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nPEJHCJIOBHE

B n o jıo rH H e c K a H  x h m h h  h b jih c t c h  o a h o h  H3 (J)yH /ıaM eH T ajibH bix  a h c - 
U H iiJiH H , o 6 e c n e H H B a ıo m H X  n o flro T O B K y  K B a jiH cJw u H p o B a H H o ro  
B p a n a . B o c n p H H T H e  h  y c B o e H H e  6 h o x h m h h  3 3 b h c h t  o t  y n eö H O H  c h c - 
TeM bi K atJ^eflpbi, b  t o m  MHCJie o t  K an ecT B a  h  c t h jih  y n e 6 H H K a .

B  ^aH H O M  yneÖ H H K e a B T o p b i nbiTaıOTCH p e u iH T b  H e jıe rK y ıo  3 a a a -  
q y  —  C 03flaT b  KpaTKHH HJUIIOCTpHpOBaHHblH, JieTKO H H TaeM blH  y n e 6 -  
h h k .  Ə t h  K a n ec T B a  oT jiH M aıoT  yneÖ H H K  o t  Ä p y r n x  H M e ıo m H x c a  b  H a -  
c T o a m e e  BpeM H. B  n o c jıe a H H H  n e p H o a  c o 3 fla H  p 3 j  n p e B o c x o f lH b ix  
yqe6H H K O B , HO OHH, KaK n p aB H JIO , OÖTjeMHbl H H3JIHUIHe n o a p o Ö H b i ,  
neM  3 t o  H eoöxoflH M O  zu ih  oĞyTeHMH CTyaeHTOB 6 h o x h m h h  H a 2 -m  K y p - 
c e .  r io ə T O M y  H epeflK O  CTyfleH Tbi o x o T H e e  n o jib 3 y ıo T C H  c b o h m h  3 a n n -  
CHMH H a  33HHTHH HJIH MeTOflHHeCKHMH nOCOÖHHMH, B KOTOpblX M a- 
T e p n a j ı  H 3 j ıo * e H  K paT K o. B  p e 3 y jib T a T e  TaKOH n o a x o a  M o x e T  n p H B e c -  
t h  k  H eajjeK B aT H O M y B o c n p H H T H io  n p e f lM e T a . A b t o p m  c t 3 b h j i h  C B o en  
u e j lb io  C 03flaH H e y 4 e 6 H H K a , KOTOpblH 6 b l  H e TOJIbKO COOTBeTCTBOBajI 
0 6 p a 3 0 B a T e jib H 0 M y  C T a n a a p T y , h o  b  t o  x e  BpeM H o T B e n a jı K p H T e p n ıo  
MHHHM ajibHOCTH h  fl0C TaT 0H H 0C T H  n p H  o 6 y n e H H H  6 y j ıy m e r o  B p a n a .

B  üaH H O M  y n e ö H H K e  11 r j ıa B , n o c B a m e H H b ix  ocH O B aM  6 h o j io t h - 
HeCKOH XHMHH. ü p H  H3JIO X eH H H  OCHOBHblX nO JIO X eH H H  KJiaCCHHeC- 
KOH 6HOXHMHH aB T O pbl CTpeM HJIHCb H C n0JIb30B aT b  M H HHM ajIbHO e 
KOJiHHecTBo (J )o p M y jib H o ro  M a T e p n a jıa .  Y H e6H H K  3HaKOMHT C T yaeH T a 
TaK>Ke c  HOBblMH H ayH H blM H  (J)3KTaMH h  o 6 o 6 ıu eH H H M H . T a K , b  p a 3 -  
f le j ie ,  nOCBH m eHH OM  M aTpH H H blM  6H O C H H Te3aM , BKJIIOHeHbl C B e a e -  
h h h  n o  Ö H O H H x eH ep H H ; o n n c a H b i  M eTOflbi p a 6 o T b i  c  reH H b iM  M aT e- 
p n a jıo M , b  H3CTHOCTH H 3 Jia raeT C «  M eT ojı n o jiH M ep a3 H O H  uenHOH p e -  
aKUHH h  e r o  H c n 0 jib 3 0 B a H H e  b  a n a rH o c T H K e  p a3 jiH H H b ix  6 o j ıe 3 H e n .

OTJiHHHe a a H H o r o  y n eÖ H H K a c o c t o h t  b  t o m , h t o  o n n c a H H e  b o - 
npOCOB ÖHOJIOTHHeCKOH XHMHH HJIJIIOCTpHpOBaHO UBeTHblMH CXƏMa- 
m h  h  p n c y H K a M H . B  p e 3 y jib T a T e  f lo c ra ra e T C H  ə4)(J)eKT TaKOH H a r j ıa j ı -  
h o c t h , K O T o p a a  H e co M H e H H o  o ö e c n e n H T  jıerK O C T b B ocnpH H T H H  h  3 a -  
noM H H aH H H  a a a c e  H e n p o c T o r o  b  H3Jio>KeHHH M aT ep H ajıa . K p o M e  t o t o , 
cx eM aT H n ecK o e  H 3o6pa>K eH H e M eT a6 o jiH 3 M a n o M o r a e T  c o 3 n a T b  n o H H T - 
H y ıo  K apT H H y B3aH M oaeH CTB H H  M eT a6o jiH H ecK H H  n y r e n ,  h x  c o r j ı a c o -  
B aH H ocTH  h  p e ry jiH H H H . IT o f lo 6 H o e  B o c n p H ü T H e  n p e ^ M e T a  ö y a e T  x o p o -  
u ıe f t  6 a 3 0 H  ^ a j ib H e H m e r o  o 6 c y * j je H H f l  H a p y u ıe H H H  M eT a6 o jiH 3 M a k 3 k  
OCHOBHblX npH H H H  3 a 6 o jıe B a H H H .

n P H H3Jio>KeHHH M a T e p u a jıa  a B T o p b i H c n o jib 3 0 B a jiH  c o K p a ıu e H H H , 
npH H H T bie  b  c o B p e M e H H o ü  HayH H O H  h  yneÖ H O H  jiH T e p a T y p e .

A B TO pbl HajieiOTC H, HTO KpaTKOCTb C O Jie p x a H H fl, flOCTynHOCTb H 3- 
•fioaceHHH h  H pK H e H JU iıo cT p au H H  c a e jıa ıO T  zıaH H biH  yneÖ H H K  n o j ıe 3 -  
HblM H e TOJIbKO flJIH CTy/jeHTOB MeflHUHHCKHX B y30B , HO TaiOKe flJIH 
MejIHUHHCKHX paÖOTHHKOB IUHpOKOrO npO(J)HJIH.

M jıe H - K o p p e c n o H jıe H T  ^ A T T  r i p o c j ı e ^ o ^  E.JC. C E B IiP H h jl



CriHCOK COKPALUEHH0

A T P  — aaeH03HHTpH4)0c4>aT
A D P  — aaeH03HH4H4>0c4)aT
A M P  —  aaeH 03HHM 0H0{J)0C(J)aT
BH<X> — 6H(})yHKUHOHanbHbiH (}>epMeHT
D N A  — Äe30KCHpHÖOHyKjıeHHOBaa KHCJioTa
F A D  — (JwıaBHHaaeHHHÄHHyKJieoTHjı
G D P  — ryaH03HHjiH4)0cc})aT
G T P  — ryaH 03H H T pH (})0C (})aT

H S -C o A  — K03H3HM A
m R N A  — MaTpH4Haa (HHcjwpM auHOHHaa) P H K
N A D + — HHKOTHHaMHAaaeHHHJIHHyKJieOTHJI
P C R  — no;iH M epa3H afl u e n H a a  p e a K u n a
Q — yÖHXHHOH
R N A  — pH6oHyKJieHHOBan KHCnoTa
tR N A  — T p a H c n o p T H a a  P H K
U D P  — ypnjiHHiiH(}>oc(}>aT
U T P  — ypHÄHHTpH(})OC(})aT



r ı ı a B a  1 EEJIKH: CTPYKTyPA H OyHKHMH

B c j ik h , h j ih  n p o T e H H b i,  K O JiH H ecTB eH H o n p e o 6 j ı a j j a ıo T  H ajı b c c m h  
j ip y rH M H  M aK p 0 M 0 JieK y jıaM H  x h b o h  k j i c t k h . B e jiK H  y n a c T B y ıo T  bo  
Bc e x  6 H o jıo rH H e cK H X  n p o u e c c a x ,  B b ino jiH H H  p a 3 H o o 6 p a 3 H b ie  4>yHK- 
u;h h :

♦  4>epM eHTaTH BHbIH KaT3JIH3;
♦  T p a H c n o p T  h  H a K o n jıe H H e ;
♦ c o K p a m e H H e  h  j jB H x e H H e ;
♦  H M M yH H aa 3 a m H T a ;
♦  n e p e j ı a n a  H H tJjo p M au H H  KJieTKe;
♦ peryjiHHHfl MeTa6ojiH3Ma;
♦ M ex aH H H ecK an  o n o p a  h  n p .

K a * j ib iH  6 e jıo K  H M eeT  y H H K a jib H y ıo , c B o n c T B e H H y ıo  J in u ib  eM y 
c T p y K T y p y  h  b TaKOH * e  M e p e  y H H K a jib H y ıo  ( J jy H K u n ıo , o T jiH n a ıo -  
m y ıo c H  o t  cJ)yHKHHH j ı p y r n x  6 c j ik o b .

ı . ı .  CTpyıcrypA bejika

B e  ji k  h  —  ə t o  B b ico K O M O jıe K y jıa p H b ie  c o e jiH H e H H H  (n o j iH M e p b i) ,  
COCTOHIUHe H3 a-aM H H O K H C JIO T  — M O HOM epH blX  3B C H beB , C O ejIH - 
H eH H blX  Me>KJiy COÖOH n en T H JlH b lM H  CBH3HMH. B c e  2 0  3M HHOKHC- 
j i o t ,  B C T p e n a ıo m H e c H  b  6 e j iK a x ,  —  ə t o  a -a M H H 0 KHCji0 T bi, o ö i u h m  
npH 3H 3K O M  K O TO pbix h b j i h c t c h  H ajiH H H e a M H H o r p y n n b i  - N H 2 h  
K a p 6 0 KCHJibH0 H r p y n n b i  - C O O H  y  a - y r j ı e p o j i H o r o  aTO M a. a -Ä M H - 
HOKHCJIOTU OTjiHHaıOTCH j ı p y r  o t  j ı p y r a  c T p y K T y p o ü  r p y n n b i  R  h ,  
C JiejIO B aT ejIbH O , CBOHCTBaMH. B c e  aMHHOKHCHOTbl m o jk h o  c r p y n n n -  
p o B a T b  H a  o c H O B e  n o jiH p H o c T H  R - r p y n n ,  T .e . h x  c n o c o 6 H o c ™  B 3 a - 
HMOJieHCTBOBaTb C BOJIOH n p H  ÖHOJIOrHHeCKHX 3H aneH H H X  p H
C ra 6 jı. 1 .1 ) :

H3+N -C H -C O O "
I
R

I le n T H flH b ie  c b h 3 h  o 6 p a 3 y ıo T C H  n p n  B 3aH M ojıeH C TB H H  a -a M H H O - 
r p y n n b i  o j i h o h  aM H H O K H C jıoT bi c  a -K a p 6 o K C H J ib H o n  r p y n n o n  j ı p y -  
ro H  aM H H 0K H C Ji0T bi. I le n T H jiH a j ı  cB H 3b —  a M H jjH an  K O B ajıeH T H aa 
cB H 3b, c o e j iH H H io m a H  aM H H O K H C jıoT H bie ocT aT K H  b u e n o H K y . C j i e -  
JlO B aT ejibH O , n e n T H jib i  — ə t o  u e n o H K H  aM H H O K H C jıoT. n o j ı n n e n -  
T H jiH an  u e n b  H M eeT  o n p e j ı e j ı e H H o e  H a n p a B jıe H H e ,  TaK  KaK y  H e e  
p a 3 H b ie  KOHUbi: j i h 6 o  c B o 6 o jiH a 5 i a - a M H H o r p y n n a  ( N -K oneu ,) ,  j i h 6 o  
C B o 6 o jiH aH  a -K a p 6 o K C H J ib H a H  r p y n n a  ( C -K oneu ,).
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T a 6 ji h u a 1.1. CBOHCTBa paaHKajıoB aMHHOKHCJiOT

I . H e n o / ı a p H b i e  (rnapo0o6Hbie) R-rpynnbi 
(b R-rpynne ecTb HenonnpHbie cba3h C-C, C-H)
T J1M14HH
Gly, G
AnaHMH
Ala, A

BannH 

Val, V 

/Iəmmhh 
Leu, L
M30JieÜL;MH
lle, I

-H

-CH3

-CH.
, ch3

'XCH,

-CH2—CH;
^CHj

SCH,

-CH
CH,

''CH,-CH,

- r u  ru  c j - u  .. uno— o~\yriqMet, M * ı *

t|>eHMnanaHHH 
Phe, P ■ < ^ Q

TpnnTo4)aH —CH2
Trp, W

2. nonnpHbie (rnApocfennbHbie) R-rpynnbi 
(b Rnpynne ecrb no/ınpHbie cba3h C-O, C-N, 0 —H, S-H)

no/ınpHbie HƏ3apa>KeHHbie 
R-rpynnbi

nonnpHbie OTpm̂ aTejibHO 3apq>KeHHbie 
R-ıpynnbi

CepnH 
Ser, S 
TpeOHMH 

Thr, T

LjMCTeMH
Cys, C

THP03HH
Tyr,T
AcnaparnH 

Asn, N

rnyTƏMHH 
Gln, Q

-CH2-OH

-CH-CH3 
I
OH 

-CH2-SH

- C H . ^ O H

-CH2-CONH2

-CH2-CH2-CONH;

AcnaparnHoəafl
KncnoTa

AspfD
r nyraMHHOBan 
KHcnoTa 
Gln, E

-CH2-COO“

-CH2-CH2-COO"

nonnpHbie n0n0>KHTenbH0 3apn>KeHHbie 
R-rpynnbi

JİM3MH
Lys, K
AprMHMH 

Arg, R
fnCTHflHH
His, H

-CH2-CH2-CH2-CH2-NH3+

-CH2-CH2-CH2-NH-C-NH2
II
nh2+

- ch2
hn̂  ^ nh+

I lo c ^ e f lO B a T e ^ b H o c T b  aM H H 0K H C Ji0T  b u e n n  H 3 o 6 p a x a ıo T  H a n H - 
H a n  c  N -K O H u eB O H  aM H H O K H C jıoT bi. C H e e  x e  H anH H aeT C H  H y M e p a -  
HHH 3MHHOKHCJIOTHbIX OCTaTKOB. B n O JIH nenT H flH O H  u e n n  MHOTO- 
K paTH O  n o B T o p H e T c a  r p y n n a :

—N H - C H - C O -
I

Ə T a  r p y n n a  (J jo p M H p y eT  n e n T H flH b iH  o c t o b . C jıe a o B a T e jib H O , 
n o j iH n e n T H /tH a s ı  ı ı ;e n b  c o c t o h t  H3 0 C T 0 B a (c K e j ıe T a ) ,  H M e ıo m e r o  p e -  
r y j ıa p H y ıo ,  n o B T o p H ro m y ıo c H  c T p y K T y p y , h  o T /ıe jib H b ix  ö o k o b h x  
u e n e n  R - r p y n n .

H2N—Ç H -Ç —N H - ^ H - C - N H —ÇH

R2 O r3 I
-N H—<pH—<p—N H -C H -C O O H  

Ra O  R5

l



r ic p B H 'i ı ıa n  c r p y K T y p a  x a p a K T e p H 3 yeTCH  n o p n jiK O M  ( n o c j ı e j ı o -  
B aTeJIbHOCTbK)) H ep e/lO B aH H H  aMHHOKHCJIOTHblX OCT3TKOB B nO JIH -
n e n T H a H O H  u e n n .  O flH H aK O B bie  n o  fljiH H e  h  aM HHOKHCJiOTHOM y 
c o c T a B y  n e n T H flb i  M o ryr 6 b iT b  pa3JiH H H biM H  B e m e cT B a M H , noT O M y 
h t o  n 0 C jıe a 0 B a T e jib H 0 C T b  aM HH OKH CJiOTHbix ocTaTK O B  b  u e n H  y  HHX 
p a 3 H a K . F Io c jıe f lO B a T e jib H o c T b  aM HH OKH CJioT b  ö e j iK e  y H H K a jib H a  h  
jieT epM H H H pyeT C H  re H a M H . J],a>Ke H e 6 o j ib i ı iH e  H 3M eH eH H H  n e p B H H - 
HOH C T pyK T ypb l M O ryT  C e p b e3 H O  H3M eH HTb CBOHCTBa 6 e jIK a .

BblJIO 6 b l  H en p aB H JIb H O  CHH TaTb, HTO Ka>KÄbIH aMHHOKHCJIOTHblH 
OCTaTOK B 6 eJIK e  HeOÖXOJIHM JIJIH C OX paH eH HH H O pM ajIbH blX  C T pyK - 
T y p b i h  (J)yHKUHH 6 e jiK a .  H a n p H M e p ,  BbiH B JieH bi M H o r a e  B a p n a H T b i 
n o c j ıe a o B a T e j ib H o c T e H  re M o r j ıo Ö H H a , (J ıy H K U n o H H p y ıo m H e  H o p -  
M ajIbH O . 0 6 T .H C H eH H e  ƏTOTO 3aKJIIOHaeTCH B nO H H M aH H H  KOH(j)Op- 
M aıiH H  6 e jiK a  c m . a a j ı e e .

1.2. K O H O O P M A IlH fl n O J lH n E H T H /lH b lX  H E n E H

O y H K U H O H ajIb H b ie  CBOHCTB3 6ejIK O B  O npeflejIH IO TC H  HX KOH(J)OpMa- 
U H efi, T .e . p a c n o j ı o x e H H e M  n o jiH n e n T H flH O H  u e n n  b  n p o c T p a H C T B e . 
Y H H K a jib H o cT b  K O H cJjopM aıiH H  fljiH  Ka>Kjı;oro 6 e jiK a  o 6 y c jıo B J ie H a  
e r o  nepB H H H O H  c T p y K T y p o f i .  B 6 e jiK a x  p a3 jiH H aıO T  flB a  y poB H H  k o h -  
4> opM auH H  n e n T H jiH O H  u e n n  —  B T op H H H y ıo  h  T peT H H H yıo  c T p y K - 
T y p w . B m o p u H n a n  c m p y K m y p a  6ejiK O B  o 6 y c j ıo B j ıe H a  c n o c o Ö H O -  
CTbK) r p y n n  nen T H JIH O H  CBH3H K BOJIOpOJIHblM B3aHMOJieHCTBHHM:
C =O ...H N .

n e n T H J I  CTpeMHTCH K KOH(})OpM aUHH C M3KCHMyM BOJIOpOJIHblX 
CBH3eH. O jIH aK O  B 03M 0X H 0C T B  HX 0 Ö p a 3 0 B aH H H  OTpaHHH HBaeTCH 
TeM , h t o  n e n T H jiH a H  cB H 3b H M eeT  h 3 c t h h h o  j i b o h h o h  x a p a K T e p ,  
n o ə T O M y  B p a m e H H e  B O K p y r H e e  3 aT p y jiH eH O  ( p n c .  1.1). n o j i H n e n -  
T H H H an u e n b  n p n o ö p e T a e T  H e  n p 0 H 3 B 0 J ib H y i0 , a  c T p o r o  o n p e j ı e j ı e n -  
H y io  KOH(J)OpM aHHK), (J)H K CH pyeM yiO  BOJIOpOJIHblMH CBH3HMH (pH C . 
1.2). H 3 B e c T H b i H ecK O JibK o  c n o c o ö o B  yK JiajjK H  n o jiH n e n T H jiH O H  
u e n n :

1) a.-cnupajib o6pa3yeTCH B H y T p H u e n o n e H H b iM H  B o jıo p o jiH b iM H  
c b h 3 h m h  M e x j ıy  N H - r p y n n o H  o j iH o r o  o c T a T K a  aM H H O K H cjıoT bi h  
C O - r p y n n o f i  4 - r o  o t  H e e  o c T a T K a ;

2) p-cmpyKmypa (cKjıajınaTbiH jihct) o 6 p a 3 y e T c n  M O K iıen o H eH H b i- 
MH BOJIOpOJIHblMH CBH3HMH HJIH CBH3HMH M OKJiy yH3CTKaM H OJIHOH 
n o jiH n e n T H jiH O H  u e n n ,  H 3 o rH y T o ü  b o 6 p aT H O M  H a n p aB JieH H H ;

3 )  öecnopndoH H biü KJiyöoK —  ə t o  y n a c T K H , H e H M e ıo m H e  n p a -  
BHJIbHOH nepH O JlH H eC K O H  npO C T paH C T B eH H O H  O p ra H H 3 aH H H . K o h -  
4> opM auH H  ə t h x  yn acT K O B  T a ıo K e  C T p o ro  o 6 y c jıo B J ie H a  n o c j ı e j ı o B a -  
TejIbH O CTbK ) aMHHOKHCJIOTHblX OCTaTKOB.

C o jıep > K aH H e  a - c n n p a j ı e f i  h  p -c T p y K T y p  b p a 3 H b ix  ö e j iK a x  p a 3 jiH H - 
H o : y  4)H 6pH JIJlH pH bIX  ÖejIKOB HMeeTCH TOJIbKO c n n p a j l b  HJIH TOJIbKO 
C K JiajınaT biH  j i h c t , a  y  r j ıo ö y j ın p H b ix  6ejiK O B  —  o T jıe jib H b ie  (J)p a rM e H - 
Tbi n o j ın n e n T H jiH O H  u e n n :  j i h 6 o  c n n p a j i b ,  j i h 6 o  cK Jia jxnaT biH  j i h c t ,
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P h c .  1 .1 . n e n r a a H a a  CBH3b. ü o  o6eHM  CTopoHaM xecTKOH nemHÄHOH
CBH3H B 03M 0X H 0 B p a m e H H e .
v|/ m <p — y rjib i, xapaK T epH 3yıoıuM e B p a m c H H e  0TH0CHTejibH0 oaH H apH bix  CBH3eii Ca—C 
H C a - N .

j ih ö o  6 e c n o p H flO H H b iH  K jıy 6 o K . B o ä h o m  m t o m  x e  6 e jiK e  B 0 3 M 0 * H b i 
B ce  T p n  c n o c o 6 a  yK JiaaK M  n o jiM n e ır ra f lH O M  u e n H  ( p n c .  1 .3 ) .

Tpem uH H an c m p y K m y p a  r j ıo 6 y j iH p H b ix  6ejiK O B  n peflC T aB JiH eT  o p n -  
eH T au M io  b  n p o c T p a H C T B e  n o j iM n e n r a a H O H  u e n M , c o jıe p a c a m e M  a -  
c n M p a jiM , p -c T p y K T y p b i m ynacT K M  6 e 3  nepM OflM H ecKOM  C T pyK T ypw  
(Ö eC nO pH flO H H blH  KJiyÖOK).

X lo n o jiH H T e jib H o e  c ıo ıa flb iB a H M e  C K pyneH H O H  n o jiM n en T H ü H O H  
u e n n  o 6 p a 3 y e T  K O M naK TH yK ) c T p y K T y p y  ( p n c .  1 .4 ) .  Ə t o  n p o H c x o jiM T  
n p e a c ^ e  B c e r o  b  p e 3 y jib T a T e  B3aMMOfleHCTBHH Me>ıcny 6 0 K0 BbiMH u e -  
njiM M  ( R - r p y n n a M H )  a M H H O K H C jıo ra b ix  ocTäTK O B . 

C y m e c T B y e T  H e c K o jib K o  bm ziob  B3aMMojı,eHCTBHH M excny  R - r p y n -  
naM M , b  o c h o b h o m  H eK O B ajıeH TH O TO  x a p a K T e p a  ( p n c .  1 .5 ) .

1 ) ə jıeK m p o cm a m u H ecK u e  cu jiu  n p M T H * eH H H  M O K ay R - r p y n n a M M , 
H e cy m H M H  n p 0 T H B 0 n 0 J i0 > K H 0  3 ap a> K eH H b ie  H O H o re H H b ie  r p y n n b i  
(H O H H bie CBH3H);

2 )  eo d o p o d u b ie  c e x 3 u  M ex cq y  n o j ıa p H b iM H  (rH flpoc{)M JibH biM H ) 
R - r p y n n a M H ;

3 )  e u d p o c p o Ö H b ie  e 3 a ı iM o d e ü c m e u H  M e x tn y  H e n o jiH p H b iM H  ( r H j ıp o -  
(J)o 6 h m m m ) R - r p y n n a M H ;

4 )  ducyjib ipudH bie c en 3 u  M excııy  p aH H K ajıaM H  a B y x  M O jıeK yjı u m c -  
T eH H a. Ə r a  CBH3H K O B 3JieH TH bie. O H H  nO B blU iaiO T  CTaÖHJIbHOCTb 
TpeTHHHOM C T p y K T y p b l, HO H e B c e r j ia  MBJIHIOTCH OÖ5I3aTejIbHbIMM flJIH
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n p a B M Jib H o ro  CKpyHMBäHMfi M O JieK yjib i. B p a f le  öejiK O B  o h m  M o ry T  
OTCyTCTBOBäTb.

^O M ^H H b ie  SejiK H  c o f l e p x ä T  o 6 o c o 6 j ı e H H b ie  r j ıo 6 y j ib i  — a o M e H b i,  
0 6 p a 3 0 B ä H H b ie  o j ih o m  h  to m  * e  nenT H flH O M  u e n b i o .  Z lo M eH b i c o -  
eflM H eH bl nenTM JJH blM H  n ep eM b lH K aM M . BTOpM HHäH M TpeTM HHäH 
yK JiajiK H  n o jiM n en T H flH O M  u e n n  6 e jiK a  n o j iH o c T b io  o n p eae jiH K )T C H  
e r o  nepBMHHOH CTpyKTypoM .

^ e H a T y p a u H H . B e jiK O B aa  M O JieK yjıa  H M eeT  H aT H B H yıo  (4>yHKU M o- 
H a jib H y ıo )  K O H (J)opM aH H io 6 j ı a r o a a p n  H ajiH H H io  6 o j i b i n o r o  HMCjıa 
cjıa6bix CBH3eM m 6 b ic T p o  n e H a T y p n p y e T  n p n  H 3M eH eH H H  y c jıo B H H  
c p e a b i ,  o t  k o t o p h x  ƏTH cH Jib i 3aBMCHT. M 3 M eH eH H e T e M n e p a T y p b i ,  
HOHHOH CHJIbl, pH, a T a o < e  o6pa6oTKa o p ra H H n e cK H M M  h j ih  h c k o - 
T o p b iM H  jıp y rH M H  A e cT a 6 H jiH 3 H p y ıo m H M M  a reH T a M H  M o ry T  H a p y -  
uiHTb HaTHBHyıo KOH^^opMauHK). Ə t o  HapyuıeHHe Ha3biBaeTCH a e -

A B

P h c . 1 .2 . K oH 4>opM auH a no jiH nenT H jiH bix  u e n e i ı .
A  — a-cnHpanb; B — cıoıajiHaTbm j ih c t .
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P h c . 1.3. C n o c o ö b i  y ıo ıaaK H  n o jiH n en T H flH O H  u e n n .

H a T y p a u H e H . ü e H a T y p n p y ı o m H e  B e m e c T B a  o 6 p a 3 y rc )T  c b h 3 h  c  h m h -  
H o r p y n n a M H  j i h ö o  K a p 6 o H H Jib H b iM H  r p y n n a M H  n e n T H jiH o r o  ocT O B a 
HJIH c  HeK O TO pblM H  ÖOKOBblMH OCTaTK3MH aMHHOKHCJIOT, n O flM e - 
HHH COÖCTBeHHblMH CBH3HMH B H yT pH M O JieK yjIH pH bie  CBH3H B 6 eJIK e , 
BCJieflCTBHe n e r o  B T o p H H H an  h  T p eT H H H aa  c T p y K T y p w  h 3 m c h h i o t c h .  
3 t h  H 3M eH eH H H  H e 3 a T p a rH B a ıO T  n e p B H H H y ıo  C T pyK T ypy , o jiH aK O  
n p n  3 t o m  Ö H O Jio rH H ecK an  aK T H B H ocT b  6 e jiK a  y T p aH H B ae T cn .

P enaT M B aunH . FIpM o n p e n e jıe H H b ix  ycjıoBHHX fleH aT y p n p o B aH - 
HblH ÖeJIOK MOJKeT 6bITb p e H 3 THBHpOBaH. Ə tO  npOHCXOflHT n p H

P h c .  1.4. r ip o c T p a H C T B e H H a a  c rp y K T y p a  M H o rjıo 6 H H a . B no jiH n en T H jiH O H  
u e n H  n o K a 3 a H b i TOjibKO a -y r j ıe p o a H b ie  aTOMbi. K pacH biM  o 6 o 3 H a n e H  reM  
(H e6ejIK O BbIH  KOM nOHeHT).
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flMCy/lbC})MAHbie CBfl3M

P h c . 1 .5 . C bh3m , CTa6HjiM3HpyıoıuMe TpeTHMHyK) CTpyxTypy.

y a a jıe H H H  f l e H a T y p n p y ıo m e r o  h j ih  f le c T a 6 M J iM 3 M p y ıo m e ro  (J)aK T opa. 
H a n p M M e p , n p n  y a a j ıe H H H  M o n eB H H b i ( p a 3 p y m a e T  B o j ıo p o a H b ie  
CBH3H) flH a jIH 3 0 M  n O JIH n e n T H flb l CaM OnpOM 3BOJIbHO BOCCTaHaBJIH- 
B3IOT CBOIO HaTM BHyiO KOH(})OpMaUHIO. To * e  npOHCXOflMT npM  
M ezuıeH H O M  o x jıa jK ^ e H H H  f le H a T y p n p o B a H H o r o  H a rp e B a H H e M  6 e jiK a  
( p n c .  1 .6 ). 3 t o  n o ^ T B e p > K iiae T , h t o  x a p a K T e p  y K jıaü K H  n e n T H /iH O H  
ı t e n n  n p e a o n p e a e j ı e H  n epB H H H O H  c T p y K T y p o i ı .

P h c .  1 .6 . fleH aT ypaııH H  6ejiK a n pH  HarpeBaHHM h  peHaTHBauHH n p n  M e jı-  
JleHHOM OXJiaXÄeHHH.
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1 .3 . B3AHMO/1EHCTBHE BEJIKOB C JIHrAHMMH

O c h o b h m m  c b o h c t b o m  6 e jiK a ,  o 6 e cn e H H B a ıo ıH H M  e r o  (J)yH K iiH io, h b -  
j ın e T c a  H 3 6 H p a T e jib H o e  B 3aH M oaeH C T B H e c  o n p e jıe jıe H H b iM  B e m e c T -  
b o m  —  ji h  r  a  h  o  m . J ln ra H f la M H  M o ry T  6 b iT b  B e m e cT B a  pa3H O H  
n p n p o f lb i ,  KaK H H 3K O M O JieK ynH pH bie c o ea H H e H H H , TaK h  M a K p o M o jıe -  
K yjib i, b  t o m  HHCJie 6 e jiK H . H a  6 e jiK O B bix  M O JieK yjıax  e c T b  y n acT K H , k  
k o t o p w m  npM coejiH H aeT C M  j iH r a H ^ ,  n en m p b i cefi3bieanuH , h j i h  a x m u e -  
Hbie nenm pb l. U e H T p b l CBH3bIBaHHH (J)OpMHpyiOTCH H3 3MHHOKHCJIOT- 
HblX OCTaTKOB, C OpH eH TH pOB3HH bIX O n p e /ie jie H H b lM  0 6 p a 3 0 M  n p n  
(J)OpMHpOB3HHH BTOpHHHOH H TpeTHHHOH C T pyK T yp. CBH3H M OKfly 
6ejIKOM  H JIH raH flO M  M O ryT 6 b IT b  H eK O B ajieH TH blM H  H KO BajieH THblM H. 
B blC O K aa CneUHCfjHHHOCTb B3aHM O^eHCTBHH (« y 3H aB aH H H ») 6 e J lK a  H 
j ın r a H j ı a  o 6 e c n e H H B a e T c a  K O M njıeM eH TapH O C TbK ) C T pyK T ypbi u e H T p a  
CBH3bIBaHHH npOCTpaHCTBCHHO H C T pyK T ype JlH raH Jia .

Ü O fl KOMIlJieMeHTapHOCTbH) nO H H M aiO T XHMHHeCKOe H n p O C T p a H - 
cT B eH H o e  cooT B eT C T B H e aK T H B H o ro  u e H T p a  6 e j iK a  h  J in r a H a a .  B 3 a n -  
M o a e iıc T B H e  M e x n y  6ejiK O M  P  h  j iH ra ım o M  L  onHCbiBaeTCH y p aB H e- 
HHeM!

P  +  L * — * -  PL
Bə/iok /lnraHA BeflKOBO-^MraHflHbiCi

KOMn/ıeKC 

K AHCC. = •

r a e  K  j i h c c .  —  KOHCTaHTa a H c c o H H a u H H  K O M njıeK ca. H 3 ypaB H eH H H  
paB H O B ecH H  peaK H H H  c j ıe a y e T ,  h t o  e c jiH  [P ]  =  [ P L ] ,  t o  K a h c c . = [ L ] .

CıeneHb
HacbimeHiw,%

P h c .  1 .7 . rpa<J)HK HacbimeHMH öejiK a Jiw raH jıoM .
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PaBeHCTBo [P] h [PL] HacTynaeT npH nojıyHacbimeHHH 6ejiKa jih - 
raH flO M , T .e . 50 %  M O JieK yjı 6 e j iK a  CBH33Hbi c  J in ra H flO M , a 50 % 
CBOÖOaHbl. 3HaHHT, K flHCC. p a B H a  T3KOH K O H H eH T paH H H  L, n p n  
k o to p o h  ^ o c r a r a e T C H  HacbiıueHHe 6 e jiK a  H a  50 %. H 3 M eH eH H e  
K O H U eH T paiIH H  PL n p H  nOCTOHHHOH K O H U eH T paU H H  P H B 0 3 p a c -  
Taıomen K O H u e H T p au H H  L onH C biB aeT C H  rH n e p 6 o j iH 4 e c K O H  K p n -  
boh. M a K C H M a jib H a n  B ejiH M H H a PL 0 3 H a n a e T ,  h to  B e c b  6 e j ıo K  cbh- 
3aH  c J in raH flO M  (K p H B a a  H a c b im e H H H ) ( p n c .  1.7). n o  kphboh H a -  
c b im e H H H  m oxho  o n p e ,n e jiH T b  K äh cc . h , c jıe flO B aT ejib H O , o u e H H T b  
cp o flC T B o  j ı n r a H a a  k ö e jiK y : n eM  M e H b u ıe  K /ih cc ., tcm  6 o j ib w e  
CpOÄCTBO L H P.

1.4. HETBEPTHHHAfl CTPYKTyPA H KOOnEPATHBHOCTb

B ö e jiK a x  p a 3 JiH H a ıo T  n e p B H H H y ıo , B T o p H H H y ıo , T p eT H H H y ıo  h  n e T -  
B epT H H H yıo  C T pyK T ypb i (pnc. 1.8). H e T B ep T H H H aa  C T p y K T y p a  x a p a K -  
T e p H a  ä jih  6e jiK O B , n o c T p o e H H b ix  H3 flB y x  h j ih  6 o j ı e e  n e n T H flH b ix  
u e n e n .  B e jiK H  T a K o ro  T H n a  H a3biB aıoT C }i o j ın r o M e p a M H .

HemeepmuHHan cmpyıcmypa —  ə t o  h  k o j ih h c c t b o , h  c n o c o 6  y K - 
jıa a K H  n o jiH n e n T H Ä H b ix  u en en  (n p o T O M e p o B )  b  n p o o T p a H C T B e  ( p n c .  
1.9).

n p O T O M e p b l CBH33HbI J lp y r  C a p y rO M  nOCpeACTBOM  TOJIbKO H eK O - 
B ajieH T H blX  CBH3eH (H O H H blX , B O aO pO flH blX , rH Jip O ^O Ö H b lX ) H B 33H - 
M ojıeH CTByıOT a p y r  c  a p y r o M  T o jib K o  o n p e a e jıe H H b iM H  y n acT K aM H  
C B o eft n o B e p x H o c T H  (K O H T aK T H bie y n a c T K H ). B 3 a H M H o e  « y 3 H a B a -  
H H e» K O H TaK TH bix yn acT K O B  n p o H c x o f lH T  n o  n p H H H H n y  K O M n jıe -

nepBMMHası CTpyıaypa

( 8 , V _

BTopnHHafl CTpyıaypa

TpeTMMHaa CTpyıoypa HeTBepTMMHaçı CTpyıaypa

P h c . 1 .8 .  Y p o B H M  C T pyK T ypH O M  o p r a H H 3 a u H H  6 e j iK a .



P h c . 1 .9 . MeTBepTHHHaa CTpyKTypa re M o ra o 6 n H a .
a — Mone.ib MOJieKyjibi rcMor/ıoÖHHa, KaxübiH npoTOMep coaepxHT reM (H3o6pa>KeH 
b  BH ne a n c K a ) ;  6  —  c x e M a  KOM n.ıeM CHTapHOCTH KOHTaKTHbix n o B e p x H o c T e f i npoTO- 
M epoB .

MeHTapHocTH. Kaxcn,biH npoTOMep B3aHMoaeHCTByeT c JipyrHM bo 
MHornx TOHKax. CjıeflOBaTejibHO, ouiH 6oHHbie KOMnjıeKCbi b o jın ro - 
Mepe npaKTHHecKH HeB03M0XHbi.

O jınroM epHbie 6 c jik h  c n o c o 6 Hbi B3aHMOflencTBOBaTb c HecKOJib- 
k h m h  jiHraHüaMH b ueHTpax, yaajıeHHbix a p y r  o t  a p y ra . C B H 3 b iB a- 
HHe oflHoro npoTOMepa c jınraH/ıoM  H3MeH«eT KOHc|)opMauHio 
ƏToro npoTOMepa, a TaKxe Bcero o jınroM epa h , KpoMe T oro, cp o a - 
c tb o  k  j ıp y rH M  J in ra H /ıa M . T ə k h m  0 6 p a 3 0 M , 4>yH K H H O H ajibH aH  aK- 
THBHocTb ojiHroMepHbix 6 ejiKOB MoxceT peryjiHpoBaTbCH ajUIOCTe- 
pHHeCKHMH JIHraHflaMH.

C B H 3b M excny  C T p y K T y p o fi 6 e j iK a  h  e r o  (JjyHK UHeH m o * h o  p a c -  
cM O T peT b H a n p H M e p e  /iB y x  p o jıc T B e H H b ix  ö c j i k o b  —  M H o rjıo 6 H H a  h  
r e M o r j ıo 6 H H a . M n o r j ı o 6 H H  —  M O H O M ep ( c o c t o h t  H3 o ü h o h  n o j ı n -  
n en T H /iH O H  u e n n ) , o c h o b h 3 h  e r o  (J)yHKUHH — 3anacaH H e k h c j i o p o -  
i ia  b TK aH H x. H m c h  BbicoKoe c p o a c T B o  k KHcjıopoay, m h o t j i o 6 h h  
j ı e r e o  n p H c o ez iH H H eT  e r o  h  O T aaeT  TOjibKO n p H  h h t c h c h b h o h  M bi- 
u ıeH H O H  p a 6 o T e ,  K o r a a  n a p u n a j i b H o e  a a B J ie H H e  K H C Jio p o a a  n a j ıa e T  
H H x e  1 0  mm p t . c t .  r e M o r j ıo Ö H H  —  T e T p a M e p  ( c o c t o h t  H3 n e T b ip e x  
n p o T O M e p o B ). O c H O B H a n  (J)yHKUHH r e M o r j ıo 6 H H a  —  o 6 p a T H M o e  
cB H 3biB aH H e c  K H C JiopoflO M  b jıe rK H X , r j ı e  n a p u n a j i b H o e  a aB J ie H H e  
KHCJlOpOJia BblCOKOe H reM O rjIO Ö H H  B33M M OJieHCTByeT C HeTbipbM H  
M o jıeK y jıaM H  K H C jıo p o /ıa  ( p n c .  1 .1 0 ) .

rH n e p 6 o j iH H e c K a H  (J>opM a k p h b o h  y  M H o rjıo 6 H H a  x a p a K T e p H a  
flJiH n p o u e c c a  cB H 3biB aH H H  o jih o h  M O JieK yjibi j ı n r a H j ı a  (b ü 3hhom  
c j ıy n a e  0 2) eflH H C T B eH H biM  M ecTOM  b 6 c jik o b o h  M O JieK yjıe , c o c to h -  
m e n  H3 o a H o ü  n o jiH n e n T H flH O H  u e n n .  C n rM O H jja jib H a H  K pH B an  
y  r e M o r j ıo ö H H a  x a p a K T e p H a  üjih 6 cjikob , c o a e p * a ı u n x  H ecK O JibK o 
n e n T H jjH b ix  u e n e n  h  hm cio iuhx  H e c K o jib K o  M ecT  cB H 3biB aH H H .
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flaBJieHMe O2 flaBJieHwe O2

B BeH03H0Ü KPOBH B apTepMaflbHOÜ KpOBH

napunaflbHoe flaBJieHne O2 , mm pt. c t.

P h c .  1 .1 0 . KpMBbie H acb iw e H H H  k h c j io p o a o m  M M orjroÖ H H a (a )  h  r e M o n ıo -  
6nHa (6).

B aaH H O M  c j ı y n a e  npoH B jiH eT C H  n o jıo> K H T ejibH biH  K o o n ep a m u eH b iü  
3(p!peKm , KOTOpblH o6T>5ICH5ieTCH CJie/iyK)UJ,HM 0 Ö p a 3 0 M : n e p B b lH  
cB H 3aH H biH  J iH ra H fl ( 0 2) o 6 j ı e r 4 a e T  cB H 3biB aH H e b t o p o h  M O JieK yjibi 
0 2 c o  B T opbiM  reM O M , m to  b  c b o io  o n e p e f l b  o 6 j ıe r n a e T  cB H 3biB aH H e 
T p e T b e n  M O JieK yjibi 0 2 c  T peT bH M  reM O M , a ə t o  o 6 jıe rM a e T  cB H 3biB a- 
H H e n o c j ı e f lH e n  M O JieK yjib i 0 2.

B TK aH H x C 0 2 h  H20 ,  o 6 p a 3 y ıo m H e c H  n p n  K a T a6 o jiH 3 M e  n n m e -  
BblX B em eC T B , B3aHM O fleHCTByiOT C reM OrJIOÖHH OM  H yM eH bU iaiO T  
e r o  c p o flC T B o  k  K H C jıo p o a y , m to  o 6 j ı e r 4 a e T  n o c T y n j ıe H H e  K H C Jio p o - 
a a  B TK aH H . B ƏpHTpOUHTaX HM eeTCH T aK X e  a jijıo c T e p H M ec K H H  j i h -  
ra H f l  —  2 ,3 - f lH ( J ) o c c ^ o r j iH u e p a T ,  c n o c o Ö H b iH  B3aHM O fleHCTBOBaTb c  
n e 3 0 K C H re M 0 r ji0 6 H H 0 M  b  M e c T a x , y a a j ıe H H b ix  o t  u e H T p a  C BH 3biBa- 
h h h  (a ju ıo c T e p H M e c K H e  u e H T p b i) .  Ə t o  n p en H T C T B y eT  o ö p a T H O M y  
CBH3bIBaHHIO OCBOÖOflHBUierOCH KHCJIOpOfla C reM0 TJI0 6 HH0 M. 
T aK H M  0 6 p a 3 0 M , cB H 3biB aH H e re M o r jıo Ö H H a  c  a ju ıo c T e p M n e cK H M H  
JIH raH flaM H  B TKaHHX n p H  OTHOCHTejIbHO BblCOKOM n ap H H ajIb H O M  
flaB jıeH H H  o ö e c n e H H B a e T  n o c T y n j ıe H H e  K H C Jio p o fla  b  t k 3 h h .  H 3 

p a c c M O T p e H H b ix  n p H M e p o B  c j ı e a y e T ,  h t o  a jın o c m e p m e c K u ü  ətpcpeKm  
HBJIHeTCH p e3 y jIb T aT O M  CBH3bIBaHHH JIHraHfla CO CneUH(})HHeCKHM  
ynacT K O M  6 e jiK a .  3 t o  B b i3b iB aeT  3 H a n H T e jib H o e  H 3M eH eH H e b  6 e j ı -  
k o b o h  M o jıe K y n e , K O T o p a n  b  c b o io  o n e p e f lb  b j i h h c t  H a  aK T H B H ocT b 
f l p y r o r o ,  n p 0 C T p aH C T B e H H 0  y a a j ı e H H o r o  y n a c T K a . K o o n e p a T M B H b ie

1 <;



H3M eH eH H H  KOH(})OpM aHHH OJIHTOM epHblX 6ejIK O B  COCTaBJIHIOT O C - 
HOBy M eX 3H H 3M a p ery JIH U H H  4>yH K U H O H a^bH O H  3KTHBHOCTH H e 
TOJibKo re M o r j ıo Ö H H a , h o  h  m h o t h x  a p y r n x  6ejiK O B .

1.5. nPOCTblE H CJIOÄHblE BEJIKH

BejiKH, KOTOpbie, KpoMe nenTHflHbix ueneH, coaepxaT KOMnoHeHTbi 
H eaM H H O K H C JIO TH O H  n p H p O f lb l ,  H a 3 bIBaK)TCH C J I O J K H b l M H .  He- 
6ejiK0Byi0 qacTb TaKHX 6ejiKOB Ha3biBaıoT npocTeTHMecKon rpynnon, 
a ö e jiK O B y ıo  — anonpoTeHHOM. C jio x h h h  6 e j ı o K  xojıonpoTeHH 
M o x e T  A H cco u H H p oB aTb  Ha KOM noHeHTbi: xojıon po reH H  «=> anonp oTe- 
h h  + npocTeTHM ecKan rp yn n a . HanpaBJieHHe peaKUHH 3aBHCHT o t  
npO H H O C TH  CBH3 H K O M nO H eH T O B  X O JIO n p O T eH H a . n p O C T eT H H eC K O H  
rpynnoH MoryT 6biTb opraHHnecKHe BeınecTBa, HOHbi MeTajuıoB, HyK- 
jıeH H O B bie K H C Jio T b i, y r j ıe B o ^ b i ,  JiHnHflbi, reM h jıpyrne BemecTBa (c m . 
p H C . 1 .5 ; 1 ,9 ) .



r . ı a B a  2 (P E P M E H T H

O yHKUHH (JıepMeHTOB —  y c K o p eH H e  x h m h h c c k m x  peaK U H H . O t a p y -  
THX KaT3 JTH3aTOpOB (J)epMeHTbI OTJIHHaiOTCfl TpeMH yHHK3JlbHbIMH
CBOHCTBaMH!

♦  BblCOKOH Ə(J)(J)eKTH BHOCTbK) fleH C T B H H ;
♦  cneUH(J)HHHOCTbK) fleHCTBHH;
♦  c n 0 C0 6 H0 CTbK) k  peryjiH H H H .

B cooTBeTCTBHH c THnaM H KaTajiH3 H p yeM b ix  peaK U H H  B ce  cj)ep- 
MeHTbi p a 3a e jıe H b i Ha u ıe c T b  KJiaccoB (Ta6jı. 2.1). B ocH O B e KJiaccn- 
(J)HKaUHH (J)epMeHTOB JieJKHT CneUH(^HHHOCTb HX aeHCTBHH. İJjIH 
HeKOTOpblX 4 >epMeHTOB HCnOJIb3yiOTCH TpH BH ajIbHbie H a3 BaHHH 
(n e n c H H , T p n n c H H , y p e a 3a , K aT ajıa3a  h  a p . ) .

T a 6 j ı m ı a  2.1.  Kjıaccw ()>epMeHTOB

Kiiacc T nn K üT ajın3H pyeM O H  peaK U H H

OK C H Ä opejıyK Ta3bi

TpaHC(J)epa3bi

T H jıp o jıa3 b i

JlH a3b i

M 3öM epa3b i

J ln ra 3 b i
(CHHTeTa3bl)

O K H C JlH T ejIbH O -B O C C T aH O B H T eJIbH bie  p eaK U H H

ü e p e H o c  oT aeJib H b ix  r p y n n  aTOMOB o t  a o n o p c K o w  m o - 
jıeK y jib i k  aK ueriT opH O H

r H iip o jiH T H H e c K o e  ( c  ynacT H eM  B o jjb i)  p a c m e n jıe H H e  
CBH3eH

P a c m e n jıe H H e  cBH3en c n o c o 6 o M , o t j ih h h h m  o t  THjıpo-
JlH3a HJIH OKHCJieHHH
B 3 a H M o n p e B p a m e H H e  pa3JiH H H bix H 30M ep0B

0 6 p a 3 0 B a H H e  cB H 3en b  p e aK U H H  K O H jıe H c a u H H  jiB yx 
pa3JIHHHblX COeflHHeHHH (HCnOJIb3yeTCH ƏHeprHH ATP)

B JKHBOH KJieTKe MHOXCeCTBO p a 3 H 0 0 6 p a 3 H b IX  C O eflH H eH H H , HO 
p eaK U H H  M e»yı,y  h h m h  H e ö e c n o p H a o H H w ,  a  o 6 p a3yK > T  c T p o r o  o n p e -  
flejıeHHbie M e T aö o jiH H e cK H e  n y T H , xapaKTepHbie a j i h  flaHHofi K JieT- 
KH. H H flH B H flyajIbH O C T b KJieTKH B ÖOJIblHOH C T en eH H  o n p e fle jiH e T C H  
yH H K ajIbH blM  H aÖO pOM  (J)epM eH TO B , KOTOpblH O H a TeHeTHHeCKH 3 a -  
nporpaMMHpoBaHa np0H3B0flHTb. OTcyTCTBHe a a x e  o f lH o r o  ^Jep- 
M eH T a h j i h  K aK O H -H H 6yn ,b  e r o  Äe<J)eKT m o > k c t  H M eTb o n e H b  c e p b e 3 -  
H b ie  o T p H u a T e jib H b ie  n o c jıe a c T B H H  ä j i h  o p ra H H 3 M a .

H a p y m e H H H  C T p y K T y p b i K a K o r o - J iH 6 o  (J)epM eH T a, B e f ly m n e  k  
CHHXCeHHIO e r o  aKTHBHOCTH, npHBO ÄHT K M 3M eH eH HK) CK O pO CTH  M e-
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T aö o jıH H ecK H X  n y x e H ,  b  k o t o p h x  y H acT B y eT  ə t o t  4>epM eH T . T aK H e  
H a p y ıu e H M H  noH T H  B c e r a a  n p o H B J ia ıo T c a  K3K 6 o jıe 3 H H  (3 H 3 H M o n a -  
t h h ) .  n o B p e x c a e H H H  <t>epMeHTOB 6b iB aıO T  flB y x  r a n o B :  H a c j ıe j ıc T -  
B eH H bie  f le ^ e K T b i  C T p o e H H H  4 > e p M e H T a  h  n o B p e x f le H H H , B bi3B aH H bie 
n o n a a a ıo ıH H M H  b o p ra H H 3 M  t o k c h h h w m h  B em e cT B a M H , H H r n ö H p y -  
lOUIHMH 4>epM eH T .

2.1. KOOAKTOPbl <DEPMEHTOB

Bce 4>epM eH T bi o t h o c h t c h  k  rn o 6 y jiH p H b iM  6 e jiK a M , n p n n e M  K a x -  
f lb iü  4»epM eH T  B b in o jiH H eT  c n e u H ^ J H H e c K y ıo  o 6 y c j ıo B -
j ıe H H y ıo  n p n c y u ı e H  eM y  r jıo 6 y jiH p H O H  c T p y K T y p o iı .  O jjH a K o  3 k t h b -  
HOCTb M HOTHX 4>epM eH TO B 3aBHCHT OT HeÖeJIKOBblX C O eJlH H eH H H , 
H a3 b iB aeM b ix  K 0(j)aK T 0paM H . M o jıe K y jın p H b iH  K O M iuıeK C  6 c j i k o b o h  
n a cT H  — a n o ( |)e p M e H T a  h  K o 4 > aK T o p a  H a3biB aeTC H  x 0 Ji0 4 )ep M eH T 0 M . 
P o J ib  K o A a K T o p a  M o ry T  B b in o jıH H T b  uoHbi M e m a m o e  (Zn5+, Mg2+, 
Mn2+, Fe , Cu2+, K+, N a+) h j i h  o p ra H H H e c K H e  co e jiH H e H H H . O p r a -  
H H HeCKHe K 0 4 )a K T 0 p b I OÖblHHO H a3bIB aiO T  KOCjjepMeHTEMH, HeKOTO- 
p b ie  H3 HHX HBJIHIOTCH npO H 3B O JIH bIM H  BHTaMHHOB (TaÖJI. 2 .2 ) .  T u n  
CBH3H MeXCJiy 4>e pM eHTOM  H KO(J)epM eHTOM  MO>KeT 6 b IT b  pa3JIH H - 
h h m .  H H o r a a  o h h  c y m e c T B y ıO T  o T jıe jib H o  h  cBH3biBaıOTCH a p y r  c 
j ip y r o M  b o  BpeM H n p o T eK aH H H  p e aK U H H . B j ı p y r n x  c j ı y n a n x  KO(J)aK- 
TOp H 4>epM eH T CBH3aHbI nOCTOHHHO, H H O rJia  npO H H blM H  K O B ajieH T - 
h m m h  c b h 3 h m h .  B nocjıejjHeM c j ı y n a e  H e ö e jiK O B an  n a c T b  4> epM eH T a 
H a3biB aeTC H  n p o c m e m u n e c K o ü  e p y n n o ü .

