi dHEPruto
B LEMNOYKY (POTOXMMUYECKOrO
CUHTE3a YrneBodoB.

QPUTPOLUTHI

BenkoBas cuctema remorsiobmH-
okcurgMorsiobuH : nepeHoc 02

K TKAQHAIM U OpraHam U yAa/IeHUIO U3 HUX
meTaboamnueckou CO2)

glucose






OcTanbHoe

neTtanm




AMNHOKUCOTbI

CoeduHeHue, komopoe codepxcum 00HOBPEeMEHHO U
KUC/NIOMHYI0 YHKYUOHANBHYIO 2pyNnny, u
amuHozpynny, 8/5emcs aMUuHoKucaomodu.

x*
HoN —CH—COOH
R




The key elements of an amino acid

are carbon, hydrogen, oxygen, and nitrogen,
though other elements are found in the
side-chains of certain amino acids

About 500 amino acids are = In the form of proteins,
known and can be classified in amino acids comprise the
many ways. second largest component

(after water) of

Structurally they can be classified human muscles cells and

according to jche functional other tissues 2 Outside
groups' locations as alpha- (a-), roteins, amino acids

beta- (3-), gamma- (y-) or delta- herform critical roles in
(6-) amino acids; other categories  processes such

relate to polarity, pH level, and as neurotransmitter transp
side chain group type (aliphatic, ort and biosynthesis.

acyclic, aromatic, containing
hydroxyl or sulfur, etc.)




Amino acids having both the amine and
carboxylic acid groups attached to

the first (alpha-) carbon atom have
particular importance in biochemistry.
They are known as 2-,

alpha-, or a-amino

acids (generic formula H NCHRCOOH
in most cases™ where R is

an organic substituent known as a
"side-chain");'%! often the term "amino
acid" is used to refer specifically to
these. They include the

22 proteinogenic ("protein-building")
amino acids™"“ which combine

into peptide chains ("polypeptides”) to
form the building blocks of a vast array
of proteins.!

These are all

L-stereoisomers ("left-handed" isomers)
although a few D-amino acids
("right-handed") occur in bacterial
envelopes and some antibiotics.™

Twenty of the proteinogenic amino
acids are encoded directly by

triplet codonsin the genetic code and
are known as "standard" amino acids.

The other two ("non-standard" or
"non-canonical") are pyrrolysine (found
in methanogenic organisms and

other eukaryotes)

and selenocysteine (present in many
noneukaryotes as well as most
eukaryotes).




Amino acids are the monomer of proteins (polypeptides)

R R-group is interchangeable
(there is no element R!)

| o
amine group C C A carboxyl group
(NH;) (COOH)

| e
" OH

The R group is interchangeable - giving 20 different amino acids:

H glycine

cysteine

asparagine




CrpykrypHas (pD)

HaszBanmue Cokpainenue dbopmy.a
L gly H,NCH,COOH 397
AJIaHMH ala CH3(|3HCOOH 6.02
NH,
Baaun val (CH3),CHCHCOOH 35.97
NH,
JlelinuH leu (CH3)2CHCH2|CHCOOH 5.98
NH,
IIposun pro I/Ni_ COOH 6.10
deHnIaIaHUH phe C6H5CH2|CHCOOH 5.88




(pI)

Has3Banmue Cokpamenue CrpykrypHas ¢opmyJia
Acnaparus asn HzN(O)CCHngCOOH 5.41
NH,
InnyramuHoBas glu HOOCCHzCHzchCOOH 3.22
KHCJI0TA NI,
Jn3un lys H,NCH,CH,CH,CH,CHCOOH 9.74
|
NH,
APruHuH arg N 10.76




Haspanue  Coxpamenne  CrpykrypHas ¢opmyia (D)

I'mcTuaun his 7.58
¢ j\ \H;
CHzCHCOOH
TI/IpO3HH tyl' HOOCHQCHCOOH 5.65
|
NH,

Increnn cySH HSCHZICHCOOH 5.02
NH,
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Twenty-One Amino Acids