T a  6  ji h  u  a  2.2. H e K 0T0p b ie  KO(J)epMeıiTbi h  h x  p o jib

Ko(J>epMeHT P o jlb  B peüKUHHX BHTÜMHH-npeiILUeCTBeHHHK

NAD+, NADF+ r ie p e H o c  B o flo p o jıa  
(ƏJieKTpOHOB)

HHKOTHHOBaH KHCJIOTa — 
BHTaMHH PP

FAD ü e p e H o c  B o flo p o aa
(ƏJieKTpOHOB)

Pn6o(j)jıaBHH — b h t 3 m h h  B2

KocJıepMeHT A AKTHBauHH h  nepeH O C  
a u H jib H b ix  r p y n n

IlaHTOTeHOBaH KHCJlOTa

B h o t h h C B H 3blB aH H e CO2 B h o t h h

rİHpHflOKCajlb-
(j)oc(})aT

riepeH oc aM H H orpynn riHpHflOKCHH — BHTaMHH B(,

T e rp a rH a p o tjjo -  
j ın e B a a  KHCjıoTa

I le p e H o c  o jiH o y r jıe p o jiH b ix  
<j)parMeHTOB

(t>OJIHeBaH KHCJIOTa

P o j ib  K o 4 > aK T o p a  c b o jih t c h  b  o c h o b h o m  k  c j ıe j ıy ıo m e M y :

♦  H 3M eH eH H e T peT H H H oft C T pyK T ypbi 6 e jiK a  h  c o 3 jıa H H e  K O M njıe- 
M eHTapHOCTH Me>Kjıy 4)epM eH TO M  h  c y ö cT p aT O M ;
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« H e n o c p e / ıc T B e H H o e  y n a c T H e  b  p eaK H H H  b K an ecT B e  e m e  o / iH o r o  
c y ö c T p a T a . B ə t o h  p o j ih  o ö b m H o  B b icT y n a ıo T  o p ra H H n e c K H e  k o -  
(JjepM eH Tbi. Hx y n a c T H e  b  peaK H H H  HHorzıa c b o ü h t c h  k  TOMy, 
h t o  o h h  B b ic T y n a ıo T  k 3 k  a o H o p b i  h j i h  a K u e n T o p b i  o n p e z ıe j ıe H -  
H bix  xHMHMecKHX r p y n n .

2.2. MEXAHH3MbI ÄEflCTBHfl OEPMEHTOB

n e p B O H a n a ^ b H b iM  c o 6 b iT H e M  n p n  fleficT B H H  4> epM eH T a h b j i h c t c h  
e r o  c n eH H tJ jH H e cK o e  C B H 3biB aH H e c  JiM ranzıO M  — cy 6 cT p aT O M  ( S ) .  
Ə tO  npOHCXOflHT B OÖjiaCTH aKTHBHOrO U eH T p a , KOTOpblH 4>O pM H py- 
c t c h  h 3  H ecK ojibK H X  c n e u H 4 > H H e c K H x  R-rpynn o c t 3 t k o b  3 m h h o -  
k h c j i o t ,  o n p e a e ^ e H H b iM  0 6 p a 3 0 M  o p n e H T H p o B a H H b ix  b  n p o c T p a H -  
cTB e (pH C . 2 .1 ) .

y  H eK O T o p b ix  ^ e p M e H T O B  b aKTHBHOM u e H T p e  pacnojıaraeTCH h  
K o4> aK T op. O j ih h  R - r p y n n b i  a K T H B H o ro  u e H T p a  npH H H M aıO T  y n a c -  
THe b  CBH3biB3HHH c y 6 c T p a T a ,  a p y r n e  —  b  K aT ajiH 3 e . H eK O T O p b ie  
r p y n n w  M o ry T  y n acT B O B aT b  h  b  t o m ,  h  b  / ıp y r o M  n p o u e c c e .  ü e T a j i b -  
h h h  M exaH H 3M  flen cT B H H  K a x c n o ro  4> epM eH T a y H H K a jıeH , h o  e c T b  
o 6 m H e  n e p T b i  b  « p a 6 o T e »  4>epM eH TO B , K O T o p b ie  3aKJiK>HaıoTCH b 
c j ıe n y ıo ı ı ıe M :

♦  B b ico K an  H 3 6 n p aT ejib H O C T b  a en c T B H H  4>epM eH Ta o 6 e c n e H H B a e T -  
CH TeM , HTO CyÖCTpaT CBH3bIB3eTCH B 3KTHBHOM U eH T pe 4>eP" 
M eH Ta b  H ecK ojibK H X  TOHKax h  3 t o  HCKJHOHaeT o i h h 6 k h ;

♦ aKTHBHbiH u e H T p  p a c n o j ıa ra e T C H  b y rjıy 6 jıe H H H  ( b H H iııe )  — 
TpeTHHHOH K O H ^JopM auH H  noB epxH O C T H  4>e pM eH T a H HM eeT 
K O M njıeM eH T apH yK ) c y ö c T p a T y  K 0 H 4 > n ry p a H H i0 . B p e 3 y jib T a ıe  
c y ö c T p a T  0K a3biB aeTC H  o K p y x e H H b iM  4)yH K H M O H ajibH biM n r p y n -  
naM H  aK T H B H o ro  u e H T p a  (j)epM eH T a h  y jıa jıeH H b iM  H3 b o /ih o h  
c p e a b i .

C B H 3bIB 3H H e C y 6 c T p a T a  c  4>epM eHTOM  HaCTO B bI3bIB aeT  KOH4>Op- 
M auH O H H bie  H 3M eH eH H H , h t o  B efleT  k  T p e6 y eM O M y  (o n T H M ajib H O M y ) 
ä j i h  n p o T eK aH H H  K aT ajiH 3 a  p a c n o j ı o x e H H i o  aM H H O K H cjıO TH bix o c -  
TaTKOB h  TeM  caM b iM  yB ejiH H H B aeT  c n e u H 4 > H H H o c T b  4 > e p M e H T -c y 6 -  
C T p aT H o ro  B3aHM O üeH CTBH H (u H dynupoeaH H oe c o o m e e m c m e u e ) .  
M a K C H M a jib H a n  aKTHBHOCTb 4 )e p M eH T a  o 6 y c jıo B J ie H a  o n T H M a jib H o n  
K O H 4> opM auH eH  M O JieK yjib i 4> epM eH T a b  u e jıo M  h  aK T H B H o ro  u e H T p a  
b  H acT H o cT H , n o ə T O M y  f l a x e  H e 6 o j ib iu H e  H 3M eH eH H H  o K p y x a ı o ı u u x  
yCJIOBHH, K O TO pbie 3 a T p a rH B a iO T  CB H 3bIB aH H e C yÖ C T paTa HJIH KOH- 
4 > o p M au H io  TpeTH H H O H  c T p y K T y p b i 6 e j iK a ,  ö y a y r  BjiHHTb H a  c k o -  
pocTb 4> epM eH T aT H B H oü  p e aK H H H . H a n p H M e p ,  H 3 M eH eH H e pH npn- 
b o j i h t  k  H 3 M eH eH H io  C T en eH H  HO HH33U HH H O H o re H H b ix  r p y n n  4 > ep - 
M eH Ta h ,  c j ıe a o B a T e j ib H o ,  B e a e T  k  n e p e p a c n p e f l e j ı e H H io  M e x p a a H -  
KajIbH blX  CBH3CH B TpeTH H H O H  C T p y K T y p e. Ö n T H M ajIb H O e  pH üJIH 
K a x j j o r o  4> epM eH T a o 3 H a n a e T  H e K O T o p o e  o n T H M a jib H o e  cocT O H H H e 
e r o  H o H H 3 a u H H , c o o T B e T C T B y ıo u ıe e  H a H jıy n ıu e H  K O M n jıe M e H T ap H o c- 
t h .  H 3 M eH eH H e  T e M n e p a T y p b i  B b i3b iB aeT  n p o T H B o p e H H B b iiı  ə4>4)e KT:



AMMHOKMCJlOTHbie 

0CT3TKM, 
yMacTBytOLHne 
B CBfl3blBaHHM
cyöcTpaTa

ÄMMHOKMC/lOTHbie OCT3TKH, 
4>OpMkipyK>LM̂ e äKTMBHblM 
UƏHTP (GİU35 M ASP52)

CyöcTpaT -  KOMnoHeHT 
K/ieTOMHOM CTeHKM

P h c .  2 .1 .  B ax H eH iıiH e  aM H H 0 K H C ji0 T H b ie  o c t e t k h  b  3 k t h b h o m  u e H T p e  j i h -  

3 0 U H M a.

c o z ih o h  C T o p o H b i, n p H  n o B b iıu e H H H  T e M n e p a T y p b i  n o  37—40 °C 
CKOpOCTb (J)epM eH TaTH B H O H  p e aK IIH H  yBeJIHM HBaeTCH, MTO 3aK O H O - 
M e p H o  ä j i s  K aT a ;iH 3 a ; c a p y r o f t  C T o p o H b i, n p n  T e M n e p a T y p e  B b irn e  
50 °C HanHHaeTCH aeHaTypauHH (JjepMeHTa.

2.3. KHHETHKA OEPMEHTATHBHblX PEAKHH0

KHHeTHKa (J)epMeHTaTHBHbix peaKiiH H onpeflejifleTCH  06pa30B aH H - 
eM 4>epMeHT-cy6cTpaTHoro KOMnjıeKca:

K1 K2 
E + S 5 = E S  —  E + P,

K-1

rae E — 4>epM eH T ; S —  c y 6 c T p a T ;  ES —  4 > ep M eH T -c y 6 cT p aT H b iH  
K O M iuıeK C , p eaK U H H  0 6 p a 3 0 B a H H H  K O T o p o ro  o 6 p a T H M a  h  x a p a K T e -  
pH 3yeTC H  KOHCTaHT3M H K1 H K-1 COOTBeTCTBeHHO.
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P h c . 2 .2 .  K nH eT M K a (JjepM eH TaTH B H bix peaK U H H . 0 6 t a c H e H H e  b  TeKCTe.

P a c n a n  4 )e p M e H T - c y 6 c T p a T H o r o  K O M n jıeK ca  n p o T e K a e T  n o  y p a B -  
H eH H io  n e p B o r o  n o p n j iK a ,  o h  n p aK T H H ecK H  H e o 6 p aT H M  h  x a p a K T e -  
pH3yeTCH KOHCT3HTOH CKOpOCTH K2. Ə T a  CTaflHH n p O Iie C C a  HBJIHeT- 
c h  6 o j ıe e  M eüJieH H O H , T .e . J iH M H T H p y ıo ıııeH .

H a q a j ib H a ü  C K o p o c T b  (V0). n p H  o ö b iH H b ix  yc jıoB H H X , K o r a a  [S] > 
[ E ] ,  H a q a j ib H a n  C K o p o c T b  n p H M o  n p o n o p ı iH O H a j ib H a  K O H iıe H T p a- 
UHH 4> epM eH T a (p H C . 2.2, KpHBaH a ) .  f l p H  4>HKCHpOBaHHOH KOH- 
IieH T p a iiH H  4 > epM eH T a CKOpOCTb p eaK IIH H  CTpeMHTCH K M3 K C H M ajIb- 
HOMy 3 H aH eH H IO  (Vmax), B TO BpeM H K aK  K O H LieH TpaiIH H  C yÖ C T paTa 
p a c T e T  ( p n c .  2.2, K p H B an  6 ) . H a c b im e H H e  4 >e P M eH T a c y 6 cTpaTO M  
H a c T y n a e T , K o r a a  B e c b  4 >epM eHT b k j h o h c h  b  4 > ep M eH T -cy 6 cT p aT H b iH  
K O M njıeK c.

KoHCTaHTa Mnxaəjıwca (K m). B c j ı y n a e ,  Koraa B ce  aK TH B H bie 
U eH T pbl 33HH TbI H CBOÖOflHbie M O JieK yjIbl ^ e p M e H T a  OTCyTCTByiOT, 

=  ^max- n P H T3KOM yCJlOBHH TOBOpHT O 1 0 0  %  H aC blILieH H H . FIpH  
' 0  %  H a c b im e H H H , Koıyıa V0 =  */2 Vmax, H3 ypaB H eH H H  MnxaəjiH- 
ca — MeHTeH c j ıe a y e T :  Vmax/2 =  Vmax [S ]/K m +  [S], h j i h ,  b  npeoöpa- 
3 0 B aH H 0 M B H a e , Km + [Sj = 2 [S]; Km = [S]. C jıe j ıo B a T e j ib H o , Km
H M eeT p a3 M ep H O C T b  K O H U eH T paiIH H . T aK H M  0 6 p a 3 0 M , K m — 3T 0  
T aK an  K O H iıeH T p au H H  c y 6 c T p a T a ,  KOTOpaH H e o 6 x o a H M a  jijih  cB H 3bi- 
BaHHH n o jıo B H H b i H M e ıo u ıe r o c H  4> epM eH T a h  j io c t h ^k c h h h  n o j ıo B H -  
Hbi M aK C H M ajibH O H  c k o p o c t h . M 3 Ə T o ro  o n p e f le jıe H H H  c j ı e a y e T ,  h t o  

nı m o x h o  H c n 0 J ib 3 0 B a T b  fljiH  o u e H K H  c P o a c T B a  4> epM eH T a K a a H -  
HOMy c y ö c T p a T y .



O u e H H T b  c y 6 c T p a T H y ıo  c n e u H (} )H 4 H o c T b  m o x c h o  n o  n p a B H Jiy : 
n eM  H H * e  3 H a n e H H e  Km, TeM  j ıy q ı u e  (n p e f ln o H T H T e jib H e e )  c y 6 c T p a T  
ä j i h  a a H H o r o  (J ıep M eH T a. Km h Vınax — K H H eTH H ecK H e n a p a M e T p b i,  
o T p a x a ıo n i H e  M exaH H 3M bi aeH C TB H H  4> epM eH T a. Vmax o T p a x a e T  3(J)- 
(JıeK T H B H O C Tb fleHCTBHH (})epM eH T a. İXsiR cp aB H eH H H  K aT ajiH T H H ec- 
KOH aKTHBHOCTH paSJIH H H blX  (|)epM eH T O B  HeOÖXOÄHMO B b ip a3 H T b  
Vmax n e p e 3  K o jiH n e c T B o  K a x c a o r o  4 )e p M eH T a . T a K o e  n p e o 6 p a 3 0 B a H H e  
npHBO JIHT K B ejIH H H H e, KOTOpyiO H a3bIB aiO T  MOJIHPHOH äKTHBHOCTbH) 
( h h c j i o  o ö o p o r o B  4 > cp M en T a). O H a  Bbipa>KaeTCH h h c j io m  m o j ic h  c y 6 -  
d p a T a ,  pearnpyıoınero c  o ä h h m  M ojıeM  4> epM eH T a 3a e f lH H H u y  B p e -
MeHH. AKTHBHOCTb 4 > e p M e H T a  MOXHO Bbipa3H Tb T a K * e  B eflHHHUaX  
aKTHBHocTH ( E ) .  O flH a  eaHH H U,a K aT ajiH 3H pyeT  n p e B p a m e H H e  c y 6 -  
CTpaTa CO CKOpOCTbK) 1 MKMOJIb/MHH.

Y fle jlb n a jl aKTHBIIOCTb —  ƏTO aKTHBHOCTb 4>epM eHTa B e a H -  
H H u a x , f le j ıeH H a a  Ha 1 Mr ö e jiK a  b  n ccjıe jıy eM O M  o 6 p a 3 u e  4>ep- 
M eH T a.

2.4. HHrHBHTOPbl OEPMEHTOB

ÄKTHBHOCTb 4>epM eHTOB MOXCeT CHHXaTbCH B üpH CyTCTBH H  O n p e -  
aejieHHblX XHMHHeCKHX BemeCTB — H H rHÖH TO pOB. B 3aBHCHMOCTH 
o t  xapaKTepa a e n c T B H H  4> epM eH T a H H rH Ö H T o p w  6 b iB a ıo T  o6 paTH- 
MbiMH h H eo 6 p aT H M b iM H . FlofloÖHoe a e j ıe H H e  0 C H 0 B a H 0  H a n p o H -  
h o c t h  cBH3biBaHHH HHrHÖHTopa c  (J)epMeHTOM. / I p y r o H  c n o c o ö  fle- 
JieHHH HHTHÖHTOpOB OCHOBblBaeTCH Ha n o jıo x c e H H H  M eCTa HX CBH- 
3H B aH H H  b M O jıeK yjıe  6 e j iK a .  O j i h h  H3 h h x  cB H 3biB aıoTC H  c  4>e P M eH - 
TOM B aKTHBHOM UeHTpe, üpyrHe M O ryT CBH3bIBaTb H ÖJIOKHpOBaTb 
4 )y H K H H 0 H ajib H y i0  r p y n n y  M o jıe K y jib i 4>e p M eH T a  b y a a jıe H H H  o t  aK - 
T H B H o ro  ueHTpa. ü p n  ə t o m  o h h  Heo6paTHMo, n a cT O  KOBajıeHTHO, 
cB H 3biB aıoTC H  c  4>epM eH TO M  h j i h  4 > e p M eH T -c y 6 cT p aT H b iM  K O M nJieK - 
COM H HeOÖpaTHMO H3MCHHIOT H3THBH yiO KOH4>OpMaUHK>. Ə tO ,  B 
H3CTH0CTH, 0 6 'bHCHHeT fleH C TB H e Hg2+, Pb2+, COeflHHeHHH MblIHbH- 
K a. MHrnÖHTopbi T a K o ro  pojıa M o ry T  6biTb nojıe3Hbi n p n  H3yneHHH 
n p n p o f l b i  4>e P M eH T a T H B H o ro  K aT a jiH 3 a . HanpHMep, f lH H 3 o n p o -  
n H jı4 )T o p 4 )o c 4 > a T  H H r n ö n p y e T  4> epM eH T bi, HMeıomHe c e p H H  b aK- 
THBHOM H e H T p e . TaKHM (j)epM eH T O M  MOXCeT 6bITb aueTHJIXOJIHHƏC- 
repa3a.
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A u e T H Jix 0 J iH H 3 C T e p a 3 a  K aT ajiH 3 H p y eT  c j ı e a y ı o m y ı o  p e aK U H io :

ALieTM/ıxo/ıHH3CTepa3a

CH3 c h 3
CH3_ - C - 0 - C H 2- C H 2- N +^ C H 3 —> CH2COOH + H O C H 2-C H 2-N +̂ C H 3 

II CH3 A ueT aT  Xojimh CH3
0  A u e T M /ıx o /ın h (n p o fly K T b i p a c n a f l a ,

(4>yHKUMOHMpyeT n e  c r ıo c o ö H b ie  A e^C T B O B aT b
kək  H e M p o M e f ln a T o p )  KaK H e M p o M efln a T o p b i)

P e a K H H a  n p o n c x o f lH T  K axcnb iH  p a 3  n o c j ı e  n p o B e a e H H f i  H e p B H o ro  
H M n y Jib ca , n p e jw ıe  4eM  B T o p o n  H M n y jib c  6 y a e T  n e p e j ıa H  n e p e 3  c h - 

H a n c .
/ lH H 3 0 n p 0 n H J l4 ) T 0 P 4)0C(J)aT  —  OflHO H3 OTpaBJIHIOmHX B em eC T B  

H e p B H o -n a p a jiH T H M e c K o ro  a e n c T B H R , TaK  k 3 k  H H rH 6 n p o B a H H e  a u e -  
THJIXOJIHH3CTepa3bI npH B O flH T  K y T p a T e  CnOCOÖHOCTH H enpO H O B  
npOBO/l.HTb H C pB H bie H M n yjIbC bl.

T e p a n e B T H n e c K o e  ^ e n c T B H e  a c n n p H H a  KaK )K a p o n o H H ^ K a ıo m e ro  
h  n p o T H B O B o c n a jiH T e j ib H o ro  c p e a c T B a  o ö 'b acH sıeT C H  t c m ,  h t o  a c n n -  
PHH H H TH Ö H pyeT OflHH H3 (J>epM eHTOB, KaTajIH3HpyK >U IHH CHHTe3 
n p o c T a r j ı a H f lH H O B  ( T T r ) .  n p o c T a r j ı a H a H H b i  —  B e m e c T B a , y n a c T B y ıo -  
m n e  b  pa3B H T H H  B o c n a jıe H H H . M H rn 6 H p o B a H H e  o ö y c jıo B J ie H o  K O B a- 
jıeH TH O H  M O flH (J)H K auH eH  o f lH o f l  H3 a M H H o r p y n n  (J>epM eH Ta —  n p o -  
C TarjI3H JIH H C H H TeTa3bI.

A K T H B H b lÜ  HeaKTHBHblÜ
(JjepMeHT tJ)epueHT

O O

n rc -N H 2 +H3C C -0 - /  \ -------n r c -N - c c H 3 + ho- Z  \
H

N-KOHyeBan AcrnpnH AL|MnnpoBaHHbiM Ca/ıHMM/ıOBas
rpynna (aueTiınca/ııiLin/ıOBaa (JjepMeHT KktoıoTa

oflHoro M3 npo- kmc/iotə)
T0Mep0B npocTƏ-
rnaHflMHCHHTeTa3bi

O ö p a T H M b ie  H H rH Ö H T opbi. C y m e c T B y e T  flB a  T H n a  n o a o ö H b i x  h h -  
rHÖHTOpOB — K O H K ypeH T H bie  H H eK O H K y p eH T H b ie . KoHKypeHmHblÜ  
u m u ö u m o p  K O H K y p n p y e T  c  c y 6 c T p a T O M  3 a  cB H 3biB aH H e c  aKTHBHbiM  
U eH T poM , T3K K aK  H H rH Ö H T o p  h  c y ö c T p a T  H M eıoT  c x o z iH b ie  c T p y K T y -
p w  ( p h c . 2 .3 ) .

B OTJIHHHe OT C y 6 c T p a T a  CBH3aHH bIH C 4>epM eHTOM  K O H K ypeH T - 
h h h  h h t h 6 h t o p  H e  n o f lB e p ra e T C H  4>epM eH TaTH B H O M y n p e B p a m e -  
h h i o . E o j ı e e  T o r o ,  0 Ö p a 3 0 B a H H e  E I  y M e H b iu a e T  h h c j io  M O JieK yjı c b o - 
6 o j^ H o ro  4 )e p M eH T a , h  C K o p o d b  p eaK H H H  C H H x aeT C H .

BcjieflCTBHe T o r o  HTO K O H K ypeH T H blH  HHTHÖHTOp OÖpaTHMO 
C B H 3 b IB aeT C H  C 4>epM eHTOM , MOJKHO CJIBHHyTb paB H O B eC H e peaK H H H  
t  +  I <=> £ i  Bj j e g 0  n p o c T b iM  yB ejiH H eH H eM  K O H u eH T p au H H  c y ö c T p a T a . 
J^O H K ypeH TH biM H  H H rH Ö H T opaM H  HBJHHOTCfl M H o rH e  X H M H O T epaneB -

■ L .  23



P hc. 2.3 . K o H K y p eH T H o e  M H rHÖH poBaHM e.

S — cyöcT paT ; I — HHrHÖHTop ( c b o c h  T pexM epnoH  cTpyK Typofl n o x o *  h q  cy6cT paT ). 
CB «3bIBaHHe S H I npOHCXOflHT B3aHMOHCK.aK3>(aK)UIHM 0 6pa30M . 06pa3yeTCSI j th 6 o  ES,
ä h 6 o  EI, h o  He EIS.

TnnecKne cpeacTBa: HanpHMep, cyjib(J)aMHflHbie npenapaTbi, h c -  
nojib3yeMbie npH HH(J>eKUHOHHbix 6 o a e 3HHX. Cyjib(J)aHHjıaMH,nbi — 
3 T O  C T p y K T y p H b ie  aHajIOTH rt-aMHH0 6 eH30HH0 H K H C JIO T b l, H 3  K O T O - 
P O H  B K Jie T K e  M H K p O O p r 3 H H 3 M a  C H H T e 3 H p y e T C f l  K O (J )e p M e H T  (H4 — 
(J)oaaT), yqacTByıomHH b  6 nocHHTe3e HyKneHHOBwx o c h o b 3 h h h .  Ha- 
p y ı u e H H e  cHHTe3a H y ıc n e H H O B b ix  k h c j i o t  B b i3 b iB a e T  rnöejib  M H K p o o p -  

r 3HH3MOB.

H eK O H K y p eH T H o e  o ö p a T H M o e  H H rn 6 H p o B a H H e  H e M o x e T  6b iT b  
c H H x e H o  h j i h  y c T p a H e H o  n o B b i m e H H e M  K O H u e H T p a u H H  c y ö c ıp a T a ,  
TaK K 3 K  H eK O H K ypeH T H bie HH rHÖH TO pbl n p H C O e /IH H H lO T C H  K (J)epM eH Ty 
H e b  aKTHBHOM u e H T p e , a b  a p y r o M  M ecT e ( p n c .  2.4). C B H 3 b iB a H H e  H3- 
M e H H e T  KOH<j)opMaHHK> ( J ) e p M e H T a  h  H a p y ı u a e T  K O M n jıe M e H T a p H O C T b  k  
c y ö c T p a T y . H eK O H K y p eH T H b ie  H H rH Ö H T opw  M o ry T  o ö p a T H M o  c b h 3 m -  
BaTbCH KaK CO CBoĞoflHblM  4>e PM eHTOM , T3K H C KOMHJieKCOM ES. 
Han6ojıee B a x H b iM H  H e K O H K y p e H T H b iM H  H H r n Ö H T o p a M H  j i b j i h i o t c h  
o 6 p a 3 y ıo ıu H e c H  b  x h b o h  K jıe T K e  n p 0 M e > K y T 0 H H b ie  n p o jıy K T b i M e T a6 o - 
JiH3M a, c n o c o 6 H b i e  o 6 p a T H M o  C B H 3 b iB a T b C H  c  o n p e a e j ı e H H b i M H  y n a c T -

CynbtpanunaM ud -  
KOHKypeHmHbiQ uHsuöumop

C yöcm pam bi, ---------
e  moM v u cn e
n-aMUH06ƏH30ÜHƏH
Kucnoma

Oonueeap
Kucnoma

H f-cp o n a m
KocfcepMeHT
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KaTaflMTMHeCKMÜ
uemp

UeHTp CB03blBäHM0 
MHrnömopa

P h c . 2.4. H eK O H K ypeH T H oe o 6 p a r a M o e  H H rH 6H poB aH H e: E+S <-> ES -»  
E+P; E+I <-» EI; ES+I ESI.

KaMH (JjepM eHTOB (ajIHO CTepHH eCK He H eH T pbl) H H3M eHHTb HX 3KTHB- 
HOCTb, HTO HBJHieTCa OflHMM H3 C n 0 C0 6 0 B pery jIH U H H  MeTaÖOJIH3Ma.

H c c j ıe a o B a H H e  b j i h h h h h  h h t h 6 h t o p o b  H c n o jib 3 y e T c > ı n p n  H 3 y - 
n eH H H  M ex aH H 3 M a a e f tcT B H H  (J)epM eH T a, K p o M e  T o r o ,  n o M o r a e T  b 
n o H C K ax  ö o j ı e e  3 4 )(|)eK T H B H bix  J ie K a p cT B eH H b ix  c p e a c T B , TaK KaK 
j ıe n e 6 H o e  B 03aeH C T B H e m h o t h x  H3 h h x  o ö y c jıo B J ie H o  TeM , h t o  o h h  
j ib jh iio t c h  H H rH Ö H T opaM H  o n p e f le j ı e H H b ix  (J)epM eHTOB. C T p y K T y p -  
H b ie  a H a j ı o r n  K 0 4 )e p M e H T 0 B  T o x e  M o ry T  ö b iT b  H H rn Ö H T o p aM H . K h -  
H eT H n ecK H e T ecT b i n o 3 B o jiH K )T  oTJiHHH Tb K O H K ypeH T H oe h h t h 6 h p o - 
B aH H e o t  H e K O H K y p e H T H o ro  ( p n c .  2 .5 ) .

P hc. 2.5. 3aBHCHM0CTb I/V  o t  I/S  6e3  H H rn6H T opa (1) h  b npH cyT dB H H  
HHrHÖHTOpa (2 ).

a  — KOHKypeHTHOe HHrHÖHpOBaHMe; 6  — HeKOHKypeHTHOe HHTHÖHpOBaHHe.

2.5. PEryjMHHfl AEHCTBMfl OEPMEHTOB

B  *HBOH KJieTKe CKOpOCTb (J)epMeHTaTHBHbIX peaKUHH HaXOflHTCH 
C T porH M  KOHTpOJieM, HTO n 03B0J!HeT Ka>KAOH M eT a60JIHHeCK0H 

U en o H K e p eaK U H H  n o c T O H H H o  H 3M eH H T bcn , n p w c n o c a 6 j iH B a f lC b  k  
e HKioıuHM CH noTpeÖHocTHM KjıeTKH b  n p o j ıy K T e  (pnc. 2 .6 ) .



P h c . 2 .6 .  M e T a6 o ^ H 4 ecK aa  u e n b .

A, B, C, D —  M eT a 6 o Jin T b i, Eı, E2, E3, E4 —  (|)epM eH T bi.

B K a x o ıo H  M eT aö o jiH H ecK O H  u e n n  e c T b  4>epM eH T , K O TopbiH  3 a a a -  
eT  C K o p o c T b  B ceH  u e n o H K e  p e aK H H H . O h  H a3biB aeTC 5i p e r y j iH T o p -  
h h m  cjjepM eH TO M . C y m e c T B y e T  H ecK O JibK O  c n o c o 6 o B  p e ry jiH H H H  
fleHCTBHH 4>epM eH TO B. O cH O B H blM H  H3 h h x  h b j h h o t c h :

♦  H 3M eH eH H e 3 k t h b h o c t h  (JıepM eH T a n p n  e r o  h o c t o j i h h o h  k o h -  
u e H T p a u H H ;

♦  H 3 M e H e H H e  K O H u eH T p au H H  4>epM eH T a b  p e 3 y j ib T a T e  y c K o p e H H H  
(H H ayK H H H ) HJIH TOpMOXCHHH (p e n p e C C H H ) CHHTC33 (J)epM eH T a.

A ju ıo c T e p H H e c K a a  p e r y j ıa u H H . O e p M e H T  H 3M eH H eT aK T H B H ocT b  c  
nOM OIHbK) H eK O B 3JieH TH O  CBH33H HOrO C HHM 3(J)(J)eKTOpa. C B H 3bIB a- 
H H e n p o H c x o f lH T  b  y n a c T K e ,  n p o c T p a H C T B e H H o  y a a jıeH H O M  o t  a K - 
THBHOTO (KaTajIHTHM eCKOTO) H e H T p a . Ə tO  CBH3 bIB aH H e BbI3bIB3 eT 
K 0 H (J)0 p M aH H 0 H H b ie  H 3M eH eH H H  b M o jıe K y jıe  6 e j iK a ,  n p H B o a a m H e  k  
H 3 M eH eH H io  o n p e f le jıe H H O H  re o M e T p H H  K a T a jiH T H n e c K o ro  u e H T p a . 
AKTHBHOCTb M O X eT yBejIHM HTbCH —  3TO aKTHBaUHH (J)epM eH T a HJIH 
yM eH blH H TbC H  — 3TO H H TH Ö H pO B aH H e (pH C . 2.7).

« C o o 6 m e H H e »  o  n p n c o e a H H e H H H  ajuıocTepHnecKoro aKTHBaTopa 
n e p e a a e T C H  n o c p e a c T B O M  K 0 H (J)0 p M a u H 0 H H b ix  H 3M eH eH H H  K aT ajiH - 
THHeCKOH C yÖ ’b eflH H H H e, KOTOpaH CTaHOBHTCH K O M njıeM eH T apH O H  
c y ö c T p a T y ,  h  (J)epM eH T  « B K Jiıo H a e T C H » , I l p H  y a a jıe H H H  aK T H B aT o p a  
(J)epM eH T B H O B b n e p e x o f lH T  b  H e a K T H B H y ıo  (J)opM y h  « B b iK J iıo H a e T -  
c h » .  A ju ıo c T e p H H e c K a H  p e ry jiH H H H  h b j i h c t c h  o c h o b h h m  c n o c o ö o M  
p e ry jiH H H H  M eT a6 o jiH H ecK H X  n y T e n .

HeaKTMBHbM (J)epMeHT

30(J)eKTop

ÄKTHBHblÜ (JiepMeHT

■ w H  I 34>4>eKTop

K  *  'W m

Pery/ıqTopHas 
cyöbeflMHnua

C aflJlOCTepMHeCKMM 
UeHTpOM

KaTa^nTMMecKan
cyöbeflMHnua

C aKTMBHblM UeHipOM

P h c . 2 .7 .  A ju ıocT epH H ecK aa aKTHBauwH (J)epMeHTa.

CyöcTpaT

_  E S
$epM eHT-

cyöcTpaTHbiü
KOMfl/ieKC
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HeaKTMBHƏJİ ATp ÄKTMBHafl
/ınna3a -v j  /ınna3a

■ ■  npoTenHKMHa3a
■ ■ - C H ^ O H ------------------------- - ^ ^ - c h 2o - p o 3h2

/
H3P04

Ooc<J)onpoTeMH(})oc<})aTa3a 

He(J)OC(|)OpM/lMpOBaHHblM 0OC(j)OpM/lMpOBaHHb)M
(})epMeHT 4>epMeHT

P h c . 2 .8 .  P e ry jıau H H  aKTMBHocTM jiH na3bi.

PeryjıauHH 3 k th b h o c th  (j)cpMenTOB nyTeM (jxıccjxtpn.ınpoBaıınn- 
fle(j)Oc4)OpHJIHpOBaHHH. OepMeHT H3MeH«eT aKTHBHOCTb B pe3yjIbTa- 
Te KOBajieHTHOH MOflH(j)HKaHHH (p H C . 2 .8 ) .  B 3TOM CJiyHae (j)OC(j)aT- 
Haa rp y n n a  O P O ^ ” npncoejiHHHeTCH k  rHflpoKCHJibHbiM r p y n n a M  b 
OCTaTKaX C epH H a, TpeO H H H a HJIH T H p03H H a. B 3aBHCHM0CTH OT 
npHpoflbi (j^epMeHTa (J)oc(j)opHJiHpoBaHHe m o k c t  e ro  aKTHBHpoBaTb 
HJIH, HaOÖOpOT, HHaKTHBHpOBaTb. PeaKHHH npHCOeflHHeHHH (j)OC- 
(j)aTHOH rp y n n b i h  e e  O T m e n jıe H H e  KaTajiH3HpyıOT cneunajibH bie 
(j)epMeHTbI — npOTeHHKHH33bI H npOTeHH(j)OC(})aTa3bI.

P eryjm uH H  nyTeM  a c c ()u n a ıiH H -:u ıc c o u n a u H H  cy6ı>ejiHHHU b o jiH ro -  
MepHOM (JıepMeHTe. Ə to t  n p o u e c c  H H o r a a  H anH H aeT C H  c  K O B ajıeH T- 
HOH HJIH H eK O B ajieH TH O H  MOflH(})HKaUHH OflHOH H3 Cy6T>eaHHHU. H a -  
npHMep, (J)epMeHT n p o T e u H K H H a 3 a  b  HeaKTHBHoü (})opMe n o c T p o e H a  
H a  T eT p aM ep  R2C2 (R h  C —  p a 3 H b ie  cy6T>ejiH H H U bi). A k t h b h 3 h  n p o -  
TeHHKHH33a npeacTaBJiHeT co6oh cy6ı.ejiHHHuy C, äjih ocBo6ojıcne- 
HHH KOTOpOH H e o 6 x O flH M a JJHCCOUHaUHH K O M nJieK C a. AKTHBaUHH 
(})epM eH Ta n p o u c x o a H T  n p u  y n a cT H H  cAMP (u H K Ji0 az ıe H 0 3 H H M 0 H 0 - 
(})oc(})opH aH KH CJiOTa), K O TO pan c n o c o 6 H a  n p H c o e f lH H H T b c n  k  c y e t -  
e jiH H H u e  R, n o c j ı e  H e ro  H3M eHHeTCH K0 H(})0 p M a u H H , K O M n jıeM eH T ap - 
H o cT b  c y e te a H H H U  R h  C h  n p o H c x o f lH T  a H c c o u n a u H H  K O M n jıeK ca:

R2C2 + 2cAMP —► 2C + 2(R-cAMP).

UHKJiHHecKHH AM P HBjiHeTCH npoflyKTOM ATP, npeBpameHHe 
KOTopoü K3TajiH3HPyeT (})epMeHT adeHUJiamu,UKJia3a\

ATP —» cAMP + H4P2O7.

2-6. AflEHHJIATUHKJTA3HAH CHCTEMA

A jieH H JiaT U H K Jia3 a  H n p O T eH H K H H 3 3 a  K 3T ajIH 3H pyiO T  B33HMOCBH- 
sa H H b ie  p e aK U H H , K O T o p b ie  c o c T a B J in ıo T  e jiH H y ıo  p e ry jiH T o p H y ıo  
CHCTeMy ( p n c .  2 .9 ) .



T T

rOPMOH AfleHwıaı 
Unıaıa3a

p c x D o c a x x x x x x r )

GDF
PEry/lHTOPHblfi 

G-BE/IOK 0

UEHTPbl CBfl3blBAHMfl Ö

cAMP 4 (^ m T )

HEAKTMBHAJ1 fTPOTEMHKHHA3A

AKTHBHAfl 
.  -  nPOTEHHKHHA3A

ATP ADP

BEJIOK 3CXDEKT

P h c .  2 .9 .  A fleH H ^ am m ü ia3 H afl cncT eM a.
R —  p e ry ^ M T o p H a a  c y 6 ı> e iiH H H u a ; C —  K aT ajM T H H ecK an  c y ö te f lH H H u a .

C n o M o ıu b io  3 t o h  cHCTeMbi b KjıeTKy n epeaa ıoT C H  C H m ajib i H3 
BHeKJieTOHHOH C peflbl H M eTa6oJIH3M KJieTKH H3MeHJieTCH B HyXHOM 
H anpaB JieH H H . BHeKJieTOHHbiM b c c t h h k o m  c n rH a jıa  M o ry r  6biTb p a 3 -  
H bie M ojıeK yjibi, b t o m  MHcjıe h  ropM O H bi. Ə t h  MOJieKyjibi He n p o H H - 
KaıoT B H yrpb  k jic t k h , h o  «y3HaıoTCH» M eM 6paHHbiM H p e u e n T o p a M H . 
I Ip H  aKTHBauHH azıeH H JiaT iiH icna3bi n p o n c x o a H T  c j ıe a y ıo m e e :

•  H3MeHeHHe K0H(J)0pM auH H  p e u e n T o p a  n o c j ıe  npHCoeflHHeHHH 
k  HeM y cH m ajibH O H  MOjıeKyjibi h  yBejiHHeHHe e r o  c p o acT B a  k  
pery jiH T 0pH 0M y G -6 e jiK y . B pe3yjibT aT e o6pa3yeT C «  KOMnjıeKC 
p e u e m o p a  h  n p 0T0M ep0B G -6 e jiK a ;

•  0 6 p a 3 0 B a H H e  3 T o r o  K O M n jıe K c a  n p H B o a H T  k  H 3 M e H e H H io  k o h -
4 ) o p M a u H H  a -n p o T O M ep o B  G -6 e jiK a , k o t o p m h  T epneT  c p o j i c t b o  
k  G D F , h  n p o H c x o a H T  3 a M e H a  G D F  H a  G TF. B p e 3 y j ib T a T e  
KOMnjıeKC npoT O M epoB  G -6 e jiK a  pacnajıaeT C H ;

•  a -n p o T O M e p  B 3aH M oaeH C T B yeT  c  aaeH H JiaT U H K Jia3 0 H , h t o  B e^eT  
K H3MeHeHHIO e e  KOH(J)OpMaUHH H K3K CJieflCTBHe 3TOTO —  K 
äK TH B aiIH H ;

•  n o c j ı e  3 T o r o  äKTHBHan a^eH H jıaT U H K jıa3a K3TajiH3HpyeT CHHTe3 
c A M P ,  KOTOpblH B CBOK) O H epeflb 3KTHBHpyeT C Ä M P -3 a B H C H -
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M y ro  npoTeM H K H H <i3y. AKTM BauHH n o c jıe flH e M  cB H 3aH a c  a m c c o -  
HM auM eH K O M n jıeK ca  B xoflH iuH X  b H e e  n p o T O M e p o B  r ıo c j ıe  n p n -  
coeaHHeHHH cAMP.

n p o T e H H K H H a 3 a  4> oc< J)o p H ^H p y eT  cooT B eT C T B yrouuH e 4> epM eH T bi, 
H 3M eH aeT  HX aKTHBHOCTb H, C JieflO B aT e;ibH O , CKOpOCTb M e T a 6 o jIH 3 - 
M a b  KJieTKe.

Ä K TH B auH » (JjepMeHTOB nyT eM  n a cT H H H o ro  n p o T e o j iH 3 a . H eK O TO - 
p b ie  4>e P MeH™  cH H T e3H pyroT C H  n e p B O H a n a jib H O  H eaK TH BHbiM H h  
jiM iu b  n o c j ı e  c e K p e u M H  H3 KJieTKH n e p e x o f lH T  b  aK T H B H yro 4>opM y- 
H eaK T H B H biH  n p e a u ıe c T B e H H M K  H a 3 b iB a e T c n  n p o ^ ı e p M e H T O M .  
A K TH B auH H  n p o 4 > e p M e H T a  B K JironaeT  M O flH 4>H KauH ro nepBHHH OM  
C T pyK T ypbl C O flH O B peM eH H blM  M 3M eH eH H eM  K O H ^ropM aU H M . Hanpn- 
M ep , m puncuH oaeH , C H H T e3H p0B aH H biH  b n 0 Ä * :e jıy ji0 H H 0 H  x e j ı e 3 e ,  b 
K H iueH H H K e n p e B p a m a e T C H  b  T p n n c H H  n y T eM  yfla jıeH H H  4 > p arM eH T a c  
N -K O H iıa :

ƏHTeponenTMAa3a
T p n n c n H O re H  -----------------------------------► T p n n c n H  +  V a l- (A s p )4-L y s .

P a c ıu e n j ıe H H e  o n p e a e j ı e H H b ix  n e n T H flH b ix  c B H 3 e n  « 3 a n y c K a e T »  
HOBbie B33HM OjıeHCTBHH R - r p y n r ı  n o  B c e n  M O JieK yjıe , npH BO flH  k  
h o b o h  K O H 4>opM auH H , b  K O T opoH  R - r p y n n b i  aK T H B H o ro  u e H T p a  3 a -  
HH M aroT o n T H M a jib H o e  n o jıo jK e H H e  a j i h  K aT ajiH 3 a.



T jıa B a  3 CHHTE3 HyKJIEHHOBblX KHCJIOT H EEJIKOB

3.1 . CTPYKTyPA HyKJIEHHOBblX KHCJIOT

H y iü ieH H O B b ie  k h c j i o t h  n p e a c T a B jm ıO T  c o ö o h  JiH H eÜ H bie nojiHMepbi 
H yK Jie03H flM 0H 0(})0C (j3aT0B , T .e . nojiHHyıoıeoTHflbi. H y K Jieo T H iib i n o -  
C T poeH bl H3 T p e x  KOMnOHeHTOB! nHpHM HflHHOBOTO HJIH nypH H O B O rO  
0CH0B aHHH, n e H T 0 3 b i h  (J )o c (J )o p h o h  k h c j i o t h  (pH C . 3.1). M exay  
C0 6 0 H HyK JieO TH flbl CBH33HbI B I j e n b  (J)OC(J)Oii:H3(J)HpHOH CBH3bIO. O H a  
o6pa3yeTCH 3a cneT 3T epH (J)H K auH H  OH-rpynnw 3-ro  yrjıepojıa n e H -  
t o 3 m  oıiHoro H yK JieoT H zıa h  O H -rpynnbi (J)oc(J)aTHoro o cT aT K a apyro- 
ro  H yK JieoT H jıa. B p e 3 y jib T a T e  o j j h h  H3 k o h h o b  n o jiH H y K jıe o ra jiH O H  
H en H  3aK 3HHHBaeTC5I CB0 6 0 ÄHbIM (J)OC(J)aTOM (P -K O H e H  h j i h  5 ' - k o -

5'-K0Heu

HyıoıeoTMfl (afleH03MHM0H0(})0C<t)aT)

(2'-0H-rpynnu OTcyrcTByıoT b DNA) 3'-K0Heu

P h c .  3.1. TnnHM HbiH HyKJieoTHa (AM P). C TpyK Typa n 0jiHHyı<jıe0THjiH0H 
u e n H .
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Heu)- Ha a p y r o M  KOHiıe u e n n  HMeeTCH H e ə c T e p H ^ H U H p o B a H H a a  
O H - r p y n n a  3 - r o  y r j ı e p o j ı a  n e H T 0 3 b i (3 '-K O H e u )  ( c m . p n c .  3 .1 ) .

riepeum aH  cmpyıcmypa  H y K J i e H H O B b i x  k h c j i o t  o n p e a e j ı a e T C H  K a K  

nOCJieÄO BaTeJIbHOC Tb HyKJieOTHJIHblX OCTaTKOB B nO JIH M epH O H  
u r e n H .  M H o r o o 6 p a 3 H e  M O J i e K y j ı  D N A  h  RNA 0 6 'b H C H H e T C H  h x  n e p -  

b h h h o h  c T p y K T y p o ü . K a K  M H o r u e  f l p y r n e  ö n o n o j i H M e p b i ,  H y K J i e n -  

H O B b i e  K H C j ıO T b i  H M e ıO T  e m e  h  em opm H ym  cm pynm ypy, n o f l  k o t o -  

p o ü  n o H H M a ı o T  h x  n p o c T p a H C T B e H H y ı o  o p r a H H 3 a u H i o .

3.2. BTOPHMHAfl CTPyKTyPA DNA

M o jıe K y jıa  D N A  n p e flC T aB Jin eT  c o 6 o h  n p a B o s a K p y n e H H y ıo  c n u p a j i b ,  
c o c T o n m y ıo  H3 jiB y x  n o jiH H y K Jieo T H H H b ix  u e n e n  c a H T H n a p a ju ıe j ib -  
HblM XOflOM. Ə t O 03HaHaeT, HTO 3 '-K O H U y  OJIHOH uenu COOTBeTCTBy- 
eT 5 '-K O H e u  a p y r o H  u e n u  h  H a o 6 o p o T  ( p u c .  3 .2 ) .

O cT aT K H  o cH O B aH H H  H a n p a B J ie H b i B H yT pb c n u p a j i H .  Ha o a h h  
b h t o k  c n n p a j ı u  n p u x o jiH T C H  10 n a p  ocH O B aH H H . U e n u  D N A  H e -  
H fleH TH H H bl, T3K KaK H yK JieO TH flH blH  COCTaB HX p a 3JIHHCH, OflHaKO 
n e p B H H H an  c T p y K T y p a  o j i h o h  u e n n  n p e a o n p e j ı e j iH e T  H y K Jieo T H jtH y ıo  
n o c jıe j ıo B a T e jib H o c T b  j ıp y r o H  u e n u ,  T .e . o h h  KOM meM eH m apHbi Jipyr 
j ip y r y .  Ə t o  c b h 3 3 h o  c  cym ecT B O B aH H eM  KOMnyıeMenmapHbix nap ocho- 
e a u u ü  ( p u c .  3 .3 ) .

O H 3H K O -X H M H H eC K yiO  OCHOBy K O M nJieM CHTapHOCTH COCTaBJIHIOT 
BOflOpOJIHbie CBH3H, K O TO pbie MOTyT 0 6 p a 3 0 B a T b C H  TOJIbKO M e x u y  
ajıeH H H O M  o j i h o h  u e n u  h  t h m h h o m  j ıp y r o H ,  n p o T H B o n o j ıo * H o  H a -  
np aB JieH H O H  u e n n  (napa A —T) h  aH a jıo rH H H O  Me>Kjıy ryaH H H O M  h  
UHTO3HHOM (napa G —C).

B m opuH H an c m p y K m y p a  RNA HecKojibKO ıiH an . MojıeKyjıa RNA  
COCTOHT H3 OJIHOH nOJIHHyKJieOTHJJHOH U en H . ÜTJieJIbHbie ynaCTKH  
3 t o h  u e n u  ( j io  20—30 H yK JieoTH jiH bix n a p )  M o ry r  6biT b K O M njıe- 
M eHTapHbi Me>KJiy c o 6 o h  h  0 6 p a 3 0 B b iB a i0 T  c n u p a j ib H y ıo  CTpyKTypy  
3a cn eT  cB H 3 eü  Me>Kjıy ajıeHHHOM h  y p a u u jıo M  (napa A —U) h  r y a -  
h h h o m  h  UHTO3HHOM ( n a p a  G —C ) .  M e a m y  cnH pajiH 30B aH H biM H  
ynacTK aM H  p a c n o jıa r a ıo T C H  o jiH o u e n o H e H H b ie  neTJiH . C y m e cT B y eT  
H ecK ojibKO  pa3H 0B H jiH 0C T eH  RNA: M äTpHHHan (m RNA), TpaH C- 
n o p T H a n  (tR NA), p n ö o c o M H a H  (rRNA).

Ha p n c .  3.4 n p H B e a e H a  cT pyK T ypa tRNA, y  k o t o p o h  c n n p a jiH 3 0 B a H - 
Hbie ynacT K H  onp e jıe jiH iO T  cn eu H (i)H H ecK y ıo  npocT paH C T B eH H yıo  k o h -

Phc. 3.2 . C T p y K T y p a  ä b o h h o h  c n H p a j ın  DNA.



TMMHH (T) UHT03MH (C)

P hc . 3.3. K o M iu reM eH T a p H b ie  n a p b i  ocHOBaHHH. CH3-rpyrına b t h m h h c  (T) 
3aMemaeTca Ha H b  ypauHJie (U).

(j)opM aıı;H io  —  (Jjnrypy ıo ıe B e p H o r o  jiH CTa. tRNA HM eeT H a 3 '-K O H u e  
CCA flJIH C B H 3bIB aH H H  aMHHOKHCJIOTbl, a B C peflH eH  Hacra M OJieKy- 
J lb l —  aH T H K O flO H O B blH  y43CTOK —  nOCJieflOBaTCJIbHOCTb HyKJieOTHflOB,
o 6 e c n e H H B a ıo m y ıo  B33HM ojıeHCTBHe tRNA c  k o a o h o m  mRNA.

3.3. ÄEHATyPAUHfl H PEHATYPAUHfl DNA

B T o p H H H a a  c T p y K T y p a  D N A  CTa6 HJiH3H pyeTC H  j ı n u i b  c jıa ö b iM H  
BOJlOpOflHblM H H rH J tp 0 (})0 6 HbIM H CBK3HMH. C jie flO B aT e jlb H O , DN A  
c n o c o Ö H a  k  a e H a T y p a u H H  (n jıa B J ie H H io )  n p n  n o B b in ıe H H H  T e M n e p a T y - 
p b i a o  8 0 — 9 0  °C h  p e H a T y p a u H H  n p n  n o c j ı e a y ıo u ıe M  oxjıaacneHHH 
( p n c .  3 .5 ) .

n p u  a e H a T y p a u H H  f l B y x c n n p a j i b H a j ı  M o j ıe K y jıa  DNA p a 3 a e j iH e T c «  
H a o T a e j ib H b ie  u e n n .  T e M n e p a T y p a ,  n p u  k o t o p o h  5 0  % D NA a e H a T y -  
p u p o B a H o ,  H a 3 b iB a e T c «  T e M n e p a T y p o ü  n j ıa B jıe H H H  h  3aB H C H T  o t  Ka- 
H e c T B e H H o ro  c o c T a B a  DNA. flapbi G —C c T a 6 H jiH 3 M p o B a H b i  T peM H  
B O flO pO Ä H blM H  CBH 3H M H , & n a p b l  A —T  —  TO JIbK O  flB yM H , nO Ə T O M y 
n e M  6 o j i b i u e  a o j u ı  n a p  G —C, T eM  c T a 6 n j i b H e e  M O Jie K y jıa . Ö p H  j ı e H a -



ynaCTOK CBfI3UBaHMR aMMHOKMOlOT

Ahthkoaoh

P hc . 3.4. T p ex M ep H aa  npocTpaH C TB eH H aa cTpyK Typa tRNA.

5’ 3'

MejyıeHHoe oxJiaxfleHMe

11 ABOÜHaçı cnnpanb

3'
P h c .  3 .5 .  X leH aT ypauH H  h  p e H a T y p a u H fl DNA.

OflMHapHbie uenn



DNA, DNA2 AeHarypnpoBaHHbie r  nöpnfl

DNA DNAr DNA2

P hc. 3.6. rH 6 pH Ä H 3auH H  DNA.

T ypauH H  D N A  n o ra o m e H H e  cB eTa c  z u ih h o h  b o jih m  2 6 0  h m  n o B b iu ıa -  
eT ca  ( e u n e p x p o M H b iü  ə ıp c p e ıc m ) ,  mto n03B 0JiH eT JierKO K O H T poJinpo- 
BaTb cocTOHHHe BTOpHHHOH CTpyKTypbi D N A . E c jih  p acT B o p  aeH aT y - 
pnpoB aH H O H  D N A  M efljıeH H o oxjıa>KflaTb ( o T x n r ) ,  to  BHOBb b o 3h h - 
KaıoT c ;ıa 6 b ie  CBH3H Me>Kfly KOM njıeM eHTapHbiM H u en aM H  h  M oxeT  
no jıyH H T bca c n n p a jib H a H  cT pyK T ypa, nneHTHHHaH h c x o jih o h  (HaTHB- 
h o h ). H a  c n o c o 6 H o c ™  D N A  k  jıeH aT ypauH H  h  p eH aT y p au H H  o c h o - 
BaH MeTOJI MOJieKyjIHpHOH TH6pHJlH3aHHH, KOTOpblH npHMCHJHOT JIJI5I 
H3yqeHHH CTpoeHHH HyKJieHHOBblX KHCJIOT (pHC. 3 .6 ) .

n p e n a p a T b i  D N A , B b w ejıeH H bie  o t  o c o 6 e n ,  n p H H a ju ıe x a m n x  k 
p a 3 HbiM BHjıaM, o6pa3yK )T  H ec o B e p n ıe H H b ie  rn ö p H jib i. CnnpajibHaa 
CTpyK Typa no jıynaeT C H  H e n o  B c e n  ju iH H e M OJieKynbi. B H e c n n p a jiH -  
3H poB aH H bix yM acTKax nojiH H yK JieoT H jiH bie u e n n  He KOM njıeM eH- 
T apH bi j ı p y r  a p y r y .  C jıeflO B aTejibH O , D N A  o c o 6 e n  H enjıeH TH H H a.

H y K J ie a 3 b i . H yK JieH H O Bbie k h c j i o tw  rH Jip o jiH 3 y ıo T C H  n o j ı  j ıe f ic T -  
BHeM H y K Jiea3  —  D N A  h  R N A . T h jip o j ih 3  m o x b t  6biT b BHeKJieTOH- 
HblM  HJIH BHyTpH K JieTO H H blM  (cneH H (})H H eC K O e (J)yH K H H O H ajIbH O e 
p a c m e r u ıe H H e ) .

P ecT p H K u n o ıııib ie  ııyKJiea3bi (pecT pH K T asbi). E a K T e p n n  n p o jjy u H -  
pyıO T  H a 6 o p  H yK Jiea3, K 0 T 0 p b ie  p a 3 p e 3 a ıo T  h h t h  D N A  b o n p e j ı e -  
jıeH H bix  caÜ T ax . C a ü m u  npejıcT aB JiH ioT  c o 6 o h  o n p e jıe jıe H H y ıo  n o -  
c jıe jıo B aT e jib H o cT b  H yK JieoTH jıoB , H HTaeM yıo 0 jiH H aK 0B 0 b o 6 o h x  
H anpaBJieH HH X. n p H M e p b i nocjıe jıoB aT ejibH ocT eH , y3H aBaeM bix E .c o li ,  
B a c i l lu s  a m y lo l iq u e f a c i e n s ,  n o K a3 aH b i H a p n c .  3.7. Pa3Hbie p e c T p n -  
KTa3bi y3H aıoT  p a3 H b ie  n o c j ıe j ıo B a T e jib H o c T H . PecT pH K T a3bi 6 a K T e -  
pH H  ynacTByıOT b 3 a ıu H T e  o t  H yxepo jiH O H  D N A , h o ,  K poM e T o ro , 
o h h  H cnojib3yK)TCH n p u  H 3yneH H H  nepBHHHOH cT pyK T ypbi D N A .

M o jıe ıcy jıa  D N A  x h b o t h m x  h  nejıoB eK a o rpoM H bix  p a 3M epoB — 
130 m jih  H yK JieoT H flH bix  n a p  h m c i o t  ju iH H y  o k o j i o  4  c m . T aK H e  M ojıe- 
Kyjibi H e y j ıo 6 H b i  a j i h  H ccjıejıoB aH H H . C n o M o ıU b io  H a 6 o p a  pecTpH K Ta3,
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Y3HaBaeMbiM cafiT

O.

C £ J Lu 1 A |

c c

EcoRI 
[E, coli)

BamHI
(Bacillus
amyloliquefaciens)

P h c . 3.7. ripH M epb i caHTOB, y3HaBaeMbix pecTpHKUHOHHbiMH Hyıcfiea3aMH.

y3H aıom M X  p a 3 H b ie  n o c jıe flO B aT e jib H o c T H , m o x h o  p a 3 p e 3 a T b  M O JieK yjıy 
DNA H a (JjparM eH T bi >KejıaeMOH j u i h h m , y jıo 6 H O H  jijih  n c c jıe jıo B a H H H .

CTpyKTypnan opranH3auHH xpoMaTHHa. B cocTaB xpoMaTHHa bxo- 
JXHT D N A  H THCTOHbl —  ÖeJIKH C BblCOKHM C O Jie p * a H H e M  JIH 3H H a H 
a p rH H H H a . ü p e j ı n o j ı a r a ı o T ,  h to  a M H H o r p y n n b i  p a jiH K a jıo B  ə th x  aMH- 
h o k h c j i o t  B 33H M 0jıeH C T B yi0T  c  KHCJioTHbiM H r p y n n a M H  DNA. U e n H  
DNA o6BHBaK)T r j ıo 6 y j ı y  th c to h o b , o 6 p a 3 y a  neT K O B H jiH yıo  c T p y K T y - 
p y  nyKJieocoM , K O T o p b ie  CBH3aHbi M ejK jıy co6oh JiH H K epH O H  u e n o H -  
k o h  DNA. B jıa jib H eH L u eM  ə th  H y K Jieo c o M b i ynaK O B biB aıoT C H  b 
K p y n H b ie  x p oM aT H H O B bie  c T p y K T y p b i, 6 , ıa ro z ıa p H  n e M y  j ıo c T H r a e T c a  
KOMnaKTHaH hx yıaıajiKa b x p o M o c o M a x  ( p n c .  3.8).

fMCTOH (Ht) YnaKOBKa DNA m rMCTOHOB
B XpOMaTMHe

HyiüieocoMa

Phc. 3 .8 . Y naK O B K a D N A  h  t h c t o h o b  c  0 Ö p a30BaHHeM x p o M a ra H a .

KoMnneKC M3 
8 THCTOHOB

4 TnnoB
(H2A,H2B,H3iH4)2

DNA



3.4. IIOTOK HHOOPMAUHH OT DNA K CTPYKTyPE BEJIKA

H y ıcfieH H O B b ie  k h c j i o t m  h  6 e ;iK H  H a 3 b iB a ıo T  H H (|)0 p M au H 0 H H b iM H  
M O JieK yjıaM H , T aK  k 3 k  b  n e p e jıo B a H H H  h x  M0H 0M e p 0B 3 a jıo a c e H  o n -  
pejıejıeHHWH c m w c j i .  FIocjıejıoBaTejibHocTb HyKJieoTHjıoB b  D N A  
onpejıejiHeT CTpyKTypy Bcex 6 c j i k o b  k j i c t k h .  YqacTKH D NA , k o j i h -  
pyıomne o n p e j ıe j ı e H H b ie  6 e jiK H  ( r e H b i ) ,  KonHpyıoTCH (T p a H C K p n 6 H - 
pyiOTCH) B BHJie nOJIHHyKJieOTHJIHOH HenH MaTpHHHOH RNA  
(m RNA), KOTopan 3aT eM  cjıy*HT M a T p n u e H  a n n  CHHTe3a 6 e jiK a . 
T aK H M  0 6 p a 3 0 M , r e H e T H H e c K a a  H H (})opM aH H fl, 3 a n H c a H H a a  b  DNA  
(b  reHOTHne), o 6 e c n e H H B a e T  06pa30BaHHe 4>eHOTHnHHecKHX n p n -  
3HaKOB KJieTKH, T .e . reHOTHÜ TpaHC(J)OpMHpyeTCH B 4>eH0THn. Əto  
H a n p a B J ie H H e  n o T O K a  H H (J)o p M au H H  B K JH onaeT  T pH  T H n a  M aT pH H - 
HblX CHHTe30B! 1) CHHTC3 D N A  — penjIHKaHHIO; 2) CHHTe3 RNA — 
T p a H C K p n n u H io ;  3 )  cHHTe3 6 e jiK a  —  TpaHCJiHHHio.

3.5. PEHJIHKAHHfl DNA

P en jiH K aıiH H  D N A  (BocnpoH3BejıeHHe reHOTHna) npoHcxojiHT n o  
nojıyKOHcepeamueHOMy Mexanu3My. KajKjıaa HHTb j i b o h h o h  cnnpajiH  
B bicT ynaeT  b  p o j i h  M a T p n u b i j i j ih  c h h t c 3 3  h o b o h  u e n H . C jıe jıo B a - 
TejibHo, BHOBb 06pa30BaHHbie jiByxcnHpajibHbie MojıeKyjibi c o c t o h t  
H3 o j i h o h  « h o b o h »  h  o j i h o h  «CTapoH» u e n n .

mxt
G—Ç —Ç —A—

U U -
T -f
-A -T

Ç —C —Ç—A—T—A
I I

HcxoflHan Pa30LueflLunecfl fləe MO/ıeKy/ibi DNA,
MO/ıeKy/ıa DNA L̂ enn DNA MfleHTHHHbie mcxoahoCİ

C y 6 c T p a T a M H  C H H T e3a h b j i h i o t c j i  jje3 0 K C H H y K Jie 0 3 H jiT p H 4 )0 c 4 > a- 
T bi, B b in o jiH H io ııiH e  p o j ib  c T p o H T e jib H o r o  M a T e p n a j ıa  h  h c t o h h h k o b  
Ə H ep rH H . / I j i h  p e n jiH K a u H H  D N A  h c o 6 x o j i h m  6 o j ib i ı ıo H  H a 6 o p  p a 3 -  
H o o 6 p a 3 H b ix  4>epM eH TO B h  6ejiK O B  —  p e n m K a m u e H b iü  K O M m eK C . 
Z la j ı e e  o n n c a H a  4 > Y h k h h ji  o c h o b h h x  k o m h o h c h t o b  Ə T o ro  k o m -  
n j ıe K c a .

E e jiK H , p acK p y H H B äio iH H e c n n p a j i b  D N A ,  h  ö e jiK H , CTaÖHJiH3H- 
p y ıo m H e p a 3 jte j ıe ı iH b ie  h h t h  D N A  ( p n c .  3.9). B  p e 3 y jib T a T e  jıeftcT B H H  
3 t h x  6e jiK O B  o 6 p a 3 y e T C H  p e n .ın K a T M B iıa n  BHJiKa — y n acT O K  D N A ,  b 
n p e j ı e j ı a x  K O T o p o ro  c n n p a j i b  p a c K p y n e H a  h  p a 3 j ı e j ı e H a  H a  o r a e j i b -  
H b ie  u e n b .  D N A - n o j iH M e p a 3 a  o ö e c n e H H B a e T  B K jııoH eH H e b  p a c T y -  
m y ıo  «HOByK)» u e n b  H y ıc fieo T H jıo B , K O M n jıeM eH T ap H b ix  « c T a p o n » ,  
T .e . M aTpHHH OH uenH. D N A - n o j iH M e p a 3 a  H e  cnocoÖHa H aH H H aT b 
cH H T e3  h o b o h  u e n H  c  e e  n e p B o r o  H y ıo ıe o T H jıa .  Ü H a  M oaceT  y j u ın -

r
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DNA
Caxapo<j)oc<}>aTHbiM 

/  OCTOB

napw
OCHOBaHMM, 
CB5l3aHHbie 

J BOflOpOflHblMM 
CBfl3flMM

Yfla^eHne noBpexfleHHoro 
ynacTKa

DNA-nonnMepa3a ctpomt 
H0Byi0 Konrno 

no coxpaHMBUjeMCfl 
McnpaBHOü Konnn

DNA-/ınra3a 
CLUMBaeT pa3pbiB

P hc. 3.10. PenapauHH DNA.

HHTb y x e  H M e ro m y ro c a  uenb, n o ə T O M y  j u ih  H a n a j ı a  p eaK H H H  T p e 6 y -  
e T c a  j a r p a ı t K a  (n p a Ü M e p ), K O T o p a a  n p e flC T aB JifleT  c o 6 o h  k o p o t k h h  
n o jiH H y K Jie o T H fl, K O M n jıeM eH T ap H b iH  M 3 t p h h h o h  u e n n  DNA. O ep-
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m 6 h t  n p n c o e z iH H fle T C H  k  M aT p H 4HOH u e n n  DN A  h  k  n p a H M e p y  b  
o 6 J ia c T H  3 '- K O H u e B o r o  H y K J i e o r a j ı a  n p a H M e p a .  n e p e M e m a a c b  n o  
MaTpHUe b  HanpaBJieHHH ee 5 '-K O H u a ,  DNA-nojiHMepa3a yjuiHHneT 
3aT p aB K y , n p n c o e f lH H H H  k  H e ü  H yK JieoT H flb i o a h h  3 a  a p y r u M .  
O j iH o u e n o H e H H a a  3 a T p a B K a  —  n p a ü M e p  c H H T e 3 H p y e T c n  n p u  y n a c -  
t h h  D N A - 3aBHCHM OH RNA-nojiHMepa3bi ( n p a H M a 3 b i) .  C H H T e3  
h o b w x  u e n e ü  D N A  M o x e T  n p o T e K a T b  T o jib K o  b  HanpaBjıeHHH o t  5 ' 
K 3 '.  T aK H M  06p a 30M, H a  o a h o h  u e n u  D N A  c H H T e3H p y e T c a  H e n p e -  
pb iB H O  «Audupyıoınaa» nenb, a  H a a p y r o n  o 6 p a 3 y ıo T C H  K o p o T K n e  
({ jparM eH T bi —  «3ana3dbieawınan» nenb. 3aT eM  n p a Ü M e p  y a a jıa e T C H  h  
o 6p a 30BaBiuH HCH n p 0Me>KyT0K 3 a n o jiH a e T C H  c  n o M o ıu b io  D N A -
n o J iH M e p a 3 b i.

DNA-JiHra3a c n o c o Ö H a  c u iH B a T b  n o j ıy n e H H b ie  K o p o T K H e (} )p a r-  
M e H T b i, n o c j ı e  n e r o  4 ) o p M H p y e T c a  H O B a a  f lB y x c n H p a j ib H a H  M O JieK y - 

jıa DNA.
P en a p a ıjH H  D N A . Ilo B p e> K jı,eH H b ie  y n acT K H  D N A  h j i h  o i u h 6 o h h o  

B C T p o e H H b ie  H y K Jieo T H a b i y /ıa jiH io T C fi b  p e 3 y jib T a T e  j te ü c T B H J i  c n e -  
u n a j ib H b ix  ə h j i o -  h  3 K 3 0 H y K Jie a3  ( p u c .  3.10). 0 6 p a 3 y ıo m H e c H  n p o -  
M ex y T K H  3 an o jiH H io T C H  c  n o M o m b io  D N A - n o j iH M e p a 3 b i  h  3aTeM  
CUIHBaiOTCH J I H r 3 3 aM H  C HCXOJIHOH H H T blO  D N A .  ü p H H H H O H , B bI3bI- 
B a ıo m e H  n o B p e x j j e H H e  D N A ,  M o x e T  6 b iT b  j ıe ü c T B H e  4 )a K T o p o B  o k -  
p y x a ı o m e ü  c p e / ib i :  y j ib T p a ( |)H 0 jıe T 0 B 0 e  h  n o H H 3 H p y ıo ıu e e  H 3 j ıy n e -  
H H e, o n p e j ıe j ı e H H b ie  x h m h h c c k h c  co e jiH H eH H H .

3.6. CHHTE3 RNA -  TPAHCKPHnHHH

M o jıe K y jıa  D N A , x p a H H iu a n  reH eT H H ecK yıo  H H ^ ^ opM aun ıo , H eno- 
cp e jıcT B eH H o ro  ynacT H H  b cH H T e3e 6 e jiK a  He npH H H M aeT , h o  c H ee 
no M ep e h c o ö x o jih m o c th  cHHTbiBaeTcn HH(J)opM auHH, T.e. c n e u u -  
cJ)HHecKHe ynacT K H  D N A  K onn pyıoT C H  (TpaHCKpHÖupyıOTCH) b BHjıe 
RNA c n o c j ı e j ıy ıo ıu e ü  T paH C JiH uneü b n o jiH n e n T H flH y ıo  uenb 
6 e j iK a .  T p aH C K p u n u H H , KaK h penjiH K au H H  DNA , —  Ə H j ıo ə p r H H e c -  
KHÜ n p o u e C C , COnpHJKeHHblÜ C H Cn0JIb30BaH H eM  H yK Jie03H flT pH - 
4>oc4)aTOB b K a n ecT B e cyöcT p aT O B  h  h c to h h h k o b  əH ep rH H  ( p u c .
3 .11).

RN A -nojiH M epa3a KaT a jiH 3H pyeT  c h h t c 3  B ce x  T H n oB  R N A . O co- 
6eHHocTbio ^eücTBHH ƏToro 4>epMeHTa h b jih c tch  to ,  h to  o h  n p e jiB a -  
PHTejibHo «y3HaeT» Ty nacTb D N A , KOTopyıo h c o 6xojihm o TpaHCKpH- 
ÖHpOBaTb, H npHCOejIHHHeTCH K  H e ü .  YnaC TO K , C KOTOpblM  CBH3bIBa- 
eTcn R N A -nojiH M epa3a, Ha3biBaeTCH n p 0M0T0p 0M. FIocjıezıoBaTejib- 
HocTb OCHOB3HHÜ c  HanpaBJieHHeM o t  3 ' k  5 ' n o  xo z ıy  u e n n  D N A  
H n x e  caÜTa n p 0 M 0 T 0 p a  Hcnojib3yeTcn b KanecTBe MaTpnubi jijih 
cHHTe3a R N A . İ J p y ra n  u en b  o cT aeT cn  HeTpaHCKpH6 npyeMOH. R N A - 
nojiHMepa3a BMecTe c pacT ym eü uen b io  R N A  nepeMeuıaeTCH n o  
MaTpuue jio Tex n o p , n o K a  H e jıocrarH eT  TepMHHHpyıomero K o jıo H a . 
«  3yKapHOTHHeCKOÜ D N A  HH4>OpMaUHH, HeOÖXOJIHMaH JIJIH CHHTe33 
öe jiK a , xpaHH TCH  Ha onpejıejıeHHbix yn a cT K a x  -  3 K 3 0 H a x ,  p a3ae -
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1

TeH TepMMHMpyiOmMM 
npoM orop^---------------------- ;----------------

w n  M  i  ı ı ı  i !  ı ı ı
HQQnnhHnnr-ınnHnnnmnnhHnn"nnn
RNA-rıo/ınMepa3a

1

k j R R R R ^ J ü U U U U lJ D U l ıu U Ü Ü U lJ U Ü lJ Ü U U  
M n G B H a n h D ^ D fln n n D ü n Hnn” nnrı

IIIIIIIIRIIIIHI
mRNA

Phc. 3 .1 1 .  TpaHCKpHnuHH DNA c 06pa30BaHHeM mRNA.

jıeHHbix H H T p o H a M H  — ynacTKaMH, He coflepxauiHMH reHeTH- 
necK O H  H H (})opM aHHH (H e K O flH p y ıo ııiH e  y n a cT K H ).

IlpH TpaHCKpnnuHH r e H a  CHanajıa o6pa3yeTca nepeuHHbiü 
mpaucKpunm, KOTopbiH 3aTeM noflBepraeTca « /ıo p a 6 o T K e »  — npo- 
ueccHHry. Cyrb «aopa6oTKH» 3aiüHOHaeTCH b Bbipe3aHHH HHTpo- 
hob (cm a ü cu m ) H3 m RNA nepen TpaHCJiHuneH h npncoeflHHeHHH 
xapaKTepHbix hjih m R N A  KOHueBbix nocjıe,aoBaTe.ıibHocTeH (pnc.
3 .1 2 ) .
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DNA OTAe/ibHbifi reH

KoflnpyıoınnM 

ynaCTOK—3K30H

mRNA

I HeKOflnpyıomnM 
yHaCTQK—MHTpQH

TpaHCKpnnuMfl
TpaHCKpMnT

MHTpOHa

< n >  o o  

l
TpaHC/iHLjMfl

P hc . 3 .1 2 .  Y f la n e H H e  h h t p o h o b  H 3 m R N A .

3.7. CHHTE3 BEJIKA -  TPAHCJIflHHfl TEHETHHECKOM HIIOOPMAHHH

C h h tc3  öejıxa — ə to  He nepenHCbiBaHHe HH(J)opMauHH, a nepexoa 
OT OflHOH CHCTeMbl HH(j)OpMaHHH (HyKjıeoTHAHaH nocjıeAOBaTejib- 
HOCTb — HeTbipex6yKBeHHbIH H3bIK) K flpyrOH (aMHHOKHCJIOTHaH 
nocjıejıoBaTejibHocTb — ABazmaTHÖyKBeHHbiH H3biK). 3 t o  o6-b5icHa- 
eT, noneMy TpeTHH MaTpHHHblH C HH Te3 Ha3bIBaiOT T paH C JIH H H eH .
B ocHOBe nepeaaHH HHcJ)opMaıiHH jıexHT 6H0Ji0rH<ıecKHH Koa — 
C B o e o 6 p a 3 H b ii ı  c j ıo B a p b  a j i h  n e p e B o a a .  O h  H M eeT  c j ı e a y ıo m H e  o c o -  
6eHHocTH. Koa cneniKpuHecKuü, n o T O M y  h to  T p n n jıe T b i  HyKJieoTH- 
äob (KodoHbi) m RN A KoanpyıoT Kaacnbiiı OAHy aMHHOKHCjıoTy. TaK 
K3K H yK JieH H O B bie KHCJIOTbl COCTOHT H3 KOMÖHHaUHM HCTbipeX H yK - 
JieoTH A O B , to  c y m e c T B y ıO T  64 pa3JiHHHbix T p n n j ıe T a ,  K o a H p y ıo ııiH X  
20 aMHHOKHCJIOT, nOƏTOM y KOfl H a3bIB aeT C fl BbipOJKdeHHblM (pnc. 
3.13). HanpnM ep, aM H H O K H C JioTa c e p H H  K o a n p y e T C H  T p n n jıe T a M H  
U C U , UCC, UCA, U C G , AGC. H a cT O  n p n  H3M eH eH H H  T p e T b e r o  
H yK JieO TH fla KOAOHa aM HHOKHCJIOTa H e  H 3M eH fleTC H , HTO 06'bHCHH- 
e T c a  e r o  M e H b u ıe n  3 H aH H M o cT b io  j y ih  T p aH cjiH U H H  n o  c p a B H e H H io  c  
nepBblMH AByMH OCHOBaHHHM H. T eH eT H H eC K H H  KOA HenpepblOHblÜ, 
HenepeKpbieawmuücH h  no c y m e c T B y  yHueepcaAbHbiü. 3a peAKHM  
HCKJIIOHeHHeM , B ce  O p raH H 3 M b I H C nO JIb3yiO T OflHH H TOT x e  KOfl.
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P hc . 3.13. E n o jıo rH H ecK H H  k o / i .  I lo c j ıe a o B a T e jib H o c T b  H yK JieoTH jıoB  k o j i o -  

H a cHHTbiBaeTCH o t  u e H T p a  k  nepH cJıepH H .

3.8. AMHHOAUHJI-tRNA-CHHTETA3A H PACIHHtPPOBKA KOflA

H a n 6 o j ı e e  n p H c n o c o 6 j ı e H a  k  p o j i h  M O JieK yjibi a j i h  p a c n iH 4 )p o B K H  
t R N A ,  TaK  k 3 k  o H a  M o * e T  c j ıy x H T b  a jıan T ep oM  M e » m y  T p n n jıe T a M H  
HyKJieOTHflOB H a  m R N A  H COOTBeTCTByiOmHM H HM aM HHOKHCJIOTa- 
MH. B b in O JIH eH H e  a H an T e p H O H  4>yHKUHH CTaHOBHTCH B 03M 0X H bIM  
n o c j i e  CBH3bIB3HHH t R N A  c  O n p e fleJ ie H H O H  aMHHOKHCJIOTOH. B 3 a -  
HM HOe « y 3 H a B a H H e »  aMHHOKHCJIOTbl H t R N A  npOHCXOÄHT c  nO M O - 
u ib io  4 »epM eH T a a M H H o a u H jı- tR N A -C H H T e T a 3 b i .  3 t o t  4>epM eH T « y 3 -  
H aeT »  h  cB H 3biB aeT  t R N A ,  a  3aT eM  n ep eH O C H T  aM H H O K H cjıo T H b m  
ocT aT O K  H a  r p y n n y  3'-OH K O H u e B o ro  a f le H 0 3 H H a , n p H c o e flH H H H  e e
CJIOiKHO-Ə^JHpHOH CBH3bIO:

aa-tRNA-cnHTeTƏ3bi 

A m h h o k h c jio tə  + tRNA + ATP — *■ AMMHoauM/ı-tRNA + AMP + H4P2O7 .

f
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B3aHMoaeHCTBHe aa-tR N A  c koaohom  m R N A  o6ecneMHBaeTca 
TeM, h to  b oühoh  H3 neTe;ib MojıeKyjıw tR N A  HMeeTca TpnnjıeT  
HyKJieoTHjıoB — aıiTHKOAOH, KOMnjıeMeHTapHbift onpeaejıeHHOMy 
KOflOHy m R N A  (cm. p n c . 3.4).

PHÖOCOMbl —  3TO M aCTHUbl, H a  KOTOpblX npOHCXOflHT CHHTC3 
ö e jiK a . P h 6 o c o m m  n p o K a p n o T  H M eıoT  flB e cy6T>ejiH H H H bi: M a jıy ıo  — 
3 0 S , c o c T o a m y ı o  H3 o f lH o f ı  M O jıeK yjib i RNA h  21 ö e jiK a ,  h  6 o j ib -  
uıyıo —  5 0 S , cocTOHmyıo H3 2 M O JieK yjı RNA h  34 p a 3 H b ix  6ejiK O B . 
P h 6 o c o m m  əy K ap H O T  h m c io t  o n e H b  n o x o x y ı o  c T p y K T y p y , h o  H e -  
CKOJibKo 6 o j ı e e  K p y n H b ie  —  cy6T>eflH H H U bi 40S h  60S. M a j ıa a  c y 6 -b - 
e jiH H H u a  cB 33biB aeT C H  c  m R N A , a  tR N A  c o e /iH H H e T c a  c  o 6 eH M H  
cy6"bejiH H H U ,aM H . F Io  M e p e  c H H T e3 a  6 e j iK a  n o c jıe j ıo B a T e jib H o c T b  k o - 
j io h o b  m R N A  CHHTbiBaeTCH o ä h h  p a 3  b n p o u e c c e  a b h x c h h h  p n 6 o -  
COMbl BJIOJIb M aT pH U bl. K a K  TOJIbKO CaHT HH H U H aU H H  m R N A  OCBO- 
6o>KjıaeTCH o j ih o h  p h ö o c o m o h , c  h h m  M o x e T  cBH3biBaTbC5i a p y r a a .  
r İ 0 3 T 0 M y  OJIHa m R N A  HaCTO MOJKeT 6 b IT b  C B K 3aH a C HeCKOJIbKHMH 
P h 6 o c o m 3 m h , o 6 p a 3 y a  n o jiH p w ö o c o M y .

MHHUHaHHH (pnc. 3.14). ü o  Toro KaK HaHHeTCH cHHTe3 6 ejiKa,
(|)OpMHpyeTCH HHHUHHpyiOUIHH KOMnJieKC, COCTOHIUHH H3 MajIOH H 
ÖOJIbUIOH CyÖ'bejIHHHU PHÖOCOM, 6ejIKOBbIX 4»aKTOpOB HHHUHaUHH 
h aMHHoauHJi-tRNA. HHHunauHH «3anycKaeTca» cneuH(J)HqecKOH 
nocjıeaoBaTejibHocTbK) m R N A , coflepxam eü koüoh MeTHOHHHa.

ƏjıOHrauHH (pnc. 3 . 15). BojibiuaH cy 6T>ejiHHHua pnöocoMbi HeceT 
jIBa pajıoM pacnojıoxeH H bix caüTa CBH3biBaHHH tRNA: ojihh cB«3bi- 
BaeTCH c aMHHoauHJi-tRNA (caüT A ), a Jipyroiı — c nenTHjiHJi- 
tR N A  (caüT P). CneuH(|)HHHocTb ə th x  caüTOB cBH3biBaHHH onpejıe- 
JIHeTCH KOJIOH3MH m R N A , KOMOneMeHTapHblMH K aHTHKOJIOHaM 
tR N A . nenTHjiHJibHbiü o c t3 to k  (hjih  N - 4>opmhjim6th o h h h  Ha nep- 
BOÜ CTajIHH) nepeHOCHTCH Ha aMHHOKHCJIOTHblÜ OCT3TOK tR N A , 
cBH3aHHbiü c caüTOM A , c 0 6 pa30BaHHeM nenTHjiHJi-tRNA b caüTe 
A  h «nycToü» tR N A  b caüTe P. Ə to  4>opMHpoBaHHe nenTHjiHoü 
cbh3h KaTajiH3HpyeTCH pn6ocoM ajibHoü nenTHjtHJiTpaHC^)epa30H.

«CBo6ojiHaH» tR N A  noKHjıaeT caüT P h HOBaa nenTHJiHJi-tRNA  
nepeMemaeTca H3 caÜTa A  b o cb o 6 o jih b u ih h ch  caÜT P, a pH6ocoMa 
npojtBHraeTCH n o  m R N A , h to ö m  noMecTHTb b cb oöojih m ü  caÜT A  
h obm ü  k o jio h . Ə t o t  3Tan Ha3biBaeTc« m paH c/ıoK anueü. ƏTanbi h h h -  
UHaUHH, CBH3MB3HHH a a -tR N A  H TpaHCJIOKaUHH npOTeKaiOT c HC- 
nojib30BaHHeM ƏHeprHH G T P  (cm . puc. 3 .1 5 ).

TepMHHauufl. ƏjıoHrauHH uen n  npojtojıxaeTCH jio Tex nop, noKa 
pH6ocoMa He jıocTHrHeT TepMHHajibHoro KojıoHa (U A G , UAA, 
UG A ). OaKTopbi TepMHHauHH Bbi3biBaıoT OTjıejıeHHe «3aBepıueH- 
Horo» nojiHnenTHJta o t  nenTH jiH Ji-tRNA b caÜTe P.

r i0CTTpaııcjiHHH0HHaa MO,iH(J)HKannH. nojınnenTHjibi, nojıyneH- 
Hbie b p e3yjibTaTe onHcaHHoro n p ou ecca , cnoHTaHHo cKpyHHBaKJT- 
CH, o6pa3yH BTOpHHHyiO H TpeTHHHyK) KOH(J)OpMaUHH.

B KJieTKax x h b o th m x  MHorne 6 e jiK H  cHHTe3HpyıoTCH b BH jıe mo- 
JieKyjı-npejıuıecTBeHHHKOB, TpeöyıouiHx MojiH(J)HKauHH jijih npno6- 
peT eH H H  ÖHOJIOrHHeCKOÜ 3KTHBHOCTH. H a n p H M e p ,  HHCyjIHH C H H Te-

dT



<t>ƏKTOpbl
MHHUHaUMM

GTP

n
N-(popMMJl-
MeTMOHMJl

tRNA

mRNA

KoMruıeKC mhmuməumm

PnöocoMa,
rOTOBafl K TpaHC/lflUMM 

Phc. 3.14. H H H u n a m tH  T paH C JiauH H  y ə y K a p n o T .

3HpyeTca b BHfle npoHHcyjiHHa h npeflCTaBJineT c o ö o h  oflH oueno- 
MeHHyıo MOJieKy/ıy. l lo c n e  yaajıeHHH cneuH^HHecKHMH npoTea3aMH 
n o j ın n e n T H Ä H o r o  c e rM e H T a  o h  n p e o 6 p a 3 y e T C H  b f lB y x u e n o H e H H y ıo  
MojıeKyjıy c BHyrpH- h MexuenoHeHHbiMH flHcyjib(J)HflHbiMH mocth- 
KaMH. ripHcoeaHHeHHe npocTeTHHecKon rpynnb i c 0Öpa30BaHHeM 
c jio x h h x  6ejiKOB h  oö'beaHHeHHe np0T0Mep0B b ojınroMepHbiH 
ÖeJIOK TaiOKe npOHCXOJIHT nOCJie 33BepUieHHH TpaHCJIHUHH. H3BeCT- 
hw  MHorne a p y rn e  nocTTpaHcjiHHHOHHbie MOflMcJmKauHH 6 cjikob: 
HanpHMep, TaKHe KOBajıeHTHbie MoaHcJmKauHH, KaK aıteTHJinpoBa- 
H H e, (J)OC(})OpHJIHpOBaHHe H rJIHK03HJIHp0B3HHe. KpoMe Toro, MO- 
>KeT npOHCXOJIHTb MOAH(J)HKaiI,HH 3MHHOKHCJIOTHbIX OCTaTKOB, H a -  
npHMep npeBpam eHHe npojiHHa h JiH3HHa b OKcnnpojiHH h okchjih- 
3 h h  b KojuıareHax, HoanpoBaHHe rapo3H H a b THpeorjıoöyjiHHe h  t . a .
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3.9. PEryjW U H fl CHHTE3A EEJIKA

K o H u e H T p a u H H  m h o t h x  6 c j i k o b  b  ıcneTK e H en o cT O H H H a h  H 3M eH H eTc« 
B 33BHCHMOCTH OT COCTOHHHH KJieTKH H BHeiHHHX yCJlOBHH. Ə tO  n p o -  
h c x o j i h t  b  p e 3 y jib T aT e  p e r y j ı a u H H  C K o p o c T e n  cH H T e3 a  h  p a c n a j ı a  6 e j ı -  
k o b .  P e ry jiH H H H  Ə K c n p e c c n n  reH O B  M o x e T  o c y m e cT B JiH T b c n  H a jııo- 
6 o h  cTaflH H  H a n y r a  o t  r e H a  a o  0 6 p a 3 0 B aH H H  (|)yH K H H O H ajibH O -aK - 
t h b h o t o  ö e jiK a .

P e ry jm u H H  r p a n c K p n ı ı n n n .  TpaHCKpnnuHH reH O B  MoxeT noaaB- 
JIHTbCH HJIH aKTHBHpOBaTbCH, CJieflOBaTejIbHO, CHHTe3 6eJIKOB MO>KeT 
p e n p e c c u p o e a m b c n  u j iu  U H dynııpoeam bcn. Onepon —  ə to  ynacTOK DNA, 
KOflHpyiOIUHH CTpoeHHe, K3K npaBHJIO, (JjyHKUHOHajIbHO C B H 3 a H H b IX  

6ejiKOB h  coaepxaıuH H  peryjiHTopHyıo 30Hy, KOHTpojiHpyıomyıo c h h -  
Te3 3 th x  6ejiKOB. Ha puc. 3.16 npHBejıeHa cxeMa jıaKTO3Horo onepoH a.

np0M0T0p CTpyıaypHbie reHbi:

RNk-nonnMepa3a-^^M
ı--------------------------- 1---------------------------- 1

DNA

i P 0 z y a

mRNA

TpaHCKpwmMfl 3a6^0Knp0BaHa

Be^OK-penpeccop 

+HHflYKTOP (awi0JiaıcT03a)

RNA-
nonmepa3a

DNA * O
i P 0 z y a r

mRNA 9

mRNA

HeaKTMBHblfİ 

MHflYKTOP PenPecc°P *
TpaHC/ısıUMfl

~ j n

p-ranaKT03ma3a nepMea3a naıao3bi TmranaKToaw  
TpaHcau,emna3a

P hc . 3.16. Pery jiH U H H  ƏKcnpeccHH l a c - o n e p o H a  E .c o l i .



CmpyKmypHbie eemı, MH/ıyunpyeMbie cobm cctho, p ac n o jıa ra jo T ca  Ha 
MOJieKyne D N A  phüom c nocjıezıoBaTejibHocTHMM HyıaıeoTMiioB, H a 3 b i-  
BaeMbix n p 0 M 0 T0 p 0 M  h  o n e p a T o p o M . JX n n  peryjuıuH H  TpaHCKpnnuHH 
Heo6xoüMM eme o/imh ynacTOK D N A  — peeymmopHbiü ze/ı, He Bcer/ıa 
pacnojıaraıom H H CH  b6jih3m yKa3aHHoti rp y n n b i. Bo BpeMH TpaHCKpnn- 
Uhm RNA-nojiHMepa3a cBH3biBaeTCH c npoMOTopoM m npoflBMraeTca 
Baojib DNA, o 6 p a3 y a  TpaHCKpnnT reHOB on ep o H a .

EejiKH-penpeccopbi — n p o ü y K T b i  T p aH C Jiau H H  p e r y j ı a T o p H b ix  
r e H O B . OHH CBH3bIBaiOTCH C COOTBeTCTByiOIHMMH O n ep aT O p H b lM H  
y n acT K aM H  h  ö jıo K H p y ıo T  n p o f lB H x e H H e  R N A -n o jiH M e p a 3 b i h ,  c j ıe -  
A O B aT ejibH O , n p e n a T C T B y ıo T  T p a H C K p n n u H M .

HH/ıyKTopbi — H eöojibuiHe MOJieKyjibi, K O TO pbie MoryT CBK3bi- 
BaTbcH c  6 e jiK a M H -p e n p e c c o p a M H  h  H H rH 6npoB aT b  h x  c n o c o 6 H o c T b  
CB5I3bIBäTbCH C OnepaTOpHblMH yMaCTK3MH D N A . TaKHM 0Öpa30M , 
TpaHCKpHnUHH MOXeT npOHCXOflHTb TOJIbKO B npHCyTCTBHH H HüyK - 
T o p a . H H ayK T opaM H  T p aH C K pnnuH H  c j ıy x a T  cy 6 cT p aT b i M eT aöo jiH - 
HecKHx n y T e f i .  O h h  CTHMyjiMpyıoT c h h t c 3  6ejiKO B, o 6 e c n e H H B a ıo -  
lu h x  mx npeB paıueH H a.

Kopenpeccopbi — j iH ra H /tb i  6 e j iK O B - p e n p e c c o p o B .  K o p e n p e c c o p a -  
M H, K3K np aB H JIO , HBJIHIOTCH K O H eH H bie npO JiyK T bl MeTaÖOJIHHeCKHX 
n y T e n .  P oJib  H H ay K T o p o B  h  p e n p e c c o p o B  M o ry T  n r p a T b  ro p M O H b i.

3 .1 0 . P E r y j I H U H f l  Ä E Ü C T B H fl T E H O B
H  K JIE T O H H A fl /IH d x D E P E H H H P O B K A

B K JieT K ax x h b o t h w x  K p aT K O B p eM eH H b ie  a f la n T H B H a n  MHflyKUMH m 
p e n p e c c H H  cM H T e3a 6 c j i k o b  B 03H H K ai0 T  n p n  M3M eHeHHM  k o h u c h t -  
pauMH o n p e j ıe j ı e H H b ix  B e m e cT B : c y ö c T p a T O B , n p o a y K T O B  MeTaöojiH- 
^ecK H X  nyTeü, t o p m o h o b .  O f lH a K o  c y m e c T B y ıo T  Taıcace /uiHTejibHbie, 
n a c T o  c o x p a H H io m H e c H  H a  npoTH>KeHM H B c e n  > kh3hm  HH/ıyKUHH h  
p e n p e C C H H , B 0 3 H H K a i0 m H e  B XOüe KJieTOHHOH ÜM(J)(j)epeHUMpOBKH. 
Pa3Hbie üH(J)c})epeHunpoBaHHbie K JieTK H  oflH oro opraHH3Ma HMeıoT 
OflMH3KOBbIM H a 6 o p  reH O B , H O , K3K n p aB H JIO , O TJIH H aiO TCfl 6 eJIK O - 
BblM COCTaBOM. Pa3JIHHH5I K JieTO K  npH J IH (} )4 )e p e H H H p O B K e  B 03H H - 
KaıOT b  p e 3 y jib T a T e  penpeccuu odnııx eenoe u depenpeccuu dpyzux. 
M ojıeKyjıapHbie M exaH H 3M W  peryjrauH H  T a K o ro  T H n a  H eji0 C T aT 0 H H 0  
H3yneHbi. Ho o ö i u h h  npHHUHn jıencTBHH cneuM4»HHecKMx p e ry jıa - 
TOpOB CBOflHTCH K C03flaHHI0 3 0H  DNA , HeflOCTynHblX ÜJIH T p aH C - 
KpnnuHM 3a cneT KOH/ıeHcauMH xpoMaraHa.

3.11. HHrHBHTOPbl MATPHHHblX BH0CHHTE30B

H cn0jib30B aH H e HeKOTopwx jıeKapcTBeHHbix cpeacT B  H3 rp y n n w  
3 h t h 6 h o t h k o b  0 C H 0 B a H 0  H a  H H rH Ö H poB aH H H  n p o T e K a ı o ı ı ı , e r o  b  n a -  
ToreHHbix M HKpoopraHH3M ax MaTpHHHoro 6HocHHTe3a. H a n p M M e p , 
T e T p a u H K J iH H  H H r n 6 H p y e T  ə j ı o H r a u n ı o ,  Ö J io K H p y n  u e H T p  C B H 3 b iB a-
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h h h  aa-tRN A H a pn6ocoMe, ə p h t p o m h u h h  H H rH Ö n p y e T  T p a H c ^ o -  
K au ,H io . IIpomueoöaKmepuajibHbie cpedcmea o ö ü a a a ıo T  a0CTaT0HH0 
BblCOKOH H 36 H p aT eü b H O C T b K ) H M3JIOTOKCHHHbI flJIH HejIOBCKa. Ə tO  
0 6 'bHCHHeTCH TeM , HTO pHÖOCOM bl 6 aK T epH H  OTJIHHaiOTCH OT pH Ö O - 
c o m  əy K ap H O T  n o  M a c c e ;  K p o M e T o r o ,  H eK O T o p b ie  (J)epM eH T bi h  
6 e jiK H  p h 6 o c o m  pa3 jiH H aıo T C H  c T p o e H H e M .

JJpomueoonyxojıeebie anmuöuomuKU ( 3 k t h h o m h h h h  D, p y ö o M H - 
u h h  h  t . j i . )  H a p y u ıa ıo T  c T p y K T y p y  D N A  h  H H rH Ö n p y ıo T  p e n j iH K a -  
U H io  D N A  h ( h j i h )  T p a c K p H n u H io .  J le K a p c T B e H H b ie  c p e j ıc T B a  ə t o h  
r p y n n w  H e o 6 j ıa a a ı o T  a 6 c 0 JH 0 T H 0 H  H 3 6 H p a T e jib H o c T b io  n o  o T H o ı ı ıe -  
h h i o  k  D N A  o n y x o j ıe B b ix  k j i c t o k ,  n o ə T O M y  o h h  zıocTaTO H H O  t o k -  
CHHHbl. O flH aK O  H 3 6 n p a T e jIb H O C T b  B HX JteHCTBHH B ce  x e  HM eeTCH, 
h o  o6ı>HCHHeTCH He H ajiH H H eM  DNA , a  a p y rH M H  4 )aK T o p aM H , Ha- 
n p H M e p  n p o H H u a e M o c T b io  M e M 6 p a H  o n y x o j ıe B b ix  h  3 z ıo p o B b ix  K Jie- 
TOK, OCOÖeHHOCTHMH M e T a6 o jIH 3 M a  H T .fl.

3.12. rEH H blE  MyTAHHH

Pa3JiH H H bie (J)aKTopw M oryT  H ap y u ıaT b  n o c jıe a o B a T e jib H o c T b  H yKJie- 
o t h ä o b  b D N A  h ,  c jıe jıoB aT ejibH O , H3MeHHTb reH eT H n ecK y ıo  h h -  
(J)opM auHio. TaKHe u3M enenuR n epeu m ıoü  cm pyK m ypbi D N A , ne u c-  
npaejtennbie p en a p u p yw ın e ü  cucmeMOÜ, Hd3bieaH)mcH Mymai{UHMU.
IlpH H H H aM H  M yTauHH M oryT  6biT b  n o B p e x Ä e H H e  D N A  yjibTpa(})HO- 
jıeTOBbiMH J iy n a M H , H0 HH3 H pyi0 in eH  p a a H a u n e H , x h m h h b c k h m h  c o -  
eaHHeHHHMH o K p y x a ıo ıı ıe H  c p e a b i  h  o ih h 6 k h  pen jiH K au H H . T e H e -  
THHecKHe M yTaıiHH BejıyT k  cH H Te3 y  H3 M eH eH H o ro , jıe(J)eK T H oro 
6 ejiK a. M y T au H H , 3 aT p a rH B a ıo ııiH e  p e ry jiH T o p H y ıo  3 0 Hy o n e p o H a , 
H apyıuaıO T  p ery jiH U H io  h j ih  Bbi3 biBaıoT n p e K p a u ıe H H e  CHHTe3a  
6 ejiK a. B bw ejiH ioT  HecKO JibK o p a 3 H0 BHflH0 C Teü M y T au n ü .

1. 3aMena nyKAeomuda e Kodone. T a K o e  H3MeHeHHe m o k c t n p n -  
BeCTH K H 3M eH eH H K ) CM blCJia KOflOHa — MHCCeHC MyTaUHH H nOHB- 
JieHHIO B ÖejIKe HOBOÜ aMHHOKHCJIOTbl. EcJIH B pe3yJIbTaTe 3aMeHbI 
HyKjıeoTHjıa k o j io h  npeBpaıuaeTCH b TepMHHHpyıouiHÜ — h o h c c h c  

MyTauHH, t o  CHHTe3HpyeTCH He3aBepıueHHbiü öejıoK, TaK KaK ero  
CHHTe3 npepbiBaeTCH Ha ə to m  KoaoHe. B t o  * e  BpeMH 3aMeHa He 
B ceraa npHBOAHT k  H3MeHeHHio cMbicjıa KoaoHa. T aK  KaK k o ü  b h -  
pOXfleHHblH H OflHa aM HHOKHCJIOTa KOJlHpyeTCH HeCKOJIbKHMH KO- 
flOHaMH, t o  b  pe3yjibTaTe MyTauHH MOxeT nojıyHHTbcn h o b m ü  
KOJIOH, HO KOflHpyiOIUHÜ Ty Xe 3MHHOKHCJIOTy.

2 . JJe/ıeu.uH — ym pam a MOHOMepa U3 yenu. B03M0XHa yrpaTa 
4 > p arM eH T a  D N A , c o c T o a ı u e r o  H3 T p e x  H y ıo ıe o T H jıo B  h j i h  k o j i h h c -  
c t b 3  H y K jıeo T H jıo B , K p a T H o ro  T p eM . B ə t o m  c j ıy n a e  B b in a a a e T  o j i h h  
K 0 fl0 H  h j i h  H e c K o jib K o , a  b  6 e j iK e  yT paH H B aeT C H  o a H a  h j i h  HecKOJib- 
KO aMHHOKHCJIOT. E c jIH  B D N A  yT paH H B aeT C H  OflHH M O HOM ep ( h j i h  
KOJIHHeCTBO HyK JieO TH ÜOB, H e  KpaTHOe TpeM ), TO H3M eHHeTCH 
c m h c j i  B c e x  n o c j ı e a y ı o ıu H x  k o j i o h o b .  H e n o j iH b iü  k o a o h  np n  c h h -  
TbIB3HHH flOnOJIHHeTCH HeÄOCTaiOIUHM  HyKJieOTHflOM  H3 coceaH ero
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K O Ä O H a H « p a M K a »  C H H T blB aH H H  n p H  T p a H C K p H n U H H  C M e m a e T C H . 
B pe3yübTaTe t 3 k o h  MyTaunn cHHTe3HpyeTCH 6e^oK co cüynaHHOH 
nocjıeaoBaTejibHocTbio 3 m h h o k h c j i o t  nocjıe MecTa MyTauHH.

3. BcmaeKa donomumejibHbix M o n o M e p o e .  B cjıynae b c t 3 b k h  
(})parMeHTa H3 Tpex HyKjıeoTHjıoB (h j ih  KOJiHHecTBa, KpaTHoro 
TpeM) CHHTe3HpyeTCH 6ejIOK, yflJIHHeHHblH Ha OÄHy HJIH HeCKOJIbKO 
aMHHOKHCJIOT. ECJIH B Uenb BKJIIOHaeTCH OflHH MOHOMep HJIH KOJIH- 
necTBo MOHOMepoB, He Kparaoe TpeM, t o  nponcxojiHT MyTaunn co 
CflBHrOM «p3MKH» CMHTblBaHHH, K3K OnHCaHO BblUie, H CHHTC3Hpy- 
eTCH 6eJIOK C H3MeHeHHOH nOCJieflOBaTejIbHOCTbK) aMHHOKHCJIOT 
nocjıe MecTa MyTauHH, He cnocoÖHbiH BbinojiHHTb c b o h  (})yHKHHH.

P a 3JiH H a ıo T  M y T a u H H  H e Ü T p a j ib H b ie ,  n o j ı e 3 H b ie  h  B p e f lH b ie .  M y T a -  
H H H  b  n o j ı o B b i x  K jıe T K a x  n e p e ü a ıo T C H  n o  H a c j ı e a c T B y  h  M o ry T  n p o H B -  
JIHTbCH K 3 K HaCJiedcmeeHHÜH 6oAe3Hb, CBH3 a H H 3 H CO C T p y K T y p H b lM H  H 
(J)yH K H H O H ajIb H b IM H  H 3 M eH C H H H M H  6 ejIK O B . M y T a U H H  B COM 3 T H H eC - 
KHX K JieT K aX  M O ry T  B bI3 b IB a T b  p a 3JIH H H b ie  (} )y H K U H O H ajIb H b ie  H a p y -  
u ıe H H H , a  H H o r j ı a  T p a H C (} )o p M a u H io  k j i c t o k  h  p a 3 B H T H e o n y x o j ı e n .

E c j i h  b  p e 3 y j ib T a T e  M y T a u H H  c B o ü c T B a  6 e j iK a  H 3 M e H H JiH C b  b  j ı y q -  
u ı y ı o  c T o p o H y  h  n o B b i u ı a ı o T  * H 3 H e c n o c o 6 H o c T b  o p r a H H 3 M a , t o  
T a K H e  M y r a u H H  ö n o j ı o r H H e c K H  n o j ı e 3 H b i h  h b j i h i o t c h  c p e a c T B O M  e c -  
T e c T B e H H o r o  o T 6 o p a .

3.13. nOJIHMOPOH3M BEJIKOB

n p u  (} )H jıo r e H e 3 e  n p o n c x o f l H T  y c j ı o * H e H H e  re H O M a . ü p H H H H a M H  
Ə T o ro  y c j i o > k h e h h h  h b j i h i o t c h  y n B o e H H e  re H O B  h  H e 3 aB H C H M b ie  M y T a -  
u h h  b  h h x .  n o j ı y n a ı o T C H  B a p u a H T b i  re H O B , K O T O p b ie , 0 6 p a 3 0 B a B u iH C b  
y  o T jıe j ib H b ix  o c o 6 e n ,  p a c n p o c T p a H H K )T C H  b  n o n y j iH U H H  b  p e 3y jib T a T e  
H a c j ıe a o B a H H H . TaK  < J)opM H pyeT C H  r e H e T H H e c K a n  H e o / iH o p o j iH o c T b ,  
B e jıy m a H  k  (} )eH O T H nH H ecK O H  H e o j jH o p o j iH o c T H  ( r e T e p o r e H H o c T H ) .  
I lo j iH M o p (} )H 3 M 6 ejiK O B  o 6 y c jıo B J iH B a e T  c y ıu e c T B O B a H H e  p a 3 H b ix  6 e j ı -  
KOB, B binO JIH H IO IU H X  O flH H aK O B b ie  HJIH O H eH b  C X O JlH bie (})yH K U H H . 
Ü O H B JieH H e  n e p B o r o  T H n a  n o j iH M o p (} )H b ix  6 c j i k o b  c b h 3 3 h o  c  y B e jiH H e -  
H H eM  H H C jıa  j ıo K y c o B ,  K O flH p y ro ıu H X  o n p e j ı e j ı e H H b iH  6 e j ıo K  b  x p o m o -  
c o M e  b  p e 3 y j ib T a T e  y jiB o e H H H  h  M y r a u H H , T .e .  o 6 p a 3yeT C H  r p y n n a  
c x o a H b i x  J io K y c o B  b  re H O M e  H H /iH B H jıa . T e H b i  ə t h x  6 ejiK O B  H e  a j u ı e j i b -  
H b i, o h h  3aH H M aıO T  p a 3 H b ie  j ı o K y c b i  (HbA, HbA2, HbF). n o j iH M o p ( } ) -  
H b ie  6 e jiK H  —  B T o p o r o  T H n a  —  ə t o  n p o j ıy K T b i  a j u ı e j i b H b ix  re H O B  
(HbA, HbS), T .e .  H M eeT C H  M H O x e c T B o  a j u ı e j ı e ü  b  reH O (})O H jıe  n o n y j i H -
UHH. nOJIHM Op(})H3M  6ejIKOB HaCTOJIbKO BejIHK, HTO MOJKHO TOBOpHTb 
O ÖHOXHMHHeCKOH HHJlHBHJiyajIbHOCTH OpraHH3M a.

3.14. METOÄbl PABOTbl C TEHHblM MATEPHAJIOM

T p y a H o c T H  b  H 3 y n e H H H  DNA 3 aK JiK )H aıoT C H  b  c j ı e j ı y ı o ı u e M :
1) M OJieKyjibi D N A  x h b o t h h x  h  H ejıoB eK a HMeıOT o rp o M H b ie  

p a 3 M ep b i. T aK H e M ojıeK yjib i H ey jıo 6 H b i j i j i h  H ccjıejıoB aH H H  h  h x  
n p ejiB a p H T ejib H o  p a 3 p e 3 a ıo T , 4>pa™ eH T H pyıO T  c  n o M o u ib io  c n e u n -
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5' 3' 5 ' 3 ' 5 ' 5 ' 3 ' 5 ' 3 ’ 5’ 3 '
AeHaıypaunfl rn6pn«n3aun« no/ınMepn3auuçı

P hc . 3 .1 7 .  CTaflHH oaHoro u n ıc ııa  PCR.

ajibHbix (JjepMeHTOB — pecTpHKTa3, BbiaeüaeMbix H3 öaKTepnn. Pe- 
C TpHKT33bi « y 3 H a ıo T »  o n p e j ı e ü e H H b ie  n o c jıe j ıo B a T e jib H o c T H  h  p a 3 p e -  
3a ıo T  D N A  b o n p e j ıe j ı e H H b ix  M e c T a x  (c m . p n c .  3.7);

2) KOJiHHecTBo D N A  b KJieTKe hcbcjihko, noəTOMy hcoöxojihm 
cnocoö yMHO^ceHHH (aMnjiHtJjHKauHH) H3ywaeMOH DNA in vitro. 
TaKHM MeTOjıoM HBJiaeTCH n o jiH M e p a 3 H a a  n e ıı ı ta H  p e a K in ıs ı  —  PCR, 
KOTOpaH n03B0JineT aMnjiH(J)HHHpoBaTb D N A  h jih  ee cJıparMeHT b  
MHJIJIHOHbl pa3 3a HeCKOJIbKO M3COB. PC R  OCymeCTBJIHIOT b npo- 
önpKe c noMouibio TepMocTa6HJibHoiı DNA-nojiHMepa3bi (Tag- 
nojiHMepa3bi) npn ynacTHH jıe30KCHHyKJie03HjiTpH(J)0C(j)aT0B — 
CyÖCTpaTOB H KOpOTKHX OJIHrOHyKJieOTHJIHblX 3aTpaBOK —  npaHMe- 
pOB. ripaHMep — 3TO KOpOTKHe, JIJIHHOH B 20—30 HyKJieOTHJIOB, 
oflHouenoHeHHbie (JıparMeHTbi DN A , KOMnjıeMeHTapHbie 3'-KOHue- 
bhm nocjıejıoBaTejibHocTHM KonnpyeMOH DNA-MaTpnubi. Bjıarojıa- 
pn npanMepaM orpaHHHHBaeTCH (JjparMeHT D N A , KOTopbiH 6yjıeT 
cKonnpoBaH Tag-DNA -nojiHM epa3on, npHcoeflHHHiomeHCH k  3'- 
KOHuaM npaHMepoB h jıocTpaHBaıoıııeH hx jio 3ajjaHHOH juihhm . Pe- 
aKHHH npoTeKaeT b HecKojibKo c tə jih h  (pnc. 3.17).

1. J le h a m y p a n u H .  M H K y6a u H 0H H yi0 c M e c b  HarpeBaroT j io  T e M n e -  
p a T y p b i 90 °C. ripn ə t o m  n p o n c x o j iH T  pa3pyuıeHHe cjıa6bix CBH3e n  
b D N A  h  H3 o j i h o h  jiB y x u e n o H e H H O H  M O JieK yjib i o 6p a 3yıoTCH jiB e 
o j iH o u e n o H e H H b ie .

2. r u 6p u d u 3 aıı,UH n p a Ü M e p o e .  T e M n e p a T y p y  c H H x a ıo T  j io  50 °C. 
r ip H  3t o m  n p o H c x o j iH T  ™ 6p H jiH 3aHHH ueneH D N A  c  n p a Ü M e p a M H .