A.  Amino Acids with Electrically Charged Side Chains

Positive Negative
g A =) r 2 N
Arginine Histidine Lysine Aspartic Acid Glutamic Acid
(Arg) 0 (His) @ (Lys) 0 (Asp) @ (Glu) G
&'O pKa 2.03 A/O pKa 1,70 /YOpKaus A/O pKa 1.95 /YO pKa 2.16

\/pKa6.04 ® @)

‘\@‘ NH3 pKa4.15
@ NH2 pKa 1067

pKa 12.10

O O O O @)
NH, NH, NH, NH, NH,
pKa 9.00 pKa9.09 pKa 9.16 pKa 9.66 pKa 9.58
—— O
@ pKa3.71
NH \ANH ° 0
HN—(



B. Amino Acids with Polar Uncharged Side Chains

Serine Threonine Asparagine Glutamine
(Ser)e (Thr) o (Asn) m (Gln) @
pKaZ‘|3 pKa220 pKaZl6 pKa21a

?w j_,,«.m 1&. :\é_m.




C. Special Cases
Cysteine Selenocysteine  Glycine Proline

(Cys) G (Sec) 0 (Gly) @ (Pro) 0

pKa 1.91 pKa 1.9 pKa 2.34 pKa 1.95
Yo o o

O @) %_
NH, NH, NH,

pKa 10.28 pKa 10 pKa958

SH SeH

pKa 8.14




D.  Amino Acids with Hydrophobic Side Chain

Alanine Valine Isoleucine Leucine Methionine
(Ala)o (Val) 0 (lle) o (Leu) o (Met) @
pKa 232 pKa =

pK0226
pKa 227
A/ pKa 2.33
P O
908
O pKa 9 60 pKa 9. 58 o
NH, Ka952
pKa9.71

pKa Data: CRC Handbook of Chemistry, v. 2010

Phenylalanine Tyrosine Tryptophan
(Phe) e (Tyn) 0 (Trp) @
pKa218 "K“u“
NH, NH,
pKa909 pK"”‘
pKa1010

Dan Cojocari, Depariment of Medical Biophysics, University of Toronto 2011
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HezamMmeHnMble aMWUHOKUCIOTHI

He3sameHumbIMU Ha3bIBAOTCA
aMUHOKMC/IOTbI, KOTOpPbIE ObITb
CMHTE3MPOBaHbI OPraHM3MOM U3
BELLECTB, MOCTYNatoLWmMX C HebeaKoBOM
MULLLEN, B KOJIMYECTBAX, A0CTAaTOYHbIX
AN TOro, YtTobbl YA0BAETBOPUTL
dn3monornyeckme NnoTpebHoOCTH
OpraHmM3ma.

20



HezameHnMble aMMHOKUCIOTHI

Crnepytowme aMMHOKUCIOTbI MPUHATO
CYUMTaTb HE3aMEeHUMbIMU 4151 OPraHmM3ma
4ye10BeKa:

u3o0/s1euyuH, neuyuH, AU3UH,
MEeMUOHUH, (PeHUNANAHUH,
MpPEeoHUH, MpuNMOo@aH U Ba/UH.

21



KncnotHO-0OCHOBHbIE CBOWCTBA

. H + e +
H,N—CH—CO00" === H,N—CH—CO0" == {.N— CH—COOH
| OH ‘ OH
R R R
0 & i6aapais  H,N—CH—COOH 07t 6 SRR 5
«

R

22




KNcnoTHO-OCHOBHbIE CBOWCTBA

H,NCHCOOH H;NCHCOO"

He MOHHas PopMa; LIBUTTEP-NOH;
naeanu3npoBaHHas aMUHOKNC/I0Ta B
aMUHOKNC/OTa TBEPAOM COCTOSHUU



N3o0anekTpnyeckaa Todka (prI)

N303N1EKTPUYECKON TOYKOM HA3bIBAETCHA TaKoOe 3HaYEHUE
PH, nmetoLlee onpeaeneHHoe 3HaYEeHNE AN KaXKaou
aMUHOKMCOTbI, MNP KOTOPOM COAEPXKaHME ANMONSAPHOro
MoHa (UBUTTEP-MOHA) MaKCUMasibHO