3. IloAUMepu3anuH. H H K yöauH O H H yıo  cM ecb  H a rp eB a ıo T  jio  TeM - 
n e p a T y p b i 70 °C. I İp H  ə t o h  T eM n ep aT y p e  T a g -n o jiH M e p a 3 a  yjuiH H H - 
eT o 6 a  n p a ü M e p a  c  h x  3 '- k o h h o b .  IIp a H M e p b i jı,opacT aıoT  jio  p a 3 -  
M epoB M aTpHHbi. B pe3 y jib T aT e  KojiHHecTBO D N A  yjiBaHBaeTCH. 
T a g -n o jiH M e p a 3 a  BbijıejiHeTCH H3 TepMO(J)HJibHbix 6 a K T e p H H  h  o t j i h -  
naeTCH ycTOH HH BocTbio k  b h c o k o h  T e M n e p a T y p e .  r ip H  T e M n e p a T y p e  
70 °C t h 6 p h j i  n p a ü M e p  — D N A  He jıe H a T y p n p y e T , a T a g -n o jiH M e - 
p a 3 a  c n o c o 6 H a  p a 6 o T a T b  c  6 o jib iu o H  C K opocT bio .



3.15. H C n0Jlb30B A H H E PCR

jjHarHOCTMKa 6o/ıe3HeH (DNA-flHarHOCTHKa). M eT O fl o cH O B aH  H a 
t o m ,  h t o  n e p B H H H a n  C T p y K T y p a  DNA p a 3 H b ix  b h a o b  0 p ra H H 3 M 0 B  
p a 3 J I H H H a .  3 H a H H T , MOJKHO H3HTH nO C üeflO B aT eübH O C T H , X a p a K T e p - 
H b ie  RJifi D N A  B 0 3 Ö y jiH T ejıeH  6 o jıe 3 H H  h  n o j ıo 6 p a T b  T aK H e npaiiM e- 
p b i ,  K O T o p b ie  6 y jıy T  rn 6 p H jiH 3 0 B a T b C H  c  D N A  B 0 3 6 y jiH T e jiH , h o  H e c  
D NA n e j ıo B e K a .  B ə t o m  c j ı y n a e  n p o jıy K T O M  aM njiH (J)H K auH H  6 y jıe T  
D NA TOJibKO B03ÖyjiHTejiH, a He nauneH Ta.

H s y n e H H e  reH O M a H e j ıo s e K a .  / ] ,j ih  ə T o r o  H e o ö x o jiH M b i B b ijıe jıe H H e  
h aM n jiH (J)H K auH H  o T jıe jib H b ix  reHOB. M c n o j ib 3 y ıo T  n p a Ü M e p b i ,  kom - 
n J ie M e H T a p H b ie  H a n a j ıy  H3ynaeM oro reHa. I lo c j ıe j ıo B a T e j ib H o c T b  
HyKJieoTHJioB b  T3KOM npaHM epe mojkho o n p e j ıe j iH T b  n o  3m h h o - 
KHCJIOTHOH nO C JiejIO B aTeJIbH O C TH  N -K O H U a  H C -K O H U a  COOTBeTCT- 
Byıom ero 6 e j iK a  h T a ö j ı u u e  Kojıa. T p y jiH o c T b  3aKJHOHaeTCH b to m , 
HTO KOJI B b ipO X H eH H blH  H npHXOJIHTCH C H H Te3H pO B aT b HeCKOJIbKO 
n p a ü M e p o B ,  a 3aT eM  o n b iT H b iM  n y T eM  H a x o jiH T b  n p a H M e p b i ,  k om - 
n jıe M e H T a p H b ie  K O H uaM  reH a. B b u ıe j ıe H H e  h a H a jiH 3  O T jıe jib H b ix  
(JjparM eH T O B  reHOB H c n o j ib 3 y e T c n  j i j ih  o n p e jıe jıe H H H  M y T a u u u  h 
JlHarHOCTHKH H aC JiejIC TB eH H blX  6ojie3HeH.

3.16. KJIOHHPOBAHHE TEHOB

O p a rM e H T b i  D N A  m o*ho B b ip e 3 a T b  H3 reH O M a ə y K a p u o T  c n e u n -  
a jib H o  n o j ıo ö p a H H b iM H  p e cT p H K T a 3 aM H  h B C TpaH B aT b b D N A n j ıa 3 -  
MHjibi hjih BHpyca, BCKpbiTyıo (pa3pe3aHHyıo) tcmh x e  pecTpHK- 
T333M H ( p n c .  3.18). B pe3yjibTaTe o6pa3yeTCH ru6pHjiHaH n jıa 3 M H - 
na, hjih peKOMÖHHaHTHaa DNA. OjiHaKO t3khm cnoco6oM nojıyna- 
eTCH o n e H b  He6oJibiuoe kojihhcctbo peK O M ^H H aH T H O H  DNA. Kjio- 
H H p o B aH H e  —  3to c n o c o 6  e e  HaKonjıeHHH. ^jih 3 T o r o  p e K O M 6 n -  
H aH T H bie  n jıa3 M H jı,b i B C T paH B aıoT  b ö a K T ep H H  h nojıynaıOT peK O M - 
ÖHHaHTHbie 6aK T epH H , K O T opw e p e n jiH u u p y ıo T , TpaHCKpH6upyıoT 
h TpaHCJinpyıOT «ny>KHe» r e H b i .  M 3 6 a K T e p H a jib H o ü  Maccbi m ox- 
HO B b m ejIH T b  JIOCTaTOHHOe KOJIHHeCTBO peK O M Ö H H aH TH O H  D N A
(phc. 3.19).

OöpaTHaa TpaHCKpnnTa3a (RNA-3aBHCHMan D N A -nojiH M ep a-  
3 a )  — (J)epM eHT, K a T a jiH 3 H p y ıo ıu H H  CHHTe3 D N A , H c n o jib 3 y n  b  K a -  
HecTBe M aT p n u b i R N A . Ə t o t  (J>epMeHT h c o 6 x o j i h m  j i j ih  no jıyneH H H  
nocjıejıoBaTejibHOCTH D N A , KOMnjıeMeHTapHOH m R N A  (k D N A ), 
npH M eH H eM oü b reHHOH H H x eH ep H H . C n o M o ıu b io  o 6 p a T H o ü  
TpaHCKpnnTa3bi m o jk h o  nojıyH H T b kD N A -K onH H  m R N A , b  k o t o -  
POH OTCyTCTByiOT HHTpOHbl. C jiejJO BaTeJIbHO , n p H  BKJIIOHeHHH B 
n^a3M H jib i 3T a M OJieKyjıa He no jjB ep raeT C H  c n jıa ü c H H ry . P eK O M 6n- 
HaHTHbie M H K poopraH H 3M bi H a u iJ iH  n p a K T H n e c K o e  npH M eH eH H e 
KaK n p o jıy u e H T b i H eoö x o jiH M b ix  ne jıo B eK y  B eıuecT B : öejiK O B bix r o p -  
MOHOB, ÖHOJIOrHHeCKH aKTHBHblX nenTHJlO B.



ƏyKapnoTnsecKafl DNA

J U U i ^ ^ s w m M 'ü u ü ü ü L J u t l ' r a T O M İ s ı u u u
ı n n ^ ^ ^ m n n n n n r i n n n n ^ ^ ^ n n r

\i *  E. coli 
N " pecıpm aa3a

^  ^  'I^LTITUuiTuuuuu^WWffl
jai Ia) r+ i n ;c in r ın n  n  n  n n r ı  n

ODKMr j r
DNA-

flnra3a

BaıcrepMafibHafl n/ıa3Mnna 

P h c . 3.18. nojıyneHHe peKOMÖHHaHTHOH DNA.

3.17. EEJIKH H M M yH H O fl CHCTEMbl

M M M yH H aa cH C T eM a H e ^ o B e K a  —  ə t o  c o r j ıa c o B a H H O  (JjyHKUHOHH- 
p y ıo m aH  cHCTeM a M o;ıeK y;ı h  ıcneTOK, p a c n o 3 H a ıo m H X  h  y a a jiH io ıı iH x  
n y x e p o jiH b ie  B eıuecT B a. 3 a  HMMyHHTeT 0TBeHai0T B- h  T - k j i c t k h .  
B-KJieTKH B bipa6aTbiB aıO T aH TH Tejıa — H M M yH orjıo6yjiH H bi (Ig). T- 
KJieTKH M oryT  yÖHBaTb n y x e p o j iH b ie  k j i c t k h  h j i h  co 6 cT B eH H bie , h h -  
(J)HUHpOBaHHbie BHpyCOM, H MOryT 6bITb peryjIH TO paM H  HMMyHHOro
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noAxe/ıyaoHHafl xe;ıe3a 

I BwAe/ıeHne RNA
..— mRNA npenpowHcy/iMHa

I OöpaTHası TpaHCKpnnTa3a

x x x o o o o o c o o  DNA-ren npenponHcy/ınHa

♦ BBeAeHne reHa b nna3MMAy

Ö “" -  
, BBeAeHne n/ıa3MHAu 

b öaıaepnajibHyıo laıeTKy

|  Pa3MHO*eHMe öatcrepnM 

nPETlPOMHCyJlMH
P h c .  3 .1 9 .  CxeMa cHHTe3a npenpoHHcy/iHHa b TpaHC(J)opMHpoBaHHbix iüie- 
TKax E .coli.
rL ıa3 M H flb i — 3T o  K o .ab u eB b ie  H B y x u en o w eH H b ie  M o.neK yjibi DNA, c o ü e p jK a ıu H e c a  b  
6 aK TepH a,TbHbIX  KJieTKaX H CnO COÖ H bie K pen jlH K aU H H  H TpaH C K pH nU H H  H e3aBHCHMO OT 
KJleTOHHblX X p O M O C O M .

OTBCTa. K aam aH  M o;ıeK yjıa  a H T H T e jıa  npeA C TaB JiaeT  c o ö o h  6 e jıo K , 
H M eıouiH H  (J)opM y 6yK Bbi Y h  c o c t o j i i u h h  H3 üB yx  HAeHTHHHbix m n -  
xceAbix (H) h  AByx HfleHTHMHbix AeiKux (L) qeneü ( p n c .  3 .2 0 ) .

C y u ıe c T B y e T  5  KJiaccoB aH T H T ejı, h m c io iu h x  pa3JiH H H bie k o h c t 3 h t -  
H b ie  o 6 j ı a c ™  H-aenM. C J iıo 6 b iM  T H noM  H-ueneft M o r y r  ö b iT b  CBH3a -  
Hbi L-uenH J i ı o ö o r o  r a n a .  Ka>KnaH L- h  H-uenb Ig c o c t o h t  H3 B a p w a - 
öejibHOH o S jıac T H  H a N -K O H u e  h  p a c n o j ı o x e H H o n  3a  Hen KOHCTaHTHOü 
OÖJiaCTH. B a p H a 6 ejIbH O CTb aMHHOKHCJIOTHOH nOCJieflOBaTejIbHOCTH 
N-KOHueBbix y ıacT K O B  k 3 k  H -, t h k  h  L - ı ı e n e H  oöecneiHBaeT c ıp y K -  
TypHyıo ocHOBy a j i h  pa3Hoo6pa3HH aH T H reH C B H 3biB aıoııiH X  ynacTKOB. 
H-uenH o 6 p a3 y K )T  F c - o 6 jıa c T b  («xB ocT O B yıo») aHTHTejı. P a 3H b ie  H -ue- 
n n  n p n n a ıo T  « x b o c to b h m »  o 6 jıacTH M  aH TH Tejı p a3 jiH H H y ıo  K0 H(J)0 p M a -  
U H io, o t  k o t o p o h  3aBHCHT A a jib H eH iu aH  c y f lb 6 a  K O M njıeK ca  a H r a r e H — 
aHTHTejIO. O t  T o r o ,  C KaKHMH ÖejIKaM H Ö y aeT  CBH3bIB3TbCH F c - o 6 -



HOOC COOH 
a

P h c . 3 .2 0 .  C T poeH H e HM M yHonıo6yjiHHOB.
a  —  n eriT H Ä H bie  u e n n  HM M yH0 n i 0 6 y jiH H 0 B (H —  T5m ce;ib ie, L —  .n e rK H e), nyH K T H poM  
o 6 o 3 H a w e H b i B a p n a 6 e ^ b H b ie  o6;ıacTH; 6 —  MOjıeKyjıa IgM, 5 M 0 H 0M ep0B  cB H 3aH bi a n -  
CyHb(J)HaHbIM  CBH35IMH; B —  KOM rUieKCbl aH T H reH  —  aH TH Te/lO .

jıacT b H - u e n e ü ,  3 8 b h c h t  CBOHCTBa h  4>yHKUHH j ja H H o ro  m ıa c c a  Ig . F c -  
o 6 ü a C T b  Ig  M O XeT CBH3bIBaTbCH He TOJlbKO C (JjarOHHTHpyiOIUHM H 
KJieTK3MH, HO H C n e p B b lM  KOMnOHeHTOM CHCTeMbl K O M njıeM eH T a, B 
p e 3 y jib T aT e  ıı e r o  aK T H B H pyeT ca  Ta o c o 6 a «  c n c T e M a  6ejiK O B  k p o b h ,  k o -  
T o p a a  c n o c o 6 c T B y e T  p a 3 p y u ıe H H io  aH T H reH a .

P a 3 n o o 6 p a 3 H e  aıiTM Tejı —  p e 3 y jib T a T  ı p a ı ı c r ı o ı n n n n  re n o B . B ce B - 
jiHM(J)OHHTbi o p ra H H 3 M a  o 6 p a 3 y ıo T  ö o j ib iu o e  h h c j io  k jio h o b ,  KOTOpbie 
CHHTe3HpyiOT 3HTHTejia TOJIbKO OflHOrO BHüa — HMeiOIUHe OflHHaKO- 
Bbie B a p H a 6 e jib H b ie  o 6 jıa c T H . A h t h t c h ,  n p H co eaH H H H C b  k  jih m cJ jo u h - 
TaM c o o T B e T C T B y ıo m ero  KJioHa, B bi3biB aeT  n p o jiH tjje p a u H io  3 T o r o  k jio -  
Ha h  aKTHBHpyeT c h h t c 3  h  ceK p eu H io  aH TH Tejı KjıeTKaMH Ə T o ro  K jıoH a.

B npeaıuecTBeHHHKax j ih m 4 » o u h to b  reH b i, K oziH pyıoıuH e pa3Hbie 
o 6 jıa c ™  nenTH Ä H bix u e n e i i  aHTHTejı, p a c n o jıo x e H b i b pa3H bix  nacTHX 
M ojıeK yjibi DNA. n p u  ÄH4>4>epeHUHpoBKe j ih m 4 ) o u h to b  b n p o u e c c e  
oH T oreH e3a n p o H cx o aH T  peKOMÖHHauHH —  n e p e H o c  reH O B H3 o f lH o ro  
MecTa b a p y ro e  b n p e a e j ıa x  MOJieKyjibi DNA (TpaHcno3HUHH). DNA, o n -  
peflejiH iom aH  B ap n aö e jib H b ie  oö jıacT H  aHTHTejı, cocT aB JieH a npH M epH o 
H3 400 reH O B  V, o k o jio  20 reH O B  D h  4 reH O B  J. B pe3yjibTaTe T p a H c n o - 
3 h u h h  o6-be/iHHHK)TCH 3 r e H a  (V, D h  J )  b n o jiH b iü  re H  B apH aöejibH oiı 
OÖJiaCTH, KOTOpblH COe/IHHHeTCH C JIK)6bIM H3 rCHOB KOHCT3HTHOH 06- 
jıacT H , — nojıynaeT C H  n o jiH b iü  reH  T H x e jıo ü  u e n n .  C x o ü h h m  n y reM  
o6pa3yıoTCH reH bi jıerKHX u e n e ü  aHTHTejı. T ə k h m  c n o c o 6 o M  B03HHKa- 
K)T MHJIJIHOHbl pa3HbIX T e H O B ,  OTBCTCTBeHHblX 3a CHHT63 3HTHTejI.
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fjıaBa 4 BHOJlOrHMECKHE MEMEPAHbl

B c e  >KHBbie k j i c t k h  O T a e jıe H b i o t  O K p y x a ıo m e H  c p e f lb i  n o B e p x H o c -  
TblO, H a3bIB aeM O H  KJieTOHHOH M eM Ö paH O H . K p O M e T o r o ,  flJIH Ə yK apH - 
o t  x a p a K T e p H o  0 Ö p a 3 0 B a H H e  B H y T p n  KjıeTOK H ecK ojibK H X  K O M napT - 
MeHTOB. O h h  n p e flC T aB jıeH b i p a a o M  cyÖ K JieTO H H bix o p r a H e ju ı ,  o r p a -  
H H n eH H b ix  M eM Ö paH aM H : H a n p H M e p , a j ı p o  h  m h t o x o h ü p h h .  M e M ö p a -  
H bl npeflCTaBJHHOT C0 6 0 H H e TOJIbKO CT3THHeCKH 0 p ra H H 3 0 B a H H b ie  
n o B e p x H o c T H  p a 3 j ;e j ı a ,  h o  h  BKJHOHaıOT aK TH B H bie 6 H oxH M H H ecK H e 
CHCTeMbi, O T B e n a ıo m H e  3 a  T aK H e n p o u e c c b i ,  KaK H 3 6 n p a T e jib H b iH  
T p a H c n o p T  B e m e cT B  B H y rp b  h  H a p y x y  k j i c t k h ,  C B «3biB aH H e t o p m o h o b  
h  .n p y rn x  p e ry jiH T o p H b ix  M O JieK yjı, n p o T e K a H H e  (J)epM eH TaTH B H bix 
p eaK U H H , n e p e a a n a  H M n y jib c o B  H epBHO H CHCTeMbi h  t . j i .  ( p n c .  4. 1) .  
C ym ecT B yıoT  pa3JiH M H bie T H n b i M eM Ö paH , o T J in n a ıo iH H e c f l c b o h m h  
4>yHKHHHMH. Ö yH K H H H  M eM Ö paH  0 6 yCJI0 BJieHbI h x  C T poeH H eM .

P h c . 4.1. OyHKUHH MeMÖpaH.
1 — rp a H H u a; 2 — KOHTpo;ib TpaH cnopTa MCTa60jTMT0B; 3 — p cu cn u n sı cn rH ajıo B  h  h x  
nepeflaw a; 4  — (J>epMeHTaTHBHbie peaKUHH; 5 — KOHTaKT c  apy rnM H  KJieTKaMH; 6 — 
HKOpb HJIH UHTOCKCjleTa.

4.1. XHMHMECKHH COCTAB MEMBPAH

M e M 6 p a H b i  c o c t o h t  H3 j ı n n n j i H b i x  h  6 e jiK O B b ix  M O JieK yjı, o t h o c h -  
T e jib H o e  KOJiHMecTBO K O T o p b ix  B a p b H p y e T  ( 6 e j iK a  o t  '/5 j io  3/4 , J i n n n -  
j io b  o t  4/S  f lo  ’/4 ) y  p a 3 H b ix  M e M 6 p a H . Y rjıeB O flb i c o /ıe p x a T C H  b 
4>opM e r j iH K 0 n p 0 T e H H 0 B , rjiH K O Jin n H flO B  h  co cT aB jiH iO T  0 , 5 — 10 % 
o t  B e m e c T B a  M eM Ö paH bi.



4.2. JIHIIHHbl H BEJIKH MEMBPAH

OcHOBHan n a c T b  ^H n H flO B  b  M eM 6 p a H a x  npeflCTaBJieHa (JjoccJjoüh- 
nHflaMH, rjiHKOjiHnHflaMH h x o jıe c T e p H H O M  ( p n c .  4 .2 ) .  J lH n H flb i 
M eM Ö paH  H M eıoT  b  C T p y K T y p e  a B e  p a3 JiH H H b ie  n a c T H : H e n o j ın p H b iH  
r n a p o 4 > o 6 H b iH  « x b o c t »  h  n o j w p H y ı o  rn jıp o 4 > H J ib H y ıo  « ro j ıo B y » .  
T a K y ıo  f lB o n c T B e H H y ıo  n p n p o j ı y  c o e jiH H e H H H  H a 3biBaıOT 
(|)HJibHOH. J ln n H f lb i  M eM 6 p a H  o 6 p a 3 y K )T  deyxc/ıoiİHyıo cmpyKmypy. 
K a x a w H  c j i o h  c o c t o h t  H3 c j ı o x H b i x  J iH n H jıo B , p a c n o j ı o x e H H b ix  T a -  
KHM 0 6 p a 3 0 M , HTO H en O JIH p H b ie  T H Jip o 4 )o 6 H b ie  «XBOCTbI» M OJieKyjI 
HäXOJIHTCH B TeCHOM KOHTäK Te J lp y r  C Jip y rO M . T ä K  >Ke K O H T3K TH py- 
IOT T H Jipo4>H JIbH bie HäCTH M O JieK yjI. B c e  B33HMOJieHCTBHH HMeiOT 
H eK O B ajıeH T H biH  x a p a K T e p .  ^ B a  m o h o c j i o h  o p n eH T H p y ıO T C H  « x b o c t  
k  xBOCTy» T äK , h t o  o 6 p ä 3 y ıo m a f l c f l  c T p y K T y p a  j i b o h h o t o  c j i o h  H M eeT  
B H y T p e H H io ıo  H e n o j ın p H y ıo  H äCTb h  jiB e  n o j ın p H b ie  n o B e p x H o c T H .

BejiK H  M eM ÖpaH BKJHoneHbi b j ın n n j iH b iH  j i b o h h o h  c j i o h  jiByMH 
CnOCOÖaMH: 1) CBH3aHbI C rH J ip o 4 )H J Ib H O H  nOBepXHOCTbK) JIH nH JlH O - 
r o  6 h c j i o h  —  n o e e p x n o c m H b ie  M eM ÖpaH Hbie öejiKU  h  2 )  n o r p y x e H b i  b 
r H jıp o 4 )o 6 H y ıo  o 6 j ıa c T b  6 h c j i o h  —  U H m eıpajtbH bie M eM Ö pam ib ie  
öejiKu. Ü O B epxH O C T H bie 6ejiK H  c b o h m h  rnjıpo4)H jib H b iM H  pajjH K ajıa-  
MH 3MHHOKHCJIOT CBH3aHbI HeKOB3JieHTHbIMH CBH3HMH C THJipO- 
4)HJibHbiMH r p y n n a M H  j ı n n n j i H o r o  6 h c j i o h .

Ü H T e r p a j ib H b ie  6 ejiK H  pa3 jiH H aıo T C H  n o  c T e n e H H  n o r p y x e H H o c -  
t h  b  r n j ıp o 4 ) o 6 H y K )  H acT b  6 h c j i o h .  O h h  M o ry T  p a c n o j ı a r a T b c H  n o  
o ö e H M  c T o p o H a M  M eM Ö paH bi h  j i h ö o  nacT H H H O  n o rp y x a iQ T C H  b

P h c . 4 .2 .  C ıp o e H H e  j ın n H a o B  M eM Ö paH . 
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r/lMKOripOTeMH
Qocc|)o/ıwnMfl

4MC-A BOİIHafl

CBfl3b CBo6oflHbie

nepn<})epnMec-
KMÜ MeMÖpƏH- 
HblM ÖeJlOK

Be/lKOBblÜ 
TpaHCMeMÖpaHHbiti KaHan 
ynacTOK a-crıupa/ın 

BneıaıeTOHHoe 
npOCTpaHCTBO 

^HTerpnpoBaHHbie 
MeMÖpaHHbie 

6e/iKM

6 HM

)OÖÖÖO- 
UnTon/ıa3MaTMMecKoe 

npocTpaHCTBo

P h c . 4 .3 .  C rp y K T y p a  n /ıa 3 M a ra 4 e c K O H  M eM Ö paH bi.

QOo-  UeHTp flnsı
CHTHa/lbHblX 

MO/ıeKy/ıN-ətom

P-aTOM

M eM 6p a H y ,  jih 6 o n p o H H 3 b iB a ıo T  M eM Ö paH y H a cK B 0 3 b . I l o r p y x e H -  
H a a  n a c T b  H H T e rp a jib H b ix  6ejiK O B c o j ı e p * H T  6o j ib i n o e  k o jih h c c t b o  
aMHHOKHCJIOT C TH Jip0(J)06HbIM H p a jlH K a jia M H , KO TO pbie o 6 e c n e M H -  
B aıoT  rH jı;po({)o6H o e  B 3aH M ojıeH C T B H e c  J iH n n jıa M H  M eM Ö paH . T h ji-  
p o (J )o 6H b ie  B33HM OjıeHCTBHJi n o ju ıe p jK H B a ıo T  o n p e j ıe j ı e H H y ıo  o p n e H -  
T a u H io  6ejiKO B b M eM Ö p aH e. T H jı,po4)H JibH aH  B b icT y n a ıo ııx aH  M acTb 
ö e jiK a  H e M o x e T  n e p e M e c T H T b c a  b r n j ıp o ( J ) o 6H biH  c jio h . H a c T b  M eM - 
6paH H bIX  6ejIK O B  K O B ajieH TH O  CB H 3aH a C M O H O C axapH JIH blM H  o c t b t -  
K3MH HJIH O JIH TO C axapH JlH blM H  UeiTHMH h  n p e jıc T a B JiH e T  c o 6 o h  TJIH- 
K o n p o T eH H b i. r ip H M e p b i  p a c n o j ıo x e H H H  öejiK O B  h  jih h h jio b  b  M eM - 
6p a H e  n p e jıc T a B J ie H b i H a  p n c .  4 .3 .

4.3. ACHMMETPHH MEMBPAH

Ka>KJTbIH MOHOCJTOH 0 6 p a 3 0 B a H  H3 JIH nHJIO B, O pH eH TH pO B aH H blX  
OJlHHaKOBblM  0 Ö p a 3 0 M , TeM  He M e H e e  JIH nH JIH blH  COCTaB MOHOCJIO- 
eB pa3JiH M eH . H a n p H M e p ,  b njıa3M 3T H M ecK O H  M eM Ö paH e ə p H T p o u n -
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t o b  (|)oc(J>aTHüHJixojiMHbi npeoöJiaflaıoT b  H apy>K H O M  cjıoe, a c})oc- 
(JjaTHÄHJicepHHbi —  b o  BHyTpeHHeM cjıoe MeMÖpaHbi. YrjıeBOflHbie 
nacTH 6ejiKOB h jihhhhob pacnojıaraıoTCH Ha Hapy*HOH nacTH MeM- 
öpaHbi. KpoMe Toro, noBepxHocTH MeMÖpaHbi oTJinnaıOTCH no co-  
CTaBy 6ejiKOB. CTeneHb TaKOH acHMMeTpHH MeM6paH pa3jiH4Ha y 
pa3Hbix THnoB MeMÖpaH h MoxeT MeHHTbca b n p ou ecce  >KH3HezıeH- 
T eJIbH O C T H  KJieTKH H ee C T apeH H H .

Ü O aB H Ä H O C Tb (x eC T K O C T b ) H TCKyHeCTb M eM Ö paH  T3K>Ke 33BHCHT 
ot e e  c o c T a B a . rToBbiuıeHHaH x e c T K o c T b  o ö y c jıo B J ie H a  y B e j ın ı e H H -  
eM  COOTHOUieHHH H aC bH H eH H blX  H H e H aC b im eH H b lX  >KHpHbIX KHC- 
jiot , a  T aK ace x o j ıe c T e p H H a . O H 3 H n e c K H e  c b o h c t b3 M eM Ö paH  33 b h - 
cht ot p a c n o j ıo a c e H H H  6 ejiKO B b jın n H flH O M  c j ıo e .  J ln n H f lb i  M eM 6 p a H  
c n o c o 6 H b i k  flHc{)(J)y3HH b n p e a e j ı a x  cjioh napajuıejibH O  n o B e p x H o c -  
th  M eM 6 p a H b i ( j ıa T e p a jib H a j ı  aH(})(})y3HH). B ejiK H  To>Ke c n o c o 6 H b i  
k  jıa T e p a jib H O H  AH(})4)y3HH. n o n e p e H H a n  an4)(})y3H H  b M eM 6 p a H a x  
cH Jib H o  o r p a H H n e H a .

4.4. M E M B P A H H b lH  T P A H C n O P T

T p a H c n o p T  BemecTB BHyTpb h H a p y * y  kjictkh, a  TaKxe Me>Küy hh- 
TOnjıa3MOH h pa3jiHHHbiMH cy6ıcjıeTOHHbiMH opraHejuıaMH (mhto- 
xoHflpHH, Hapo h T .fl.) oöecneH H B aeT C H  MeM6paHaMH. Ecjih 6bi 
MeM6paHbi 6biJin rjıyxHM 6apbepoM, to  BHyTpHKJieTonHoe npo- 
cTpaHCTBo oKa3ajıocb 6bi H e jıo c T y n H b iM  jijih nHTaTejibHbix B e m e cT B , 
a  npoayKTbi xH3HefleaTejibH0CTH He motjih 6bi 6biTb yaajıeHbi H3 
KJieTKH. B to  x e  BpeMH npn noJiHon npoHHuaeMOCTH 6bijıo 6bi He- 
bo3m o> kho  HaKonjıeHHe o n p e a e j ıe H H b ix  B em ecT B  b KJieTKe. T p a H c -  
nopTHbie cBoücTBa MeM6paHbi xapaKTepH3yıOTCH n o jıy tıp o m m a e M o c -  
mbio: HeKOTOpbie coejiHHeHHH MoryT npoHHKaTb q e p e 3  H ee , a  apy- 
rne — HeT (pnc. 4.4).

O flH a H3 rjıaB H bix  4>yHKUHH M eM ÖpaH —  peryjiH UH H  n e p e H o c a  
B em ecT B . C y m e c T B y e T  flB a c n o c o ö a  n e p e H o c a  B em ecT B  n e p e 3  M eM - 
ö p a H y : n a c c u e n b iü  u a K m u e n b iü  m p a n c n o p m  ( p n c .  4.5).

ü a ccH B H b iH  T p a H cn o p T . E cjih  B e m ec T B o  flBH xeTC H  n e p e 3  M eM - 
6 p a H y  H3 o ö jıa cT H  c  b m c o k o h  K O H H eH T pauH en k  o 6 jıa cT H  c  h h 3 k o h  
KOHHe H T p a u H eiı (T .e . n o  r p a a n e H T y  K O H ueH TpauH H  ə to to  B e m e c T -  
Ba) 6 e 3  3aTpaT bi KJieTKOH Ə H eprH H , to  TaKOH T p a H c n o p T  H a3biB aeT - 
CH naCCHBHblM, HJIH Ü H 4)4)y3H eH . Pa3JIHHaiOT flB a T H na flH4)4>y3HH: 
n p o c T y ıo  h  o 6 j ıe r H e H H y ıo .

ü p o c T a a  f l H ( J ) ( } ) y 3 H f l  x a p a K T ep H a  a j ih  H e6 o jib u iH X  H e ü -  
T pajibH bix M oneK yjı (H20 , C 0 2, 0 2), a  TaK>Ke ä j ih  r n f lp o 4 )o 6 H b ix  
HH3KOMOJieKyjIHpHbIX OpraHHHeCKHX B em eC T B. Ə tH  MOJieKyjIbl 
M oryT n p o x o a H T b  6 e 3  K a K o r o -j iH 6 o  B3aHMOfleHCTBHH c  M eM 6paH -  
h m m h  6ejiK aM H  n e p e 3  n o p b i  h j ih  K aH ajibi M eM 6paH bi jı,o T ex n o p ,  
n o K a  6 y a e T  c o x p a H H T b c J i  r p a a n e H T  K O H u e H T p au H H .

O ö j ı e r H e H H a a  f l H $ ( j ) y 3 H a  x ap aK T ep H a  jtjih t h a p o - 
4)H jibH bix M ojıeK yjı, K O Topbie nepeH ocH T C H  n e p e 3  M eM ÖpaHy T asace
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Maflbie MOJieKy/tbi 

02,N2 —
6eH3on 
H20
MoneBMHa 
r/ınuepnH 
C02,NH3 —

Eo/ibujne Moneıcy/ibi: 
no/ıapHbie 
He3ap5ixeHHbie 

(HanpnMep, r/ıi0K03a)

H+, Na+, K+, Mg2+ 
Ca2+, NH4 
HCOğ , Cf, H2PÔ
ÄMMHOKMC/lOTbl 

HyK/ıeoTHflbi_________

flpoHnuaeMocTb MeM6paH npoueccbi TpaHcnopTa

PMC. 4 .4 .  IlpO H M U aeM O C Tb M eM Ö paH  flJlH pa3HHHHbIX BeU/eCTB.

n o  rp a ü u e H T y  K O H ueH T pauH H , h o  c  n o M o m b io  c n e u u a j ib H b ix  MeM- 
ö p aH H b ix  6eü K O B -nepeH O C H H K O B . 0 6 jıe rH e H H a fl üH(J)4)y3HH o T JiH n a -  
eTCH OT npOCTOH BblCOKOH H 36HpaTeübHO CTbIO, TaK  KaK 6e/IO K - 
n e p e H o c H H K  H M eeT  u eH T p  C B «3biB aH H H , K O M n /ıeM eH T ap H b iH  TpaH C - 
n o p T H p y e M O M y  B eıuecT B y, h  n e p e H o c  co n p o B o > K jıaeT C H  K0H<J)0p M a -  
UHOHHblM H H3M eH eH H H M H  6e ü K a . OflHH H3 B 03M 0*H bIX  M eX 3H H 3- 
m o b  06j ıe rH e H H 0H / i H ^ ^ y 31™  c j ıe a y ıo m H H : T p a H c n o p T H b in  6e jıo K  
(T paH C JioK a3a) cBH3biBaeT B eıu ecT B o , 3aTeM c6jın>K aeTc$ı c npoTH B O - 
nOJIOXHOH CTOpOHOH M eM Ö p aH b l, OCBOÖOXtHaeT ƏTO BemeCTBO, 
npH H H M aeT  HCXOflHyiO KOH(J)OpMaUHK) H BHOBb rOTOB BbinOJIH HTb 
T p a H c n o p T H y ıo  (J)yHKHHio. M a j ıo  H 3B ecTH O  o  t o m ,  KaK o c y m e c T B J ia -  
eTCH n e p e flB H a c e H H e  c a M o r o  6e jiK a . ^ t p y r o ü  b o 3 m o j k h h h  M exaH H 3M  
n e p e H o c a  n p e j ı n o j ı a r a e T  y n a c T n e  HecK O JibK H X  Ə ejiK O B -n ep eH O C H H - 
k o b .  B 3T 0M  c j ıy n a e  nepB O H anajibH O  cB H 3 3 H H o e  c o e ü H H e H H e  c a M o  
n ep ex o flH T  o t  o a H o r o  ö e j iK a  k  a p y r o M y ,  n o c j ı e a o B a T e j ib H o  cBH3bi- 
B a a c b  t o  c  oflH H M , t o  c  a p y r H M  6ejiK O M , n o K a  H e oKajKeTCH H a  n p o -  
THBOnOJIOXHOH CTOpOHe M eM Ö paH bl.

A k t h b h u h  T p a H cn o p T . TaKOH T p a H c n o p T  H M eeT  M ecT o  b  c j ı y n a e ,  
K o r j ıa  n e p e H o c  o c y ıu e c T B jın e T C H  n p o T H B  r p a a n e H T a  K O H u eH T p au H H . 
O h  T p e 6 y eT  3 a T p a T b i ə H e p rH H  K jıeT K o ü . A k t h b h h h  T p a H c n o p T  c j ıy -
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Ə/ıeKTpoxMMMHecKMü rpaflnem  

fpaflneHT 3 ap w a
BbicoKas 
KOHueHTpamifl

©  
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UMOHHbie 
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riaccMBHbiiı TpaHcnopT AKTMBHbiü TpaHcnopT

P h c .  4 .5 .  T p a H c n o p T  B e ıu ecT B  4 e p e 3  M eM 6paH bi.

>KHT flJIH H aK O IlJ ieH H H  B e m e C T B  B H yT pM  K JieT K H . H c to m h m k o m  3 H e p -  
THH MaCTO HBJIHeTCH ATP. ÜJIH aKTHBHOTO T p a H c n o p T a ,  K poM e H C - 
TOHHHKa Ə H e p rH H , H e o 6x o aH M O  y n a c T H e  M e M 6 p a H H b ix  6ejiKOB. O jiH a  
H 3 3KTHBHbIX T paH C nO pT H blX  CHCTCM B KJieTKe >KHBOTHbIX OTBCMaeT 
3a  n e p e H o c  h o h o b  N a + h  K + n e p e 3  K JieTO H H yıo M eM 6p a H y . Ə T a c m c -  
T eM a H a 3b iB a e T c a  Na+—K +-uacoc. O H a  o T B e n a e T  3a  n o j w e p x a H H e  
COCTaBa BHyrpHKJieTOM HOH c p e f lb l ,  B KOTOpOH K O H U eH TpaU H fl HOHOB 
K + B b im e , n eM  m o h o b  N a + ( p n c .  4 .6 ) .

rp a n n e H T  KOHueHTpauMM o 6 om x h o h o b  n o jw e p x H B a e T c a  nyTeM 
n e p e H o c a  K+ B H yrpb k j i c tk h ,  a Na+ H a p y x y . 06a T p aH cn o p T a  n p o n c -  
x o ä h t  npoTH B  rpajiH eH T a KOHixeHTpauHH. T aK o e  p ac n p e jje jıe H H e  
h o h o b  o n p e jte jıa e T  c o / ıe p x a H H e  b o ü w  b KJieTKax, B036yjjMM0CTb H epB - 
HblX KJieTOK H KJieTOK MblUIH H JipyrH e CBOHCTBa H O pM ajIbH blX  KJieTOK. 
Na+—K +-H a c o c  n p e jıcT aB jıaeT  c o 6o h  6e ji0K — m paH cnopm nyıo  ATPa3y. 
M o jıeK y jıa  3 T o ro  (JıepM eHTa h b j ih c tc h  o jın ro M ep o M  h  npoH H3biBaeT 
MeM6paH y. 3a n o j iH b iü  u h k j i  p a 6 oT bi H a c o c a  H3 k j i c tk h  b MOKKjıeTOH- 
H oe B eıuecT B o nepeH ocH TC H  3 HOHa Na+, a b 06paTH 0M H an p aB jıe - 
h h h  — 2 HOHa K+, n p n  3to m  H c n o jib 3yeTCH 3H eprHH M ojıeK yjibi ATP.
60

V



Crpyıoypa

PHC. 4 .6 .  M eX aH H 3M  fleHCTBHfl

CymecTByıOT TpaHcnopTHbie c h c t c m h  a j ih  n e p e H o c a  h o h o b  KajibHHH 
(C a2+ -ATPa3bi), npoTOHHbie Hacocbi (H+ -ATPa3bi) h  ap.

C h m iio p t  — 3to aKTHBHbiH n e p e H o c  BemecTBa H e p e 3  MeM6 paHy. 
O h  o c y m e cT B jif le T C fl 3 a  c n e T  Ə H ep rH H  r p a a n e H T a  K O H u eH T p au H H  
apyroro B e m e c T B a . TpaHcnopTHa« ATPa3 a b ə t o m  c j ty n a e  H M eeT 
IieH T p b l CBH3bIBaHHH flJIH 0 6 0 HX B eiIieCTB (C M . pH C .4 .4). ÄHTHnOpT —  
3 t o  n e p e M e m e H H e  B e m e c T B a  n p o T H B  rp a jjH e H T a  c B o e n  K O H u eH T p a- 
U H H . n P H 3TOM f l p y r o e  B em eC T B O  JtBHXeTCH B npO T H B O nO JIO ^C H O M  
H a n p aB JieH H H  no r p a n n e H T y  C B o e n  KOHueHTpauHH. CHMnopT h  
a H T H n o p T  M O ryT npOH CXOflHTb n p H  BCaCblBaHHH aMHHOKHCJIOT H3 
KHUieH HHK a H p e a 6c o p 6UHH rjI I0 K 0 3 b [ H3 nepBHHHOH MOMH, npn 
3 t o m  H cn o jib 3 y e T C H  3 H e p rH H  rp a jiH e H T a  K O H u eH T p au H H  h o h o b  N a+, 
co 3zıaBaeMoro N a+, K+ -ATPa3 oü.

MexaHM3M

Na+, K+-ATPa3bi.



, Ba  5  OBIIIHE ACÜEKTBI PErYJIimHH  
METABOJ1H3MA

e T a ö o j iH 3 M  n p e a c T a B J iH e T  c o 6o h  c o B O K y n H o c T b  B c e x  x m m h h c c k h x  
aK U H H , n p o H cx o Ä H H iH X  b o p ra H H 3 M e . r i o f l  TepM H H O M  « M e m a 6 o -  
necKuü n y m b »  n o a p a 3 y M e B a ıo T  n o c jıe flO B aT ejib H O C T b  p e aK U H H , 
iHBOflHiHHX k  0Ö pa30B aH H K >  o n p e f le j ı e H H o r o  n p o j ıy K T a . C o e f lH H e -  
ih ,  o ö p a 3 y ıo m H e c H  b  x o a e  n p e B p a u x e H H H , H a3biB aiöT C H  M e m a ö o / ıu -  
m u .  H 3 y n e H H e  O T a e jib H b ix  M eT a6ojiH H ecK H X  n y T e n  B b w e jiH io T  
a  y j lo ö c T B a . B /x en c T B H T e jib H o cT H  M e T a 6 o jiH 4 e c K H e  ny T H  cB H 3 a- 
ı M e x n y  c o ö o h  b  ceT H  o ö i u h m h  n p o M e x y T o « iH b iM H  n p o /ıy K T a M H  h  
OÖXOflHMOCTbK) O Ö p am eH H H  KO(J)epM eHTOB. B KJieTKe K O (|)ep M eH - 
[ npH C yTC TB yiO T B HH3KHX (J)HKCHpOBaHHbIX KO HHeH TpaU H H X , 
ı3T 0M y j i j ih  (J)yH K H H O H H poB aH H H  M eT aö o jiH H ecK H X  n y r e n  H e o 6 x o -  
M bl B c e  (J)O pM bI K O (j)ep M eH T O B  H , C J ie flO B aT eJIb H O , HX nO C T O H H H aH  
r e H e p a u H H  ( p n c .  5 .1 ) .
A H a6o jiH 3M  h  K a T a6 o jiH 3 M . B M e T a6 o jiH 3 M e  m o x h o  B bu ıejiH T b  

t h  ana6oA U 3M a, K O T o p b ie  n p e /tH a 3 H a H e H b i a j i h  6M 0C M H Te30B , h  
' t h  K am a6oA U 3M a, K O T o p w e  B e /x y r k  p a c m e n j ı e H H io  c j i o x h m x  m o -  
K yjı. K a T a 6o jiH H e cK H e  h  a H a ö o j iH n e c K H e  n y T H  b o  m h o to m  p a3 JiM - 
IOTCH, HO B TO >Ke B peM H  OHH TeCHO CBH33HbI JipyT  C flpyTO M . 

3H3b M ejK iiy H H M H  O Ö ec n eH H B a eT  O nT H M ajIbH blH  y p O B eH b  M eTaÖ O - 
i3M a. K a T a 6 o jiH 3 M  h  a H a 6 o jiH 3 M  —  ə t o  c o n p n > K e H H b ie  b 3 3 h m o ji ,o -  
)J iH H io m H e  n p o u e c c b i .

A B

CKOpOCTb-
/lWMMTMpyiOmHÜ

3Tan

*

llpoflyKT

ı } m * K

± > E -

Ko(|)epMeHT Ko<t>epMeHT*

n c .  5 .1 .  0 6 ıe ; iH H e H H e  M eTa6o,iH H ecK H X  n y T e ft b M eT a6 o jiH H ecK y ıo  ceT b .
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Ə H e p rH H  h  M e T a ö o jiH 3 M . ^ v H B b ie  CHCTeM fai j u i h  C B o e n  x H 3 H e a e « -  
T e jifa H o c T H  T p e ö y ı o T  n o c T O H H H o r o  n p H T O K a  Ə H e p rH H . B o T c y T C T B H e  
3 H e p r H H  K Jie T K y  m o * h o  c p a B H H T b  c  H e p a ö o T a ı o m e H  M a iH H H O H . 
)K H 3 H fa , p O C T , H ejIO C T H O C T b K JieTK H  33B H C H T OT n H IH H  H e  TO JIbK O  
K aK  H CTO M H H K a y r j ı e p o f l a ,  a 3 0 T a ,  ( J )o c (} )o p a  h  a p y r n x  H e o ö x o f lH M fa ix  
Ə JieM eH T O B , HO T a o c e  KaK H C T O IH H K a  Ə H e p rH H .

5.1. POJIh ATP

n p o H e c c f a i ,  n p o T e K a ıo iH H e  c  n o T p e Ö J ie H H e M  h  B b w e j ıe H H e M  3 H e p -  
T H H , C B H 3aH faI M e X f ly  C060H . U e H T p a jI fa H y iO  p O JIb  B 3T O H  B 3 a H M 0 -  
CBH3H B fa in o jiH f le T  ATP — o c h o g h o c  «bic0K03nepeemuHecK0e coedu- 
w u u e  KjiemKu. P o jh >  ATP b  k j i c t o m h o h  Ə H e p re T H K e  m o j k h o  o n p e a e -  
j i h t i >  c j ı e ü y ı o m H M  0 Ö p a 3 0 M :

♦  X H M H H e c K a n  Ə H e p rH H , o c B o 6 o » m a e M a H  b  n p o u e c c e  K a T a 6 o j iH 3 -  
M a, 3a n a c a e T C H  nyT eM  4)oc(})opH JiH poB aH H H  ADP c  06p a 30B a- 
HHeM ATP;

♦ Ə H eprH H  ATP 3aTeM  H c n o j ib 3yeTCH n o c j ı e  p a c m e n j ıe H H H  M a K p o - 
ə p rH n e c K H x  cBH3e n  ATP b  x o f le  Ə H iiep ro H H H ecK H x  peaK H H H  
C H H Te3a h  Ä p y r n x  n p o u e c c o B ,  T p e 6y ıo m H X  3 aT p aT  Ə H ep rH H , H a -  
n p H M e p  aK T H B H o ro  T p a H c n o p T a .

KATAB0J1H3M AHA60J1H3M

flnıneBbie
npoflyKrw

PeaKqnn
pacmenneHMfl

ƏHeprna

npOMe>KyTOHHbie
MeTaöonnTbi

ATP

PeaKqnn

3Heprnfl_

KneTOHHbie
yrneBO flb i

Jlnnnflbi
BenKM
HyK/ıenH OBbie

KMC/lOTbl

AKTHBHblM TpaHĞnopT 
M epe3 MƏMÖpaHbl H 
f lp y rn e  npOL\eccbi

P, Pi (PPj)

ATP n a c T o  p a c c M a T p H B a e T c n  KaK Ə H ep reT H H ecK an  B a jııo T a . B a x n o  
n o H H M aT b , m to  ATP —  3 t o  H e BHfl Ə H eprH H , a (jropMa 3a n a c a H H H  
Ə H eprH H , n o jıy n a e M O H  n p H  a e r p a n a H H H  c j ıo x H b ix  M O jıeKyjı ( p n c .  5 .2 ) .

5.2. PEryjWUHH METABOJIH3MA

C p e f lH  m h o t h x  (j)epM eH T O B , o ö e c n e n H B a ıo m H X  n p o T e K a H H e  t o t o  
HJIH HHOrO M eTaÖO JlHH eCKO rO ny T H  CO CKOpOCTbK), HeOÖXOÄHMOH 
flJIH yflO B JieTB O peH H H  (J)H3HOJIOrHHeCKHX nO TpeÖ H O C TeH  O p ra H H 3 M a, 
t o j h j K o  HeKOTOpfaie nrpaıOT K Jiıo 4 e B y ıo  p o j ib  b  p e ry jiH H H H . Ə t o ,  b o -  
n e p B fa ix , 4 > e p M e H T b i o ä h o h  H 3 H a n a jifaH b ix  CTaflHH u e n n  n p e B p a u ı e -  
H H H , 0 6 H 3 a T e j I b H 0  H e o 6paTH M O H . B 0-B T0pfaIX, p e ry jIH T O pH O H  
(J)yH K H H eH  n a c T O  H a j j e j ı e H b i  ( |) e p M e H T b i ,  H a x o f lH m n e c H  b  T O H K ax
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HHra6MpoBaHMe no npnHunny 06paTH0ü

OTpHLtaTe/lbHOM CBH3M
npeflujecTBeHHHK npoflyıa

-H-----
A

-----

AıanBMpoBaHMe no npnHUnny oöpaTHOÜ

nO/lOXMTe/IbHOM CBA3H 
npeflWeCTBeHHMK KOHƏHHblM

/ /  npoflyıa

K Q r B - B

P h c .  5 .3 .  rio jıo )K H T ejib H a jı h  O T p n u aT e /ib H aH  o 6 paT H b ie  CBH3H.

pa3B eT B jıeH H H  M e T aö o jiH n ec K H X  n y T e n .  K p o M e  T o r o ,  p e ry jiH T o p H b ie  
4>epM eH T bi n a c T o  K aT ajiH 3H pyıO T  c a M b ie  M efljıe H H b ie  (jiH M H T H p y ıo - 
m n e) C Ta^H H  M eT a6 o j iH H e c K o ro  n y T H . A k t h b h o c t b  4>epM eHTOB b 
3THX lOHOHeBblX TOHK3X O n p e fleJIH eT  CKOpOCTb M eTaÖOJIH3M a H 
M O * eT  M O ^yJIH pO BaTbCH  OCHOBHblMH TpeM H  C n 0 C0 6 aM H.

1. A ju ıo cT ep H H ecK a fl MOAHtJjHKanna KjnoM eBbix cjıepıvıeHTOB n 0 3 B 0 -  
j if le T  n o jıy H H T b  H e M e aJ ie H H b iH  o t b c t  k j i c t k h  H a  H 3 M eH eH H e y c j ı o -  
BHH c p e f lb l .  3 T O T  OTBeT B b ip a * a e T C f l  H 3M eH eH H eM  K O H U eH T paH H H  
n p o M e x y T O flH b ix  n p o jıy K T O B  h j i h  K o^ ıepM eH T O B . H a n p H M e p ,  y B e jiH - 
n e H H e  n o T p e 6 H ocT H  k j i c t k h  b  ATP n o B b iu ıa e T  C K o p o c T b  p a c n a a a  
r j ı i0 K 0 3 b i b  M b iıu eH H b ix  K jıeT K ax . Ə H ep re T H H e cK H H  3 a n a c  k j i c t k h  
o n p e f le jif le T C f l  K aK  o T H o u ıe H H e

Vfe [ADP] + [ATP]

[AM P] + [ADP] + [ATP] '

CKopocTb KaTa6ojiH3Ma rjnoK03bi o6paTHo n p o n o p u n o H a j i b H a  
ƏHepreTHHecKOMy 3 a n a c y  KJieTKH BCJieacTBHe np0THB0n0Ji0*H0CTH 
BJiHHHHfl ADP + AMP h j i h  ATP Ha peryjiflTopHbie 4>epMeHTbi t j ih -  
KOJiH3a. AriJiocTepHHecKafl MOflH^HKauHH (J)epMeHTOB ABjifleTCfl o c- 
h o b h w m  c n o c o 6 oM  peryjiHHHH M eT a6 o jiH n ec K H X  nyTeü.

OmpunamesibHası o ö p a m n a x  cex3b  n p o f lB jif le T c f l  b  c j ı y n a e ,  e c j iH  b  
npocTeHuiHX c a M o p e ry jiH p y ıo m H X C H  C H CTeM ax y B ejiH H eH H e k o h -  
u e H T p a u H H  K O H eH H o ro  n p o a y K T a  n o fla B J if le T  H a  paH H H X  c T a aH H x  
e r o  cH H T e3 ( p n c .  5 .3 ) .

P h c .  5 .2 .  C ıpyK T ypa h  peuH pK yjıauna ATP.
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noA O M iım ejibH aH  o ö p a m h a n  cen3b  Ha6jnojıaeTC5i, Korjıa M eT a6o- 
jiHT-npejııuecTBeH H H K  aKTHBHpyeT cTajiH io, K O H T pojınpyıom yıo e r o  
aajib H eH iu ee n p eB p am eH H e, H anpH M ep n e p e x o a  b  3an acH b ie  B e ıu e -  
cTBa. B em ecT B o  3anacaeTCH TOJibKO T oraa , K oraa e r o  K 0jiH 4ecTB0  
npeB ocxojiH T  noTpeÖH ocTH M eTa6ojiH H ecK oro ny™.

2. KOBajieHTH aa MOAH(J)HKaUHH KJIlOMCBblX (JjepMeHTOB B03M 0XHa 
n o jl BJIHHHHeM BHeKJieTOHHblX B03JieHCTBHH (TOpMOHOB) H npHBOJJHT 
KaK K aKTHBaHHH, T3K H K HHTHÖHpOBaHHIO (J)epMeHTOB. B 3TOM CJiy- 
q ae MeTa6oJIH3M KJieTKH H3MeHHeTCH TaKHM 06p a30M , HTOÖbl COOT- 
BeTCTBOBaTb b  6ojib iu eH  M epe n0Tpe6H0CTHM opraHH3M a, neM n o -  
Tpe6HOCTHM CaMOH KJieTKH. KOBaJieHTHaH MOJIH(})HKaUHH, O Ö blH H O  
ocymecTBjiHeM aH nyTeM (J)oc4)opHJiHpoBaHHH, KaTajiH3HpyeTc« n p o -  
TeHHKHHa3aMH. CoOTBeTCTByiOIUHe HM (})OC(})aTa3bI ae(^ O C (} )O p H JIH - 
pyıoT (JıepMeHT h , cjıejıoB aT ejibH o, o tm c h h io t  pe3yjibTaTbi (})oc4)opH - 
JIH p O B aH H H . K o JIH H eC T B O  (})O C (})O pH JIH pO BaH H bIX  (})OpM (})epMeHTa 3a- 
BHCHT OT COOTHOUieHHH aKTHBHOCTeH KHHa3bI H (})OC(})aTa3bI.

3. H H ay K U H H  h j ih  p e n p e c c H H  C H H T e3 a  (J)epM eıiT O B  n p H B O jjH T  k  H 3 -  
MeHeHHK) K O JIH H eC T B a (})epM eH T O B  H, 3 H a H H T , CK O pO CTH  M e T a 6 o J iH 3 -  
M a . r io j ıo Ö H b iM  c n o c o ö o M  o ö e c n e H H B a ıo T C f l  j j o j ı r o B p e M e H H b ie  
a j ıa n T H B H b ie  H 3 M e H e H H H  M e T a 6 o J iH 3 M a . M m iy K U H fl h p e n p e c c H H  
c H H T e 3 a  (})epM eH T O B  M o ry r  n p o n c x o j ı ,H T b  b  K J ie T K a x  b  p e 3 y j ib T a T e  
BJIHHHHH H a  HH X  H eK O T O p b lX  TO pM O H O B .

5.3. MEXAHH3M AEHCTBHH TOPMOHOB HA METAEOJIH3M

r o pm oh m  — 3 to MejKicııeTOHHbie XHMHHecKHe nocpejiH H K H  (M ec-  
c e H jıx e p b i) .  O h h  ceK peTH pyıoTC H  o j jh h m  TH noM  KJieTOK b o t b c t  Ha

cAMP

P h c . 5 .4 .  06pa30BaHMe cAMP.

t
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TOPMOH

n^a3MaTHHecKafl MeM6paHa

HeaKTMBHaa
npoıenHKMHa3a

AlCTMBHafl

npoıenHKMHa3a

Pery^flTopHbiü ♦ ,
0OC(j)OpM/lMpO-

BaHHblÜ
öenoK

ATP ADp

pery/iflTopHbiPi
6e/ıoK

I
OM3M0/10rMHeCKMM

3(})4)eKT

P hc . 5 .5 .  M exaH H 3M  aeHCTBHH ropM O H O B , o n o c p e /ıo B a H H b if i  cAMP.
R — Hapy>KHMH KjıeTO HH bifl p e u e n T o p ;  A — aÄeHHjıaTUHiüia3a; G — GTP-cBH3biBaıo- 
İİIHH Öe.lOK.

onpe/ıejıeHHbie cthmyjim  (cH raajib i) h oKa3biBaıoT B03aeHCTBHe Ha 
MeTa6o^H3M KjıeTOK a p y ro ro  THna. HanpH M ep, a-KJieTKH naHKpea- 
THHecKHx octpobkob (octpobkob J l a H r e p r a H c a )  ceK p eT H p y ıO T  ro p -  
moh r j n o K a r o H  b otbct H a  c H H * e H H e  K O H iıe H T p a u H H  r j iK )K 0 3 b i b 
KpoBH. rjnoK aroH  CTHMyjiHpyeT p a c n a a  rjiHKoreHa b KJieTKax n eq e - 
hh  h nocTynjıeHHe 3anaceHHOH rjıi0K03bi b KpoBb.

■ ■ -  .1



Creponfl
ri/ıa3MaTMHecKafl MeMÖpaHa

I ) C ) ( ) C ____ _____ ) C

Be/ıoK xpoMƏTMHa

PHC. 5 .6 .  MexaHH3M aeİICTBHH CTepOHflHblX ropMOHOB.

TopMOHbl OÖJiaflaiOT BblCOKOH ÖHOJIOrHHeCKOH aKTHBHOCTblO. Mx 
flencTBHe npoHBJuıeTCH n PH oneHb h h 3 k h x  KOHueHTpauHHX (10-6— 
İO-10 M ojlb /jl). C XHMHHeCKOH TOHKH 3peHHH TOpMOHbl MOXHO pa3- 
aejiHTb Ha TpH rpynnbi: 1) ropMOHbi — npoH3BoziHbie aMHHOKHCJio- 
t h ;  2) 6ejiK 0B 0-nenT H flH bie ropMOHbi; 3) cT epoH flH bie ropMOHbi.
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T opM O H bi O K a3 biBaıOT C B oe ^eH C T B H e, CBH3 biB aH C b c o  c n e n u t p u -  
necKU M U  p e n e n m o p a M U ,  p a c n o ; ıa r a ıo m H M H C H  ; i h 6 o  H a  n o B e p x H o c -  
t h  M eM 6 p a H b i KJieTKH, j i h ö o  b  u H T 0 3 0 Jie . C B H 3 b iB aH H e c  p e u e n T o -  
p aM H  —  o 6 a 3 aT eH b H b iH  3 T a n  b  ü c h c t b h h  ro p M O H a . E e A K o e o - n e n -  
m u d H b ie  eopM O H bi u  e o p M o n u  —  n p o u ie o d ı ib ie  a M u n o K u c .ıo m  h b j ih -  
i o t c h  rn /ı,po(})H JibH biM H  B e m e cT B a M H , h  n p o H H K H O B eH H e h x  H e p e 3 
n j ı a 3 M aT H H ecK yıo  M eM 6 p a H y , c o c T O H m y ıo  H 3 j ın n H f lH o r o  6 h c j i o h ,  
3a T p y a H e H o  h j i h  h c b o 3 m o > k h o . P e u e n T o p b i  t ^ k h x  t o p m o h o b  H a -  
XOflHTCH H a  H apy^C H O H  nOBepXH OCTH n J ia 3M aTHHeCKOH M eM Ö paH bl. 
rO p M O H b l CBH3 bIBaiOTCH C p e H en T O p H b lM H  ÖeJIKaM H T ex  ynaCTK OB 
M eM 6 p a H  K jıeT O K -M H in eH eH , K O T o p b ie  c o n p H K a c a ıo T C H  c  K p o B b io , 
h t o  b  c b o k )  o H e p e f lb  aK T H B H pyeT  ( |)e p M eH T H y ıo  CHCTeM y, O T B e n a ıo -  
u ıy ıo  3a  0 6 p a 3 0 B aH H e b t o p h h h o t o  (B H y T p H K JieT O H H o ro ) n o c p e a -  
HH K a.

CHCTeMa BTOpHMHblX ÜOCpeAHHKOB. FIOHBJieHHe B KJieTKe BTO- 
p H H H o ro  n o c p e j iH H K a  h b j i h c t c h  nycK O B biM  m o m c h to m  a j i h  H 3 M eH e- 
h h h  M e T a6 o jiH 3 M a , o c y m e c T B J ia e M o r o  o ö h h h o  4 )o c < |)o p H J iH p o B aH H - 
eM  6 ejiKO B.

P o J Ib  BTOpHHHblX nO C peflH H K O B  M O ryT BbinOJIHHTb cAMP, cGMP, 
H H 03H T 0jiT pH (})0c4)aT , f lH a u H J ir j iH u e p H H , C a 2+. H a n 6 o j ıe e  p a c n p o -  
C T paH eH H blM  H XOpOUIO H 3yH eH H bIM  BTOpHHHblM nO C peflH H K O M  HB- 
JIHeTCH UHKJIHHeCKHH 3 ',  5 ' -  afleH 03H H M 0H 0(})0C (})aT  (cAMP). C b h -  
3b iB aH H e ro p M O H a  c  p e u e n T o p o M  aK T H B H pyeT  afleH H JiaT H H K Jia3y  h ,  
c jıe flO B aT ejib H O , cnocoöcTByeT n o B b iu ıe H H io  BHyrpH K JieTO H H O H  k o h -  
u e H T p a u H H  cAMP (pnc. 5 .4 ) ,  h t o  n p H B o jiH T  k  y B ejiH H eH H io  c K o p o c -  
TH (})OC(})OpHJIHpOBaHHH ö e jiK a  ( p u c .  5 .5 ) .

H ajiH H H e K a c K a /ıa  (})epM eH TaT H B H bix p eaK U H H  M ejK jıy c b h -  
3b iB aH H eM  r o p M O H a  c  p e u e m r o p o M  h  H 3M eH eH H eM  M eT a6 o jiH 3 M a 
n0 3 B 0 JIH eT  3H aH H T ejIbH O  yCHJIHTb n ep B H H H O e B 0 3üeİlC T B H e r o p -  
M OHa.

C T ep oH 4H b ie  ropMOHbi h b jih io t c h  B eıu ecT B aM H  ru j ıp o ( } ) o 6 H o r o  
x a p a K T ep a . O h h  j ıe r K o  n p e o a o j ıe B a ıo T  4)oc(})ojiH nH flH biH  6 a p b e p  
M eM 6paH  h  n o n a a a ıo T  b u H T 0 3 0 jib  KjıeTKH, r a e  cBH3biBaıoTCH c  p a c -  
TBopHMbiMH ı<u m o n A a iM a m u H e c K U M U  p e n e n m o p a M u .  O ö p a 3 y ıo ıU H H -  
ch KOMnjıeKC ropM O H  —  p e u e m o p  n ep eM em a eT C H  b H /ıp o , B 3aH M o- 
jieHCTByeT c  xpoM aTHHOM  h  CTHM yjiHpyeT h jih  p e n p e c c n p y e T  TpaH C- 
K p n n u H io  o n p e j ıe j ıe H H b ix  reH O B. TaKHM  0 Ö p a 3 0 M , ə t h  ropM O H bi p e -  
r y jın p y ıo T  M eT a6ojiH H ecK H e n p o u e c c b i ,  H3MeHHH CK0p0CTb 6 h o c h h -  
T e 3 a  K JiıoH eB bix  öejiK O B  ( p u c .  5 .6 ) .



D ıa B a  6 E H O J IO r H H E C K O E  O K H C J IE H H E

K aT a6ojiH 3M  opraH H H ecK H X B em ecT B  b t k ü h h x  conpoB o>K aaeT C H  n o -  
T pe6neH H eM  K H C jıopojıa h  B bw en eH H eM  o k h c h  y r j ıe p o a a . Ə t o t  n p o -  
u e c c  Ha3biBaıOT TKaHeBbiM flbixaH H eM . K H C Jiop oa  b ə t o m  n p o u e c c e  
H cn o jib 3 y eT c a  KaK a K u e n T o p  B o /ıo p o z ıa  o t  OKHCjıneMbix ( f le r n a p H p y e -  
M bix) B em ecT B  (cy 6 cT p a T O B ), b pe3yjibT aT e n e r o  cHHTe3HpyeTCH B o a a . 
r i p o u e c c  oKucjıenuH  m o>kho npeflCTaBHTb ypaBH eH H eM :

SH 2 +  V2O2 * S  +  H2O.

OKHCJineMbie opraHHnecKHe BemecTBa S (cy6cTpaTbi) npeacTaB- 
jih iot co ö o h  MeTaĞojiHTbi KaTa6ojiH3Ma, hx jıerHflpnpoBaHHe hbjih- 
eTCH 3K303prHHecKHM npoueccoM. ƏHeprnn, ocBo6oaaıaıomaHCH b 
xojıe peaKHHH okh cjich h h , jih6o nojiHocTbio pacceHBaeTcn b BH,ae 
Tenjıa, jih6o nacTHHHo TpaTHTCH Ha 4>oc(|)opHJiHpoBaHHe ADP c 
06pa30BaHHeM ATP. OpraHH3M npeBpamaeT okojio 40 % ƏHeprHH, 
BbiaejiHioıneHCH npn oKHCjıeHHH, b ƏHeprnıo MäKpoəprHnecKHX 
CBH3CH ATP. EojIblHHHCTBO OpraHH3MOB B 6 HOC(})epe HCnOJIb3yeT 
3T0T cn o co ö  HJIH OHeHb CXOflHblH C HHM ( b  K3HeCTBe TepMHHajIbHO- 
ro aKuenTopa Bojıopojıa MoxeT öbiTb He KHCJiopoa, a jıpyroe coeflH- 
HeHHe) KaK OCHOBHOH HCT04HHK ƏHeprHH, HeoÖXOflHMOH aJIH CHH- 
T e 3 a  BHyTpH K jıeTO H H O H  ATP. T aK H M  n y T eM  K JieTKa n p e B p a m a e T  xh- 
MHHecKyıo Ə H e p r n ıo  nHTaTejibHbix B e m ec T B , n o c T y n H B iıiH x  H 3BH e, b 
yTHJiH3HpyeMyıo MeTa6ojiHHecKyıo əHeprnıo.

PeaKUHH aerajıpHpoBaHHH h  c n o c o 6  npeBpameHHH B b ijıe jiH B - 
uıeHCH ƏHeprHH nyTeM CHHTe3 a ATP —  ə t o  3HepeemunecKU conpn- 
MceHHbie peaKi^uu. Il,ejiHKOM B e c b  c o n p n x e H H b iH  n p o u e c c  H a 3 b iB a-  
eTCH OKucAumejibHbiM tpoctpopujiupoeauueM  ADP:

A. SH 2 +  1/£C>2 —> S  +  H2O (OKMC/ıeHne, 3K30əprnHecKnCi n p ou ,ecc)
1

ƏHeprMfl-------*■ Ten/ıOBan ƏHepmfi
1

B. ADP +  H3PO 4 — ► ATP (({)0C({)0pn/iM p0BaHMe, ƏHAOəprnHecKnPi n p o u e c c )

6. 1 . H E n b  T PA H C IIO PT A  3JIE K T PO H O B

y p a B H e H H e  A. 0KHCJiHTejibH0 -B 0ccT a H 0BHTejibH0H peaK UH H  n p e ^ -  
cTaBJineT c o 6 o h  o 6 o 6 m e H H y ıo  (})opM y, TaK KaK H 3 o 6 p a> K aeT  n p o -  
H e c c  oK H cjıeH H H  c y 6 cT paT O B  KaK n p H M oe jıe r a jıp H p o B a H H e , n p n n e M  
K H c jıo p o a  B b icT y n a eT  b p o j ih  H e n o c p e j ıc T B e H H o r o  a K iıe n T o p a  b o j io -  
p o a a .  Ha caMOM j ıe j ıe  k h c j io p o j i  y n a cT B y eT  b T p a H c n o p T e  ə jıe K T p o -  
h o b  h h w m  0 6 p a 3 0 M . C ym ecT B yıO T  npoMeMymoHHbie nepenocmiKu
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Pl P2 P3 P4
SH2 okhc/i. okmc/i. OKncn. okmc/i. 1/ 2O2

P4 H20
BOCCT. BOCCT. BOCCT. BOCCT.

P h c .  6 .1 .  r ie p e H o c  3/ıeKTpoHOB h  np0T0H0B c  yHacraeM npoMexyTOMHbix 
nepeHocHHKOB.

SH 2 — HCXOflHblH ÄOHOp npOTOHOB H ƏJleKTpOHOBJ P l, P2, P 3, P4 — npOMOKyTOMHUC 
nepeHOCHHKH; E ı, E 2, E3, E4 — <l>cpvıeHTbi oKHcjiMTejibHO-BoccTaHOBHTejibHbix pea-
KUHH.

ƏJieKTpOHOB OT HCXOflHOrO flO H O pa ƏJieKTpOHOB SH 2 K T epM M H aJIb- 
HOM y a K u e n T o p y  0 2. F Io jiH b iH  n p o u e c c  n p e jıc T a B jiH e T  c o ö o h  ıjen b  
nO C JieflO B aTeJIbH blX  OKHCJIHTejIbHO-BOCCTaHOBHTejIbHblX peaK U H H , b 
x o f le  K O T o p b ix  n p o H c x o ^ H T  B 33HM O/ıeHCTBHe M e x j ıy  n e p eH O C H H K a- 
m h . K a x j tb iH  n p 0 Me>KyT0 HHbiM nepeH O C H M K  B H a n a jıe  B b ic T y n a e T  b 
pOJIM aK U enT O pa ƏJieKTpOHOB H npOTOHOB M M3 OKHCJieHHOrO c o -  
c t o h h m h  n e p e x o /iM T  b  B0 CCTaH0 B JieH H yi0  c})opM y. 3 aT eM  o h  n e p e j j a -  
eT  ə jıe K T p o H  c j ı e a y ıo m e M y  n e p e H o c H M K y  m B 0 3 B p am aeT C H  b o k m c -  
j ıe H H o e  cocT O H H M e. Ha n o c j ıe j iH e H  c t3 h h m  nepeH O C H H K  n e p e a a e T  
Ə JieKTpOH bl KM CJIOpOay, KOTOpblM 3aT eM  BOCCTaHaBJIMBaeTCH flO 
B o jib i. C oeo ıcyn H o cm b  n o c A e d o e a m e A b iib ix  oK U C A um eA bH O -eoccm ano- 
eu m eA bH bix  p c a K n u u  n a jb ie a e m c H  n e n b io  n e p e n o c a  ( m p a ııc n o p m a )  
Ə A eK m ponoe, u a u  d b ix a n ıe A b n o ü  n e n b w  ( p n c .  6.1).

npoM exyT O H H biM M  nepeHOCHHKaMH b  flbixaTejibHOM uenn y  B b ic -  
IUMX OpraHM3MOB HBJIHIOTCH KO(|)epMeHTbi: N A D + (HHKOTHHaMHfl-
aaeHMHflMHyKJieoTMfl), FAD m FM N (4)jıaBMHafleHHHflMHyKJieoTMA 
m 4)jıaBM H M 0 H0 H yK Jie0 T H fl), KO(})epM eHT Q (CoQ), c e M e n c T B o  re M -  
C O flep x am M X  6 ejIKOB —  UMTOXpOMOB (UMTOXpOMbl b , c h  c, a , a 3) M 
6 ejiK M , c o f l e p x a m n e  H ereM M H O B oe x e j ı e 3 o .  Bce ynacT H M K H  ə to m  
u ,e n H  p a 3 a e j ı e H b i  H a  n e T b ip e  o K H C JiH T ejibH O -B occT aH O B M T ejibH bie  
CMCTeMbl (pM C. 6.2).

n p o u e c c  HaHMHaeTCH c n e p e H o c a  npoT O H O B  h  ə j i c k t p o h o b  o t  
O K M C JineM oro c y 6 c T p a T a  H a  KO (j)epM eHTbi N A D + mjim FAD. Ə t o  o n p e -  
flejıneTC H  t c m ,  h b j i h c t c h  jim a e rM ü ,p o re H a 3 a , K aTajiM 3M pyıoııı,aH  n e p B y ıo  
cTajiMio, N A D -3 aBMCMMOH mjim FA D -3 aBMCMMOM. E cjim  n p o u e c c  H a -  
HHHaeTCH c N A D +, t o  c jıe jıy ıo m M M  nepeHOCHM KOM  6 y n e T  FMN.

Tnn ^ e r M a p o r e H a 3bi 3aBMCMT o t  npMpoflbi c y 6 c T p a T a . O jiH a K o  
KaKMM 6 b l HH 6bIJI MCXOflHblM C y6cT p aT , ƏJieKTpOHbl M npOTOHbl OT 
(JwıaBMHOB nepeH O C H T C H  k  KO ({)epM eHTy Q, a aajibiue nyTM  əjıeKTpo- 
HOB H npOTOHOB paCXOflHTCH. ƏjieK TpO H bl C nOMOUIbK) CMCTCMbl
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KOMn/lEKC I 

NADH

KOMfl/lEKC IV

KOMriJlEKC II

CyKUHHaı

P h c .  6 .2 .  r io c jıe ,a o B a T e ;ib H o c T b  n p o M e x y T O H H b ix  n e p e H 0CMMK0 B npoTO H O B 
h  əjıeKTpoHOB b /ibixaTe/ibHOH u en H .

UHTOXpOMOB flOCTHraiOT KHCHOpOfla, KOTOpblH 3aTeM, npHCOeflHHHH 
npoT O H bi, npeBpamaeTCH b Boay. M toöh pa3o6paTbca b CHCTeMe 
T p aH C n O p T a  ƏJieKTpOHOB, HeOÖXO^HMO n 0 3 H aK 0 MHTbCH C O TJ,eH b- 
HblMH e e  ynaCTHHKaM H.

NAD-3aeucuMan deeudpoeena3a K a ıa j iH 3H p y e T  p eaK U H H  O K H C jıe- 
h h h  H e n o c p e ^ c T B e H H o  c y ö c T p a T a  (n e p B H H H a fl f l e r H f lp o r e H a 3 a ) .  
N A D + KBJineTCH KO(|)epMeHTOM h  B binojiH H eT  p o jib  a K u e n T o p a  b o -  
f l o p o a a  ( p n c .  6 .3 ) .  C h m b o ji  2 H + 0 3 H a n a e T  2  ə jıe K T p o H a  h  2  n p o T O -  
H a , o 6 h h h o  n e p e H o c H M b ie  b b h ä c  rH f lp H a -H O H a . B ə to m  c j ıy n a e  
BMeCTO TepM H H O B «flO H O p 3JieK TpO H O B » H « a K H e n T O p  3JieKTpOHO B» 
H H o r ^ a  H c n o j ib 3 y ıo T  TepM H Hbi « a o H o p  h j ih  a K a e n T o p  B o a o p o a a » .

FAD-3aeucuMaH deeudpoeenasa Taoce BbinojiHHeT 4>yHKUHio nep- 
bhhhoh aerHAporeHa3bi. Ko4)epMeHTOM HBJiHeTCH F A D ,  kotop hh  
HBjiHeTca aKuenTopoM Boaopoaa o t  c y 6 c T p a T a  (cm. p n c .  6 .3 ) .

NADH-deeudpozeHa3a KaTajiH3 HpyeT OKHCJieHHe N A D H  h boc- 
CTaHOBJieHHe yÖHXHHOHa (CoQ). nepeHOCHHKOM Boaopoaa hbjihct- 
ch Ko4>epMeHT F M N  (KOMnjıeKC 2  Ha pHC. 6 .2 ) .  CTpoeHHe F M N  

72

V



NAD(P)
K IA H U

FMNH2(FADH2)

n p e a c T a B J ie H O  H a  p n c .  6 .3 .  B  n p o u e c c e  p eaK U H H  B o n o p o a  c H a n a j ıa  
n p H c o e f lH H f le T c a  k  F M N ,  c o eflH H eH H O M y  c  <J)epM eHTOM, a  3aTeM  
n e p e /ıa e T C H  H a  yÖHXHHOH. O jıaB H H O B faie  KocJ)epM eHTfai ( F A D  h  
F M N )  n p o H H O  CBH3a H b i c  4)epM eH TO M  KaK n p o c T e r a H e c K H e  r p y n -  
nfai, n o ə T O M y  (Jjep M eH T b i, b  c o c T a B  KO TO pbix o h m  b x o a h t ,  H a 3b iB a - 
IOTCH 4>JiaBO npOTeHH bI. O iiaB H H M O H O H yK JieO T H fl ( F M N ) ,  HJIH p H -  
6o(j)JiaB H H (|>oc(|)aT , H epa3pı> iB H O  C B «3aH  c  ö c j i k o b o h  n acT fa io  4 > ep - 
M eH T a. C T p o r o  r o B o p a ,  F M N  H e h b j i h c t c h  H yK JieoT H jıoM , t ə k  KäK 
4)JiaB H H O B a« ^acT fa  cB H 33H a  c  p h 6h t o j i o m ,  a  H e  c  P H 6030H.

Y 6 h x h h o h  —  n p o M 3 B o jiH o e  H 3 o n p e H a  ( p n c .  6 .4 ) .  H a 3 B a H H e  « y 6w- 
x h h o h »  b o 3 h h k j i o  H3-3a e ro  nOBCeM eCTHOH p acn p O C T p aH eH H O C T H  B 
npHpofle. Ko(|)epMeHT Q  fleöcTByeT KaK n e p e H o c H H K  3jıeKTp0H0B H a 
UHTOXpOMbl.
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P h c .  6 .4 .  Y 6hxhhoh (KocJjepMeHT Q ).

IjHTOxpoMbi —  3 t o  reMonpoTeHHbi — 6 e;iKH, co^epxaıHHe b  K a - 
n e cT B e  npoHHO cBH3aHHOH n p o c T e T H H e c K o fi  rpynnbi reM (p w c .  6.5).

A tom x e j ıe s a  b reMe M o*eT MeHHTb BajıeHTHocTb, npHcoeaHHHH 
HJIH OTflaBaH ƏJieKTpOHbi:

F e3+ < = = = *  F e2+ 
- e

B flb ix aT e jib H O H  u e n n  H H T O xpoM bi c j ı y x a T  nepeH O C H H K aM H  ə jıe K -  
TpOHOB H p a cn O J ia ra iO T C H  COOTBeTCTBeHHO B ejIH H H H e OKHCJIHTejIb- 
H 0 -B 0 C C T 3 H 0 B H T e jib H 0 r0  n o T e H H H a jıa  c jıe jıy ıo m H M  0 6 p a 3 0 M : b, ch

Föm A npocTeTMMecKan rpynna
umoxpoMOB a reMa umtoxpomob c

P h c . 6 .5 .  IIpocTeTHHecKaH rpynna reMa b CTpyKType hhtoxpomob.
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PhC. 6 . 6 . CBH3BIB3HHe TeMa C 6eJlKOBOM n a C T b K ) HHTOXpOMOB C.

c, a , a 3. T eM O B bie r p y n n b i  u h to x p o m o b  CBH3aHbi c  6eHKOBOH n a c -  
TbK) ZlOHOpHO-aKUenTOpHblMM CBH3HMH MOKJiy HOHOM >Kejie3a H CO- 
OTBeTCTByiOIIIMMH aMHHOKHCJIOTHblMH OCT3TKaMH (pHC. 6 .6 ) .

B UHTOXpOMaX C H C, Ä O nO JIH H T ejIbH bie  K O B ajieH T H bie  CBH3H 
4>opM H pyıoT C H  M e x ta y  T H o r p y n n a M H  u n c T e H H a  h  6 o k o b m m h  b h -  
H H jibH biM H  r p y n n a M H  re M a . OH2-deeudpoeeHa3a (K O M njıeK C  III H a 
P h c .  6.3) n p e flC T aB Jin eT  c o 6 o h  K O M iu ıeK c u h t o x p o m o b  b  h  c x. Ə t o t  
<J)epMeHT K aT ajiH 3 H p y eT  o K H c jıe H H e  B o c c T a H O B Jie H H o ro  K ocJjepM eH - 
T a  Q h  n e p e H o c  ə jıeK T p o H O B  H a u h t o x p o m  c . Ə jıe K T p o H b i n o c j ı e a o -  
B a T e jib H o  nepeH O C H T C H  aTO M aM H x e j ı e 3 a  u h t o x p o m o b  b  h  c h  a 
3aTeM  n o c T y n a ıo T  H a  u h t o x p o m  c. F Ip o T O H b i n o c j ı e  OKHCjıeHHH QH2 
OCBOÖOXJiaiOTCH B paC T B O p.

H u m 0 xp0M 0K ,cuda3a  B K JH onaeT  K O M njıeK C  u h t o x p o m o b  a  n  a 3 
(K O M n jıeK c  IV H a p n c .  6.2). H H T 0 x p 0 M 0 K C H jıa 3 a , K p o M e  r e M a , c o -  
J ie p X H T  HOHbl M ejlH , K O TO pbie CnOCOÖHbl M eHHTb BajieH TH O C Tb H 
t ü k h m  c n o c o 6 o M  y n acT B O B aT b  b  n e p e H o c e  3 JieK T p 0 H 0 B :

9 4 -  + eCu Cu
- e

UH TO XpOM OKCH Jia3a n ep eH O C H T  Ə JieK TpO H bl c  UHTOXpOM a c  H a  
K H C jıo p o a . B n e p e H o c e  ə jıeK T p o H O B  y n acT B y ıO T  C H a n a jıa  h o h b i  a c e -  
J ie 3 a  U H TO xpoM OB a  n  a 3, a  3aTeM  h o h  M e a n  u ,H T O xpoM a a 3. M o j ı e -  
K y jıa  K H C Jio p o a a  cB H 3 b iB ae T c n  c  x e j ı e 3 0 M  b re M e  ıiH T O x p o M a a 3. 
C jıe flO B aT e jib H O , n e p e x o j ı  ə jıeK T p o H O B  H a  k h c j i o p o j i  c  h o h ü  m ə jih  
U H T o x p o M a  a 3 n p o H c x o f lH T  H a  M o jıe K y jıe  (J)epM eH T a. K ü ^ c j jw h  H3 
üTOMOB M O JieK yjIbl KHCJIOpOJlÜ npH C O eflH H H eT  n o  2 ƏJieKTpOHÜ H 
n p o T Q H ü , o 6 p a 3 y n  n p n  ə t o m  M o jıe K y jıy  B o jib i.



<T

EejiKH, coaepjKamwe HereMHHOBoe * e jıe3 0 . H e K O T o p o e  K 0 J iH 4 ecT - 
BO 3TOM OB x e j i e 3 a  B M H TO X O H apH H X  CBH3aHO H e B TCMe U H TO X pO M O B, 
a  o 6 p a 3 y e T  K O M njıeK C bi c  f lp y rH M H  6ejiK aM H . Ə t h  6ejiK H  H a3 b iB aıo T  
T a o c e  x e j ıe 3 o c e p H b iM H , TaK  KaK aTO M bi * e j ı e 3 a  cB H 3aH bi c  aTOM aM H 
c e p w  uH C T eH H O B bix ocTaTK O B . B e jiK H , c o f l e p x a u i H e  H ereM H H O B oe 
* e j ı e 3 o ,  y n a c T B y ıo T  b  n e p e H o c e  ə j ic k t p o h o b  H a  H ecK O jib K H X  CTaflH - 
HX, OflHaKO H e  COBCeM HCHbl HX JIO KajIH 3aUH H H M eX 3H H 3M  fleHCTBHH.

6.2. OKHCJIHTEJIhHOE <DOCO>OPHJIHPOBAHHE

Ə H e p rH H , o 6 p a 3 y ıo ıu a H C H  n p n  n p o x o x a e H H H  n o T O K a  3 JieK T p 0 H 0 B  
n o  jib ix a T e jib H O H  u e n n ,  H c n o j ib 3 y e T c n  a j i h  c o n p n x e H H o r o  4 > o c 4 )o -  
p H J in p o B a H H H  A D P .  Ə t h  a B a  n p o u e c c a  B 3aH M 03aB H C H M bi: OKHCJie- 
H H e H e  M O * eT  n p o T e K a T b  b  o T c y ıc T B H e  A D P .  C o o T H o m e H H e  o k h c -  
JieHHH H 4)O C (|)O pH JlH pO B aH H H  O npejieJlH eT C H  K 03(J)(j)H IIH eH T0M  P/O 
(KOJIHHeCTBO 4)OC(J)OpHJIHpOBaHH OrO A D P  B MOJIHX H a '/2  MOJIb KHC- 
J i o p o a a ) .  K o ə4 )(J)H U H eH T  P/O H a3bIB aeTC H  K03(J)(J)HUHeHT0M (J)0C(J)0- 
pHJIHpOBaHHfl H 3aBHCHT OT TOHKH BXOKJieHHH BOCCTäHOBHTeJIbHblX 
ƏKBHBajıeHTOB b  u e n b  T p a H c n o p T a  a jıeK T p o H O B . H a n p H M e p ,  j i j i h  
c y ö c T p a T O B , O K H C JineM bix N A D -3 aB H C H M O H  a e r H a p o r e H a 3 0 H ,  P /0 =  
=  3 ,  TaK K aK  b  flb ix a T e jib H O H  u e n n  e c T b  3  y n a c T K a , H a  k o t o p h x  
n e p e H o c  ə jıeK T p o H O B  c o n p H * e H  c  C H H Te30M  A T P .  H e  B ce  c y 6 c T p a -  
Tbi n e p e j ı a ıo T  3 J ie K T p o H b i h  n p o T O H w  H a  N A D ,  H eK O T O pbie  o k h c j i h -  
i o t c h  F A D -3 aB H C H M b iM H  4 e rH x ıp o re H a 3 a M H , K O TO pbie n e p e H o c H T  
npO T O H bl H Ə JieK TpO H bl c p a 3 y  H a  yÖHXHHOH, MHHyH n e p B b lH  KOM- 
n j ıe K c .  B ə t o m  c j ı y n a e  P/O =  2 .  B a e iıc T B H T e jib H o c T H  k o ə ( J ) 4 ) h u h -  
eH T (J)oc(J)opH JiH poB aH H H  B c e r j j a  M e H b iııe  T eo p e T H H e c K o ft B ejiH H H - 
H b l, nO TO M y 4TO HaCTb 3 H e p rH H , B bIC B o6o>m iaK )IlieH C H  n p H  T p aH C - 
n o p T e  ə jıe K T p o H O B , p a c x o j ıy e T c n  H e  H a  cH H T e3  A T P ,  a  H a n e p e H o c  
B e m e cT B  4 e p e 3  M H T o x o H jıp H a jib H y ıo  M eM Ö paH y.

B cyTK H  n e jıo B e K  n o T p e 6j ın e T  b  c p e jiH e M  2 7  M o jib  K H C jıo p o a a . 
O c H O B H o e  e r o  K O JiH necTB O  (n p H M e p H O  2 5  M OJib) H c n o j ib 3 y e T c n  b 
m h t o x o h j i p h h x  b  ü b ix a T e jib H O H  u e n H .  C jıe j ıo B a T e jib H O , e x ec y T O H H O  
cH H T e3H pyeTC H  1 2 5  MOJib ATP, h j i h  6 2  k t  ( n p n  p a c n e T e  H c n o j ib 3 0 -  
B ajiH  K03<JxJ)HUHeHT P/O =  2 , 5 ,  T .e . c p e a H e e  3H a n e H H e  k o ə (} )( J )h u h -  
eH T a  (J)o c (J)o p H JiH p o B äH H H ). M a c c a  B c e n  ATP, c o j ıe p x a m e H C H  b o p -  
ra H H 3 M e, c o c T a B J in e T  n p H M e p H O  2 0 — 3 0  r .  C jıe flO B aT e jib H O , K a » m a n  
M o jıe K y jıa  ATP 3a  cyTK H  2 5 0 0  p a 3 n p o x o j iH T  n p o u e c c  rH jıp o jiH 3a  h  
cH H T e3a ,  h t o  h  x a p a K T e p H 3y e T  H H T eH C H B H ocT b o 6M eH a ATP.

6.3. COnPJKKEHHE PABOTbl ÄWXATEJIbHOÖ HEnH 
C nPOHECCOM CHHTE3A ATP

C y m e c T B O B a H H e  T a K o r o  c o n p n x e H H H  jıo K a 3 b iB a e T C H  T e M , h t o  
m o x h o  H H r H 6 n p o B a T b  0 6 p a 3 0 B a H H e  ATP, H e  H a p y ı u a n  n p o u e c c a  
T p a H c n o p T a  3 j ı e K T p 0 H 0 B . Ə t o  j ı o c T H r a e T c n  j ıo ö a B j ıe H H e M  x h m h -
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necK H X  B e m e c T B , H 3 3 B aH H b ix  p a 3 o 6 m H T e H H M H . n o c H e  yz ta jıeH H H  
p a 3 o 6 m H T e n e H  C HH Te3 ATP B o c cT aH aB J iH B ae T cn .

H s y n e H H e  M ex aH H 3 M a c o n p n x e H H H  ; ıa e T  o t b c t  H a  o cH O B H b ie  
B o n p o c w :  k ^ k h m  0 6 p a 3 0 M  T p a H c n o p T  ə j i c k t p o h o b  c j ıy x H T  h c t o h - 
h h k o m  Ə H ep rH H  h  K3K ƏTa Ə H eprH H  n e p e a a e T C H  b  p e a K U H io  ADP +  
+ Pj -*  ATP.

C y m e c T B y e T  H e cK o n b K O  r n n o T e 3 ,  o6'bH C H H ioiH H X  M exaH H 3M  c o -  
n p n x e H H H . O flH O H  H3 HHX HBJIfleTCfl XeMOOCMOTHHCCKaH TeO pH H . 
H e n b  T p a H c n o p T a  3 jıe K T p 0 H 0 B  (JjyH K U H O H H pyeT  KaK npom oH H an  
( H +)  n o M n a , o cy m e cT B JiH H  n e p e H o c  npoT O H O B  H3 M aT p H K ca  n e p e 3  
B H y T p eH H io ıo  M e M 6 p a H y  b  M e> K M eM 6paH H oe n p o c T p a H C T B o . Ə h ä o -  
Ə prH H eCK H H  n p o u e c c  B b lö p o c a  npO TO H O B H3 M aT pH K C a B 0 3 M 0 X eH  
3 a  CHeT 3 K 303prH H eC K H X  OKHCHHTejIbHO-BOCCTaHOBHTeHbHblX p ea .K - 
HHH flb IX aT e;ibH O H  I ie n H . n e p e H O C  npO TO H O B npH B O flH T  K B 03H H K - 
HOBeHHIO p33H O CTH  K O H H eH T paH H H  H + C flByX CTOpOH MHTOXOHfl- 
p n a jib H O H  M eM Ö p aH b i: 6 o j ı e e  B b ic o K a n  K O H H eH T p au H fl ö y a e T  c H a p y -  
m  h  6 o j ı e e  H H 3K afl —  B H y T p n . M n T o x o H a p H f l  b  p e 3 y jib T a T e  n e p e -  
x o ^ h t  b  « 3 H e p rH 3 0 B a H H 0 e »  c o cT O flH H e , TaK  KaK B 03H H K aeT  e p a d u -  
en m  KOH u,eHmpanuu H + h  0 f lH 0 B p e M e H H 0  pa3H O C T b ə n e K m p ım e c K u x  
n o m e n n u a A o e  c o  3 H 3 k o m  n j n o c  H a  H a p y x H O H  noB ep x H O C T H . 
Ə A eK m poxıiM im ecK uü  nom eH i^uaA  c n o c o ö e H  c o B e p u ıa T b  « n o j ıe 3 H y ıo »  
p a ö o T y ,  o h  3 a cT aB jif le T  n p o T O H b i flB H raT bC fl b  o 6 p a r a o M  H a n p a B j ıe -  
h h h ,  h o  M e M 6 p a H a  H e n p o H H u a e M a  ä j i a  h h x ,  K p o M e o x a e j ib H b ix  
y n acT K O B , H a 3 b iB a e M b ix  npom oH H biM u K anaA aM u. 0 6 p a T H b iH  n e p e -  
HOC npO TO H O B B M aTpHKC HBJIHeTCH 3K 303 p rH H eC K H M  npO U eC C O M , 
B b ic B o ö o x c a a ıo m a f lC f l  n p n  ə t o m  Ə H ep rH fl H c n o j ib 3 y e T c f l  H a  <J)oc(J)o- 
p H jın p o B a H H e  ADP. Ə T y  p e a K H H io  K a T ajiH 3 H p y eT  <J)epM eHT H + — 
A T P - c u u m e m a 3 a ,  p a c n o j ı a r a ı o u ı a f l c f l  b  o ö j ı a c r a  n p o T O H H b ix  K a H a - 
j io b  H a  B H y T p e H H e n  n o B e p x H o c T H  B H y T p e H H e n  M e M 6 p a H b i ( p u c .  
6 . 7 ;  6 . 8 ) .

P a 3 o 6 m e H H e  i b i x a n n a  h  c Jx tc tJ ıo p n . ın p o B a ı iH H . Y 6 e A H T e j ib H b ie  
Ə K cn e p H M eH T a jib H b ie  a o K a 3 a T e jib C T B a  b  n o j ib 3 y  o n H c a H H o r o  M e x a -  
H H 3M a c o n p f lx e H H f l  a w x a H H H  h  (J)oc<J)opH JiH poB aH H H  6 bijiH  n o j ı y n e -  
h w  c  n o M o m b io  uoHOCpopoe. M o j ıe K y jib i  ə t h x  B e u ıe c T B , K aK  n p a B H -  
j io ,  jiH n o (J)H jib H b i h  c n o c o Ö H b i  n e p eH O C H T b  h o h m  n e p e 3  M eM 6 p a H y . 
H a n p H M e p ,  2 ,4 -d u n u m p o ıp eH O A  (n p o m o n o tp o p )  J ie rK O  flH (J)(J)yH flH pyeT  
H e p e 3  M eM Ö p aH y  B H O H H 3H pO B aH H O H  H H eH O H H 3H pO B 3H H O H  (J)OpM e, 
n e p e H o c f l  n p o T O H b i b  C T o p o H y  h x  M e H b m e iı  K O H u e H T p au H H  b o b x o a  
npO TO H H b lX  K3HajIOB.

T aK H M  0 6 p a 3 0 M  2 ,4-flH H H T pO (J)eH O JI yH H H T O X aeT  3JieK TpO X H M H - 
HeCKHH n O T eH U H ajI H C H H Te3 ATP CTaHOBHTCfl H eB 03M 0JK H bIM , XOTH 
OKHCJieHHe c y 6 cT paT O B  n p n  ə t o m  n p o H c x o j iH T . Ə H e p r u n  ^ b ix a T e j ib -  
h o h  u e n n  b  n 0 f l0 6 H 0 M c j ı y n a e  n o j iH o c T b io  p a cc eH B ae T C H  b BHfle 
T e n jıo T b i. Ə t h m  o 6 bHCHHeTCH n n p o r e H H o e  f le ü c T B H e  p a 3 o 6 u iH T e -  
J ie ü .  P a 3o 6 ı u a ı o m e e  a e f tc T B H e  0 K a3b iB ai0 T H eK O TO pbie 3 h t h 6 h o t h -  
KH, T 3K H e, K3K B3JIHHOM HUHH H TpaM H U H flH H .

/Ib lX a T e .lb lIb lH  KOHTpOJIb. C K O pO C Tb flblX aH HH MHTOXOHJIpHH 
M O X eT KO HTpOJIHpOB3TbCH K O H U eH T paU H eH  ADP. 3 t O  0 6 'bHCHHeTCH
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adp3+® o2~ atp4~+h2o

MexMeM6paHHoe
npOCTpaHCTBO

P h c . 6 .7 .  Conpa>KeHMe uenM  TpaH cnopTa 3iieKTp0H0B m  4)occf)opMJiMpoBa- 
h m h  ADP n o c p e f lC T B O M  n p o T O H H O T O  rpaaneH Ta.

Me*MeM6paHHoe
npOCTpaHCTBO

■x

J[NHI]red ^  FMN

•i) )
|[NHI]0X '  FMNH2 - Y

. _ .. /  -.... >

BHyrpeHHsn
MMTOXOHApnaJlbHafl

MeMöpaHa

KoMn/ıeKC I
NAD+ NADH

MMTOXOHflPMa/lbHbM 
MƏTpHKC

P h c . 6 .8 .  C ıpyK T ypa K0Mn0HeHT0B KOMn/ıeKca I, o6ecn e4M B aıom ero  (J)yHK- 
UMOHHpoBaHMe « n p 0T0HH0M noM nbi» n p n  OKHCJieHHH NADH.
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TeM, HTO OKHCJieHHe H (J)OC(j)OpHHHpOBaHHe XteCTKO COnpnxeHbl. 
Ə H ep raa , H e o 6 x o a H M a a  loıeTKe a jih  coBepuıeHHH pa6oTbi, nocTaB- 
jıaeTCH 3a cneT rHapoHH3a ATP. KoHiıeHTpaıiHH ADP n p n  əto m  
yBejiHHHBaeTcn; b pe3yjibTaTe co3flaK)TCH ycjiobhh  jijih ycKopeHHH 
abixaHHH, m t o  m BejıeT k BocnojiHeHHio 3anacoB ATP.

UlllHOHlOpM H eriH  TpaiICnOpTa Ə Jie K T p O H O B  H O K H C JIH TejIb H O rO  

(JjOCtJjOpHJIHpOBaHHfl. M H rH Ö H T O p b l, Ö J io K H p y ıo m H e  ab lX aT ejIb H y iO  
u e n b ,  jıeH C T B yıoT  b  o n p e j ıe j ı e H H b ix  M e c T a x , n p en H T C T B y n  p a 6 o T e  
jlb ix a T e jib H b ix  (JjepM eH TO B . C y ıu e c T B y ıo T  T aıo K e  B e u ıe c T B a , H H r n 6H - 
p y j o ıu n e  o K H C JiH T ejib H o e  (J> o c(J)o p H jiH p o B aH H e. H a n p H M e p ,  6a p 6H - 
T y p aT b i H H rH Ö H p y ıo T  aK T H B H ocT b  N A D H - j ı e r H j ı p o r e H a 3b i, a  u n a -  
HHflbl H OKCHJI y rJ ie p O f la  (CO) —  aKTHBHOCTb UHTOXpOM OKCHJia3bI. 
B npH CyTCTBH H  3THX HHTHÖHTOpOB T paH C Ü O pT  ƏJieKTpOHOB n p e K p a -  
m aeT C H , a 3H aH eH H e P/O p a B H o  0 .



fj ıa B a  7 K A T A E O J IH 3 M

Echh n p ou ecc  KaTa6ojiH3Ma paccMaTpHBaTb c o6m en tohkh 3pe- 
h h h , to mojkho BbiflejiHTb TpH ocHOBHbie ero HaCTH (pnc. 7 . 1 ) .

I . P a c m e n jıe H H e  b nHiueBapHTejibHOM  T paK Te. Ə to  rnapojiHTH- 
necKHe p e aK H H H , n p e B p a u ı a ı o m H e  cjıoxH bie nHmeBbie BemecTBa b  
oTHocHTejibHo He6ojibuıoe hhcjio npocTbix MeTa6ojiHTOB: rjıi0K03y, 
3MHHOKHCJIOTbI, T JIH IiepH H , >KHpHbie KHCJIOTbl.

I I .  CneıiH({)H4ecKHe nyTH KaıaoojiMiMa. ripocTbie MeTa6ojiHTbi 
noüBepraıOTCH cneuH(J)HHecKHM peaKUHHM pacınenjıeHHH, b  pe- 
3 y jib T aT e  kotopwx o 6 p a 3 y e T C H  jih6 o n n p o B H H o r p a j iH a H  K H C JioTa, 
jih6 o aııeTHjı-CoA. CjıeayeT oTMeTHTb, hto aııeTHjı-CoA MoxeT 0 6 - 
pa30BaTbcH H3 nnpyBaTa Bcjıe/ıcTBHe OKHcjiHTejibHoro fleKapöoKCH- 
jiHpoBaHHH. MoryT TaıoKe 0 6 pa3 0 BaTbcn apyrne coeflHHeHHH, He- 
nocpeacTBeHHo BKJHonaıomHecH b  UHTpaTHbiH u h k ji.

II I .  U,HTpaTHbiH u h k ji h  A b ix a ıe .ib i ıa s ı  u e n b . Ə t o  3 a B e p m a ıo ııiH e  
3B eH bH  p a c n ıe n j ıe H H H  n n m e B b i x  B e m e c T B  a o  K O H en H b ix  npoayK - 
t o b  —  C 0 2 h  H 20 .

C jıe j ıo B a T e j ib H o ,  H aM H H aa c o  c T a a H H  0 6 p a 3 0 B a H H H  n n p y B a T a ,  
n p o H c x o j iH T  yH H (J)H K auH H  n y T e i ı  K a T a6 o jiH 3 M a . H 3 6 o j i b m o r o  hhc- 
j ı a  H c x o a H b ix  c o e jiH H e H H H  o 6 p a 3 y e T C H  B c e r o  flB a — n n p y B a T  h  a u e -

CO2, HjO
P h c .  7 .1 . K aT a6 o jiH 3 M  o c h o b h m x  n H m e B b ix  B em ecT B . 
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thh-C oA . üpouecc, ı ıa 'im ıa ıo ın H H C H  c nHpyaaTa, Ha3biBaeTC» 0 6 - 
iu h m  nyT eıw  K a T a o o .iH  tM a. Oh b c b o i o  o q e p e a b  c o c t o h t  H3 o  k  h c -
j i H T e j i b H o r o  f l e K a p ö o K C H J i H p o B a H H s  n  n  p  y b  a -  
T a  h  H H i p a T H o r o  u H K J i a .  H m c h h o  b  o 6 u ıe M  ny T H  K aT a- 
6 o jiH 3 M a  o 6 p a 3 y e T C H  o c H O B H a a  M a c c a  c y 6 cT p aT O B  a jih  p eaK H H H  ^ e -  
TH JipH pO B aH H H . C 0 B M eC T H 0  C flblX aT eJIbH O H  I ie n b lO  H OKHCJIHTeHb- 
HblM  4)OC<|)OpH JIHpO BaHH eM  o 6 lH H H  n y T b  K aT a6 o JIH 3 M a HBJIHeTCH 
OCHOBHblM HCTOHHHKOM Ə H epTH H  B (})OpMe ATP.

7.1. OKHCJIHTEJIbHOE ÜEKAPBOKCHJIHPOBAHHE 
nHPOBHIIOrPAJIHOfl KHCJIOTbl

CyMMapHbiiı pe3 yjibTaT MHorocTaflHHHOH peaKHHH BbirjiHflHT cjıe- 
a y ıo m H M  0 6 p a 3 0 M :

C H 3- C - C O O H  + NAD+ + HS— CoA — »• CH  oA + NADH + C 0 2

P eaK H H H  K aT3JIH 3H pyeTC H  TpeM H  (J)epM eH T3M H , p a 6oTaK)IIIHM H B 
o n p e a e jıe H H O H  n o c jıe iio B a T e jib H o c T H  h  o 6 T>eaHHeHHbiM H b  n w p y B aT - 
A erH 4 p o r e H a 3 HbiH komii.ickc ( p n c .  7.2). Ə t o t  K O M njıeK c (J)epM eHTOB 
p a 6o T ae T  n o a o 6 H o  K O H B e n e p y , b  k o t o p o m  n p o a y K T  n e p e a a e T C H  o t  
(J)epMeHTa k  4>epMeHTy. TaKoil n p H H u n n  n o B b in ıaeT  3(J)(J)eKTHBH0CTb 
paöoTbi (J)epM eHTOB, TaK  KaK c H H x a e T  c jıy n a H H o c T b  b  KOHTaKTe p ea- 
r a p y ıo m H X  B e m e cT B  c  (J)epM eHTOM . / J a j ı e e  npHBOflHTCH H a 3B3 HHH 
(JıepM eHTOB h  xap aK T ep H C T H K a K aT ajiH 3 H p y e M b ix  p eaK H H H .

IlHpyBaTfleKap6oKCHJia3a (1). B  KanecTBe Ko4)epMeHTa b  peaKUHH 
ynacTByeT m u a M u n d u ıp o ccp a m  — npoH3BoaHoe BHTaMHHa B ,. O ep- 
MeHT KaTajiH3HpyeT oTmenjıeHHe Kap6oKCHjibHoiı rpynnbi b  b h j i c  
C 0 2, a a u e T H j ib H b i i ı  o c t 3 t o k  npncoeiiHHHeT k  JiHnoeBoü K H C Jio T e  —  
K o4 )ep M eH T y  B T o p o ro  4 )e p M eH T a . n o j ıy n a e T C H  a u e T H J i- J in n o a T .

rinpyBaT Au,eTn/ı-CoA

TnaMMH- AqeTn/ı~S SH

CO2< p  AueTMfl-TDP
/IwnoaT JlwıoaT

' v 7 AueTM/ı-S-CoA
JlnnoaT n

/ \  -J b/\ /\ 
S-

NADH+H NAD

B /iNxaTe/ibnyıo qenb 

P h c . 7 .2 .  r iH p y i!a T fle rM ^ p o re H a 3HbiH KOMruıeKC.



---------------- 1-----------------
naHT0T6H0Bas) Knc/ıoıa

AMP-3’-<}>oc4>aT <t>oc4>onaHTeıenH

Phc. 7.3 . C T poeH w e HS-CoA.

/I ,H r n a p o jiH n o a T a ııe T H J iT p a H C (} )e p a 3 a  ( 2 ) .  3 t o  B T o p o ft 4>epM eH T 
K O M n jıeK ca . K a T a jiM 3 n p y e T  n e p e H o c  a u e T H J i b H o r o  o c T a T K a , c o e f lH -  
H e H H o r o  c  JiH n o eB O H  k h c j i o t o h ,  H a  B T o p o n  K o ^ e p M e H T  H S - C o A  
(pH C . 7 .3 )  c  0 6 p a 30 B aH H eM  a u e T H J i - C o A .  T aK H M  0 Ö p a 3 0 M , b ə t o h  
p eaK H H H  y n a c T B y ıo T  a B a  K O (})epM eHTa: J iH n o e B a a  K H C Jio T a , n p o n -  
h o  c o e j tH H e H H a a  c  (j)epM eH T O M , m KO({)epM eHT A, o ö te f lH H H io -  
LUHHC5I c  (})epM eHTOM  B MOMeHT p e aK H H H . B o a o p o f l  OCTaeTCH CBH- 
3aH H bIM  C JIH nO eB O H  K H C JIO TO H , KOTOpäH n p e B p a m a e T C f l  B flH rH fl-  
p o j iH n o a T .

J I e r H a p o r e H a 3a  flH rH flp o jiH n o eB O ii k h c j i o t w  ( 3 ) .  /Ja H H b iH  4> ep- 
M eH T  o T m e n j ı a e T  B o a o p o j ı  o t  J iH n o e B o i ı  k h c j i o t h  h  n e p e H o c H T  e r o  
H a  NAD+. i J a j ı e e  B o a o p o f l  T p a H c n o p T H p y e T c a  f l b ix a T e j ib H o i ı  u e n b io .  
T jıa B H b ie  npoayKTbi p e a K H H H  — ə t o  NADH+H+ h  a u e T H J i - C o A .  
NADH+H+ 3aTeM  o K H C jıa e T C H  b f lb ix a T e j ib H O H  u e n n ,  r a e  Ə H e p r n a  
H c n o j ib 3 y e T C H  H a c H H T e 3  3 M O Jie n  ATP, a  a u e T H J i - C o A  o K n c j u ı e T c a  
B H H T p aT H O M  H H K Jie . Ü H p y B a T f le K a p 6 o K C H J ia 3 H b I H  K O M nJieK C  H a x o -  
j ih t c 5 i  H a  B H y T p e H H e i t  M e M 6 p a H e  m h t o x o h j i p h h  h  c o e j iH H e H  c  H e ü  
CO C T O pO H bl M a T p H K c a .

7.2. IIHTPATHblH HHKJI

UHTpaTHblİİ HHKJI (UHKJI K p e 6 c a , UHKJI TpHK apÖ O H O BblX  k h c j io t )  — 
3 t o  CHCTeM a p e aK H H H , n p H B O fljm ıa a  k  n o jiH O M y  OKHCJieHHK) f lB y x - 
y rjıep o ^ H o ro  aueT H jibH oro 4>parMeHTa, H M e ıo m e r o  p a 3 JiH H H o e  n p o -  
H cxo^ n eH H e. UHTpaTHbiiı h h k ji HBJiHeTCH o ö u ih m  KOHeHHbiM nyTeM  
oK H cjıeH H H  6 ejiK O B , x h p o b  h yrjıeB O A O B . Bce peaK U H H  ıiHTpaTHoro  
UHKjıa, K aK h  o K H C JiH T e jib H o ro  Ä eK ap 6 o K C H JiH p o B aH H H  n n p y B a T a ,  
JI0KajIH30BaHbI B MHTOXOHflpHHX. P e3 yJIbT aT aM H  OflHOrO n o jiH o ro  
HHKJia h b jih io tch :



\ l r  - c o
h►NADH+H*«>2—iJJ -4> ""

nUF/BAT

Ma/ıaT

CynmiHaT

AKOHMTaT

HS-C
'CylJumlMJV̂ cÖA 

GDP 
Pi

^  a-KeromyrapaT 

HS-CoA 

NADH+H+
ATP

NADH

P h c . 7 .4 .  C x e M a  u H T p a T H o ro  UMK/ıa.

OepM CHTbi: 1 — nH pyB aT flerH aporcH asH W H  K O M njıexc; 2 — UHTpaTCHHTa3a; 3 — aKO- 
HHTa3a; 4  — H sou H T p aT iie rH n p o reH aaa ; 5 — a-K eT orayT apaT O erH aporeH a3H biti k o m - 
ruıeK c; 6 — cyK UH HHJi-C0A-TH0KHHa3a; 7 — cyK U H H aT/ıerH /ıporeH a3a; 8 — 4>yM apa3a;
9 — M ajraTÄerHÄporeHa3a.