Isoelectric point

At pH values between the two pKa values, the zwitterion predominates, but coexists in dynamic
equilibrium with small amounts of net negative and net positive ions. At the exact midpoint between
the two pKa values, the trace amount of net negative and trace of net positive ions exactly balance,
so that average net charge of all forms present is zero.=8! This pH is known as theisoelectric point pI,

SO

The individual amino acids all have slightly different pKa values, so have different isoelectric points.
For amino acids with charged side-chains, the pKa of the side-chain is involved. Thus for Asp, Glu
with negative side-chains, pI = 2(pKa, + pKa,), where pKa, is the side-chain pKa. Cysteine also has
potentially negative side-chain with pKa, = 8.14, so pI should be calculated as for Asp and Glu, even
though the side-chain is not significantly charged at neutral pH. For His, Lys, and Arg with positive
side-chains, pl = Y2(pKa, + pKa,). Amino acids have zero mobility in electrophoresis at their
isoelectric point, although this behaviour is more usually exploited for peptides and proteins than
single amino acids. Zwitterions have minimum solubility at their isolectric point and some amino
acids (in particular, with non-polar side-chains) can be isolated by precipitation from water by
adjusting the pH to the required isoelectric point.




CnocoObl nonyvyeHnst aMUHOKUCIOT

AMUHUpOBBHUG a-ecal/ioeeH3aMeWeHHbIX Kucriom

» RCHCOOH

1) NH; (ega.)
CH,COOH + Brz—;R(‘JHCOOH > 55, =~

Br NH2

25




Cnocobbl nonyyYyeHns aMUHOKUCHOT

BpomuposaHue rpu rnomMowu MasioHo80U KUC/I0MbI

COOC,H; COOC,H: COOH
t
COOC,H; COOC,H: \cooH

i 200l a8iiTalé yoed

COOH

Bry/OAQ RCBr —-» R—CH—COOH
- 2

\




CnocoObl nony4vyeHna amMuHOKUCIOT

CuHmes Llimpekkepa-3ernuHcKkoao

NH4Cl + NaCN<—==NH,CN + NaCl

NH4CN — NH3 + HCN

//O NH; HCN
R—C ~ =—RCH—OH =—=RCH=NH —>
H | -H,0

NH,

— » RCH—CN 2% RCH—COOH

|
NH2 NH2

a-a eilieodeé a-a el 1 éend o



CnocoObl nony4vyeHna amMuHOKUCIIOT

= AnknamnpoBaHue N-3amMelleHHbIX
aMWHOMA/IOHOBbIX 3PUPOB

= AMMHUpPOBaHME 3OUPOB A-FraNI0MEH-
3aMeLLLeHHbIX KNCAOT (C MOMOLLbIO
dbTanmmmaa Kkanms)
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Cnocobbl nonyyYyeHnss aMUHOKUCHOT

Buonornyeckuit cnoco6 nomny4yeHuss ammMHOKUCIOT

’




XUMUYECKNE CBOUCTBA aMUHOKUCIIOT

Peakuuu amuHo2pyrinekl

CH3;CHCOOH + [HNO,;]—s CH;CHCOOH + N,T + H,O

NH, OH
Ea el | 1€l = ay
ecnal Ga

Meroa BaH-Cnauka

30



XUMUYECKNE CBOUCTBA aMUHOKUCIIOT

Peakuuu amuHo2pyrinekl

O
rarad
RCHCOOH + R \HTzo-» RCHCOOH

NH, N=—CHR'