♦ nojiHoe oKHcjıeHHe aueTHJibHoro ocTaTKa ao 2 MojıeKyjı C 0 2;
♦ 0 6 pa3 0 BaHHe 3 MojıeKyıı BoccTaHOBiieHHoro N A D + h oahoh  

MOJieKynbi FADH2;
♦ 0 6 pa3 0 BaHHe oühoh MOJieKyjibi GTP b pe3 yjibTaTe cy6 cTpaTHo- 

TO (J)OC(})OpHJIHpOBaHHH.

PeaKHHH UHTpaTHoro HHKjıa, hx xapaKTepncTHKa h (J)epMeHTbi 
npHBeaeHbi Ha pnc. 7.4 h 7.5.

7.3. CO Ü PJD K EH H E O B U İH X  n y T E H  KATABOJIH3MA 
C flb lX A T E JIbH O H  H E n b lO

B o6 mnx nyTax KaTa6ojiH3Ma nponcxoflHT 5 peaKHHH aerHflpnpo- 
BaHHH: OflHa H a CTajIHH OKHCJIHTeJIbHOrO fleKap6 0 KCHJIHp0 BaHH5I 
nnpyBaTa h HeTbipe b hhtp3thom  UHKJie. Bce 10 aTOMOB Bojıopojıa 
nepeH0 CHTCH Ha KO(J)epMeHTbi jıerHjıporeHa3, KOTOpbie b cboio one- 
peflb OKHCJIHIOTCH B JlblXaTejIbHOH IienH. OKHCJieHHbie KO(J)epMeHTbI 
B03Bpamai0TCH b peaKHHH o 6 ihhx nyreH KaTa6ojiH3Ma. P e r e H e p a -
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H3C-C-SCoA 
Anewn-CoA ch2COO'

i  C=C-COO'

nHPVBAT

NAD

— ♦NADH+H+

ManaT

OKcayıoaueTaT 
COO

OyMapaT
FADH'

j  H2C-COO 

NADH+H+
H2C-COO
UnTpar

raounTpaT

4

CH2COO CHoCOO

c-s-cm eee
HS-CoA

CoA
GDP CyKUMHMJi-CoA a-KeTor/ıyrapaT

NADH+H
CyKl̂ MHƏT

HS-CoA

NAÖH+H+

P h c .  7 .5 .  CxeM bi LiHTpaTHoro UHKJia h  peryjrauH H  o 6 ıu e ro  n y r a  KaTa6o;iH3Ma. 
Ha3B3HHH 4>epMeHTOB, o6o3HaHeHHbIX UH(J)paMH, TaKHe >Ke, K3K Ha pHC. 7.4.

u h h  KO(jıepMeHTOB —  o 6 n 3 a T e j ib n o e  ycjıO B H e a j i h  npoT eK aH H H  p e a K -  
h h h  jıe rH ü p H p o B aH H H . T aK H M  0 6 p a 3 0 M, o 6 i u h h  n y T b  K aT a6 o jiH 3M a h  
A b ix a T e jib H a a  u e n b  H e n p e p b iB H o  cB H 3aH bi M e x a y  c o 6 o h  h  o T a e jib H o  
<J)yHKUH0H H p0B aTb H e M o ry T .

7.4. ƏHEPrETHKA HHTPATHOrO HHKJIA 
H OBIHHX nyTEH KATABOJIH3MA

3 a  o j i h h  o 6o p o T  U H T p a T H o ro  UHKJia CHHTe3HpyeTCH 12 M OJieKyjı A T P .  
f leB H T b H3 HHX o6pa3yK>TCH 3 a  CHeT ƏHepTHH T p aH C n O p T a  B Ä blX aT ejIb- 
h o h  u e n n  3 n a p  B o a o p o a a  o t  3 M OJieKyjı N A D H  +  H +. /İB e  M OJieKyjibi 
A T P  CHHTe3HpyK>TCH n p H  OKHCJieHHH OflHOH M OJieKyjIbl F A D H 2, T3K 
KaK b flb ixaT ejibH O H  u e n n  b  j i 3 h h o m  c j ıy n a e  a e n c T B y ro T  TOJibKo 2 
n y H K T a c o n p a jK e H H H  c  oK H C JiH TejibH biM  (J>oct}>opHJiHpoBaHHeM  A D P .  
K p o M e  T o r o ,  b  u h t p 3t h o m  uH K Jie  n p o H c x o ü H T  o jiH a  peaK U H H  c y 6 - 
c T p a T H o ro  (j>oc4>opH JiH poB aH H H , a a ıo u x a H  1 M ojib  G T P  ( A T P ) .

B o ö u i h x  n y T H x  K a r a ö o . iH iM a  CHHTe3H pyeTCH 15 M OJieKyjı ATP: 
T p n  n p n  OKHCjiHTejibHOM fleK ap6oK C H jiH poB aH H H  n n p y B a T a  H 12 — 
B HH TpaTH OM  U H KJie.

84

V



7.5. PEryjWUHfl OEIHHX nyTEft KATAEOJIH3MA

DiaBHblH 4)aKTOp, pery^HpyiOlUHH CKOpOCTb flblXaHHH H (j)OC(j)OpH- 
JiHpoBaHHH — əhepaemunecKue nom peöm cm u opeanu3Ma. ÖcHOBHaa 
Macca BOCCTaHOBJieHHblX 3KBHB3JieHTOB JIJIH JlblXaTejIbHOH HenH 
nocTynaeT H3 oöluhx nyTeiı KaTa6ojiH3Ma. CjıeaoBaTejibHo, peryjiH- 
Hhh o6ihhx nyTen KaTa6ojiH3Ma h flbixaTejibHOH u e n n  TecHo cBH3a- 
na. B ce KOHTpojiHpyıomHe MexaHH3Mbi ocymecTBJiaıOTCH Ha ypoBHe 
4>epMeHTOB, npnneM  MHorne H3 hhx  c noM om bio ajuıocTepHnecKHX  
3(J)(j)eKTopoB. ZIjih oueHKH ƏHepreTHHecKoro co c to h h h k  k jic tkh  hc- 
nojib3yıoT BejiHHHHy 3HepaemunecKoeo sapnda , O T paxaıom yıo c o o t-  
HouıeHHe KOHueHTpaıiHH A T P  k npoayKTaM ee p acn a^a — A D P  h 
A M P .

n P H yB ejiH H eH H H  Ə H e p re T H H e c K o ro  3 a p H a a  b  KJieTKe ( b  c o c t o h -  
h h h  noK oa) CKopocTb peaKUHH o6 luhx nyT eö KaTa6ojiH3Ma cH H *a-  
eTCH, a  n p H  y M e H b in e H H H  Ə H e p re T H H e c K o ro  3 a p a a a  —  yB ejiH H H B a- 
eTCH. Ə t o  ÄO CTHraeTCH T eM , h t o  ATP a e i ıc T B y e T  k h k  a ju ıo c T e p H M e c -  
KHH HIITHÖHTOp, a  ADP H AMP — K3K ajUIOCTepHHeCKHe 3K T H B 3T 0- 
p b l HeKOTOpblX (jiepMCHTOB (c m . p n c .  7 .5 ) .

İJpyroH MexaHH3M peryjiHUHH cbh33h c HeoöxoaHM ocTbio p ere -  
HepauHH N A D + b flbixaTejibHOH u e n n . r ip n  yMeHbixıeHHH p acxoaa  
A T P  B KJieTKe CKOpOCTb flblXaHHH MHTOXOHJIPHH CHHXaeTCH (flbixa- 
TejIbHblH KOHTpOJIb), yMeHbUiaeTCH TaKXe CKOpOCTb OKHCJieHHH
N A D H  b ÄbixaTejibHOH u e n n  h yBejiHHHBaeTCH KOHueHTpauHH 
N A D H . B 3TOM cjıynae N A D H  HHrnÖHpyeT HeKOTOpbie (j)epMeHTbi 
o 6 iu h x  nyTeü KaTa6ojiH3Ma, h to  npHBo^HT k  3aMefljıeHHio peaKUHH 
KaTa6ojiH3Ma h , cjıeaoBaTejibHO, 3aMeflJieHHio H apa6oTK H  B occT a - 
HOBJieHHblX KO(j)epMeHTOB H 3aMeflJieHHIO CHHTe33 A T P  (cm. p n c . 
7 .5 ) .  n p H  yBejiHHeHHH ƏHepreTHHecKHX noTpeÖHocTeH opraHH3Ma 
npoHcxoflHT Bce H ao6opoT. P ha npoMeacyTOHHbix npoayKTOB u h t -  
paTHoro UHKJia cjıyacaT npeauıecTBeHHHKaMH jijih cHHTe3a H eo6xo-  
üHMbix opraHH3My B em ecT B . TaK, cyKUHHHjı-CoA Hcnojib3yeTcn  
AJih  cHHTe3a reMa, OKcajıoaueTaT h a-KeTorjıyTapaT — äjih cHHTe3a 
acnaparHHOBOH h  rjıyTaMHHOBOH k h c jio t . OneBHflHo, h to  BbiBejıe- 
HHe x o th  6bi oaH oro MeTa6ojiHTa HapyuıaeT paöoT y UHKJia, TaK KaK 
yMeHbuıaeT p ereH ep au n ıo  oKcajıoaueTaTa. JXjw  KOMneHcauHH k o h -  
UeHTpaUHH MeTaÖOJIHTOB UHKJia B MHTOXOHİipHHX npOHCXOflHT p e-  
aKUHH Kap6oKCHJiHpoBaHHH nupyBaTa c 0Öpa30BaHHeM OKcajıoaue- 
TaTa. TaKHM 06pa30M , nnpyBaT BKjııoHaeTCH b uHTpaTHbiü u hkji 
AByMH nyTHMH: OKHCjiHTejibHoe aeKapöoKCHjiHpoBaHHe c 06pa30B a- 
HHeM a u e r a j ı-C o A , Kap6oKCHjiHpoBaHHe c 06pa30BaHHeM OKcajıoa- 
ueTaTa. I loc jıeaH io ıo  peaKUHio KaTajiH3HpyeT nupyBaTKap6oKCHJia- 
3a, Ko4)epMeHTOM HBJineTCH 6 h o th h :

CH3- C - C O O H  +  C 0 2 +  ATP — *■ COO H—C H 2—C—COOH +  ADP +  H3PO 4 

I l n p y B a T  O K c a / ı o a u e T a T



7.6. nmOƏHEPrETHHECKHE COCTOflHHfl

H a n ö o j ı e e  n acT O H  i i p h h h h o h  rH n o ə H e p re T H M e c K H x  c o c t o h h h h  h b -  
jıneTCH nm oK C H fl, K O T opan B03H H K aeT n p n  c j ı e a y ıo ıu H x  H a p y ıu e H H -  
h x :

♦  H apytueH uu n o c m y m e u u H  K u u ıo p o d a  e  n p o eb , h t o  HaÖJHOflaeTCH 
n p n  H eflocT aT O M H ocTH  0 2 b o  B jibixaeM O M  B 0 3 n y x e  h jih  H a p y u ıe -  
HHH JierOHH OH BeHTHJIHUHH;

♦ HapyuıeHuıı m p a n c n o p m a  n u c n o p o d a  e m K a m ı  n p n  H a p y ıu eH H H  
K p o B o o ö p a ıu e H H H  h j i h  cHHJKeHHH T p aH cn o p T H O H  c|)yHKUHH r e -  
M o rjıo Ö H H a;

♦  H a p yu ıen u u  <pyHKu,uü M u m o x o u d p u ü ,  B b i3B aH H oe a eü c T B H eM  
HflOB, p a 3 o 6 ıu H T e jıe H .

K p o M e  T o r o ,  n p H H H H o ü  r n n o ə H e p r e T H H e c K H x  c o c t o h h h h  M o ry T  
ö b iT b  rH n 0 BHTaMHH0 3 b i, T3 K k 3 k  b  p eaK H H H x  o 6 i u h x  nyT eü  K aT a6 o -  
jiH 3 M a h  jib ix a T e jib H O H  u e n n  y n a c T B y ıo T  K O (J)epM eH Tbi, c o a e p x a u i H e  
BHT3M HHbI. TaK, BHTaM HH B , BXOflHT B COCTaB TH3 M HHJIH(J)OC(|)aTa, 
B 2 HBJIHeTCH COCT3BHOH H3 CTbK) F M H  H F A D ,  BHT3 MHH P P  B BHfle 
HHKOTHH3M HJia BXOJJHT B COCTaB N A D  H N A D P ,  naHTOTCHOBaH 
KHCJIOTa —  B COCTaB C o A ,  ÖHOTHH TaiOK e B binO JIH H eT K O (J)epM eH T- 
HyK) (})yHKUHK).
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r.JiaBa 8  M E T A B O J I H 3 M  Y T J I E B O ^ O B

8 .1. OyHKUHH yrJIEBO^OB

yrjieBOflbl BbinOJIHHlOT B OCHOBHOM JHC’peodamUflHyiO (pyHKHUK). 
rjıaBHbiM h c to h h h k o m  3HeprHH HBJiHeTCH rjH0K03a, o6pa3yıomaHCH 
H3 yrjıeBoflOB nnıuH . B  npoM exyTKax M exüy ejıoH b KanecTBe jıerKo 
Mo6njiH3yeMoro pe3epBa rjıi0K03bi Hcnojib3yeTCH rjiHKoreH. KpoMe 
TOrO, H3 yrJieBOJIOB MOryT CHHTe3HpOBaTbCH JIHnHJJbl, HeKOTOpbie 
aMHHOKHCJIOTbl, neHT03bI. YrjieBOJlbl BXOJIHT KaK COCT3BHaH HaCTb B 
CTpyKTypHO-(})yHKHHOHajlbHbie KOMnOHeHTbl KJieTKH — rJIHKOJIH- 
n n ab i h  rjiHKonpoTeHHbi. YrjıeBOflbi Hcnojib3yıoTCH jjjih cHHTe3a 
HyKjıeHHOBbix k h c jto t ,  ynacTByıoT b nocTpoeHHH HMMyHorjıo6yjiH- 
HOB H BXOflHT B COCTaB KO(})epMeHTOB.

8.2. PACIHEHJIEHHE yTJIEBO^OB

CyTOHHan HopMa yrjıeBojjoB b n n ın e  cocTaBjıneT 400—500 r. O chob- 
h h m h  yrjıeBojıaMH nnuiH  hbjihiotch cjıejıyıom ne: 1) Kpaxıuajı — pa3- 
BeTBJieHHblH rOMOnOJlHCaXapHJI H3 rjII0K03bI. MoHOMepbl JIHHeİlHblX 
ynacTKOB coejiHHeHbi a-1,4-rjiHK03HjiHbiMH cbh3hm h , a b MecTax pa3- 
BeTBjıeHHH — a -l,6 -C B H 3 H M H ; 2 )  jw c a x a p H j ib i :  c a x a p o ia  [ T j iK - ( a -  
1,2)-(})py], jıaKT03a [ ra j ı- (p - l ,4 ) - r j iK ] ,  MajibT03a [ r j i K - ( a - l , 4 ) - r j i K ] .

ü p H  nepeBapHBaHHH yrjıeBojıoB b nnmeBapHTejibHOM TpaKTe 
npOHCXOJIHT <J)epMeHT3THBHbIH THJIPOJIH3 TJIHK03HJlHbIX CBH3eH H 
06pa30BaHHe MOHocaxapnjıoB, raaBHbiM H3 k o to p w x  HBjıneTCH tjiio - 
K03a. Thjipojih3 KpaxMajıa HanHHaeTCH b nojıocTH pTa n p n  ynacTHH 
aMUJia3bi cjııoHbi, KOTopaH HacTHHHO pacm enjiHeT BHyTpeHHHe a -  
l,4-rjiHK03HjiHbie cbh3h , o6pa3yH MeHee KpynHbie, neM KpaxMajı, 
MOJieKyjibi — jıeKCTpHHbi. JJajıee rnjıpojiH 3 KpaxMajıa npoaojı>KaeT- 
ch  b BepxHeM OTjıejıe KHineHHHKa no jı B03jı,eHCTBHeM n a n K p ea m u -  
necKoü aMUAü3bi, TaK*e pacm enjiH iom eH  a-l,4-rjiH K 03H jiH bie 
cbh3h. B  pe3yjibTaTe H3 KpaxMajıa o6pa3yK)TCH ÄHcaxapHJiHbie o c- 
TaTKH MajibT03bi h  H30MajibT03bi [T jiK -(a -1 ,6 )-F jik ]. rn jıpojiH 3 Bcex 
JIHCaXapHJlOB npOHCXOJlHT Ha nOBepXHOCTH KJieTOK KHUieHHHKa H 
KaTajiH3HpyeTCH cneHH(})HHecKHMH (})epMeHTaMH: caxa p a 3 o ü , jiü k- 
ma30Ü, Majibma30Ü h  u30Majibma30Ü. Ə th  rjiHK03Hjıa3bi CHHTe3Hpy- 
lOTCH B KJieTKaX KHHie4HHKa.

Bcacbieanue Monocaxapudoe H3 KHineHHHKa b KpoBb ocym ecT- 
BjıneTCH nyTeM 06jıerneH H 0H aH<})(})y3HH. E cjih  KOHHeHTpauHH rjııo- 
K03bi b KHiuenHHKe HeBejiHKa, t o  ee TpaHcnopT M oxeT npoH cxo- 
JlHTb 3a cneT rpajjneH Ta KOHueHTpauHH h o h o b  N a +, co3jıaBaeM oro 
N a +, K+-ATPa30H.
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8.3. METABOJIH3M TJIK)K03bI

I j iK )K 0 3 a  n r p a e T  r jıa B H y ıo  p o j ib  b  M e T a6 o ^ H 3 M e , TaK k ə k  h m c h h o  o H a  
HBJIHeTCH OCHOBHblM HCTOHHHKOM ƏHepTHH. r jH 0 K 0 3 a  M OXeT n p e B p a -  
UtaTbCH npaKTHM eCKH BO B ce  M O H O C axapH flbl, OflHaKO B 0 3 M 0 * H 0  H 
o 6 p a T H o e  n p e B p a m e H H e . O cH O B H b ie  nyT H  M eT a6 o /iH 3 M a rjıi0 K 0 3 b i:

♦  K aT a6oJIH 3M  rJH 0K 03bI —  TJIHKOJIH3;
♦  cH H T e3 r jı i0 K 0 3 b i —  rjiK )K O H eo reH e3 ;
♦ jıenoH H poB aH H e h  p a c n a j ı  rjiH K oreH a;
♦ CHHTe3 neH T 03 — neHT030<})0C(})aTHbie nyTH.

C02+ H20 + ATP

8.4. TPAHCIIOPT rJH 0K 03bI B KJIETKH

C KpOBbK) BOpOTHOH BeHbl 66jIbUiaH MaCTb rjH0K03bI (OKOJIO nOJIOBH- 
Hbi) H3 KHiııeHHHKa n o c T y n a e T  b n en eH b , ocTajibH aa rjnoK 03a n ep e3  
o 6 iu h h  k p o b o to k  TpaHcnopTHpyeTCH b jıp y rn e  tk 3 h h . K o H u e H T p a -  
UHH rJH0K03bI B KpOBH B HOpMe nOJWepXHBaeTCS Ha nOCTOHHHOM
y p o B H e  h c o c T a B jın e T  3 , 3 3 — 5 ,5 5  M K M O Jib/jı, hto cooTB eTC TB yeT  8 0 — 
1 0 0  mt b 1 0 0  mji K poB H . T p a H c n o p T  rjıi0K03bi b kjictkh hocht x a p a K -  
T e p  o Ö A e e n e H H O u  du< p< py3 u u ,  ho peryjınpyeTCH bo M H o r n x  K j ıe T K a x  ro p - 
MOHOM nO flX eJiyjIO H H O H  )KeJie3bI HHCyjIHHOM, JieHCTBHe K O T O poro  
npH B O jiH T k n e p e M e m e H H i o  6e jiK 0B - n e p e H 0CHHK0B H3 hhto3ojih b 
n jıa3 M aT H H ecK y jo  M eM6p a H y  ( p n c .  8 .1 ) .  3aT eM  c  n o M o u ib io  əthx 6e jı -  
kob rjıi0K03a TpaHcnopTHpyeTcn b KJieTKy n o  r p a a n e H T y  K O H u e H T p a -  

Uh h . C K o p o c T b  nocTynjıeHHH rjıi0K03bi b M03r h  n e n e H b  H e  3aBHCHT 
ot ypoB H H  H H cy jiH H a h onpejıejiHeTCH TOJibKo K O H u e H T p a u n e H  e e  b 
KpOBH. 3 ™  T K 3 H H  Ha3bIBaK>TCH HHCyjIHHOHe3aBHCHM bIM H.

8.5. KATABOJIH3M rJH0K03bI

rjIHKOJIH3 —  3 TO C e p H H  p e a K U H H ,  B p e 3 y j I b T a T e  K O T O p b lX  rJH 0 K 0 3 a  
p a cn az ıaeT C H  H a  2  M o j ı e K y j i b i  n n p y B a T a  ( a ə p o ö H b i n  t j i h k o j i h 3 )  h j i h  

2  M o j ıe K y j ib i  j ı a K T a T a  ( a H a ə p o Ö H b i H  t j i h k o j i h s ) .  B c e  10 p eaK U H H  t j i h -  
K O JiH 3 a  n p o T e K a ı o T  b  h h t o 3 o j i c  h  x a p a K T e p H b i  j i j i h  B c e x  o p r a H O B  h
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P h c .  8 .1 .  T p a H c n o p T  n iK )K 0 3 b i b  K neTK y.

TKäHeH. A əpoÖ H biü  p a c n ü d  ejifOK03bi BKJiıoHaeT peaKHHH a ə p o Ö H o r o  
riiHKo^H3a h  n o c j ıe j ıy ıo m e e  oKHCjıeHHe n n p y B a T a  b  peaKHHHx K aTaöo- 
jiH3Ma (pH c. 8 .2 ) .  TaKHM 0 6 p a 3 0 M , aəpo^H biH  p a cn a jı rjıi0K 03b i —  ə t o  
n p e /ıe j ib H o e  e e  oKHCjıeHHe j io  C 0 2 h  H20 . A n a əp o Ö H b iü  e jıu K o j ım  —  
3 t o  cneuH(J)HHecKHH nyTb KaTaöojiH3Ma, T .e . nacTb aəpoÖ H oro p a c n a -  
jia  rjiK)K03bi. A H a ə p o 6 H b iH  p a c n a j ı  BKJiıoHaeT Te x e  peaK UH H  c n e u n -  
cJiHHecKoro n y r a  p a cn a jıa  rjıi0 K 0 3 b i j io  nnpyB aT a, h o  c n o c j ıe /ıy fo m n M  
npeBpam eH H eM  n n p y B a T a  b JiaKTaT (T .e . TepMHHbi «aH a3po6H biH  p a c -  
nan» h  « a H a əp o 6 H b iH  rjiHKOJiH3» c o B n a jıa ıo T ).

n o c jıe jjo B a T e jib H o c T b  peaK UH H  rjiHKOJiH3a n p H B ejıeH a  Ha p n c .  8 .3  
h  8 .4 .

B rjiHKOJiH3e m o > k h o  B bw ejiH T b T p n  o c h o b h w x  3 T a n a . Ha I Ə T ane  
n p eB p a m eH H a M  n o jiB ep ra ıo T C K  reK C 03b i, Ha II — T pH 03b i, H a III 
K apÖ O H O B bie KHCJIOTbl.

X a p a K T e p H C T H K a  r  ji h  k  o  ji h  3 a:

♦  ÖOJIbUIHHCTBO peaK HH H  OÖpaTHMO, 3a  HCKJIIOHeHHeM T p ex  ( p e -
aKUHH 1, 3, 10);

♦  B ce  MeTaÖOJIHTbl HaXOJlJITCH B 4)Oc4)OpHJIHpOBaHHOH <J)OpMe;
♦  HCTOHHHKOM 4)OC(J)aTHOH r p y n n b l  B peaK U H H X  4>OC(J)OpHJIHpOBa- 

HHH HBJIJIIOTCfl ATP (peaK H H H  1 H 3) HJIH HeopraHHHeCKHH  
4 )o c4 )a T  (peaKHHH 6 );

8Q
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P h c . 8 .2 .  C x e M a  K aT a6 o jiH 3M a ra i0 K 0 3 b i.

rjlK)K030-
6-<t>oc4>aT

Cj)pyKT030-
6-<}>oc<t>aT

OpyKT030-1,6- 
flM(})0C(t)aT

ADP

ATP ADP
NADH NAD+

■ V t -2-İoc(J)o- 3-(J>oc())o- (f̂  1,3-An({)0C(|)0- rnnuepoa^bflernfl-flnrnflpoKCM- 
rnuuepaT rnnuepaT l=s rnnuepaT (poc4)aT aueTowpoc^aT

CyöcTpaTHoe
4)OC(j)opnnnpo-

BƏHHe

flnpyBar(t>oc4>oeHon-, 
nnpyBaT ADp

P h c . 8 .3 .  n o c jıe f lO B a T e jib H o c T b  peaK U H M  rjiH K 0jiH 3a.

1 — reKcoKHHa3a; 2 — rjıraK030-6-(|)0crt)aTH30Mepa3a; 3 — 4>oc(}>o(j)pyKTOKHHa3a; 4 — 
(j)pyKTO30aH(J>0cc{>0Tajibfl0Jia3a; 5 — TpH030(j>oc(J)0TH30Mepa3a; 6 — niHuepoajımerHfl- 
aern rtp o reH asa ; 7 — (f)oc(t>orjTnLiepaTKh ha a a ; 8 — (})oc(J)orjiHuepaTMyTa3a; 9 — (J>oc(})o- 
nHpyBaTrnapaTa3a; 10 — nnpynaTKHHara.
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r/lK)K030-6-4)0C(J)aT

> ADP
4 ft>pyKT030-1,6-^

AnrHflpOKCM- 5 
a u e i0H(J)0C(t)aT

2 NADH+H+

UHT030Jlb

4 H >

r^nu,epoa^bflernfl-
3-(|)oc4>aT

2 Pi

2 NAD+

1,3-An(j)oc(|)omMuepaT 

2ADP 

%>2ATP

3-Ooc4)omnuepaT

2-Ooc(J)orjiMuepaT

2H20

O 0C(J)0eH0JinnpyBaT

v
6ATP-I4T3 2 flnpyBaTa

MMT0X0HflpM9

P h c . 8 .4 .  A ə p o Ö H b i M  p a c n a ^  r ; iK > K 0 3 b i.



TV

♦  p e r e H e p a u H H  N A D +, HB^HK)m aHCfl H e o 6 x o aH M b iM  y c jıo B H eM  
npO T eK 3H H H  raH K O Ü H 3a, npOHCXOflHT n p H  aəpO Ö H O M  TJIHKOJIH3e 
n o c p e a c T B O M  f lb ix a T e jib H o f t  u e n n .  B  ə to m  c j ıy n a e  B o /ıo p o f l  
T p aH cn o p T H p y e T C H  b m h t o x o h a p h h  c  n o M o m b io  n e jiH O H H o ro  
M exaH H 3M a n p n  y n a cT H H  n e p e H 0 CMHK0 B. Ə t o  n p o n c x o f lH T  n o -  
TOMy, h t o  M eM Ö paH a m h t o x o h ^ p h h  H e n p o H H u a e M a  a j i h  n p 0 T0 - 
h o b .  n p H  a H a ə p o ö H O M  rjiH K O JiH 3e  p e r e H e p a u H H  N A D + o c y -  
m ecT B jıneT C H  H e 33BHCHMo o t  flb ixaT ejibH O H  u e n n .  B  ə t o m  c j ıy -  
n a e  a K u e m o p o M  B o f lo p o a a  o t  N A D H  h b j i h c t c h  n n p y B a T , k o t o -  
p b lH  BOCCTaHaBJIHBaeTCH B JiaKTaTJ

♦  0 Ö p a 3 0 B a H H e  A T P  n p H  rjiH K O jiH 3e m o x c t  h jjt h  flByMH nyTHM H: 
j i h 6 o  c y 6 cT p aT H b iM  (J)oc<})opH jiH poB aH H eM , K o r a a  ju ih  (J)occJ)o - 
p H Jin p o B aH H H  A D P  H cn o jib 3 y eT C H  Ə H eprH H  M a K p o ə p rH H e c K o n  
c b h 3h  c y ö c T p a T a  (peaKUHH 7  h  9 ) ,  j i h 6 o  nyT eM  O K H C jım re jib H o ro  
cJ)OC(})OpHJIHpOBaHHH A D P ,  C O n p n x e H H O rO  C flblXaTeJIbHOH 
u e n b io  (peaK U H H  6 ) .

8.6. Ə H E P rE T H H E C K O E  3H A H E H H E  A Ə PO B H O rO
P A C n A M  rJ H 0 K 0 3 b I

B aəpoÖHOM rjiHKOj]H3e o6pa3yeTCH 10 MOJiefi ATP Ha 1 MOJib rjııo- 
K 03bi. TaK, b  peaK U H H X  7 h  10 o 6p a 3yeTCH 4 M o jib  ATP n y r e M  c y 6 - 
CTpaTHOTO (})OCCj)OpHJIHpOBaHHH, a  B p eaK U H H  6 C H H Te3H pyeTC H  
6 M ojib ATP (H a  2 MOJib r jiH u e p o a jib f le rH flc } )o c (} )a T a )  n y T eM  o k h c j i h -  
TejIbHOrO (})OC({)OpHJIHpOBaHHH ( p n c .  8.5).

CyMMapHbiH 3(})(})eKT aəpoöııoro rjiHKOJiH3a cocTaBjıneT 8 MOJib 
ATP, TaK KaK b peaKUHHX 1 h 3 Hcnojib3 yeTcn 2 Mojib ATP. Jleuib- 
HeHiuee oKHCJieHHe 2 MOJib nnpyBaTa b oöuihx nyTHX KaTa6ojiH3Ma 
conpoBO)KiiaeTCH ch h tc 3 om 30 Mojib ATP (no 15 MOJib H a Kaxayıo 
MOJieKyjıy nnpyBaTa) (cm. pnc. 7.3). CjıeaoBaTejibHo, cyMMapHbiü 
əııepreTHiecKHH ə4>4>eKT aəpoÖHoro pacııa uı rjiH)K03bi ;ıo Koııemibix 
npoayKTOB cocTaBJiaeT 38 MOJib ATP.

Tfli0K03a

Phc. 8.5. EajıaHC a ə p o Ö H o r o  r j iH K 0 jiH 3 a .

UTƏ—  6 ATP 

2 kWm a m 2 n a d h + h V ,  ^

▼ o io  o io
4 ATP 3 

2 nnpyBaTa

- 1 ,6- 
flm})oc<})aT

8.7. 3HAMEHHE AHAƏPOBHOrO TJIHKOJIH3A

A H a ə p o Ö H b iH  h  a ə p o Ö H b iH  rjiH K O jiH 3 Ə H e p re T H n e c K H  H e p a B H O u e H - 
H bi. Ö6pa30BaHHe 2  M o jib  jıaKTaTa H3 r j ı i0 K 0 3 b i conpoB oxflaeT cn
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fnıoKcea
€ f a  rnnuepoambflernA- 
|  |  3-4>occ|>aT
8 J F  2Pi

PeaKunn 7 -1 0

HAD+

2 JlaKTaTa 2 nnpyeaıa
11

P h c . 8.6. AHaəpoÖHbiM p a c n a ^  rai0K03bi. OepMeHTbi peaKUMH 1 — 10 cm. Ha 
pMC. 8.3 . PeaKUMK) 11 KaTajiMiMpyeT jTaKTaTzıerM aporeHa3a.

C H H Te30M  B c e r o  2 MOJib ATP  ( p n c .  8 . 6 ) ,  noT O M y  h t o  NADH, n o j ıy -  
n eH H b iH  n p n  OKHCJieHHH r j iH u e p o a jib f le rH f l4 )o c (} )a T a , H e H c n o j ib 3 y -  
eTCH f lb ix a T e jib H o f t  u e n b i o ,  a  aK u en T H p y e T C H  n n p y B a T O M . A H a ə p o 6 -  
H blH  TJIHKOJIH3, HeCM OTpH H a  H e60JIbIH0H Ə H epreTH H eC K H H  3 (j)- 
<})eKT, HBJIfleTCH OCHOBHblM HCTOHHHKOM ƏH epTH H  flJIH CKeJieTHblX 
M biu iH  b  H a n a jib H O M  n e p n o f l e  h h t c h c h b h o h  p a 6 o r a ,  T.e. b y c jıO B H - 
a x ,  K o r f la  C H a ö x e H H e  k h c j i o p o a o m  o r p a H H n e H o .

KpoMe Toro, 3pejibie əpnTpouHTbi H3BJieKaıoT əneprHio 3 a  cqer a H a -  
ƏpOÖHOrO OKHCJieHHH rJIK )K 03bI, nOTOMy 4TO He HMeiOT MHTOXOHflpHH.

8.8. ^ E n O H H P O B A H H E  H  PA C nA H  rjIH K O T E H A

TjiHKoreH — ocHOBHaa (})0pMa flenoHHpoBaHHH rjıi0K03bi b KJieTKax 
XHBOTHblX. Y  paCTeHHH 3Ty <J)yHKHHK) BbinOJIHHeT KpaXMajI. B  
CTpyKTypHOM oTHomeHHH rjiHKoreH, KaK h KpaxMajı, npeflCTaBJineT 
co6 oh pa3BeTBjıeHHbiH nojiHMep H3 rjıi0K03bi (p n c . 8.7), oflHaKo 
rjiHKoreH 6ojıee  pa3BeTBjıeH h KOMnaKTeH. BeTBJieHHe oöecneHHBa- 
eT 6bicTpoe ocBo6o*fleH H e 6o jib m o ro  KojiHHecTBa KOHueBbix mo- 
HOMepoB npH p a c n a a e  r j iH K o re H a .  C hhtc3 h pacnafl r j iH K o re H a  
npOHCXOflHT pa3HbIMH nyTHMH (p n c . 8.8).

EnocHHTe3 rjiHKoreHa — rjiHKoreHe3 noKa3aH Ha p n c . 8 .8 . h 8.9.
T jiH K o reH  C H H Te3H pyeTC » b  n e p u o f l  n H u ıe B ap e ıiH s ı ( b  T e n e H H e  1 — 

2  h  n o c j ı e  n p n e M a  y r j ıe B o f lH o n  n H i u n ) .  O c o 6 c h h o  h h t c h c h b h o  
r j iH K o re H e 3  n p o T e K a e T  b  n e n e H H  h  c K e jıe T H b ix  M b iu ıu a x .  B  H a n a j ib -  
h h x  p eaK H H H x  o 6 p a 3 y e T C H  UDF-rjıi0K03a (p eaK H H H  3), K O T o p an
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3aıpaBKa 
nwKoreHa

P h c .  8.7 . C T p o eH M e n iH K o re H a .

H B jiH eT ca aK T H B irpoB aH H O H  (})0 p M 0 H r j ı i0 K0 3 b i, H e n o c p e a c T B e H H o  
BKJiKSHaromeHCH b  p e a K H H io  n o jiH M e p H 3 a u H H  (peaK U H H  4 ). Ə T a 
nocjıefl,H H H  peaK U H H  K a T a jiH 3 H p y e T c n  zjıuKoeeHCU Hm a3oü, K O T o p a a  
n p n c o e j iH H H e T  rjiK )K 0 3 y  k  o j ı n r o c a x a p H f l y  h j i h  k  y>Ke H M eıom eH C H  b 
KJieTKe M O jıeK yjıe  r j iH K o r e H a ,  H a p a ıu H B a a  u e n b  h o b m m h  m o h o m c -  
p aM H . J \ j ın  n o jjro T O B K H  h  B K JHoneHHH b p a c T y m y ıo  n o j iH c a x a p H j j -  
H y ıo  u e n b  T p e ö y e T c n  ə H e p rH H  1 M o jib  A T P  h  1 M o jib  U T P .  B eT B Jie - 
H H e nojiHcaxapHÄHoM u e n n  nponcxoflH T n p n  y n acT H H  (JjepM eH T a 
a M U A 0 -a - l ,4 — a-l,6-ajıuK 03U Jim paH C < pepa3bi nyT eM  p a 3 p b iB a  O/iHOM 
a - l , 4 -cB H 3 H h  n e p e H o c a  o j ın r o c a x a p H f l H o r o  o c T a T K a  o t  K O H u a  p a c -  
T y m e f t  u e n H  k  e e  c e p e a H H e  c 0 6 p a 3 0 B aH H eM  b  ə t o m  M ecT e  a - 1 , 6 - 
r jiH K 0 3 H flH 0 H c b h 3 h .  M o j ıe K y jıa  r j iH K o re H a  c o a e p ^ H T  a o  1 m jih  o c -  
TaTKOB rJII0 K0 3 bI, C JieflO B aT eJIbH O , H a  CH H Te3 paC X O ayeTC H  3H 3 HH- 
T e jib H o e  K O JiH necT B o 3 H e p rH H . H e o 6 xoflH M O cT b npeB pam eH H H  n n o -  
K0 3 bi b  r j iH K o re H  cB H 3a H a  c  T eM , h t o  H a K o n jıe H H e  3 H a n H T e jib H o ro  
K OJiHHecTBa r j ı i0 K0 3 bi b  K JieTKe n p H B e jıo  6 bi k  n o B b im e H H io  o c m o -



fjiMKoreH

MHcy/WH -(+)-*■

f/iMKoreH-
CMHTeTa3a

, ^ r j i ( 0Kar0H

AqpeHajiMH

UDP-rni0K03a

©

UDP

2 ®

UTP

TjınKoreH-
<J)oc())opMJia3a

DııOKaroH
AflpeHa^MH

r/IK)K030-1-
4>occf>aT

© f i § j <J)oc(()or/ııOKOMyra3a

r/lK)K030-6-
4>oc(J>aT

ADP
r/ll0K030-6-
4>oc(j)aTa3a

® ©
rjl(0K03a

Phc. 8.8. Chhtc3 m pacnajı rjiMKoreHa.

T H H e cK o ro  aaB JieH H H , TaK  k 3 k  rjıi0 K 0 3 a  — x o p o r n o  p a cT B O p H M o e  
B e m e c T B o . H a n p o T H B , r j iH K o re H  c o a e p x H T C H  b KJieTKe b B Hjıe r p a -  
Hyjı h M ajıopacTBopHM .

P acn a A  rjiHKoreHa — rjiHK0reH0jiH3 (c m . p n c .  8 .8 )  nponcxoflHT b 
nepH ojı MejKny npueMaMH ı ın ın n .  rjiK>K03a b BHjıe r j ıi0 K 0 3 0 -l- (} )0 c -



(mK)K03a)n+ı

r/ınKoreH- 
CMHTeT33a

(r;ıi0K03a)n

P hc . 8 .9 .  C hhtc3 raHKoreHa.



f/1K)K030-1 -<j)OC<j>aT

P h c . 8 .1 0 .  P a c n a a  rjiM K oreH a.

4>aTa (p eaK U H H  5) o c B o 6 o » y iaeT C H  b p e 3 y jib T a T e  (j)oc(|)opojiH3a, K a - 
Ta^H3HpyeMoro cpoc^)opuna3oü. OepMeHT oTm en;uıeT KOHueBbie o c- 
TaTKH oflHH 3a flpyrHM, yKopaMHBaH uenH niHKoreHa. O^HaKO ə t o t  
(J>epMeHT pacm eM H eT  mnbKo a -1 ,4  niHK03H,ziHbie CBH3H. Cbh3h b 
TOHKe BeTBJieHHH rHapoHH3yıoTCH 4>epMeHTOM aM H Jio-a-l,6 -r^H K o- 
3 H a a 3 0 H , KOTOpaa OTmenHfleT MOHOMep W K )K 03bI b cbo6oahom  
BHjıe (pnc. 8.10, 8.11; cm. Taıcace pnc. 8.12).

8.9. OCOEEHHOCTH METABOJIH3MA rjIHKOTEHA 
B nEHEHH H MHUIHAX

BiüHOM eHHe n ı i0 K 0 3 b i  b  M eT a6o jiH 3M  H aM H H aeT ca c  0 6 p a 3 0 B aH H H  
4)0C(j)034)Hpa — rfli0K 030-6-(J)0C(j)aTa. B Mbimuax h  ^ p y r n x  o p r a H a x  
3 T y peaKHHK) K3TajiH3HpyeT 4>epMeHT eeKC0Kuua3a, e r o  Knı MeHee 
0,1 MMOJib/jı. B KJieTKax neneHH 3Ty x e  peaKHHio KaTajiH3HpyeT enw- 
K0KUHÜ3a, 3HaHeHHe Km KOTOpOİİ npHMepHO 10 MM OJIb/jI. ƏtO 3HaMHT,
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fnnKoreH

Ooc4)opMna3a

KOHeHHblPİ
fleKCTpHH

H

Tpnr/ıt0K030-
TpaHC(J)epa3a

^/V T X X I)

H

Ammto-1,6-
mi0K03Mfla3a

OvOvGXXZXCX̂ÔXZX/ZXXZXXZ)

H

Hepa3BeTB^eHHbiiı
r/ınKoreH <J)oc<})opMna3a

P mc. 8 .11. M exaH H 3M  aeMCTBHH (J)oc(})opH^a3bi raH K oreH a.

HTO H aC b im eH H e  rJHOKOKHHa3bI npOHCXOÜHT TOJIbKO n p H  BblCOKOH 
K O H lieH T paU H H  rjH0K03bI. P33JIHHHH B CBOHCTB3X (})epMeHTOB O Ö t-  
h c h h i o t ,  n o n e M y  b n e p n o a  n n m e B a p e H H s ı  r jıi0 K 0 3 a  3aaep>KHBaeTC}i b 
o c h o b h o m  b  neneHH. rjiK >K OKH Ha3 a  n p H  b m c o k o h  K O H u eH T p au H H  
rjH0K03bI B 3 TOT n ep H O Ä  M3KCHMajIbHO aK TH B H a. H a n p O T H B , reKCO- 
K H H 33a, oöjiajtaa 6 o JIb n iH M  CpOJICTBOM K rjH0K03e, CnOCOÖHa BblXBa- 
TbiBaTb ee H3 o 6 m ero  KpoBOTOKa, rjıe KOHueHTpauHH rjiK)K03bi HH*e.

O H 3 H0 J i0 rH < ıe c K 0 e  3 H a ı e H H e  r j i H K o r e n o j i H 3 a  b  n e ' i e ı i H  h  M b i u ı u a x  

pa3JiHMH0. M b im e H H b iH  r j iH K o re H  h b j ih c t c h  h c to h h h k o m  r jıi0 K 0 3 b i a j ih  
caM OH KJieTKH. r j iH K o r e H  n e n e n H  H cno jib 3 yeT cn  rjıaB H b iM  o ö p a so M  
flJIH r iO /U iepXaHH H  (})H3HOJIOrHqeCKOH KOHUeHTpaUHH rjII0K03bI B



neneHb

nwKoreH
neneHM

PnnKoreH
neseHM

I !
r/ll0K030-1-

<J)oc<J)aT

I
rİ1IOK030-6- 

<J>oc<J)aT

I!
r/l(OK03a

4 -6  r

MK)K03a
KOÜBM

r^ıoK03a

a-1,4-r^0KaH0Bafl uenb 
(Hepa3BeTB/ıeHHaa)

14 MK)K030- 
d)occJ)aT

TnnKoreH
MbllUU

i IIII!) /
r/lK)K030-1- I 

<J)oc<})aT I

11 / 1  
rni0K030-6- 

d)oc<J)aT

W T O ' P a U
rn»K 03a

\4 M » /

a-1,4-rntOKaHOBası uenb 

(a-1,6-pa3BeTBneHHası)

n=k+28

n=k+26

13-0pTO
<J)oc<J)aT

4UDF-rni0K03a

PeAyunpyıomnn
Koneu

12 |4  ■ HepeAyunpyıOLUnü
KOHƏl/

CklHTe3
cTponTenbHbix

6noK0B
1 rni0K03a

/lanbHeüuınfi

n=k+13

13 
rni0K030- 
-<J)oc<t)aT

n=k+13

151 n=KonnnecTBy
OCTaTKOB rniOK03bl 

k>10 000

P h c . 8 .1 2 .  0 6 m c h  r j iH K o re H a  b  n e n e H H  h  M b iıım a x .

1 — UTP-rjıi0K030-l-<J)0c<J)aTypnÄHJiTpaHc<})epa3a; 2 — rjiHKoreHCHHTeTa3a; 3 — BeT- 
bhiuhh 4>epMeHT; 4 — <J)oc<J)opHJia3a; 5 — 4-a-rjıi0KaH0TpaHc<J)epa3a; 6 — aMHjıo-1,6- 
mi0K03HÄa3a.

K poB H . Pa3JiHH HJi o ö y c jıo B J ie H b i TeM , h t o  b  KJieTKe n e n e H H  n p n c y T C T - 
ByeT cJ/epM eHT e jifO K 0 3o-6 -(poc< fjam a3a , K a T a jiH 3 H p y ıo m a fl O T iu en jıeH H e  
<J)0 C(J)aTH0 H r p y n n b i  h  0 Ö p a 3 0 B a H H e  c b o ö o a h o h  rjiK )K 03b i, n o c j ı e  n e r o  
r j ı i0 K 0 3 a  n o c T y n a e T  b  k p o b o t o k .  B K JieTKax m h u i h  HeT ə t o t o  <J)epM eH- 
Ta, h  p a c n a n  r j iH K o re H a  h j j b t  TOJibKo j ıo  0 6 p a 3 0 B aH H H  t j i i o k o 3 o - 6 -  
<J)oc<J)aTa, K O TopbiH  3aTeM  H cn o jib 3 y eT C H  b  KJieTKe ( p n c .  8.12).



8.10. EHOCHHTE3 rJH 0K 03bI -  
rJHOKOHEOrEHE3

r j ı i 0 K 0 H e 0 r e H e 3  —  ə t o  c h h t c 3  r j i H > K 0 3 b i  H 3  H e y r j ı e B O f l H b i x  n p e ; ı u ı e -  

CTBeHHHKOB. Y  M JieK O IIH TaiO m H X  3Ty (})yHKUHIO BbinO JIH H eT B OC- 
hobhom  n e n e H b ,  b M e H b in e H  M e p e  — i i o m k h  h  k ü i c t k h  c j i h 3 h c t o h  
o6ojiohkh K H iueM H H K a. 3anacoB r j iH K o re H a  b o p ra H H 3 M e  j ıo c T a T o n -  
ho j i j ih  yaoBJieTBopeHHfl n o T p e Ö H o c T e n  b rjiK )K 0 3 e  b n e p n o j ı  Me*jıy 
n p H eM aM H  nnmH. I lp H  y r j ıe B 0 jiH 0 M  h j i h  n o jiH O M  ro jıo j ıa H H H , a  
TaıoK e n p n  juiH TejibH O H  ^H 3H H ecK O H  p a 6 o T e  KOH ueH TpaH H fl r j ııo -  
k o 3 m  b K poB H  n o jm e p x H B a e T C H  3 a  c n e T  r jiK )K O H e o re H e 3 a . B ə t o t  
n p o u e c c  M o ry T  6 b iT b  B O B jıen eH b i B e m e c T B a , K O T o p b ie  c n o c o Ö H b i  
n p eB p aT H T b C fl b n n p y B a T  h j i h  j i i o 6 o h  j ı p y r o n  M eT a6 o JiH T  r j ı i0 K 0 H e 0 -  
reHe3a.

rni0K03A

| nnpyB3T |-»j OKcanoaLtƏTaT | »| OocfooeHonnnpyBaTj »| flM0Kenai4aTOH(j)0c4ıaT

JlaıaaT AMMHOKHc/ıOTbi [ fnnL<epnH [

H c n 0 J ib 3 0 B a H n e  nepB H M H bix cy6cT p aT O B  b  r j ıi0 K 0 H e 0 r e H e 3 e  
npOHCXOJlHT np H  pa3JIHHHbIX (J)H3H0J10rHHeCKHX COCTOflHHflX. T aK , 
b  ycjıO B H flx ro jıo jja H H fl n a cT b  T K aH eB bix öejiK O B p a cn a jıa eT C fl jio 
aMHHOKHCJioT, K O T opbie 33TeM  H cn o jib 3 y ıo T C fl b  r jiK )K O H eoreH e3e. 
n p H  p a c n a j ıe  x h p o b  o 6 p a 3 y e T C fl r jiH u ep H H , k o t o p h h  n e p e 3  j ih o k -  
cH aueTO H (})oc(J)aT BKJiıoHaeTCfl b  rjiK )K O H eoreH e3. JlaKTaT, o 6 p a -  
3yıom H H C fl n p n  HHTeHCHBHOH (})H3HHecKOH p a 6 o T e  b  M b iu ıu a x , n e -  
neH H  n p eB p a m a eT C fl b  rJH 0K 03y. C jıe jıoB aT ejib H O , 4 )H3H° ; ıo ™ , ıe c -  
Kafl p o j ib  r jiK )K O H eoreH e3a H3 jıaK T aT a, 3 m h h o k h c j io t  h  r j ın u e p H H a  
pa3jiH H H a.

C h h t c 3  r j ı i0 K 0 3 b i  H3 n n p y B a T a  n p o T e K a e T , KaK n p n  rjiH K O JiH 3e, 
h o  b  06p a T H 0M H a n p a B J ie H H H  ( p n c .  8 . 1 3 ;  8 . 1 4 ) .

C eM b  peaKHHH rjiHKOjiH3a j ı e r K o o 6 paT H M bi h Hcnojib3yıoTCfl b  
rjiK > K O H eo reH e3e .  T p n  K H H a3 H b ie  p e aK H H H  Heo6paTHMbi h jio jix h h  
IIiyHTHpOBaTbCfl. T a K , 4»pyKT030-l,6-JIH(})0C(})aT H rjI10K030-6-4)0C- 
4>aT j t e 4) o c 4> op H jiH p y ıo T C fl c n e u H 4)H H ecK H M H  4J o c 4)a T a 3aM H , a  n n -  
p y B aT  ı j jo c ^ o p H J iH p y e T C H  -̂ 0  o 6 p a 3 0 B a H H fl (})0 C(})0 e H 0 J in H p y B a T a  
nocpejıcTBOM j iB y x  n p o M e x y r o H H b ix  CTajiHH n e p e 3  O K c a jıo a u e T a T . 
0 6 p a 3 0 B aH H e O K c a jıo a u e T a T a  K aT ajiH 3 H pyeT C fl n H p y B a T K a p ö o K C H - 
j ı a 3 o ö .  Ə t o t  4>epMeHT c o jıe p iK H T  b K a n e c T B e  Ko4>epMeHTa 6hothh .

P hc . 8 .1 3 .  r^K>KOHeoreHe3.
O e p M e H T b i: 1 —  n H p y B a T K a p 6 o K c a n a 3 a ;  2 — (])oc(J)0eH 0JinH pyB aT K ap60K C H K H H a3a; 
3 —  cJ>oc(})aTa3a < })py-1,6 -aH (J)oc< J)aT a; 4 —  rjıi0 K 0 3 0 -6 -(J)0 C (J)aT a 3 a .
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rjlK)K03a

AnrnflpOKCnaueTOH-

4>oc<J)aT

2 NADH+H

NADH+H

NAD
ManaT

r/ııoıçp30-6-cJ)oc4>aT

cJ)pyKT030-6-(J>0C(t)aT

©  f/noKaroH

<t>pyıcT030-1,6-flncJ)oc(J)aT 

f  _

r/ınuepoanbflernA-
3-({)oc4>aT 

2 Pi 

2 NAD+

1,3-flM(J>oc(})oi7iMuepaT 

2ADP

UMT030/lb

2ATP
3-<3>oc<J>or/ınuepaT

2-<t>oc4>or/ınuepaT

2H20

OKca/ıoaueTaT
(t>0C(t>0eH0/ı- 

nnpyBaT 
j r  ADP

▼
nnpvBaT

0  0  o 0

I

MHTOXOHflPMfl

OKcajıoaueTaT

NAD NADH+H



P hc . 8 .1 4 .  rnK)KOHeoreHe3, HeoöpaTMMbie peaKUMM.

<I>epMeHTbi: 1 — rjH 0K 030-6-(J)0c4)aT a3a; 2 — reK coKH H a3a; 3 — nHpyB3TKap6oKCHjıa3a; 
4  — (J)0C(J)0eH0jınHpyBaTKap60KCHKHHa3a.

OKcajıoaueTaT oöpa3yeTCH b m htoxohäphhx , TpaHcnopTHpyeTcn b 
HHT030JIB H BKJHOHaeTCfl b rjiK)KOHeoreHe3.

CjıenyeT o 6 p araT b  BHHMaHHe Ha to ,  h to  KajKnaa H3 Heo6paTH- 
m hx peaKHHefi rjiHKojiH3a BMecTe c cooTBeTCTByıomeH en  H eo6pa- 
th m o h  peaKHHeö rjiK)KOHeoreHe3a cocTaBJiHioT u h k ji, Ha3biBaeMbifi 
CyÖCTpaTHblM (CM. pHC. 8.14). TaKHX HHKJIOB TpH COOTBeTCTBeHHO 
TpeM Heo6paTHMbiM peaKHHAM. Pe3yjibTaTOM oziHOBpeMeHHoro 
npoTeKaHHH peaKHHH cyöcTpaTHbix h h k jio b  ABjiHeTCH pacxo^oB a- 
HHe ƏHeprHH.

CyöcTpaTHbie h h k jih  M oryr npoTeKaTb b  ycjıoBHHX HOpMajibHO-

__________________ J
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ro  oÖMeHa B em ecT B  b neneH H  h  HMeıoT B n o jm e  on p ejıe jıeH H o e  6 h o - 
jıorH H ecK oe 3H aneH H e. K poM e T o ro , əth  hhkjiw  c jıy x a T  TOHKaMH 
n p n jıoxeH H H  peryjM T opH bix MexaHH3MOB, b pe3yjibTaTe n e r o  H3Me- 
HHeTCH noTOK MeTa6ojiHTOB jih 6 o n o  nyTH p a c n a a a  rjH0K03bi, jih 6 o 
n o  nyTH e e  CHHTe3a.

C yM M apH oe ypaB H eH H e n iK )K O H eoreH e3a  H3 n n p y B a T a :

2 nnpyBaT + 4ATP + 2GTP + 2(NADH) + 4H2O — > r/ııoK03a + 4ADP +
+ 2GDP + 2NAD+ + 6H3PO4

3a cyTKH b opraHH 3M e nejıoB eK a M oxeT  cHH Te3HpoBaTbc« ü o  
80 r  rjiK)K03bi. Ha cHHTe3 1 MOJib rjıi0K 03bi H3 nnpyB aT a p a c x o jıy -  
eTCH rnecTb M aK poəprH necK H x cBH3eH (4 ATP h  2 GTP).