31



XnMmmyeckmne ceBomnctBa aMMHOKUCIIOT

Peakuuu kapbokcurnbHoU 2pyrirbl

CH;CHCOOH + CH;0H-=5CH;CHCOOCH,
NH, NH;"CI°
. 2501 661 023
aCdl €l

1 el al d yoeda
oEal ef a

-NH,CI lN}g

CH;CHCOOCH;
NH,
| 30 406 Y65
20 &f &

32



XnMmnyeckmne csonctBa aMUHOKUCIIOT

Peakuuu kapbokcurnbHoU 2pynrbl

HOCH,CHCOOH —s HOCH,CH,NH, + CO,

NH,
AR

é e el

HOOCCHCH,CH,COOH — H,NCH,CH,CH,COOH + CO,

45 & T 4608 T 4y BeRE o
NH, Y

2B00al ei 1 aay éeféi ta




XUMUYECKMEe CBOUCTBA aMWHOKUCIIOT

KayecmeeHHble peakuyuu

KcaHTOnpoTenHoBasa peakuusd

CH,CHCOOH  ON CH,CHCOOH
NH, -H,0 NH,
HO HO
200 G oy | 8
2Na07
O,N CH,CHCOO" Na*
NH,
Na™ O

~ N7 OAN ™ A Ad\ vAN
| O o=Baay 1 é0aréa
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XnMmmyeckmne ceBoncTtBa aMUMHOKUCIIOT

KayecmeeHHble peakuuu

e bnypetoBasa peakuus

(C rmapokcmaomM meam (II& Cu(OH), )
e HUHrMAPUHHAA peakuus

@EX

= aea6e|

35



XUMmMyeckme cBouCcTBa aMMHOKUCIIOT

Cnieyucuydyeckue peakuyuu a, 3, y-amMuHokKucriom

Peakuumm a-aMUHOKMUCNOT

N N/ A\ .
NcZon  H—X Ne—Nm

/ /3 4\
CH;—CH + H—CH; —=» CH;—CH2  5CH—CH;| & S 44
'HZO \\ il 5 /I a0di 1 U

N—H  HO—C?d* HN—C
H/\_/ \\\O \\O <—J

3,6-a481 a0eé-2,5-3e8ad 1 &i adacei

-3 &
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XnMmumyeckme cBonctBa aMUHOKUCIIOT

Cnieyucbuyeckue peakuyuu a, B, y-amMuHOKUCIIOM

Peakummn -amuHoKncnoT

B .
$H2<—CH—COOH ?tH> CH,=—CH—COOH
- 3

NH, H

SE00E] Bd BT 0
B-3a &
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Amino acids are the monomer of proteins (polypeptides)

amino acid + amino acid
i
H (0]
> A
N—c—c7”

v F|| Nou

water is removed

peptide bond

water is a product

condensation

> dipeptide

condensation

Condensation forms a peptide bond:

Peptide bond

T T

H—N—C—C— N—(‘—ﬁ‘—OH
0

|
0

Amino acid HOH Amino acid
Water

Rewind 0

http://www2.nl.edu/jste/proteins.htm
(&)

+ water




Amino acids are the monomer of proteins (polypeptides)

condensation

amino acid e amino acid > dipeptide + water

0 R
condensation H
o TI |

| //O
N—C—
H
water is removed

peptide bond water is a product

Condensation forms a peptide bond:

Peptide bond

£® 1%
H—N—C—C—N—C—C—OH
[ |
() 0
Amino acid HOH Amino acid
Water

Rewind o

http://www2.nl.edu/jste/proteins.htm
)

L




Why are there infinite possibilities of polypeptides?

- could be any length - 20 amino acids - amino acids in any order or combination

>S9
>P<
2
>P<
>P<
>P<




Why are there infinite possibilities of polypeptides?

- could be any length - 20 amino acids - amino acids in any order or combination

B R A S AL

X3
.9
5 2000000099090
X3
.9
X3




Primary Protein Structure
: = IS sequence of a chain of amino acids
&
£

(=)
F
O e\i
BN :
O "Amino Acids
= ..
....

de
H—-C—COOH
L. “Acidic
f‘_) carboxy
R Group group

Amino Acid




Hydrolysis is the reverse of condensation.
Water is split to break bonds apart.

Hydrolysis of dipeptides:

R O H

H | &
I

H

H

L, 4
split water

R o
A B

H 4
M= C =€ J} W=c=0
I “H H  H

http://www.biotopics.co.uk/as/aminocon.html
Q



XnMmmyeckmne ceBoncTtBa aMUMHOKUCIIOT

Cnieyugbuyeckue peakuyuu a, B, y-aMuHOKUCIIOM

Peakuuu Y-aMUHOKUCIIOT

O
"y P
CHZ C\ CH2—"C
OH
C C'H, al €al ay
\ H Hzo \ 006 T a
CH N CHy-tN_
H H

v-a & 11 Ay &y

N y-a60edi €80
&eréi o




[lenTnobl n Oenkn

MMerrrugbl — coeamnHeHUs], NOCTPOEHHbIE
M3 HECKOJIbKMX OCTaTKOB a-aMUHOKNCIIOT,
CBSi3aHHbIX aMUHOM (NernTyuaHON)
CBSI3bI0.

9
—N—NH—
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[lenTnabl  Oenku

H,N—CH—C—

-OH + H-

O—0O

—NH—CH—C—-OH + H-—NH—CH

CH—COOH




[lenTnabl n O6enku

H:C

Ll
HN-HC—C—0OH + HN—HC— lc':_ OH

aIaHHH EBalHH

H.-C CHj
HE:I‘—" O cH O

| |
N~ HC— C—HN—HC— C—0H

ITETITHAHAA

H;C CHs
. \ . : NMOCNEANOBATEJIbHOE
| [ 0 COEAMHEHME
H;N-HC—C-—-HN—HC— C—HN-H, el OH AMWUHOKMNCNIOT
TN

HArpasnieHie yexnil




[lenTnabl n Oenku

aies  meoee Fce
| I
H,N—CH -NH—CH,—C—NH—CH—COOH
éHg, éHQOH
A ERER0RER0R
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[lenTnabl n Oenku

HoN-TJI1
WJIE
BAJI
rmy
H, - DEH [JH
BAII e —
ACH e
[JH . THP
r’MC | [CEP
JIER WIIE
e MC
1 CEP
CEP JIEH
rAC TUP
JIEH I'JIH
BAJI JIER COOH
rny ry THP
AJIA ACH A3
JIEH THP PO
THUP 1c THP
JER T ACH THP
BAJ | COOH ®EH
1HC el
[JIY-[JIV-APT-TJIY

NepBuuHas CTpykTypa 6esika MHCY/IMHA He
NoO3BOJISIET YBUAETb , KakK OH paboTaer...

49



[lenTnabl n 6enku Cmpykmypa

begkos
Iq epBUYHasi CTPYKTypa rnentugoB u 6e/1KoB — 370

rocs1e40BaTe/IbHOCTb aMUHOKNC/IOTHBIX OCTaTKOB B
rnosmnenTuaHou Leru.

Primary Protein Structure
5‘ @% IS sequence of a chain of amino acids

%@ﬂi@f

-
b\*Ammo Acids

Amino groeup

E

H—C— (OOH
L. “Acidic

[R_. carboxy
ey Amino Acid
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Pa3Hble ypOBHW opraHusauunn
CTPYKTYpbl Oenkos

-
-

Secondary !

Quaternary —



[lenTnabl n OGenku

Bmopu4Has cmpykmypa 6erikos




[ [lenTnagbl 1 Oenkn

BmopuyHas cmpykmypa b6erikos



[lentnabl n 0enku

CBSAI3EM (1306paxeHbl MyHKTUPHBIMUA IMHWSIMK) B MOJIEKY/1e
nonunenTmuaa




[lenTnabl n OGenku

Bmopu4Has cmpykmypa 6erikos

Bojtopoaubic 3

CBA3H

OBbEMHASA MOAEJIb MOJIEKVYJ1bl BEJIKA B cpopme a-cnivipanu.

BoaopoaHbie CBA3M NoKa3aHbl 3e/1eHbIMU MYHKTUPHBLIMU JIMHUAMMU
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[lenTnagbl 1 Oenkn

BmopuyHasa cmpykmypa berikos

o-Cnunpasnb
MOJieKy bl 6enka
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[ [lenTnagbl 1 Oenkn