8.11. r JH 0 K 0 3 0 J IA K T A T H H H  H H KJI (H H KJI KO PH )

rjH0K030JiaKTaTHbIH HHKJI HaHHHaeTCH C 06pa30BaHH5I JiaKTaTa B 
M biuıaax b pe3yjibTaTe aH aəp oÖ H oro  rjiHKOjiH3a (o c o ö e H H o  b 6ejib ix  
MbimeHHblX BOJIOKHaX, B KOTOpblX MHTOXOHflpHH M eH bm e, HeM B 
K pacH bix). JlaK T aT  nepeHocH TCH K poBbio b n en eH b , ra e  b n p o u e c c e  
rjıi0K 0H e0reH e3a npeBpam aeTCH  b rjıi0K 03y, KOTopaa 3aTeM c to k o m  
KpoBH Mo>KeT B03BpamaTbCH b pa6oT aıom yK ) M bim uy ( p n c . 8.15). 
TaKHM 0 6 p a 3 0 M , n en eH b  c H a 6 * a e T  M bim uy rjıi0K 030H  h , c j ıe a o B a -  
TejibH o, ƏH eprneH  ä jih  coK pam eH H H . B neneH H  <ıacTb JiaKTaTa 
MO)KeT oKHCJiHTbcH flo  C 0 2 h H20 , n p eB p a m a n cb  b nnpyB aT  h jıa jıee  
b o 6 ih h x  n y r a x  KaTa6ojiH3M a.

neseHb

TflMKoreH

f/lK)K03a

Mbiıuua

/laıcraT --------- flnpyBaT

IHimHlllltlXIIIHHIIIIMIIiHltlllHI^IIIIIIIIIIHIIUHHIIHIIIIIIIIIHHItHIHHIIi;,,,

P h c . 8 .1 5 .  I1,mkji KopH .
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TV

3NADPH + H 3NADPH+H 3C02

NADP
._^

r/lK)K030-
6-(j)occj)aT

0pyKTO3O-
6-<j>oc<j)aT

T^nuepoa^bflernfl-
3-4>oc4>aT

NADP

6-<t>occ|)o-
I71IOKOHO-

5-iiaKTOH

ƏpMTp030-

4-<J)oc<J)aT

<t)pyKT030-

6-<t>oc<J)aT

6-<t)oc<{)o-
miQKOHaT

Kcwıy/1030-
5 - < ^ <J)aT

Cefl0renTyn030-

7-<J)oc<j)aT

r^nuepoa^bflernfl-
3-<J)oc<j)aT

> •
Pn6y/i030-
5-<j)oc<j)aT

n
Pm6o3o-

5-<J)oc<j)aT

3

P h c . 8 .1 6 .  IIeH T 030(i)0c< l)aT H biH  n y T b  n p e B p a ıu e H H H  raK )K 0 3 b i. O ö 'bH C H e- 
H H e b  TeKCTe.

8.12. nE H T 03000C 4> A T H blft n y T b  
B METABOJIH3ME rjH 0K 03bI

B neH T 0 3 0 4 )0 c< })aT H 0 M  n y T H  n p e B p a m e H H H  r j ıi0 K 0 3 b i m o jk h o  B b ifle - 
jiH T b flB e n a c T H  ( p n c .  8.16): A —  oK H C JiH T ejibH bm  n y T b  h  B — H e - 
OK HCJiHTejibHbiü n y T b . K o 4 )ep M eH T O M  f le r H f lp o r e H a 3  HBJiaeTCfl 
N A D P +, K O T opbiH  B occT aH aB JiH B aeT C H  b N A D PH  h  H c n o j ib 3yeTc>ı 
KJieTKaM H B p e aK H H H  BOCCTaHOBJieHHH H THflpOKCHJIHpOBaHHH. 
K p o M e  T o r o ,  n e H T 0 3 0 4 )0 c 4 )a T H b iH  n y T b  (oK H C JiH T ejibH biH  h  H e -  
o K H C JiH T ejib H b m ) n o c T a B JiH e T  K JieTK e nenm030(p0C(pambi, H e o ö x o flH - 
M bie flJIH C H H T e3a H yK JieH H O B blX  KHCJIOT H KO (j)epM eHTOB (N A D ,
FAD, CoA).

B c e  p eaK H H H  n e H T 0 3 o 4 )o c 4 ) a T H o ro  n y r n  n p o n c x o f lH T  b  h h t o 3o -  
j ıe .  P eaK H H H  H e o K H C jiH T e jib H o ro  3 T a n a  n e H T 0 3 o 4 » o c 4 )a T H o ro  n y r a  
HBJIHIOTCJI o 6paT H M bIM H , nOƏTOM y CT3HOBHTCH B 03M 0»:H bIM  CHHTC3 
re K c o 3  H3 n e H T O 3 . H e K O T O p b ie  M eT a6 o jiH T b i H e o K H C jiH T e jib H o ro  
n y T H  HBJIHIOTCH TaiO K e H M eT a6 o jIH T aM H  rjIH K O JIH 3a. H 3  3TOTO C Jie- 
fly eT , h t o  o 6a  n y T H  T e c H o  C B « 3 aH b i h  b  3 3 b h c h m o c t h  o t  n o T p e 6 -
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5-JiaKTOH

Kcmıyji030-
5-(j)ra(j)aT

T
ƏpMTp030-
4 -())oc(j)aT

Cefl0renryji030- 
7 - ^ ^ ^aT

Pn6yji030- 
5-4)oc(J)aT

n
PMÖ030-

5-(J)oc(j)aT

r
rjınuepoajibflernfl- (DpyKT030- rjınuepoajibflenifl- 
5 3-(J)oc(J)aT 6-(^oc(j)aT 3-<J>oc(J)aT

flnrnflpoKcnaueTOH- #  9  
<J>oc4>ət

rjınuepoajibflernfl-
3-4>oc(J)aT

P h c . 8 . 1 7 .  C B A 3 b  n e H T 0 3 o c } )o c 4 )a T H o r o  n y r a  n p e B p a m e H H H  rjiK )K 0 3 b i c  t a h - 

K 0JIH 30M  H I7 H 0 K 0 H e0 reH e3 0 M .

H o cT en  KjıeTKH B 0 3 M 0 * H b i nepeK JiıO H eH H fl c  o f lH o r o  n y r a  H a a p y -  
ro H . I lp H  c 6ajıaH C H p0 BaHH 0 H n o T p eö H o cT H  b  N A D PH  h  n eH T 0 3 ax
B KJieTKe npOH CXOflHT O K H C JIH TejIbHblH  n y T b  C H H Te33 n e H T 0 3 . E c j i h  
noT peÖ H O C T H  b  n e H T 0 3 a x  n p e B b im a ıo T  n o T p e Ö H o c T H  b  N A D PH , t o  
O K H C jiH TejibH biH  n y T b  m yH T H p y eT C H  3 a  c n e T  H c n 0 J ib 3 0 B a H H a  M eT a- 
ö o j i h t o b  r j iH K o ^ H 3 a :  4 )p y K T 0 3 0 -6 -(J)0 C (J)a T  h  r j iH u e p o a j ib , t ı e r H j ı4 ) o c -  
(J)aT b  peaK U H H X  H e o K H C JiH T e jib H o ro  n y T H  n p e B p a m a ıO T C H  b  n e H T O - 
3b i. B c j ı y n a e ,  e c j iH  N A D PH  H e o 6 x o jiH M  b 6 o j i b m e n  c T e n e H H , n eM  
n e H T 0 3 b i,  t o  B03M 0>KHbi flB a  B a p n a H T a :

1) n p n  b w c o k o m  Ə H epreT H H ecK O M  C T aT yce  k j i c t k h  H 3Jinm K H  
n eH T O 3 n y r e M  o 6 p a r a b i x  p eaK U H H  H e o K n c jiH T e jib H o ro  n y r a  n p e -  
B p a m a ıo T c a  b  4 > p y K T O 3 o -6 -(J)o c 4 )aT  h  r j iH u e p o a j ib f l e r H j ı4 >oc4 )aT , H3 
K O T o p b ix  b  n p o u e c c e  r jiK )K O H e o re H e 3 a  o 6 p a 3 y e T c a  r jn o K 0 3 a ;

2 )  n p n  h h 3k o m  Ə H epreT H H ecK O M  c T a T y c e  k j i c t k h  H3 n e H T 0 3  
T a ıc * e  o 6 p a 3 y ıo T C fl  r j iH u e p o a j ib j ıe r H f l4 ) o c 4 ) a T  h  ^ W k t 0 3 0 - ^ - ^ ) 0 ^ -  
4 )aT , K O TO pbie 3aT eM  BKJHO^aiOTCH B TJIHKOJIH3 (pH C . 8 .1 7 ) .



8.13. PEryJiaiXHJI METABOJIH3MA yrJIEBOaOB 
(HEKOTOPBIE ACnEKTBI)

8.13.1. PeryjiH U H H  M eT a6 o jiH 3M a rjiH)K0 3 bi b  n e 'i e n n ,
CBM3aHHa» C PHTMOM nHTaHHfl

H a n p a B J ieH H e M eT a6ojiH 3M a r jıi0 K 0 3 b i MeHHeTCH n p n  cM eH e n e p n o -  
a a  n n m e B a p e H H H  H a  n o c T a 6 c o p 6 T H B H oe c o c t o h h h c .  n p n  n n m e B a -  
peH H H  r jıi0 K 0 3 a  3aaep>KHBaeTC}i b n e n e H H  h  jıen oH H pyeT C H  b  BHjje 
rjiH K oreH a. K p o M e  T o r o , r j ıi0 K 0 3 a  H cnojib3yeT C H  flj ıa  cH H T e3a  
>KHpoB. H c x o f lH b ie  c y 6 c T p a T b i a j i h  c h h t c 33  >KHpa —  a - r j iH u e p o ( } ) o c -  
(J>aT h  a u e T H J i - C o A  o 6 p a 3 yıoTC>ı H3 r j ı i 0 K0 3 bi b  n p o u ,e c c e  t j i h k o j i h -  
3 a . C jıe flO B a T e jib H O , t j i h k o j i h 3 b  n e n e H H  H M eeT  o c o 6 o e  3 H a n e H H e . 
B  n o cT a6cop 6T H B H O M  n e p n o a e  H a n p a B J ie H H e  n p o u e c c o B  M eH H eTcn  
H a  p a c n a f l  r j iH K o r e H a  h  r j ı i 0 K0 H e 0 r e H e 3 . K o o p a H H aH M Ji n p o u e c c o B  
ocym ecT B JH ieT C H  nyT eM  a ju ıo c T e p H H e c K o n  p e r y jıa u H H  h  KOBajıeHT- 
h o h  MOflH(})HKauHeH (})epMeHTOB (ı’poctpopujıupoeaHue u decpoctpopu- 
jıupoeamıe). P e ry j iH T o p H b ie  b j i h h h h h  H a n p a B J ie H b i H a p eaK U H H  c y 6 - 
CTpaTHblX UHKJIOB (pHC. 8 . 1 8 ) .

AKTHBHOCTb (})epMeHTOB CyÖCTpaTHOrO UHKJia 4> P yK T 030-6 -(})0C -  
4>aT — (} )p y K T 0 3 0 -l,6 -6 H c 4 > o c (} )a T  ( u h iü i  II  Ha p n c .  8 . 1 8 )  3aBHCHT 
o t  K O H ueH TpaıiH H  4 )p y K T 0 3 0 -2 ,6 -6 H c 4 )0 c 4 > a T a , o 6 p a 3 y ıo m e r o c H  H3 
4 )p y K T O 3 o -6 -4 )o c4 )a T a  b jto n o jiH H T e jib H o n  peaK H H H . CH H T e3 h  p a c -  
n a j  3 T o r o  p e r y jiH T o p H o r o  M eT aöojiH T a n p o H cx o jiH T  b peaKHHHX, 
cocT aB jiH iom H X  e ın e  o j ih h  c y ö cT p a T H b in  h h k j i ,  o 6 a  H anpaB jıeH H H  
K O T op oro  KaTajiH3HpyıOTCH o / ih h m  6u(pyHKu,uoHcuibHbi.M (pepM enm oM  
( E M 0 ) .  K H H a3H an h j ih  4>°c4>aTa3H aH  aKTHBHocTb E H O  3 3 b h c h t  
o t  4>oc4>oP HJ™ p o B a H H o r o  h j ih  j ıe 4 )o c 4 )o p H jiH p o B a H H o r o  COCTOH- 
h h h  Ə T oro 4>e PM eH Ta. K o H u eH T p a ıiH H  4 )p y K T 0 3 0 -2 ,6 -6 H c 4 > o c 4 )a T a  
n p n  n n ıııeB a p eH H H  n oB b iıu aeT C H , TaK KaK E H O  b ə t o m  c j ıy n a e  j ı e -  
4>Oc4)OpHJIHpOBaH H npOHBJIHeT KHH33HyiO 3KTHBHOCTb. O p y K T 0 3 0 -  
2 ,6 -Ö H c4 )O c4 )a T  HBJIHeTCH aJUIOCTepHlieCKHM aKTHB3TOpOM TJIHKO- 
JiH TH H ecK oro 4>epM eHTa h  h h t h 6 h t o p o m  4)epM eH T a r jııo K O H eo reH e-  
3a . C jıe a o B a T e jib H o , n p n  n n m eB a p eH H H  y c K o p n e T c a  t j i h k o j i h t h -  
n e c K o e  H a n p a B jıe H n e  UHKJia h  t o p m o 3 h t c h  H a n p a B jıeH H e rjııOKOHe- 
o r e H e 3 a . O p y K T O 3 o -l,6 - f lH (} )o c 4 )a T  c j ıy * H T  a/iJiocT epH H ecK H M  aK - 
THBaTOpOM nnpyB aT K H H a3bI (rjlHKOJIHTHieCKHH 4 )e P M eHT III  
HHKJia).

B  n e p H o z ı  n n m e B a p e H H H  4 )p y K T 0 3 0 -2 ,6 - f lH 4 )o c 4 > a T  aK T H B H pyeT  
4 > 0 c4 )0 4 )p y K T 0 K H H a3 y  H K O H H eH T paU H H  4)PyK T 030-l,6 -> [IH 4> 0C (})aT a  
yB ejIH H H B aeTC H , HTO npH B O flH T  K aK TH B aH H H  n H p y B aT K H H a3 b I. T a K  
a o c T H ra e T C H  c o r jıa c o B a H H O C T b  b  p e ry jiH H H H  flB y x  c y ö c T p a T H b ix  
H h k j i o b .  P ery jiH U H H  I  c y ö c T p a T H o r o  HH K Jia f lo c T H r a e T c n  c j ı e / ı y ıo -  
i u h m  0 6 p a 3 0 M : n p n  n n m c B a p e H H H  K O H H eH T pauH H  rjiK >K 03bi n o B b i- 
UiaeTCH ZIO 1 0 — 2 0  M K M O Jlb/jI. AKTHBHOCTb rjIIO K O K H H a3bI B 3THX 
y c j ıo B H H x  M a K C H M a jib H a n , h  r j n 0 K 0 3 0 - 6 - 4 > 0 c 4 > a T  H jıe T  H a  c h h t c 3  
r j iH K o re H a  h  > k h p o b .  K p o M e  t o t o ,  r jiK )K 0 3 a  n p n  T aK o fi K O H u e H T p a- 
HHH y n a c T B y e T  b  aK T H B auH H  rjiH K o reH C H H T a 3 b i.
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P h c .  8.18. P ery /ıau H H  oÖM eHa raK)K03bi b  neweHH. 

I, II, III — cy6cT paT H bie u h k j ih .

AKTHBHOCTb n H p y B a T f le r H f lp o r e H a 3 H o r o  K O M ru ıeK ca  b  n e p n o f l  
n n m e B a p e H H H  T a ıc x e  n o B b im a e T c a ,  n o T O M y  m to  b  ə t h x  ycjıoB H H X  
K O M iuıeK C f le 4 )o c < J )o p H ^ H p o B a H . B p e 3y jib T a T e  y c K o p a ıo T C H  o ö p a 3o -  
B aH H e a u e T H J i - C o A  h  H c n o ; ib 3 0 B aH H e e r o  ^ j i h  c H H T e 3a  x n p H b i x  
k h c j i o t  (pH C . 8 .1 9 ) .  I l e p e x o f l  4>epM eHTOB H3 f le 4 > o c ( |)o p H jiH p o B a H -
H o r o  COCTOHHHH B 4>O c4)O pH JIH pO B aH H O e HaXOflHTCH nOJI KO H TpO - 
JieM  ro pM O H O B , a  M e T a6 o jiH 3 M  r j ı i0 K 0 3 b i b  n e n e H H  p e ry jın p y e T C H  b  
OCHOBHOM TJIIOKarOHOM H HHCyJIHHOM.
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ATP

rinpyBaT-
Kap6oKCM/ta3a

ADP+P:-

HC03 ^

c=o
ı

CH^
(lnpyBaT

C oA -SH -

Bmotmh

-NAD

0 AueTM/ı-CoA 
NADH

0  nnpyBƏT

. 3/ PI>©1PD®
____  f  (PoccJ)aTa3a

AktmbhcW nnpyBaT- 3 ®  ©  n Hcy/ınH HeatoviBHaçı

nnpyBƏT-
AernAPoreHa3a

flerıiflporeHa3a 

c o ^ n a o h + h"

H3C - C - S - C 0A

AqeTH/ı-CoA

OKca/ıoaueTaT
T

V

H20 C oA -SH

UnTpaT

P h c . 8 .1 9 .  PeryjiH U H H  n M p y B a T fle ra f lp o re H a 3 H o ro  K O M n/ıeK ca.

Aflpena/iMH (r/ııoKaroH b n e sen n )

- -  AfleHmıaTumaıaea (aıanBHas))

ATP
PPi

cAMP

cAMP-3aBncnMas np0TeviHKHHa3a (aKTHBHas) 
' ( npoTeMHKMHa3a A)

KnHa3a 4>oc(t)opM/ıa3bi 
'  (aKTMBHafl)

.«? CnHTa3a 
(aiCTMBHaJl)

<t>occ()opM/ıa3a b t Ooc4>opn/ıa3a a r  
(HeaKTHBHa.) (ajcrnBHas)

f/iMK0reH0/ın3 T
F/ınKoreH Ooc(j)opM/ıa3a a

(aKTMBHafl) ^  r/l(0K030-1-(t)0C(t)aT

r/wKoreH __
(n-1) r/ıi0K03a T/i(OK030-6-c})0c4)aT

ATP ADP

P h c . 8 .2 0 .  P ery /iH i/H H  cH H T e3a h  p a c n a a a  r /iH K o re H a .



8 .1 3 .2 .  P e r y j i H i iH H  ıw e T a 6 o j iH 3 M a  r j ı i 0 K 0 3 b i b  M b i u ı u a x ,
C B H iaııııaH  c p o k h m o m  M b iu ıeH H O Ü  p a ö o T b i

ü p u  n e p e x o a e  o t  c o c t o h h h h  n o K o n  k  p a 6 o T e  B 0 3 p a c T a e T  n o -  
TpeÖ H O CTb M blU ieH H blX  KJieTOK B Ə H epTH H . Ə T a  nO T peÖ H O C Tb BOC- 
no jiH H eT C H  3 a  c n e T  y c K o p e H H H  n p o u e c c o B  p a c n a j ı a  r j iH K o re H a  h  
rjiH K O JiH 3a. H 3 M e H e H H e  h h t c h c h b h o c t h  rjiH K O jiH 3 a  o ö e c n e H H B a e T -  
c a  a ju ıo c T e p H n e c K O H  p e r y j iH u u e H  cJjepM eHTOB H e o 6 p aT H M b ix  c T a aH H  
Ə H epreT H H ecK H M  c T a T y c o M  k j i c t k h .  T a K , h h t h 6 h t o p o m  (J )o c 4 )o -  
(J)pyK TO KHH a3bi c j ıy * H T  ATP, e c jiH  b  xojıe r j iH K o jiH 3a  CH H Te3 ATP 
n p e B b iıu a e T  n o T p e 6 H o cT H  KJieTKH. B o cH O B e  p e ry jiH U H H  o 6 M eH a 
r j iH K o re H a  J ie x H T  H 3 M eH eH H e 3 k t h b h o c t h  K JH oneB bix  (J)epM eHTOB 
zjıuKozeHCUHma3bi h  ejıuK oeeH (poc(fiopujıa3bi. P e ry jiH U H H  aKTHBHOCTH 
ə t h x  (JıepM eH TO B o c y ıu e c T B J ia e T C H  n y T eM  4 )o c (|)o p H JiH p o B a H H H  — 
a e (} )o c 4 )o p H JiH p o B a H H H  ( p n c .  8 .2 0 ) .  C 0 0 TH 0 iu e H H e  n p o u e c c o B  c h h -  
T e 3 a  r j iH K o r e H a ,  p a c n a j ı a  r j iH K o r e H a  h  rjiH K O JiH 3a b  M b iu ıu a x  k o h -  
T p o jiH p y iQ T  H H cyjiH H  h  a n p e H a j iH H  (c m . p n c .  8 .1 ;  8.8).



TT

fj ıa B a  9 M E T A B O J IH 3 M  J IH IIH /J O B

B H O J io r H H e c K a a  ( J > v h k h h h  . i h i i h j o b .  ) K H p b i  ( T p H a u H j ı r j i H u e p H H b i )  

HBJIHIOTCH HCTOH H H K H M H  Ə H epT H H . Ə H epreT H M eC K yiO  (J)yHKUHK) B bl- 
nojiHHK>T x n p H b i e  k h c j i o t h , o c B o ö o ^ ıc a a ıo m H e c H  n o c j ı e  p a c n a a a  
x n p o B .  O o c O o j iH n H f lb i ,  r j iH K O jın n H flb i h  x o jıe c T e p H H  yn acT B y ıO T  b  
06pa30B aH H H  KJieTOMHblX M e M 6 p a H .

r i p 0 H 3 B 0 f l H b i e  H e K O T O p b ix  n o j i H H e H a c b im e H H b i x  a c n p H b ix  k h c -  
j i o t  ( n p o c T a r j ı a H H H H b i )  B b in o jiH H iO T  p e r y j i H T o p H y ı o  4 )y H K iiH io . 
T aK H e  >KHpHbie k h c j i o t h  n p e n c T a B jm ıo T  c o 6 o h  H e3 aM eH H M b ie  n n -  
m e B b ie  (JiaK TO pbl. X o J ie C T ep H H  HBJIHeTCH H e TOJIbKO C TpyK T ypH blM  
K 0 M n 0 H eH T 0 M  M eM Ö paH , h o  T aıo K e  n p e n m e cT B e H H H K O M  x e jiM H b ix  
KHCJIOT H CTepO H flH blX  TOpMOHOB. K p O M e  TO rO , B M eC T e C JKHpaMH 

n p n  B cacb iB aH H H  b  o p r a H H 3 M n o c T y n a ıo T  x n p o p a c T B o p H M b ie  b h t 3 -  
M H Hbi (A, E, D, K). O r p o e H H e  o c h o b h h x  J iH n n a o B  n p e a c T a B J ie H O  
H a  p n c .  9 . 1 .  C jıe n y e T  o ö p a T H T b  B H H M aH H e, m t o  rH f lp o (J )o 6 H o c T b  — 
o ö ı ı ı e e  c b o h c t b o  Bcex j i h h h j i o b .  O n H a K o  H eK O T O pbie  J iH n n a b i  ( t j i h -  
K O JIH nH flbl, (J)OC(|)OJIHnHJIbI, X e jIH H b ie  KHCJIOTbl) aM (J)H(j)HJIbHbI, T3K 
KaK H M e ıo T  b  c B o eM  c o c T a B e  rH iıp o (J)H Jib H b ie  h  r n j ıp o ( J )o 6 H b ie  
MaCTH.

9.1 . P A C m E ü JIE H H E  J IH n H ^ O B
B nHIHEBAPHTEJIBHOM TPAKTE

P a c m e n j ıe H H e  jın n H flO B  n p o H c x o j iH T  b  j iB e H a jm a T H n e p c T H O H  k h u i -  
K e , K y n a  n o c T y n a r o T  j ı n n a 3 a  c  c o k o m  n o f lx e j ıy n o M H O H  * e j ı e 3 b i  h  
KOH’b io rH p o B a H H b ie  > K eji4H bie  k h c j io t w  b  c o c ı a B e  x e j m n .

Ə M y jib rH p o B a ıiH e  /K n p a  — o 6 H 3 a T e jib H o e  y c jıo B H e  a j u ı  n e p e B a p n -  
BaHHH, TaK  K3K ^ e j ı a e T  T H iip o (J)o6H biH  c y 6c T p a T  6o j ıe e  a o c T y n H b iM  
ÄJIH aeH C TBH H  THflpOJIHTHHeCKHX (J)epM eHTOB —  J IH n a3 . Ə M yjIbT H - 
p o B a H H e  n p o H c x o j jH T  n p n  y n a cT H H  w e jm H b ix  K u cjıom , KO TO pbie 
B c jıe /ıcT B H e  C B o e n  aM (J)H (J)H jibH ocTH  0K p y * a i0T K a n jn o  >KHpa h  
c H H x a ıO T  n o B e p x H o c T H o e  H a r a x e H H e ,  h t o  n p H B o n H T  k  j ıp o ö j ıe H H io  
K a n j iH .

T H a p o j iH 3  > K n p a  o c y m e c T B j i H e T c a  n p n  y n a c T H H  naHKpeammec- 
k o ü  jıuna3bi, K O T O p aa , c o p 6n p y H C b  H a  n o B e p x H o c T H  K a n e j ib  x n p a ,  
p a c m e n j ı a e T  3(J)H pH bie  CBH3H b  T p n a u H J ir jiH H e p H H a x  (TAr). 
y K n p H b ie  K H cjıo T b i o T m e n jıa ıO T C H  n p e> ıcııe  B c e r o  H3 a - n o j ı o x e H H H .  
B p e 3y jib T a T e  o 6p a 3yeTCH a H a u H J ir j iH i ıe p H H , 3aTeM  P - m o h o -  
aH H JirjIH U ep H H , KO TO pblH  HBJIHeTCH O C H O B H blM  npO üyK T O M  TH İipO - 
JIH 3a.

------- »
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Xo/ıecTepwH 

TpnauMJir/iMuepcm

PHC. 9 .1 . CTpoeHHe XHpHblX KHCJIOT, XHPOB, CTepOHÄOB, (J)OC(J)OJIHnHflOB.

TpnaLtmımnL|epMH (TAr) flMaqnnmnLiepMH (flAr) p—MOHoaumırntmepMH (MAQ rnmıepnH 

aCH2- O - C 0 - R ,

PCH—0—CO—R2

aCH2- 0 - C 0 - R 3

H20  R ,-C 00H  H20  R3-COOH H20  R2-COOH

(J)OC(J)aTHAMİlCepMH Ct»OC(J)aTMflMflXOJlMH



BcacbiBaHHe npoHcxoflHT TaK*;e npn ynacTHH ücejiHHbix khcjiot, 
KOTOpbie BMeCTe C MOHOaHHJirJIHUepHHaMH, XOJieCTepHHOM h *Hp- 
HblMH KHCJIOTaMH 06pa3yi0T CMeUiaHHbie MHHeJIJIbl — paCTBOpH- 
Mbie KOMnjıeKCbi, o6ecneMHBaıouxHe nepexofl npoayKTOB rnflpojiH3a 
B KJieTKH CJIH3HCTOH 0 6 0 JI0HKH KHIlieMHHKa. ^CejIHHbie KHCJIOTbl C 
TOKOM KpOBH flOCTaBJIHIOTCH B neHeHb, 3aTeM CHOB3 CeKpeTHpyiOTCH 
acejIHbK) B KHIIieHHHK, T.e. nOBTOpHO HCnOJIb3yiOTCH, HHpKyjiHpyH 
no Kpyry: n e n e H b  — khihchhhk — neHeHb. Ojı,HaKO b TeneHHe 
cyTOK npHMepHO 0,3 r xejiHHbix khcjiot He BcacbiBaeTca, a BbiBO- 
zihtch c KajıoM. FIoTepH BocnojiHHiOTca 3a cneT cHHTe3a hx b n e n e -  
hh H3 xojıecTepHHa. HapyıueHHe xejiHeo6pa30BaHHH hjih n o c T y n -  
jıeHHH xejiHH b KHLiıeHHHK HapyuıaeT pacmenjıeHHe >khpob h hx 
BbiaejıeHHe b cocTaBe Kajıa (cTeaTopejı).

P e c H H T e3  T p u a ıtH JirjiH u ep H H O B  H3 np o fly K T O B  p a c ıu e n j ıe H H H  n p o -  
HCXOflHT B KJieTKaX CJIH3HCTOH 0 6 0 JI0HKH KHUieM HHKa.

p-MoHoaL4nnmni4epnH (MAf) flnamınmnMepnH (AAf) Tpna^M/ır/iMLiepMH (TAf)

TpaHcnopT pecH H Te3H poB 3H H oro * H p a  n ep e3  JiH M (J)aTH H ecK yıo 
cH C T eM y h  k p o b o t o k  B 03M 0xeH  TOJibKO n o c j ı e  BKJHoneHHH e ro  B c o -  
CTaB AunonpomeuHoe (p n c .  9.2).

B  K H iueH H H K e o 6p a 3yK)TCH ^ B a  T H n a  J in n o n p o T e H H O B : x h j io m h -  
K pO H bl H B HeÖOJIbUIOM KOJIHHCCTBe JIH n O n p O T eH H b l O H eH b HH3KOH 
n jıoT H ocT H  ( J I O H n ) .  B  c o c T a B e  x h j io m h k p o h o b  əK 3o reH H b ie  x n p b i  
flOCTaBJIHIOTCH B O praH bl H TKaHH.

JIunonpomeuHnuna3a ( J i n - J i H n a 3 a )  —  c |)epM eH T , o 6e c n e H H B a ıo -  
i u h h  n o T p e 6 jıeH H e 3 K 3 o re H H b ix  x n p o B  TKaHHMH. O H a  j ıo K ajiH 3yeT - 
CH B ƏHflOTejIHH COCyflOB, B 3aH M O fleH C TB yeT C XHJIOMHKpOHaMH 
KpOBOTOKa H rH flp O JIH 3 y eT  T p n aH H JirJ IH H ep H H b l H a  TJIHUepHH H 
x n p H b i e  k h c j i o t m ,  K O T o p w e  n o c T y n a K )T  b  KJieTKy. n o  M e p e  H 3 B jıe- 
neH HH  T A r  H3 x h j i o m h k p o h o b  n o c j ıe f lH H e  n p e B p a m a ıO T C H  b  o c T a -  
TOHHbie x h j i o m h k p o h h  h  3aTeM  nocTynaıoT b n e n e H b .

nOTpeÖHOCTb B *npax COCTaBJIHeT 50—100 r B CyTKH B 3aBHCH- 
m o c t h  o t  xapaKTepa nHTaHHH h  ƏHepreTHHecKHX 3aTpaT.
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P h c . 9 .2 .  C T poeH H e jiH nonpoTeH H O B .

T MAPOcf>n/ibHafl 
n0BepxH0db

r Mflpoc()o6Hafl 
noBepxHQCTb

<t>oc(tx)r/ıuu,epMflbi 
M C(|)MHrOflMnMflbl

AM(J)M(J)MflbHbie

anoflMnonpoTeMHbi

TpMaun/ır/iMuepo/ibi

XoflecTepMH 
3(|)Mpbi xoflecTepMHa

9.2. ÄEIIOHHPOBAHHE H MOBHJIH3AHHH >KHPOB

y K H p b l, K3K H TJIH K O reH , HBJIHIOTCH (|)O pM aM H  flen O H H p O B aH H fl 
ƏHepreTHHecKoro M aT epnajıa , n p n n eM  x n p b i  —  H a n 6 o jıee  z ıo j ı r o -  
B p eM e H H b ie  h  6o j ıe e  3(})4)eK TH B H bie h c t o h h h k h  Ə H ep rH H . I l p H  r o -  
J io a a H H H  3 a n a c b i  x n p a  y  n e j ıo B e K a  H C T om aıoT C H  3 a  5 — 7 H ejı, 
T o r a a  K aK  r j iH K o re H  n o j iH o c T b io  p a c x o f ly e T c a  n p H M e p H o  3 a  cyTK H . 
E c j i h  n o c T y n j ıe H H e  x n p a  n p e B b im a e T  n 0T p e 6H 0CTH o p ra H H 3 M a  b 
Ə H ep rH H , t o  * H p  a e n o H H p y e T C H  b  a f lH n o u H T a x  —  c n e u H a j iH 3 H -  
pO B aH H blX  KJieTKaX JKHpOBOH T K aH H . K p O M e  T o r o ,  eCJIH KOJIHHeCTBO 
n o c T y n a ıo m H x  yrjıeB O flO B  6o j ib i n e ,  n e M  H a jıo  a jh i  f len o H H p o B a H H H  
b  BHfle r j iH K o r e H a ,  t o  n a c T b  r j ı i0 K 0 3 b i T aıo K e  n p e B p a m a e T c a  b 
X H p b l.
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BeHyjıa

r/ım4epo/ı-3-<t>oc<t>aT 

T r/ınueponKMHa3a
| atp

rnnuepMH

'm  DiMuepMH
P h c . 9 .3 .  MeTa6ojiH3M n m u ep ojıa  b  neneHH.

TaKHM 0Ö p a 3 0 M , x n p b i  b * h p o b o h  TKaHH HaKanjiHBaıoTCH b p e -  
3yjibTaTe T p e x  n p o u e c c o B :  1) n o c T y n a ıo T  H3 x h j io m h k p o h o b ,  k o t o -  
p b ie  npH H O caT  3 K 3 o reH H b ie  >KHpbi H3 KHineHHHKa; 2) n ocT yn aK )T  H3 
JIOHn, KOTOpbie T p ä H cn o p T H p y ıo T  Ə H aoreH H bie x n p b i ,  cH H Te3H p o -  
BaH Hbie b n e n e H H  H3 rjıi0 K 0 3 b i; 3) oöp a3yıoT C H  H3 rjıi0K 03b i b  caM H x  
KiıeTKax x h p o b o h  TKaHH. B nepBO M  h  BTopoM  cjıy^ ıae x n p b i  b c o c T a -  
Be jiH n onp oT eH H O B  rH apojiH 3yıoT C H  J in -J iH n a 3 0 H  h  b KJieTKy n o c T y -  
n a ıo T  >KHpHbie k h c j i o tm ,  K O Topbie 3aTeM  H cn ojib 3yıoT C }i jy ın  cH H T e3a  
TAr. n e p e / ı  BKjııoHeHHeM  b TÄr * H p H b ie  k h c j i o t h  C H anajıa  aKTHBH- 
pyıO T ca n y re M  0 6 p a 30 BaHHH t h o ə O h p o b  KO(J)epMeHTa A ( p n c .  9.3), 
a 3aTeM B3aH M oaeH C TByıoT c  rjiH uepoji(})oc<})aTO M .
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flepeHOCHMKM miQK03bl

............* f;ıi0K03a

Peuenrop MHcynnHa — %

P hc . 9 .4 .  Po;ib HHcyjiHHa b aenoHHpoBaHHH >KHpa.

r j iH u e p o j ı  He m o jk c t  6biT b (J)oc4)opH JiH poB aH  b a a H n o u H T a x  
(b  ə t h x  K jıeTK ax oTcyTCTByeT r jiH u e p o jiK H H a 3 a ) , noəT O M y r j ı n u e -  
pojı<J)oc4)aT o6pa3yeT C H  n p n  B0CCTaH0BJieHHH flH0K CH aueT0H(})0c -  
<fyara. C jıe jıo B aT e jib H o , CHHTe3 TA r M o x eT  n p o T eK aT b  T ojibK o b 
npHCyTCTBHH nH0K03bI, H3 KOTOpOH B npO UeCCe TJIHKOJIH3a o 6 p a 3 y -  
eTCH ÄH0KCHaueT0H(|)0c4)aT.

HHcyjiHH cTHMyjınpyeT CHHTe3 TAr, noTOMy mto b ero n p n c y T -  
CTBHH nOBbimaeTCH npOHHIiaeMOCTb MeM6paH KJieTOK *HpOBOH 
TKaHH flJIH ra i0 K 0 3 b I (pHC. 9.4).

M o6H JiH 3auH io ( jın n o ^ H 3 ) aenoH H poB aH H bix TA r KaTajiH3HpyeT 
TKaHeBan jiH na3a. B pe3yjibTaTe xn p w  pacnaaaıoTC H  Ha r jın u ep H H  h  
CBo6oaHbie JKHpHbie KHCJIOTbl (pHC. 9.5).

AapeHajiHH H rjiH)KaroH aKTHBHpyıoT BHyrpHKJieTOHHyK) jiH na3y. 
ZleHCTBHe 3THX TOpMOHOB OnOCpeflOBaHO afleHHJiaTHHKJia3HbIM 
KacKaaoM  peaKUHH, H anH H aa c aKTHBauHH aaeHHJiaTHHKJia3bi h  
saKaHHHBaa 4)oc(|)opHJiHpoBaHHeM  JiH na3bi, KOTopaa n p n  ə to m  
nepexoflH T  b aKTHBHyıo c[)opMy h  pacm en jıs ıeT  3(|)HpHbie c b h 3 h  b
TAr.

T jiH u ep o jı KaK p acT B o p H M o e b n ;ıa3M e B em ecT B o T p a H c n o p T H -  

pyeTCH b n e n e H b , r a e  H cnojib3yeT C H  b peaKHHHX rjn o K O H e o re H e - 
3a. yK npH bie  k h c j i o t h  TpaHcnopTHpyıoTCJi KpoBbio b BHjıe k o m -  
n jıeK co B  c cbiB 0p0T 0H H biM H  ajib6yM H H aM H  b p a3 H b ie  o p ra H b i 
h  TKaHH, r a e  BioııoHaıoTCH b n p o u e c c  oKHCJieHHH (cm . p n c .  9.5;
9.6).



Tl

T p u a u n iim n u e p o /ı

XMpHbie KMCJlOTbl

V /
I

XnpH b ie  KHCJlOTbl B Mbliuuax 
Mcnô b3yıoTCfl kək 

CyÖCTpaTbl OKMC/ieHHfl

XnpH b ie  KMC/lOTbl
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Tpnaun/ır/Muepuflbi

HS-CoA + H3PO4

A A A A A A A M . .

A A A A A A A m . .

MpeHcmnH ,

r ©  rjııoKaroH

MoHoauımımMuepofl
+ XMpHbie KMC/lOTbl

h

r̂ nuepo/ıcj)oc4)aT
C-NAD+ 

N~ NADHNADH AMP 
H4P2O7

HS-CoA
+ATP

m  
® @ —-

AMrMflp0KCMaueT0H <j>oc(}>aT

rjlMK0JlH3 AflMnOUMT

f/l!OK03a
fl/ıa3Ma

BejıOK- 
CBfl3aHHbie 

/KMpHbie KHCJlOTbl

Dınuepojı

PHC. 9 .6 . C n m e 3  H M06HJIH3aUHH TpHaUHJirJIHLjepHÄOB.

ft>epMeHTbi: 1 — TpHaıiHJirjiHuepojıcHHTa3a; 2 — TKaHeBaa jiHna3a; 3 — MOHoniHue- 
pHjuiHna3a; 4 — aıınjı-C0A-CMHTa3a(TH0KHHa3a).

-«s------
P h c . 9 .5 . M o 6 H J iH 3 a u H H  a c n p a  h  e r o  O K H C J ie H H e  b  M b i n ı u a x .
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9.3. OKHCJIEHHE *H P H bIX  KHCJIOT

O K H C J ie H H e  X H pH blX  KHCJIOT COCTOHT H 3  JIBVX Ə T a n O B : I  —  p -OKUCJie- 
nue\ W-numpamHbiü huka. 0 6 a  Ə T an a  c o n p a jK e H b i  c  flb ixaT ejibH O H  
u e n b io .

P-O K H C JieH H e npOHCXOÄHT B MHTOXOHflpMHX KJieTKH, a >KHpHaH KM- 
cjıoTa n o c T y n a e T  H3 KpoBOTOKa b UHT030Jib, r a e  äKTMBMpyeTCH nyTeM 
KOHaeHCaUHH c KO«J>epMeHTOM A ,  o6pä3yH TH03(|)Hp. MTOÖbl npO H TH  
Hepe3 MHTOxoHüpHajibHyıo M eM 6 p aH y , ^ c h p h o h  KHCJioTe Heo6xojiHM 
cneuHäJibHbiH n e p e HOCHHK — KapnumuH. IloəTOMy CHänajıaauHjib- 
Han rpynna nepeHocHTcn c  a H H J i - C o A  Ha KäpHHTHH. AuHJiKapHHTHH 
nepeceKaeT MeM6paHy h  oTflaeT c b o h  auHjibHbiH ^parMeHT cHOBä Hä 
C o A .  OepMeHTOM ə t o h  06paTHM0H peaKHHH cjıyxHT anujiKapHumıiH- 
mpaHC<pepa3a. B pe3yjibTaTe neTbipex nocjıeayıomHX peäKUHH P - o k h c -  
jıeH H H  (pnc. 9 .7 )  npoHcxoflHT OTiııenjıeHHe f lB y x y r j ıe p o f lH o ro  4 > p a r-  
M eHTa h  nepeHoc e r o  Hä KO(J)epM eHT A  c  0 6 p a 3 0 B aH H eM  a u e T H J i - C o A ,  
KOTOpblH 3äTeM MOXeT BKJHOMaTbCH B IIHTpaTHblH HHKJI flJIH nOJIHOTO 
OKHCJieHHH. YKOpOHeHHäH äUHJIbHaH Henb BTOpHHHO BXOflHT B UHKJI 
p-OKHCJieHHH. K o H eH H b lH  HTOT nOBTOpHIOmHXCH UHKJIOB P-O K H CJie- 
h h h  —  OKHCJieHHe B c e H  a u H J ib H O H  u e n H  ü o  a u e T H j ı - C o A .

9.4. ƏHEPrETHKA OKHCJIEHHfl Ä H PH blX  KHCJIOT

3 a  oflH H  h h k ji p-oK H CjıeH H H  o6pa3yeT C H  1 M ojıeK yjıa  a u e T H J i-C o A , 
OKHCJieHHe KOTOpOrO B HHTpäTHOM UHKJie O Ö ecneH H B äeT  CHHTe3 
12 M ojib ATP. K p o M e  T o r o , o 6p ä 3yeTCH 1 M ojib  FADH2 h  1 M ojib  
NADH, n p n  oKHCjıeHHH k o t o p w x  b flb ix aT e jib H o fi u e n n  cH H T e3H p y -  
eTCH c 00TBeTCTBeHH0 2  h  3 MOJib ATP ( B c e r o  5 M ojib ).

TaKHM 06pä30M , npH  OKHCJieHHH, H anpH M ep, näJIbMHTHHOBOH 
k h c j i o t m  ( C I6) n p o H c x o f lH T  7  U H K JioB p-O KH CJieH H H  h  b  p e 3y jib T a T e  

o 6 p a 3yeTC H  8  M o jib  a u e T H J i - C o A ,  7  MOJib FADH2 h  7  MOJib 
NA DH +H +. C j ı e a o B ä T e j i b H o ,  B b ix o a  ATP c o c T a B jın e T  3 5  ATP n p n  

p-OKHCjıeHHH h  9 6  ATP b p e 3y jib T a T e  H H T p a T H o ro  ıiH K J ia , h t o  c o o t -  

B eT C T B yeT  cyMMe 1 3 1  M o jib  ATP.

9.5. 0EPA30BAHHE KETOHOBblX TEJI B nEHEHH -  KETOrEHE3

P-OKHCJieHHe *HpHbIX KHCJIOT B neHeHH BefleT K 06pa30B äH H K ) 
BOCCTaHOBJieHHblX KO(J)epMeHTOB, KOTOpbie HCnOJIb3yiOTCH flJIH 
3 H ep re T H H ecK H X  H y » m  k j i c t o k  n e n e H H .

OcHOBHbiM nyTeM  A a jib H e ü u ıe ro  H cn0Jib30B aıiH H  a u e T H Ji-C o A , 06- 
p a so B a H H o ro  n p n  P - o k h c j ic h h h  b n e ıe H H , h b j ih c t c h  c h h t c 3  k c t o h o -  
b w x  T ejı. Ə t o t  CHHTe3 n p o H c x o flH T  c j ıe a y ıo ııiH M  0 6 p a 3 0 M  ( p n c .  9 . 8 ): 

A B y x y r jıep o flH b ie  M OJieKyjibi KOHjıeHCHpyıOTCH j ıp y r  c  j ıp y ro M  c  06-

P h c . 9 .7 .  O K H C jıeH H e  j k h p h h x  k h c j i o t . ---------=»-
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)KMpHbie KMOlOTbl

CHr  CH? - 'c ö y  

ATP + [CoÄ}{SH)

AMP + © 0 '

Aun/ı-CoA-
cnHTa3a

AueTMjı-CoA

Aun/ı-CoA-
flernAporeH33a vcJ  ‘  F A D H ,

Ehohh-CoA-
rnflpaTa3a

rpawc-Eh o h /i -C oA

Y %

p-OH-aun/1-CoA

' ................................................. ■..C H )  C H 2;  ^  Ş> CoA

0 )
, -̂NAD+

V
p-OH-aun/t-CoA-
AernflporeHa3a

NADH

p-KeToaı/u/ı-CoA _

^  :ç -  •c h 2- c ;. .ş ; - C oAj



AueTM/ı-CoA

C>(S>- CoA + (CH3K C K S ) H  CoA

AueToaueTMfl-
CoA-Tnona3a

AueToaueTM/ı-CoA CoA ~(SH)

p-OH-p-MeTM̂ -
r/ıyTapmı-CoA

AueToaueTaT

KeTOHOBbie Tera

PHC. 9 .8 .  CHHTe3 KeTOHOBblX Tejl.

P h c .  9 .9 .  OK HcjıeHHe KeTOHOBbix re jı .  
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UntpaTHblM UWK/I

CoÄ fl R
AueToaueıvi/ı-

CoA-™o/ıa3a

(Ç K Ş M CoA 

AueTM/ı-CoA



p a 3 0 B 3 H n e M  b  .zıajibH eH iU H X  peaK H H H X  anem oanem am a  h  p -eudpoK- 
cuöymupama. Ə t h  a B e  k h c j i o t m  H a3biB aıoT C H  KeTOHOBbiMH T ejıaM H .

K eT O H O B bie TCJia aH (J)(J)yH ÄHpyiOT B KpO Bb H HCriOJIb3yiOTC5I B H e- 
neneH O H H biM H  TKaHHMH b  KanecTBe h c t o m h h k o b  Ə H ep rH H  (pnc. 9.9). 
B  H O pM e K O H H eH TpaU H H  KeTOHOBblX T ejl B KpOBH 2 M r/flJI. O e p M e H -  
T bl, K aTaJIH 3H pyK )U IH e CHH Te3 KeTOHOBblX T e jl, HaXOflHTCH B MHTO- 
x o h j ip h h x .  B  o n p e a e j ı e H H b ix  M eT a6o jiH n ecK H X  ycjıoB H H X , K o r a a  b  n e -  
q eH H  npOHCXOflHT HH TeHCH BHOe OKHCJieHHe X H pH blX  KHCJIOT, o 6 p a -  
3yeTCH 3HaMHTejIbHOe KOJIHHeCTBO KeTOHOBblX Tejl. Ə tO  Ha6jHOJiaeTCH 
B COCTOHHHHX, CBH33HHbIX C 3aTpyflHCH HHM H B HCn0JIb30BaHHH y r j i e -  
BOJIOB, K o r a a  OCHOBHblM HCTOHHHKOM ƏH epTHH fljlfl O p raH H 3 M a HB- 
j h h o t c h  x n p H b i e  K H cjıo T b i (f lJ iH T e jib H aa  M biu ıeH H aH  p a 6o T a , r o j ı o a a -  
HHe, caxapHWH flna6eT).

C K opocT b cHHTe3a KeTOHOBbix T ejı M oxeT  npeB biuıaT b n oT p eöJ ie- 
HHe HX TK3HHMH H BeCTH K HaKOnJieHHIO. 3HaHHTeJIbHOe yBejIHHe- 
HHe KOHueHTpauHH KeTOHOBbix Tejı co3flaeT  o n a c H y ıo  cH T yauH io, 
KOTOpyiO Ha3bIBaiOT KeT0aiIHfl030M (K eT 03). n p H  CHJIbHO B bipaX eH - 
h om  K eT 0auH fl03e au eT oaueT aT  He^epM eHTaTHBHo aeK apöoK C H jın- 
p y eT ca , h t o  conpoBO>mıaeTCH 06pa30B aH H eM  anem oua, noəTOM y 
n p n  K eT03e xapaK T epeH  3 a n a x  a u e T O H a  b  B bW bixaeM O M  B 03jıyxe.

9.6. BHOCHHTE3 Ä H PH blX  KHCJIOT

I lp o H e c c  ocyıuecTBJineTCH b pa3jiHHHbix nacTHX k jic t k h . B  h h t o - 
njıa3Me CHHTe3HpyıOTCH H acbiıueH H bie X H pH bie KHCJioTbi c y r j ıe p o a -  
h o h  u e n b io  a o  C ,6 (najibMHTaT).

B  m h to x o h ä ph h x  npoH cxojiH T  flajibH eH iuee H apauiH B aH ne u e n n ,  
a b peTHKyjıyMe H acbim eH H bie x n p H b ie  k h c jio t h  npeBpamaıOTCH b 
HeH acbiıueH H bie h  Taıca<e n p o n cx o jiH T  yaJiHHeHHe u e n n .

OcHOBHblM npO JiyK TO M  CHHTe33, npOHCXOflHUierO B UHT030Jie, 
HBJineTCH na/ibMumuHoean Kucnoma. CyöcTpaTOM a jih  CHHTe3a x n p -  
h o h  k h c j io tw  cjıyxH T  anemıuı-CoA, o6pa3yıom HHCH H3 rjıi0K 03bi b 
pe3yjibTaTe o k h c j ic h h h  nnpyB aT a. H cn0jib30B aH H e nnpyB aT a b c h h -  
Te3e najibMHTaTa BKJHonaeT c jıe^y ıo m H e MeTa6ojiHHecKHe nyT H : 
OKHCJieHHe rjıi0K 03bi b n p o u e c c e  rjiHKOJiH3a a o  nnpyB aT a b h h to 3 o -  
Jie, 3aTeM OKHcjiHTejibHoe a e K a p 6oKCHjiHpoBaHHe nnpyB aT a b m h- 
to x o h h p h h x  h  n o c jıen y ıo m aH  KOHjıeHcaıiHH aueT H Ji-C oA  c oK cajıo - 
aueTaTOM c 0Öpa30BaHHeM  HHTpaTa. Xlajıee HHTpaT nepeM eıuaeTCH b 
UHT030jib, r ^ e  pacnaaaeTCH Ha aueT H Ji-C oA  h  O KcajıoaueTaT.

ü e p B a f l  peaK U H H  b 6 n o c H H T e 3 e  xnpH O H  k h c j io tw  — ə t o  K ap6o -  
KCHjınpoBaHHe a u e T H j ı - C o A  h  n p e B p a m e H H e  e r o  b M a jıo H H J i-C o A :

C H a— C — S - C o A  + C 0 2 + A T P  — ► H O O C - C H ^ - C - S - C o A  + A D P  + H 3P O 4

Ä i
Au,eTH/ı-CoA ManoHH/ı-CoA

P h c . 9 .1 0 .  C h h t c 3  b h c i u h x  j k h p h m x  k h c j i o t .  ---------3».
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PeaKUHH KaTajiH3H pyeT ca au,em ujı-C0A-Kap60Kcujıa30Ü, KocJjep- 
MeHTOM k o t o p o h  h b jih c tc h  öuomuH. 3aTeM cjıejıyıoT  noBTOpHfomHe- 
ch  h h k jim  H3 rnecTH peaKUHH (pH c. 9.10). KaTajiH3HpyeT Becb n p o -  
u e c c  najibM umujıcuHmema3a  — nojiH(J)yHKHHOHajibHbiH öejıoK  — 
(JjepMeHT, HMeıomHH o^H y nojiH nenTH Ä H yıo u e n b ,  ynaKOBaHHyıo b 
üB a jjoM eHa. 0 6 a  flOMeHa h m c io t  b cb o cm  cocTaB e aKTHBHbie ueHT- 
pb i, c n o c o 6Hbie n o o n ep e aH O  K3TajiH3HpoBaTb peaKHHH Ka>&moro 
UHKJia. AuHJibH bie rp y n n b i cBH3biBaıOTCH c o a h h m  H3 aoMeHOB, c o -  
flepxauuH M  naHTOTeHOByK) KHCjıoTy, a MajıoHHJibHbie — c ocTaTKOM 
HHCTeHHa ü p y r o ro  flOMeHa. ü o c j ı e  HHHHHauHH n p o u e c c a  nyTeM p e -  
aKHHH KOHfleHcauHH c 06pa30B aH H eM  p-KeToauHJi(J)epMeHTa pacT y- 
m a a  u e n b  x h p h o h  k h c j io tm  yaepxH BaeTCH  t h o ə ^ j h p h o h  cBH3bio c 
OflHHM H3 ÄOMeHOB najIbMHTHJICHHTeTa3bI. KoBajieHTHO CBH33HHbIH 
cy 6cTpaT n o o H ep e ^H o  n o n a a a e T  b aKTHBHbie ueH Tpbi (J)epMeHTa, 
TOe noflBepraeTCH cooTBeTCTByıomHM npeBpam eHHHM . OHepeflHOH 
U hkji CHHTe3a HaHHHaeTCH c npncoeflH H eH H fl h o b o h  MojıeKyjibi 
MajIOHHJI-CoA K OflHOH H3 SH-rpynn aKTHBHblX HeHTpOB flOMeHOB. 
K a x f lb m  h h k ji H3 uuecTH peaKHHH yBejiHHHBaeT fljiHHy u e n n  Ha ^Ba 
y rjıepo^H b ix  aTOMa. K o r ^ a  u e n b  .nocTHraeT fljiHHbi 16 yrjıepo jiH bix  
3TOMOB, TH03(J)HpHafl CBfl3b THÄpOJIH3yeTCfl H najIbMHTaT OCBOÖOJK- 
flaeTCfl.

BanaHC CMHTe3a nanbMMTƏTa 

ManoHnn-CoA

C3 c o 2

2 N A D P H  2 N A D +

CyMMapHoe ypaBHeHHe chhtc33 najibMHTaTa (7 hhkjiob):

Auətm/i -CoA + 7 Ma/ıOHU/ı-CoA + 14 (NADPH+H+) —► ria;ibMMTaT +
+ 8HS-C0A + 7C 02 + 14NADP+ + 7H20.

Heo6xoflHMbiH ajifl BoccTaHOBHTejibHbix peaKHHH NADPH  
o6pa3yeTCfl npn OKHCjıeHHH rjıi0K03bi no neHT0304>0c4)aTH0My 
nyTH.