BmopuyHas cmpykmypa berkos

H
Hallp ABJIE HHE H_ CH _ 1%
N (8

NMAPAJIJIENNIbHASA p-CTPYKTYPA, cocTosiias ns tpex
NOIMNENTUAHbLIX MOMEKYN



[ [lenTnagbl 1 Oenkn

BmopuyHas cmpykmypa berkos

AHTUNAPAJINIENIbHASA B-CTPYKTYPA, coctosiilasa u3 Tpex
MNOIMNENTUAHBIX MONIEKYN



[lenTnagbl 1 Oenkn

BmopuyHas cmpykmypa berkos

HallpaRINEeHHE

9 a e
‘_yacnc (3085

OBPA30OBAHME p-CTPYKTYPbI BHYTpM 00HOM
nonunenTuaHoOW uenm

59



[ [lenTnagbl 1 Oenkn

BmopuyHas cmpykmypa berkos

B-CTpyKTYypa 6enka



[lentnabl n 0enku

BmopuyHas cmpykmypa berkos

A — y4yacTok
NoNuUNenTUAHON Lienw,
COE€ANHEHHBbIN
BOJOPOAHbIMU CBA3SIMU
(3eneHble MYHKTUPHbIE
JIMHUN).,

b — ycnoBHoe n3obpaxkeHne
BOAOPOAHEIC B_CprKTypbl B (bOpMe

SLEl MJIOCKOW NEHTHI,
NPOXOASLLEN YEPE3 aTOMb
NosIMMEpHon Lenu (aToMbl
BOAOPOAA He NoKa3aHbl).

61




[lenTnagbl 1 Oenkn

BmopuyHas cmpykmypa berkos

BropuyHas cTtpykTypa 6esika — 310 b60os1ee
BbICOKMU YPOBEHb CTPYKTYDHOU OpraHm3aLnm,
B KOTOPOM 3aKper/ieHne KoH@opmaLunumn
MPOUCXOAMNT 3a CYET BOAOPOAHbIX CBA3EN

MeXxzay nenTuaHbIMU rpynnamm.
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[ [lenTnagbl 1 Oenkn

TpemuyHas cmpykmypa berkos

. e PA3JINYHbIE BAPUAHTbI

, ER, U30BPAXXEHWUSA CTPYKTYPbI

BEJIKA KPAMBUMHA.

A— CTpyKTypHas opMyna B

NPOCTPaHCTBEHHOM

N306paxkeHnn.

b — cTpykTypa B BUuae 06beMHOM

MOAENM.

B — TpeTuyHasa CTpyKTypa

MONEKY/bl.

HACY B [ — coyeTaHme BapuaHTOB A 1 B.

e \ [ — ynpouweHHoe n3obpaxeHune

e TPETUYHOWN CTPYKTYpbI.

E — TpeTnyHaqa CcTpykTypa C

ANCYNbOUAHBIMU MOCTUKAMM.
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[lenTnagbl 1 Oenkn

HNoHHBbIE 83aumodeucmseus

T Noad é éecal a
-------- NH—CH—CO—T ai 0&&i ay féygl

+
(&H2)4NH3 <—|&ii i T3acael 1a36aeh
"OOCCH
-------- CO—CH—NH—
7 Fioad &

afi a0kl 1 d é éerdl ol

64



[lenTnagbl 1 Oenkn

LucynbguoHblie e83aumodeucmausi

CH,SH
o CHS

TTHD CHQS
CH,SH
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[lenTnabl n OGenku

[ nobynsapHble bernku

rMOBYJIAPHASA
CTPYKTYPA
AJIbBYMMUHA (6enok
KypWUHOro sanua). B
CTPYKTYpe NOMUMO
ancynbduaHbIX MOCTUKOB
NPUCYTCTBYIOT CBOBOAHbIE
cynbprngpuaHoie HS-
rpynnbl LMCTENHA, KOTOpbIE
B Npouecce pa3noxXeHns
6enka nerko obpasytoTt
CepoBoaopoa — UCTOYHUK
3anaxa TyX/bIX sud,.
AncynbduaHble MOCTUKM
HaMHoOro 6onee ycTton4mBbl
N Npu pasnoxeHnn benka
cepoBoaopoa He 0bpasytoT
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[ [lenTnagbl 1 Oenkn

QubpurnnspHblie bernku

P-CTpyKTypBI

~~~~~~~~~~ e N xan.‘.agn.‘.aa..‘.aa.,\
\ 4
N
-
-~

OAHHOYHBIC
HCITH

OUBPUNNAPHbIN BEJTIOK ®UBPOWH — 0CHOBHOM KOMMOHEHT
HaTypasibHOro Lwesika 1 NayTuHbl



[lenTnagbl 1 Oenkn

UemeepmuyHasa cmpykmypa berkos

OBPA30BAHMUE YETBEPTUYMHOMW CTPYKTYPbI IMOBYJISPHOIO
BEJIKA deppuTrHa npy o6beanHeEHNN MONEKYS B €AnHbIN aHCaMbrib

68



[lenTnagbl 1 Oenkn

UemeepmuyHasa cmpykmypa berkos

HAOAMOJIEKYJIAPHAA
CTPYKTYPA
OPUBPUJIIAPHOIO
BEJIKA KOJUIATEHA.
Ha npuMmepe KonnareHa
MOXXHO BUAETb, YTO B
obpazoBaHuu
pnbpnnnsipHbix 6enkoB
MOIyT Y4acCTBOBaTb KakK
a-Crnpanun, Tak n 3-
CTPYKTYpbl. TO Xe n ang
rnobynsipHbix 6enKkos, B
HUX MOryT 6bITb 06a TUNa
TPETUYHBIX CTPYKTYp

[3-CTPYKTYpBI, YI0KEHHBIE
napaule/IbHbIMU IYYKAMH
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[lenTngbl N 6enku

LerHamypauyusi bernkos

eHaTypaums 6es1KoB — 3T0
aspyLueHmne mux rnpmpoaHou
HaTUBHOM)
POCTPaHCTBEHHOM
DYKTYDbl C COXpaHEHNEM
€pBUYHOMN CTDYKTYpbI




PepmeHTaTUBHaANA

CrpouTtenbHas
TpaHcnopTHas
CokpaTtutenbHas
®YHKUWMU BEJIKOB
f L, PerynatopHas
L CTpyKTypHas [Muwesan
i TpaHcnopTHas 3a|_|_|'V|THa$|

i
; Katanutunyeckas

“ DHepreTnyeckas
PeuenTtopHas

l PerynsaTtopHas

i 3awuTHas

| 3anacHas ’

’ [1BuratenbHas u




XUpbl

benku-gpepMeHTbI

Yckopumenu buoxumuyeckux
peakyuu 8 Kknemke.

(nunasa, amunasaq, ... )




CTpouTenbHble Oenku
BxoaAaT B coctaB buosnornyeckux
membpaH

Benku . .

‘»

q‘kgqgmnbt




CrpouTtenbHble benku

CoCTaBAAOT UMTOCKENET KJeTKMW.
Hanpumep, KkonnareH CyxoXxuamm,
KepaTWH BOJIOC.




[lepeHOCAT NUTaTe/ibHble BelecTBa 13

KJIETKU, BHYTPU KZIETKU, B KJIETKY.
Hanpumep:
reMorn06MH AoCTaBASAET KUC/IOPOA K TKAHAM.




CokpaTtuTernbHble
benku

Ncnonb3ytoTco
OpraHM3mMom
ANA ABUXKEHUA.
Hanpuwmep,
aKTOMMO3UH.




PervnsatopHble Oenku

BbinosHAIOT
$YHKLMIO
ynpaB/ieHUs
AEATEeNIbHOCTbIO
dbepMeHTOB.

Hanpumep:
FOPMOH UHCY/IUH,
TUPO3UNH; FOPMOH
pocta — runodums.




Mcnonb3yloTca Ha paHHUX 3Tanax
pa3BUTUA OpraHU3Ma A4 pocTa.




3allunTHbIe Oenkn




JHepreTuyeckume

benku

benk
co‘z/Hto\‘ NH,
1r=17,6 klx
[1pu pacwenneHuun 1 rpamma [ e —
e/IKOB A0 YINeKNC/I0ro rasa u = %
BOAbl Bblaenserca 17,6 k/x
SHeprumn.
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“ MouyeBuHa




Onpegensior
CcNocobHOCTb KNeTKMU
y3HaBaTb
Yyy>KepoaHble
aHTUrEeHbI.

Hanpumep, 6enok
[JINKONPOTEUH.