BojIblHHHCTBO X H pH blX  KHCJIOT HMeiOT 6ojiee flJIHHHyK), HeM 
najibMHTaT, yrjıeBoaopoÄHyıo uenb, K0T0pa« MoxeT coaepxaTb He- 
HacbimeHHbie cba3h. CjıeflOBaTejibHO, 6hochhtc3 öojibuiHHCTBa 
*HpHbix khcjiot Tpe6yeT ynacTHH (J)epMeHTOB 3JioHrauHH h aeca- 
TypaHHH. AKTHBHOCTb 3THX (J)epMeHTOB CBfl3aHa C ƏHÄOnJia3MaTH- 
^ecKHM peTHKyjıyMOM, ho HHorfla mojkct npoTeKaTb h b mhto- 
XOHJipHflX.
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9.7. nOJIHHEHACbimEHHME 
XHPHblE KHCJIOTbl

yKnBOTHbie He CnOCOÖHbl CHHTe3HpOBaTb HH JIHHOJieByiO, HH JIHHO- 
JieHOByiO >KHpHbie KHCJIOTbl H3-3a OTCyTCTBHH COOTBeTCTByiOIIIHX 
flecaTypa3. üoəTOMy ə th  k h cjio tw  äo jixh b i 06H3aTejibH0 nocTynaTb 
c nHineft. IlojiHHeHacbiıneHHbie xnpHbie k h c jio th , HanpHMep apa- 
XHflOHOBaH, 20:4 (5 ,8 ,11,14), HBJinıoTca HenocpeacTBeHHbiM npea- 
liieCTBeHHHKOM npOCTarJiaHflHHOB.

A6-flECATyPA3A

JlnHoneonn-CoA
[18:2(9,12)]

ÜMH0neH0nn-C0A
[18:3(6,9,12)]

A - * - A 12-A E C A T y P A 3 A  
jT OTcyTOTByeT y MneKonnTaıOL^nx 3J10HrAL|Mfl ^

Oneon/ı-CoA
[18:1(9)]

flMr0M0-nnH0neH0Mn-C0A 
[20:3 (8,11,14)]

A8 -  flECATYPA3A A5* f lE C A T y P A 3 A -* İ

CTeaponn-CoA
(18:0)

Apaxnfl0 H0 Mn-C0A 
[20:4 (5,8,11,14)1

^  3J10HrAL(M« ı
rianbMMTOnn-CoA 

(16 : 0)

9.8. PEryJWHHfl CHHTE3A H OKHCJIEHHfl 
XHPHblX KHCJIOT B nEHEHH

riepeKJiıoHeHHe npoueccoB  CHHTe3a x h p h m x  k h c j io t  Ha h x  oKHCJie- 
HHe npoHcxoflHT npn CMeHe nepHOfla nHmeBapeHHH Ha nocTaö- 
cop6THBHoe cocTOHHHe h ocymecTBJiHeTCJi c noMombio peryjiflTop- 
HblX MexaHH3MOB. CHHTe3 MajIOHHJI-CoA — KJHOHeBaa peaKHHH B 
peryjıauHH CHHTe3a h  o k h c j ic h h h  jk h p h b ix  k h c j io t .  B nepnojı n n -  
meBapeHHH b HHT030jıe yBejiHHHBaeTCH KOHueHTpauHH HHTpaTa, 
KOTOpblH HBJiaeTCH nepeHOCHHKOM aueTHJIbHblX OCTaTKOB H3 MHTO- 
x o h j ip h h . U,HTpaT ajijıocTepHHecKH aKTHBHpyeT aueTHJi-CoA-Kap- 
6oKCHJia3y, h t o  ycKopaeT CHHTe3 MajıoHHJi-CoA h , cjıeflOBaTejibHO, 
CHHTe3 XHpHblX KHCJIOT. MajIOHHJI-CoA B CBOIO OHepeflb HHrHÖH- 
pyeT au,HjiKapHHTHJiTpaHC(J)epa3y, KaTajiH3Hpyıomyıo nepeHOc x n p -  
HblX KHCJIOT H3 HHT030JIH B MHTOXOHflpHH H «3anyCKaiOIHyK)» Mexa- 
HH3M P-OKHCJieHHH. TaKHM 06pa30M, yBeJIHHeHHe KOHHeHTpaHHH 
MajıoHHJi-Coa b nepnojı nnmeBapeHHH «BKJHOHaeT» n p ou ecc  c h h -  
Te3a İKHpHblX KHCJIOT H «BbIKJHOHaeT» P~OKHCJieHHe H CHHTC3 KeTO- 
HOBblX T ejl (pnc. 9.11).
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M mtoxokapmh

I OKca/ıoaueTaT

' /(lnpyBaT -----^—

\  /  
A u e T m ı-C o A

LlHT030/Ib 

flnpyBaT <—  r/iK)K03a

-> UnTpaT

AqeTnn-CoA

I
KeTOHOBbie

Te/ta

U,nTpaT 

+ /  |
l Auemjı-CoA 

İ  
. Ma^QHnn-CoA

Aunn- <- 
CoA

Auwı-  ̂ v  
KapHMTHH

XnpHw e

KMC/lOTbJ

Aumı-CoA

/ \
TAr

/ıoHrı

)KnpOBaa

TK3Hb

P h c . 9 .1 1 .  A ju ıo c T e p H H e c K a a  p e r y j ı a u H H  M e T a 6 o jiH 3 M a  x n p H b i x  k h c j i o t  b  

n e n e H H .

A u e T H J i- C o A - K a p 6 o K C H jıa 3 a  T a ıc x e  a ju ıo c T e p H H e c K H  H H r n ö n p y -  
eTCH flJlH H H O -H enO H eH H blM H  a u n j ı - C o A ,  e c j r a  OHH H äK an jIH B aiO T - 
c h ,  H e y c n e B a H  B C T y n H T b  b  p e a K H H io  Ə TepncJjH K aH H H . 3 t o  n p H M e p  
H H rH Ö H poB aH H H  KO HeHHbiM  n p o a y K T O M  npoHecca. KpoMe a ju ı o c -  
T ep H n ecK O H  p e r y j ı a u H H ,  c y ıa e c T B y e T  ro p M O H a jib H b iH  K O H T pojib  
aKTHBHOCTH a u e T H J i-C o A -K a p 6 o K C H jıa 3 b i .  AdpeHajıım h  aAWKaeoH 
n y r e M  y B e jiH n eH H H  K O H u e H T p a ıjH H  cAM P h  aK T H B H ocTH  n p o T e H H -  
K H H a3bi (t>oc4>opH JiH pyıO T  a u e T H J i-C o A -K a p 6 o K C H J ia 3 y  h  nepeB O flH T  
e e  b  H eaK T H B H o e  c o c t o h h h c .  3 t h  ro p M O H b i T aıo K e  n y T eM  c]joc4>o- 
pH JIH pO B aH H H  n e p e B O ^ H T  J IH n a 3 y  B X H pO B O H  TK3HH B aKTHBHOe c o -  
CTOflHHe.

C j ıe j ıo B a T e j ib H o ,  C H H Te3 x n p H b i x  k h c j i o t  n p e K p a m a e T c a ,  a 
H3H HHaeTCH M 06hJIH 33H H H  TAr, O K HCJieHHe >KHpHbIX KHCJIOT H 
CHHTC3 KeTOHOBblX T e jl ,  T .e . BKJIIOHaiOTCH n p o u e c c b l ,  KO TO pbie 
nocT aB JiH K )T  KJieTKaM  3 H e p ro jıa T H B H b ie  B e m e c T B a  (pnc. 9.12; 
9.13).
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► rni0K03a

nMiueeafl

I
r/ııoKOHeoreHe3

r̂ /teıoaT

KeTOHOBbie Têa
ı-Kero- Ammho-

r/ıyrapaT khc/iotw

XnpHbie
. KMC/lOTbl
Ammho-

ft flımrnPHUP

•  •  •  •  •

P h c . 9 .1 3 .  B 3 a H M O C B H 3 b  y r j ı e B o a H o r o  h  j k h p o b o t o  o 6 M e H a .

9.9. METAEOJIH3M XOJIECTEPHHA H ÄEJIMHblX KHCJIOT

OyHKUHH xojıecTepH H a. X ojıecTepH H  h b jik c tc h  npeam ecT B eH H H - 
KOM B CHHTe3e flpyTHX CTepOHflOB: *ejIHHbIX KHCJIOT, CTepOHJIHblX 
ropMOHOB, BHTaMHHa D 3. O h  BXOflHT K3K CTpyKTypHblH KOMÜOHeHT 
b cocTaB MeMÖpaH Bcex k j ic to k .  Cym ecTB yeT p p a  nyTH n o cT y n jıe -  
HH8 xojıecTepH H a: H3 n H in n  x h b o t h o t o  npoH cxoxjıeH H H  (3K 3oreH - 
HblH XOJieCTepHH) H CHHTC3 B neHeHH (ƏHflOreHHblH XOJieCTepHH). 
K poM e neneH H , b H eöojib inoM  KOJiHHecTBe xojıecTepH H  M oxeT  c h h -  
Te3HpOBaTbCH B KJieTKaX KHIİieHHHKa H KO>KH.

Bmochhtc3 xojıecTepHHa. ü p o u e c c  nponcxoÄ H T  b HHT030Jie 
KjıeTKH. M ojıeK yjıa  xo jıecT epH H a h c jih k o m  « c o 6npaeTCH» H3 a u e -  
th j i - C o A  (p n c . 9.14; 9.15). npoMexcyTOHHbiM MeTa6ojiHTOM h b jih -  
eTCH p-O K C H -p-M eTH JirjıyTapnjı-C oA , a e ro  BoccTaHOBJieHHe b M e -  

Baji0H0Byi0 k h c j io ty  c Hcn0Jib30BaHHeM  NADPH cjıyxH T  K jnone- 
b o h  peaKUHeft n p o u e c c a .  C K opocT b CHHTe3a xojıecT epH H a 3aBHCHT 
o t  KOjiHnecTBa 3K 3oreH H oro , T .e. n o c T y n a ıo m e ro  c n n m e H , x o jıe c -  
TepHHa. n p n  nocTynjıeH H H  2 — 3 r  xo jıecT epH H a b cyTKH CHHTe3 ə h -  
A oreH H oro  xojıecT epH H a noaaBjıneTCH.

OepM eHT e u d p o K .c u M e m u jie j iy m a p u ji -C o A -p e d y K .m a 3 a  H rpaeT  rJiaB- 
Hyıo p o jib  b peryjiHUHH cHHTe3a xojıecTepH H a. X ojıecTepH H  noflaBJiH- 
eT CHHTe3 r M  r -C o A -p e n y K T a 3bi h  n o  MexaHH3My o rp n ııaT e jıb H o iı 
06p a T H 0H CBH3H CHHXaeT CKOpOCTb CBOeTO C H H Te33.
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nepeHOC 
rwıueBoro 

xoflecTepMHa

OdaTOHHbie 
XH/lOMMKpOHbl ^

nepeHOC
BHeneneHOHHOro

xo/ıecTepnHa

XensHbiü ny3bipb

)Ke/iHb

P h c . 9 .1 4 .  f ly T H  c H H T e 3 a  h  H c n 0 j ib 3 0 B a H H f l  x o n e c T e p H H a .

Aueıvın-CoA-_ -►MeBaflOHaT-(2^ -M 3oneHTeHM/ı-flM<))oc0 aT-v2> -  CKBa/ıeH- 

?  c 2-------  — '*c 6 1C  C 5 "— — 6x— —̂ c 32f ^ C27

3 AneTn;ı-CoA H3C - C - C 0A

P-fHflpOKCM- 
P-MeTMfl-
r/ıyrapnfl-CoA CH3 

e OOC-CH 2- C - C H 2- C -S -C o A  

OH 2 NADPH+H

HS-CoA
2 NADP

CH3

e OOC-CH 2- C -C H 2-C H 2OH 

OHMeBâ oHaT

P h c . 9 .1 5 .  C H H T e 3  x o j ıe c T e p H H a .

Ə.
c h 3
1

OOC-CH 2- Ç - C H 2-C H 2OH MeuarıoHaT 

OH
2ATP

-2ADP

CH3

e 0 0 C -C H 2- C - C H 2-C H 2- 0 -

MeBanoHMn-
fln(})oc<J)aT
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9.10. TPAHCIIOPT XOJIECTEPHHA H TPHAHHJirJlHHEPHHOB

y K n p b i h  x o jıecT ep M H , nocTynaıomHe b  o p ra H H 3 M  c  n n m e H  h j ih  
CHHTe3HpOB3HHbie B n e H e H H , flOJIJKHbl T paH C nO pT H pO B aT bC H  B a p y -  
r n e  o p r a H b i ,  r a e  o h h  H c n o jib 3 y ıo T C fl. f l p o 6j ıe M a  t h ä P o 4 ) o 6 h o c t h  
x h p o b  h  x o jıe c T e p H H a  n p n  T p a H c n o p T e  p e m a e T C H  c  n o M o m b io  06- 
p a3 0 B 3 H H H  T p aH C n O p T H b lX  HaCTHH —  JIH n o n p O T eH H O B , B KOTOpblX 
T p H aU H JirJIH H ep H H b l H 3(})HpbI X O JieC T epH H a B33HMOJieMCTByiOT C 
aM (})H4)HJIbHbIM H (J)OC(})OJIHnHflaMH H 6eJIK aM H , 06eC n eH H B ai0mHMM 
HX paCTBOpHMOCTb (CM. pHC. 9 .2 ) .

JlHnonpoTeHHbi pa3flejiHioT MeToaoM yjibTpaueHTpHtJjyrHpoBaHMH 
co o T B eT C T B eH H o  h x  n j ıo T H o c T H  Ha n e T b ip e  o c h o b h m x  TH na: XHJIO- 
M H K pO H bl (XM ), JIM nO npO T eM H bl O H eH b HH3KOH njIOTHOCTH 
( J I O H Ü ) ,  JinnonpoT eH H bi HH3KOH h j i o t h o c t h  ( J I H n ) ,  j ı n n o n p o -  
T eH H bi b h c o k o h  njıoT H O C T H  ( J I B H ) .  C y m e c T B y ıo T  T aıo K e  n p o M e x y -  
TO H H bie 4)O pM bI B M e T a6 o jIH 3 M e  JIH n o n p O T eH H O B : XHJIOMHKpOHbl 
0C T 3T 0H H bie  (XM o c t . ) ,  J I O H n  o c T aT O H H b ie , h j i h  JiHnonpoTeHHbi 
c p e f lH e ü  n j ıo T H o c ™  ( J l C f l )  (T a 6j ı .  9 .1 ) .

T a ö j i H u a  9.1. C b o h c t b h  j i h i i o h p o tc h h o b  ıı.ıa tM i.ı k p o b h

J lH n o -
npOTeMHbl

OcHOBHble
JIHnHÄbl

3jıeKTpo(})opeTH- 
'iccK aa  (|>paKUMii

OcHOBHbie
anonpoT eH H bi

XM T A r — B-48, A -l, A-IV

J lO H ll T A r Pre-p B-100, E, C -I, C -II, HC-IIl

J i c n TAT H 3(})M pbI 
x o j ıe c T e p H H a

P B-100, E

j i H n 3 (} )H p b I
x o / ı e c r e p H n a

P B-100

j i B n Cp0C(J)0.ri H IIH İlb l 
H X O JieC T epH H

ct 1 A-I, A-II

A n o jın n o n p o T e H H b i —  ə t o  6 e jiK O B an  n a cT b  J in n on p oT eH H O B  ( a n o -  
ö e j ıo K ). B co cT a B  j ın n o n p o T e H H a  M o x e T  BxoflH Tb o j i h h  h j i h  HecKOJib- 
k o  a n o 6 e jiK O B . H eK O T op b ie  a n o ö e j iK H  h b j i h i o t c h  HHTerpajibHOH n a c -  

T b io  j ın n o n p o T e H H a , a  j ı p y r n e  M oryT n e p e M e m a T b c n  c  o j iH o r o  j ı u n o -  
n p o T e H H a  H a j t p y r o n .  Ano6ejiKH o 6 o 3H aH aıo T  6 yK B aM H : A, B, C, E.

A n o ö e j iK H  B bino jiH H iO T  p a 3 H o o 6 p a 3 H b ie  (JjyHKUHH. O h h  M o ry T  
cjıy>KHTb j ın r a H j ıo M  p jifi p e u e n T o p o B  KAem oK  n p n  H cn0Jib30BaH H M  
JIHnOnpOTeHHOB TKaHHMH MJIH o 6 ecn eH H B aT b  B33MMOJieHCTBHe c 
Jin-JiHna30H. H 3 M e H e H H e  K 0H c})0pM aH H H  KaK p e u e n T o p a ,  TaK  h  
j ın r a H fla  —  a n o 6 ejiK a n o  pa3JiHHHbiM  npHHHHaM  npH B ojjH T  k  H a p y -  
UieHHK) HCn0JIb30BaH H H  JIH nonpO TeH H O B H HX H a K o n jıeH H io  B 
K poBH . A n o 6 ejiKH M oryT  a K m u e u p o e a m b  ( p e p M e n m b i ,  y n a cT B y ıo ıU H e
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b o 6 M e H e  j i h h h j i o b  (Jin-HMna3a, JIXAT). HanpHMep, anoC-II h b -  
j i h c t c h  KO(J>aKTopoM J ]n -J iH n a 3 b i. Ə t o t  a n o 6 e j ıO K  HMeeT cneuH cjjH - 
qeCKHH yMaCTOK CBH3bIBaHHH C Jl H - J IH n a 3 0 H , a  THJ1POJ1H3 TAr B c o -  
c T aB e  XM h  JTOHn npoHCXojiHT n p n  KOHTaKTe J i n n o n p o T e H H a  c  
(JjepM eH TO M . A no6ejiK H  BbinojiHHiOT T aıo ıçe  CTpyKTypHyıo (j)yHK- 
u h io . n p H M e p u  cjjyHKHHH ano6eHKQB n p ejıcT aB JieH b i b  Ta6jı. 9 .2 .

T a 6  j i  h  u  a  9 .2 . P eu en T opw  j i H n o n p o T e M H o e

P e u e n -
TOp

Pacno-
3HaBaHHe

Jlnno-
npoTeHH T K aH b

P0JIb 
b o6MeHe ripHMeHaHMe

X M o c t . A n o-E X M o c t . neneH b nepeHOCHT 
nHiueBbie 
XHpbi b n e-  
neHb

Ha3biBaeTCH 
TaKxe an o -E -  
peuenTop

j iB n HeH3BeCTHO j iB n n e lıeHb, B03-
M OJKHO Jipy-
rn e  t k ĥ h

ripHCoe/iH-
HeHMe J lB n
K K JieT K 3M

j iH n A n o -B -1 0 0 ,
an o-E

H H n ,
j ı c n

rieneHb, 
MHorne apy- 
r n e tk^hh

YjıajıeHHe
j iH n ,  j ı c n
H3 UHpKyjIfl- 
UHH

C n o c o 6 c T B y e T  
n e p e H o c y  x o j ı e -  
c T e p H H a  H 3 n e -  
H e H H  B TK3HH

OcHOBHbie uapuıpyrbi mmonporenwa

TpaHcnopı TpaHcnopT OÖpaTHblM

3K3oreHHbix ƏHflOreHHblX TpaHcnopı

nMnnflOB /ınnn/jOB xo/ıecTepwHa

KmueHHMK

XMTOMMKpOHbl

neseHb^
jıcn 
j ım

OCTƏTOMHbie 

XH/lOMHKpOHbl |

Bnenene- neneHb BHeneneHosHbie 

HOHHWe TK3HM TKaHH

BHeneneHOHHbie

TKaHM

JlBn
/iHn

neneHb

B KJieTKaX CJIH3HCTOH 060JI0HKH KHIXieHHHKa 3 K 3 0 re H H b IH  x o -
J ie cT ep H H  h  TAr B C T p a H b 3 io tc h  b  x h j i o m h k p o h w  h  flajıee T p aH C - 
nopT H pyK )T C H  K pO BblO . 3aTeM B p e 3 y jIb T a T e  B33HM OJieHCTBHH c J in -  
J in n a 3 0 H  x H Jio M H K p o H b i T ep H io T  R o  9 0  %  TAT h  n p e B p a u ıa ıo T C H  b 
ocT aT O H H bie  x H Jio M H K p o H b i, n o r J io u ıe H H e  K O T o p b ix  n e n e H b io  o c y -  
m ecTB jiH eTC H  n p n  y n a c T H H  p e u e n T o p H o r o  6 e jiK a  anoE. B n e n e H H
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KnweHHMK nmUEBUE /lMnHflbl ƏHflOrEHHblE /wnnflbl
BHeneseHCMHbie

ir  TKƏHH

Xo/ıecTepofi

Mbiıuua
XnpoBan TKƏHb XnpOBaO TKƏHb

P h c . 9 .1 6 .  T p aH cn o p T H a a  4>yHKUHa jiH nonpoTeH H O B .

n y jl XO^eCTepHHa C O C T O H T  H 3  CHHTe3HpOB3HHOrO C ä M H M H  KjıeTK a- 
m h  x o jıe c T e p H H a  h  n o c T y n H B m e r o  H 3  o c T a T O M H b i x  x h h o m h k p o h o b  

( p n c .  9.16). Ə t o t  n y j ı  x o j ıe c T e p H H a  c y m e c T B y e T  He T O J i b K o  ju i h  c o ö -  
cTBeHHbix H y x n  neneH H , h o  h  ä j i h  cH a6 x eH H «  apyrH X  TKaHen.

X o jıe c T e p H H  n e n e H H  B M ecT e c x n p a M H ,  cH H T e3 H p o B aH H b iM H  H3 
r j ı i0 K 0 3 b i ,  BKjHOHaeTCH b  JTOHÜ h  TaKHM  06p a 30M T paH cnopTH py- 
eTCH KpOBbK). H o C J ie  T H flpO JIH 3a >KHpOB JlH-JlHna30H o6pa3yK )T C H  
o cT aT O H H bie  JlO H n. Ə t h  j ın n o n p o T e H H b i  j i h ö o  n o rjıo u u a ıO T C H  n e -  
M eH bio , j i h 6o  n p e B p a u ıa ıO T C H  b JIH n.

B K JieT K ax -n o T p eÖ H T ejiH X  x o j ıe c T e p H H a  cym ecTB yıoT p e u e n T o p b i  
j u ih  JIH n. B 3aHMoaeHCTBHe p eu e m ro p o B  c  JIH n n p o n c x o j iH T  c n o -  
M o m b io  A no-B -100, n o c j ı e  n e r o  JIH n n y T eM  3 H ji0 U H T 0 3 a  n o r j ı o -  
ınaeT C H  k j i c t k o h .  n o T p e ö j ı e H H e  x o j ıe c T e p H H a  k j i c t k o h  p e r y j ı n p y e T -  
c h  n y T eM  H 3M eH eH H H  K O JiH necT B a p e u e n T o p o B  H a  n o B e p x H o c T H  
KJieTKH. n p H  CHHXeHHH nO TpeÖ H O C TH  KJieTKH B x o j ıe c T e p H H e  
yM eH b iııaeT C H  k o j i h h c c t b o  p e u e n T o p o B .  P e ry jiH T o p o M  h b j i h c t c h  caM 
x o j ıe c T e p H H , k o t o p m h  p e n p e c c H p y e T  T p a H C K p H n u n ıo  reH O B , c o o t -  
BeTCTByroiIIHX ƏTHM 6e jiK aM .

JlH nonpoT eH H bi, H H pK yjınpyıoııiH e b kpobh, oÖMeHHBaıoTCH x o - 
JieCTepHHOM. OcOÖeHHO aKTHBHO 3TOT OÖMeH npOHCXOÄHT Mexcay 
JIH n h JIBn, npHHeM noTOK xojıecT epH H a H anpaBJieH  b cT opoH y 
JIBn. X ojıecTepH H  b BHjıe cB o 6 o jiH o ro  He3TepH(J)HUHpoBaHHoro 
COeaHHeHHH HaXOflHTCH B nOBepXHOCTHOM MOHOCJIOe JIHnonpOTeH- 
HOB. JIBn CnOCOÖHbl 3TepH(J)HUHpOBaTb X O JieCTepHH C nOMOIIIbK) 
jıeıı,HTHHX0JiecTepHHaHHJiTpaHc4)epa3bi (JIXAT). Ə t o t  (J)epMeHT Ka- 
TajiH3HpyeT n e p e H o c  auH JibH oro  ocTaTKa H3 (3-nojıo>KeHHH (J)oc(J)a- 
THjiHjıxojiHHa Ha xojıecTepH H . Ə(J)Hp xojıecTepH H a norpy>KaeTCH
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BHyTpb JIBÜ, 0CB060>KaaH MeCTO JIJIH HOBblX M O JieK yjl X O ^eC TepM H a 
b  n 0B e p x H 0CTH0M c ^ o e .  /l,B y cT o p o H H H H  awcJ)4)y3HH x o j ıe c T e p H H a  
npOHCXOJlHT H n p H  KOHT3KTe JlBn C KJieTKaM H, n p H  3TOM JIBIİ H3- 
B ^eK aro T  x o n e c T e p H H  H3 M eM 6p a H  ıc ıeT O K . JlBn, H a r p y x e H H b ie  x o -  
jıe cT ep H H O M , n o r j ıo m a ıO T C H  b o c h o b h o m  n e H e H b io  n y T eM  ə h j io u h -  
TO3a  h  TaM  o c B o ö o x a a ı o T  x o j ıe c T e p H H . C jıe ^ o B a T e jib H O , JIBn npea- 
y n p e > ıca a eT  H a K o n jıe H H e  x o j ıe c T e p H H a , a JlHIl o ö e c n e M H B a e T  K jıeT - 
Ky X0J ie c T e p H H 0M n o  M e p e  n 0T p e 6H 0CTH b H eM . TaK H M  c n o c o ö o M  
n o f la e p * H B a e T C H  h o c t o h h c t b o  cozıep>K aH H H  x o j ıe c T e p H H a  b K JieT- 
K ax . H a p y m e H H e  c o o T H o m e H H H  M e>ıcay JlHn h  JIBn M o x e T  6biT b 
n p H H H H O H  eunepxojıecmepıiHeMuu.

9.11. METAEOJIH3M ÄEJIMHblX KHCJIOT

nepBH H H bie >KejiHHbie k h c jio th  (xeH0fle30KCHX0JieBaH h xo jıeB an )  
o6pa3yıOTCH b KJieTKax n en eH H  H3 xojıecT epH H a (p n c . 9.17; 9.18). 
n o c j ı e  BbijıejıeHHH b k h ih c h h h k  n o a  bjih h h h c m  öaK T epn n  o h h  n p e -  
o6pa3yK)TCH BO BTOpHHHbie (jIHTOXOJieBaH H ae30KCHX0JieBa«).

IfpMauw/ınwuepo/ı

j /ınnaşa

X e /ı^
KHC/lOTa

3flecb pacmen/iflioTCH 
Tpnaun/ır/ınuepo/ibi i

)Ke/ıshbie kmc/ioth

flo/ifipHası

Xo/ıeBaçı KMC/ıOTa
XeH0fle30KCnx0/ıe- 
Ban KncnoTa 
Ae30Kcnx0/ıeBaR 
KHC/lOTa 
JlHTOxo/ıeBan 
J9ffi0ora__________

3aMemeHne npn

C3 C7 Ĉ 2

-OH -OH -OH 
-OH -OH -H 

-OH -H -OH 

-OH -H -H

Heno/rapHafl
CTOpOHa

______ 1
KMC/lOTa

)Ke/iHHbie kmc/iotn—KOHbioraTbi xe/iHHbix 

KMC/IOT

0

(lmneBbie 1 
Mnue/uibi /ınnnflbi

P h c . 9 .1 7 . CxeMbi CTpoeHHH h  <])yHKUHH xejiHHbix k m c jio t .

>Ke/iMHafl Knc/ıOTa r/lMUMH

0
II

H - p .H  SO ;

^ w ' C ' u  J k
0

H H H

Xe/iHHaa kmc/iotə TaypMH

)Ke/iHHbie kmc/iotu M XƏ/lHHbie CO/IM



P h c . 9 .1 8 .  M eTa6onH3M  xejTMHbix c o j ıe H .

B  K H I I i e H H H K  X e j I H H b i e  K H C J I O T b l  n O C T y n a i O T  B C O C T a B e  İK e jIM H  B 

B H f le  K O H 'b K i r a T O B  c  r j i H H H H O M  h  T a y p H H O M .  P a H e e  o n H C b i B a j i H C b  

4 > y H K H H H  x e j i H H b i x  k h c j i o t  b  n p o u e c c e  n e p e B a p H B a H H H  J i H n H a o B .  

İ l o c j ı e  n e p e B a p H B a H H H  h  B c a c b i B a H H H  a c e j i M H b i e  k h c j i o t m  B 0 3 B p a -  

m a ı o T C H  n e p e 3  B o p o T H y ı o  B e H y  b  n e n e H b ,  c o B e p m a a  T a K O H  h h k j i  j i o  

1 0  p a 3  b  c y T K H .  Ə t o t  h h k j i  H a 3 b i B a e T C H  KuıueHHO-neHenoHHoü u,up- 
K yASlU U eÜ  M CeAHHblX K U C A O m .

r i o c T o a H H b i M  K 0 M n 0 H e H T 0 M  x e j i H H  H B J i a e T c a  x o j ı e c T e p H H .  K a K  

h  x e j i H H b i e  k h c j i o ™ ,  o h  n o j i B e p r a e T C H  o 6 p a ™ o M y  B c a c b i B ä H H i o ,  

h o  H e K O T o p o e  K O J i H n e c T B O  x e j i H H b i x  k h c j i o t  h  x o j ı e c T e p H H a  T e p H -  

e T C H  C K a j I O M . J l j l f l  B O C n O J I H e H H H  ) K e j I H H b I X  K H C J IO T  n O C T O H H H O  

n p o H C x o j i H T  c H H T e 3  h x  H 3  x o j ı e c T e p H H a .  C j ı e j ı o B a T e j i b H O ,  y j ı a j ı e H i ı e  

X O J i e C T e p H H a  B C B o 6 o J I H O M  B H J i e  H J IH  B B H J i e  X e j I H H b l X  K H C J IO T  h b -  

J IH e T C H  e j I H H C T B e H H b l M  C n 0 C 0 6 0 M  O C B O Ö O J K J ie H H f l  O p r a H H 3 M a  O T  

H e r o .



rjıaBH 10 METAEOJIH3M A 30T C 0^ E P *A m H X  
COEAHHEHHH

10.1. METAEOJIH3M AMHHOKHCJIOT

O cH O B H blM  3 K 3 0 re H H b IM  HCTOHHHKOM aMHHOKHCJIOT HBJIHIOTC5I 
6 ejiK H  n H m H . E e jiK H  n e p eB o jiH T C fl b  j ıo c T y n H y ıo  ju ih  o p ra H H 3 M a  
(JjopM y b  n p o u e c c e  n e p e B a p H B a H H H  n o j ı  jıe iıc T B H eM  n p o T e o jiH T H -  
necK H X  cJ)epM eH TO B, b x o j i h i h h x  b  c o c T a B  * e jıy j i0 H H 0 -K H iı ıe H H b ix  
CeK peTO B . C B O Ö O JIH bie aMHHOKHCJIOTbl BCaCblBaiOTCH H  n o c j ı e  
T p a H c n o p T a  K p o B b io  BK JH onaıoTC H  b K JieT K ax b  p a 3 J iH 4 H b ie  nyT H  h c -  
II0 JIb30B aH H H , TJiaBHblM  H3 KOTOpblX HBJIHeTCH C HH Te3 C o6cT B eH H bIX  
6 eJIKOB. K p O M e T o r o ,  aM HHOKHCJIOTbl HCnOJIb3yiOTCfl JlJIfl CH H Te33 
T3KHX a30TC 0Jiep>K aiIIH X  C O ejIH H eH H H , K3K THpOKCHH, a jıp e H a jiH H , 
THCTaM HH, B binO JIH H IO m H X  C neH H I^H H eC K H e (J)yHKHHH. A m h h o k h c -  
j i o t h  T a K x e  c j ı y x a T  h c t o m h h k o m  Ə H ep rH H , B K JH onaflC b b  n y T b  K a - 
T a 6 o jiH 3 M a . I ly T H  H c n o jib 3 0 B a H H fl aM H H O K H cjıoT  n p e jıc T a B J ie H b i H a 
p n c .  1 0 .1 .

n e p e B a p H B a H H e  n n m e B b i x  O c j i k o b  H an H H aeT C fl b  x e j ıy j iK e  h  3 a -  

BepuıaeTCH b  t o h k o h  KHiUKe n o j ı  JiencTBneM  npoTeojiHTHHecKHx 
(J)epMeHTOB ( n e n T H j ı r H j ıp o j ıa 3 b i ,  n e n T H jıa 3 b i ,  n p o T e a 3 b i ) .  3 t h  (j)ep- 
MeHTbl COOTBeTCTBeHHO MeX3HH3My JieİICTBHH JiejlflTCfl H a JIBe r p y n -  
nbi: 3 h j i o -  h  3 K 3 o n e n T H j ı a 3 b i .

ƏHdonenmuda3bi (nencuh, mpuncun u xuMuompuncıiH) p a c m e n j ı n -  

k ) t  n e n T H j i H b i e  c b h 3 h ,  p a c n o j ı a r a ı o m H e c H  B H y T p n  n o j ı n n e n T H j i H O H  

u e n H .  Ə t h  ( J ) e p M e H T b i  c  H a H 6 o j i b i u e H  C K o p o c T b i o  r n j ı p o j i H 3 y i 0 T  

n e n r a j i H b i e  c b h 3 h ,  0 6 p a 3 0 B a H H b i e  o n p e A e j ı e H H b i M H  a M H H O K H C J i o -

rinıua _
{50-100 r) ^ P ^

rjl!0K03a

(50-100 r) A m m ho -

KMCJlOTbt
_______H

H3ÖWT0K

n ı/ aMMHO-
|  K̂ e4HMK [ kmctot m

MoneBMHa (20-35 r) 

P h c . 1 0 .1 . f l y T H  HCn0JIb30BaHMH aMHHOKHCJIOT.
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TaMH (Ta6jı. 10.1) ƏHflonenTHfla3bi cHHTe3HpyıOTCH b BHfle HeaK- 
t h b h w x  npe,muecTBeHHHK0B-np04>epMeHT0B. TaKHM c n o c o 6oM 
ceKpeTHpyıomHe kjictkh  3amnmaıOT cbo h  c o 6cTBeHHbie ö en K M  ot 
pa3pyıueHHH ə th m h  4>epMeHTaMH. llocH e ceKpeuHH npo4>epMeHTbi 
aKTHBHpyıoTca nyTeM nacTHHHoro H36npaTeHbHoro npoTeojiH3a. 
CjiH3HCTan o 6ojıoHKa jKejıy^Ka h KnmeHHHKa TaıoKe 3aıUHUieHbi ot 
fleHCTBHH npoTea3 cjıoeM CJIH3H. KpoMe Toro, noBepxHocTHbiH 
nojiHcaxapHaHbiü cjioh  njıa3MaTHHecKOH MeMÖpaHbi TaK*e npejıo- 
xpaHJieT KjıeTKy ot jıeucTBHH npoTea3.

T a 6 j i H u a  10.1. IIpoTeojiH TH qecK H e (JjepMcıiTbi ıiH iueB apH Tejibiıoro TpaKTa

Flpo(J)epM eH T
MecTO

CHHTe3a
M eCTO  clKTMBaiiHH 

H aKTMBaTOp

P a c m e n ju ıe M b ie
n en T H jiH b ie

CBH3H

I le n c H H o r e H CjIH3HCTaH
o 6ojıoH K a
xejıyjiKa

ü o j ıo c T b  x e jıy j iK a .
O T iu e n jıe H H e  N -K O H u e B o ro  n e n -  
T H jıa  ( 4 2  a M H H O K H C jıo T b i)  o t  n e n -  
C H H o reH a n o a  b j i h h h h c m  HCI h  

c a M o ro  n e n c H H a  (ayTO K aTajiH 3)

-x-Tyr
-x-Phe

T p H n c H H o re H r i o j r ) K e -
j ı y j I O H H a a

>Kejıe3a

riOJIOCTb TOHKOH KHUIKH. 
O T iu e n jıe H H e  N -K O H u e B o ro  r e K -  

c a n e n T H jıa  o t  T p u n c H H o re H a  npn  
y w a c T H H  3 H T e p o n e n T H f l a 3 b i ,  b b i -  

J ie j lf le M O M  KJleTKaMH K H L U eH H H K a, 

c  n o c jıe /ıy ıo iJ iH M  ayTOKaTajiH 30M  
n o j ı  BjiHHHHeM c a M o ro  TpnncHHa

-Arg-x-
-Lys-x-

X H M O T p n n -

C H H oreH
r i o j D K e -
j ıy f lO H H a a

>Kejıe3a

n O J IO C T b  TOHKOH K H U IK H . 
AKTHBHpyeTCH n o j l  BJIHHHHeM 
T p n n c H H a

-Tyr-x-
-Phe-x-
-Trp-x-

Ə K 3onenm uda3bt (Kap6oKC iınenmuda3bi u aMUHonenmada3bi) 
THJipOJIH3yiOT nenT H JIbl, OTIUenJIHfl aMHHOKHCJIOTbl COOTBeTCTBeH- 
h o  o t  C- h  N -K O H u a  n en T H jıa . ü ,H nenT M jıa3b i rn jı,p ojiH 3yıoT  j t n n e n -  
THJibi. K a p 6 o K C H n en T H jıa 3 a  CHHTe3HpyeTCH b n o jıx e j ıy a o H H O H  
* e j ı e 3 e  b BHj^e n p o K a p 6 o K C H n en T H jıa 3 b i h  aK T H B H pyeT ca b  K H iu en -  
HHKe n o j ı  jteücT B H eM  T p n n c H H a . A m h h o -  h  jiH n en T H jıa3b i CHHTe3H- 
pyiOTCH B CTeHKe TOHKOH KHIUKH. B c e  3K 30nenT H Jia3bI 4>yHKUHO- 
HHpyiOT B OCHOBHOM BHyTpHKJieTOHHO B KHUieHHOM ƏnHTejIHH, 
XOTH MOryT B HeÖOJIbUIOM KOJIHHeCTBe BblJieJIHTbCH B npOCBeT KH- 
UieHHHKa.

Ə h j i o -  h  3 K 3 o n e n T H j ıa 3 b i  b  c o B O K y n H o c T H  j io b o j ih t  r n j ıp o j iH 3  
ÖejIKOB J io  0 6 p a 3 0 B a H H H  aMHHOKHCJIOT (p H C . 10.2).

B T a 6 j ı . 10.2 y K a 3 a H b i n e ıa M c ı ın M b ie  aMHHOKHCjıOTbi, n p u c y T C T -  
B H e K O TO pbix b  6 e j iK a x  n n ı u H  o 6 H 3 a T e j ib H o ;  nacTH H H O  3aM eH H M bie
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Kap6oKCM-

nemnAa3u

'*v MecTO 
pacmen/ıeHnq

TpnncnH: (J)epMeHT-cy6cTpaiHbiü 
KOMn/ıeKC

©o
coou

ÄMMHOKMC/lOTa flnnenınAa3bi

AMUHonenTMfla3bi

P h c . 10.2. M e x a H H 3 M  neü c t b h h  3 K 3 0 -  h  3 H Ä o n e n T H a a 3 b i .

aMHHOKHCJIOTbl, K O TO pbie B H e 6oHbUİHX KOJlHHeCTBaX C H H Te3H pyiO T - 
CH B O p ra H H 3 M e , yCJIOBHO 3aM eH H M bie aMHHOKHCJIOTbl, ÜJlfl C H H Te33 
KOTOpblX H e o 6x oaM M b I H e3 aM eH H M b ie  aMHHOKHCJIOTbl H, H 3K O H eU , 
3aM eH H M bie aMHHOKHCJIOTbl, nO T peÖ H O C T b B KOTOpblX M O * eT  6 b IT b  
B o c n o jiH e H a  C H H Te30M  H3 a p y r n x  B e m e cT B . AM M HOKHCJioTHbiH c o -  
CT3B x a p a K T e p H 3 y e T  numeeyto nenHOcmb öejııca. H eM  B b irn e  c o a e p jK a -  
H H e H e33M eH H M bIX  3MHHOKHCJIOT, TeM  6oJIbU Je n H U ieB afl UeHHOCTb 
6ejiKO B. HopMa SejiKoe e numanuu cocmaennem npıiMepno 1 0 0  e e 
cymKU.

T a ö j ı n u a  10.2. H eo6xo;iHMbie aMHHOKHCJiOTbi

He3aM eHHM bie
yC.lOBHO

3aMeHMMbie
MaCTHMHO

3aMeHHMbie
3aMeHHMbie

BajiHH
M 3 0 Jie fİU H H

JleftıiHH
JİH3HH
M eTHOHHH

T p e o H H H

TpnnTO(j)aH
O e H H j ıa n a H H H

T H P 0 3 H H

İİH C T eH H

AprHHHH
fH C T H Ä H H

A rtaH H H

A cnaparH H
A cnapT ar
T jih l ih h

T/ıyTaMaT
DıyTaMHH
ITpOJIHH
CepHH
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a-KeT0KHc/i0Ta a-ÄMMHOKMCJlOTa

r̂ yıaMaT

<sT H ©
a-KeTom yTapaT

flpnMepN

rjıyTaMƏT a-KeTor/ıyrapaT  

rinpyBaT AnaHHH

P h c . 1 0 .3 .  FIpHMepbi peaKunM c yııacTneM aMHHOTpaHcc))epa3bi.

H ea o cT a x o K  b T eneH H e aJiH TejibH oro BpeMeHH n n m eB b ix  6ejiKOB, 
Öe^HblX He3aMeHHMbIMH aMHHOKMCJIOTäMH, npHBOflHT K 3 a ö o jıeB ä -  
HMHM. Mto6 h  BOCnOJIHHTb HeflOCTälOLUHe aMMHOKMCJIOTbl, TK3HM 
HaHHHaiOT THJip0JIH30BaTb CBOH COÖCTBeHHbie 6ejIKH C nOMOUIbK) 
TKäHeBbix npoTeM Ha3.

B  p e 3 y jib T a T e  H e jıo c T a T K a  H e3 aM eH H M b ix  aM H H 0K H C Ji0T  y  a e T e n  
H a p y u ıa ıo T C H  pa3BM TM e h  4>yHKHHM o p ra H H 3 M ä . B ejiK H  T K a H eü  th j i , -  
pojiH 3yK )TC H  h  b H o p M e  c  u e j i b i o  0 6 H 0 BJieHMH, h o  n p o u e c c b i  T H flpO - 
JIH 3a M C H H Te3ä 6ejIK O B  TK äH eM  B 3TOM C JiyH äe y p a B H O B e m e H b l.
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10.2. EHOCHHTE3 AMHHOKHCJIOT

PacT eH H fl h  M H o rn e  BHflbi öaK TepH H  c o a e p x a T  4>epM eHTHbie c n c T e -  
Mbl, HeoÖXOflHMbie RJlfl CHHTC33 BCeX Tpe6yeM bIX  a-KeTOKHCJIOT. 
yKHBOTHbie yTpaTHJIH CnOCOÖHOCTb CHHTe3HpOB3Tb HeKOTOpbie a -  
KeTOKHCJIOTbl. Ə tH  KCTOKHCJIOTbl COOTBCTCTByiOT He33MeHHMbIM 
aMHHOKHCJIOTaM. ^ p y T H e  a-KeTOKHCJIOTbl (C00TBeTCTByK)mHe 3aM e- 
HHMblM aMHHOKHCJIOTaM) MOTyT 06pa30BbIBaTbC5I B pe3y jIbT aT e M e- 
Ta60JIH 3M a HHblX Bem eCTB, B OCHOBHOM H3 rJH0K03bI.

r io c jıe f lH e H  p eaK U H en  b cH H Te3e aMHHOKHCJioT H3 a-K eT0K H CJi0T 
JIBJHieTCfl peaKUHH TpaHCaMHHHpOBaHHH, B XOfle KOTOpOH aMHHO- 
r p y n n a  nepeHOCHTCfl o t  a o H o p c K o n  aMHHOKHCJioTbi k  a K u e n T o p -  
h o h  a-K eT 0K H C Ji0T e. B pe3 y jib T aT e  nojıyH aeTC H  a-K eT 0K H C Ji0T a H3 
JIOHOpCKOH 3MHHOKHCJIOTbI H HOB35I aMHHOKHCJIOTa. PeaKHHIO K a- 
TajiH 3H pyıoT  4>epM eHTbi aM H H O TpaH c4>epa3bi (T paH caM H H a3bi) c  
ynacT H eM  KO(|)epM eHTa nH pH fl,oK cajib ( |)oc4)aT a (n p o H 3 B o ;iH o e  BHTa- 
MHHa B6). Ə Ta peaK HH H  jıe rK o o ö p aT H M a. J l ıo ö b ie  aMHHOKHCJioTbi, 
KOTOpblX B n i i iu e  HeflOCTaTOHHO, M05KH0 CHHTe3HpOBaTb 3a  CHeT 
HMeiOmHXCH B H36bITKe n p H  H3JIHHHH COOTBeTCTByiOUIHX KeTOKHC-
jio t  (pnc. 10.3; 10.4).

T p a H c a M H H H p o B a H H e  n p o H c x o j iH T  n p a K T H n ec K H  b o  B c ex  o p r a -  
H ax . B o jib iıiH H C T B o  n p 0 M e * y T 0 H H b ix  npojıyKTOB Ba>KHbix M e T a6 o J iH - 
n ecK H X  n y T e f t  H B JiaıoTC fl K eT O K H cjıoT aM H , K O T o p w e  M o ry T  B K jn o n a T b - 
c h  b  T p aH ca M H H H p o B a H H e . M H o r n e  aMHHOTpaHC(J)epa3bi n p e j ı n o -  
HTHTejibHO H cn o jib 3 y ıo T  a -K e T o rjıy T a p a T  KaK a K u e n T o p  aM H H o rp y n - 
n b i, n p H  3 to m  o 6 p a3 y eT ca  rjıyraM aT , a  b  o ö p a T H o n  peaK HH H  — a - K e -  
T o r jıy T a p a T . I l a p a  a -K e T o rjıy T a p a T  h  rjıy T a M aT  u i h p o k o  ynacTByıOT b 
M eT aöo jiH H ecK O M  n o T O K e  a 3 0 T a . H a n p H M e p ,  c  n o M o m b io  p eaK H H H  
T p aH caM H H H p o B aH H H  o cy m ecT B jiH eT C H  « n e p e 6 p o c K a »  a M H H H o ro  
a 3 0 T a  H3 M b i r n u  b  n e n e H b .  B p a ö o T a ıo m e H  M b i ı u u e  n p o H c x o f lH T  o 6 p a -  
30BaHH e ajıaHHHa H3 n n p o B H H o rp a jiH O H  k h c j i o t m  nyTeM  T paH caM H - 
HHpoBaHHH c  rjıyTaM aTOM . A jıaH H H  n o c T y n a e T  b K poBb h  3aTeM n o -

a-KeTom yTapa ı f/ıyraMaT

EejiKw 
m nenTMflbi

! Cneun(})MHecKMe
ĞMOCMHTeTM-

j necKne nyro

0CH0BH0M
MeTa60̂ M3M

P h c . 1 0 .4 .  T p aH caM H H H p o B aH H e.



♦M f/ll0K03a

- t

r > x .3

-tAnanm

Cvkuhhma-CoA —  a-KeTorjıyrapaT . ▼
AflaHMH

PHC. 10.5 . rjIK)K030ajiaHM H0BblH UHKJl.
OEFIKK — 4)0C(J)0eH0JinHpyBaTKap60KCHKHHa3a; FIK — nHpyBatKap6oKCHJia3a; 
A JIT  — ajıaHHHTpaHcaM HHa3a.

raomaeTCfl neneHbK). B neneHH nponcxoiiHT o6paTHaa peaKHHH, b 
p e 3 y jib T a T e  k o t o p o h  o 6 p a 3 y e T C H  n n p y B a T , p e a jiH 3 y eM b iH  b  w i o k o -  
H eoreH e3e. r j iK )K 0 3 a  M o x e T  n o c T y n a T b  b  pa6oTaıomyK) M b iu ıu y ,  npn 
3T 0M  C03flaeTC H  ZJlK)K030-CUiaHUH0eblÜ HUKJl, KOTOpblM CJiyXH T ZlJIfl 
n e p e H o c a  H3 M b irn u  b  n e n e H b  n n p y B a T a  m a 3 0 T a  ( p n c .  1 0 .5 ) .

10.3. KATABOJIH3M AMHHOKHCJIOT

K a T a6 o jiH 3 M  3 m h h o k h c j i o t  BKJHonaeT jiB a  3 T a n a :  1) ae3aM HHHpoBa- 
H H e, 3 a K J iıo H a ıo m e e c H  b o T m e n jıe H H H  a M H H o rp y n n b i  c  0 6 p a 3 0 B a H H e M  
KeTOKH CjıoTbi, h  2 )  K aT a6 o jiH 3 M  y r j ıe p o f lH o r o  C K ejıeT a, T .e . k c t o k h c -  
JIOTbl. B O p raH H 3 M e XHBOTHblX K aT a6o jIH 3M  aMHHOKHCJIOT npOH CXO- 
JIHT B flByX pa3JIHM HbIX CHTyaHHHX: 1) e  HOpMCUlbHblX yCAOOUHX, K O ra a  B 
/IHeTe npH cyrcTByeT H 36biT O H H oe K0JiH4ecTB0 6ejiKa h ,  c jıe jıo B a T e /ib -  
h o ,  n o c jıe  nepeBapHBaHHH h  BcacbiBaHHH m h o t o  aMHHOKHCjıoT jıe3- 
aMHHHpyeTCH, a  y r j ıe p o j iH b iH  cKejıeT (KeTOKHCJioTa) Mcnojib3yeTCH 
HJIH OJia KOHBepCHH B 3anaCHOH XHP, HJIH JUIH OKHCJieHHH H M 3 B Jie ie -  
h h h  ƏHeprMM; 2 )  n p u  z o j ıo d a n u u ,  K o r j ıa  pa3pymaıoTCH öejiKM  TKaHen h  
no jıyH H B U iH ecH  n o c j ı e  jıe3aMHHHpoBaHHH KeTOKHCJiOTbi M o ry T  cjıy- 
JKMTb K3K JUIH rjIK)K0He0reHe3a, TaK M JIJIH OKHCJieHHH.

JJe3aMMHHpoBanHe —  ə t o  n p eB p am eH H e 3 m h h o k h c j i o t  b c o o t -  
B eT C T B yıom H e a - K e T 0KHCji0Tbi b p e 3 y jib T a T e  o T iu e n jıe H H H  3 m h h o -
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f/ıyTaMaiflernflporeHa3a

NADH NAD+

NADH NAD+

a-KeTomyTapaT f/ıyraMaT

r/ıyTaMHHCMHTeTa3a /  r/ıyraMMHa3a

f/ıyraMaT f/ıyraMMH
P h c . 10.6. 0 6 m c h  r / ı y T a M a ı a  c  y n a c T H e M  r j ı y T a M a T f l e r H Ä p o r e H a 3 b i  (A ) h

r j ı y T a M H H C H H T e T 3 3 b i  ( r ; ı y T a M H H a 3 b i )  ( B ) .

r p y n n b i  b BHfle a M M w a K a . P e a K U H H  c o n p o B o x n a e T C H  o K H C jıe H H e M , 
noəTOM y Ha3biBaeTC« oKucjıumeAbHbiM de3aMUHupoeanueM. H a H 6 o -  
j ı e e  ih h p o k o  p a c n p o c T p a H e H H O H  p e a K U H e n  HBJiHeTCH o K H C jiH T e jib -  
H o e  f le 3 a M H H H p O B 3 H H e  r jiy T a M H H O B O H  K H C JIO Tbl, K a T a jIH 3 H p y e M O e  
NAD-3aBHCHM OH f le rH flp o re H a 3 0 H  ( p n c .  10.6, A ). ƏTa peaKUHH 06- 
p a T H M a , h o  e e  o c h o b h 3 h  p o j i b  3aKJHOHaeTc« b a e 3a M H H H p o B a H H H , 
x o t h  b H e K O T o p b ix  o p r a H a x  o H a  M o x e T  n p o T e K a T b  b c T o p o H y  c h h -  
T e 3 a  rJiyT 3M H H O B O H  K H C JIO T bl. B  X O fle f le 3 a M H H H p O B 3 H H H  T Jiy T a M aT a  
a M H H o rp y n n a  c p a 3 y  n p e B p a m a e T C H  b h o h  3 m m o h h h , n o ə T O M y  p e a K -  
U h h  Ha3biBaeTCH npRMbiM oKucjıumenbHbiM de3aMUHupoeanueM. Z lp y - 
r H e  aM H H O K H C Jio T b i f le 3 3 M H H H p y ıo T C H  HenpHMbiM nymeM, COCTOH- 
ih h m  H3 2 3TanoB: I 3Tan —  mpaHcaMiiHupoeaHue c a-Kemoejıymapa- 
moM c o6pa3oeamıeM ejıymaMama; II 3 T an  — oKUCJiumenbHoe de30MU- 
Hupoeanue zjıymaMama ( p n c .  10.7).
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P hc. 10.7 . H e n p a M o e  fle3aM H H H poB aH H e. Cyflb6a aM H H H oro a30T a h  K eTo- 
KHCJIOT.

K a T a6 o jiH 3 M  y r j ı e p o a ı i b ix  CKejıeTOB, n o jıy H e H H b ix  b p e 3 y jib T a T e  
ae3aMHHHpOBaHHH 3MHHOKHCJIOT, npHBOflHT K 06pa30B aH H I0 JIH60 
anemujı-CoA, a najıee H3 H ero  x n p o B  h jih  KeTOHOBbix Tejı (K eToreH - 
Hbie aMHHOKHcjıoTbi), h j ih  k  o6pa30BaHHK> MeTa6ojiHTOB, c n o c o 6- 
HblX BKJIIOHaTbCH B rJII0K 0H e0reH e3 (rjIHKOreHHbie aMHHOKHCJIOTbl) 
h  n o a a e p x H B a T b  ypoB eH b rjıi0K 03bi b k p o b h  n p n  rojıojıaH H H  (p n c . 
10.8).

06e3B pexH B aH H e aMMHaKa. 06pa3yıom H H C H  npH  ae3aM HH H po- 
B 3 H H H  3M H H O K H C JIO T  3 M M H 3 K  ( n p H  (})H 3H O JIO rH H eC K H X  3 H 3H eH H H X
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AcnaptaT r/WK0JlM3

OeHM/ıa/ıaHMH
TMP03MH

Tpnrrro<J)aH
Ajiəhhh
t̂ MCTeHH
CepnH
TpeoHMH
f/lMUMH

’AMMHOKMCnoTbi. H3o/ıeMunH* N w Ş f .T  f/ıyraMaT, npo/ınH
« KeToreHHbie, 
n r/iMKOreHHbie

I rMCTM/JMH, aprwHHHj 

P h c .  1 0 .8 .  K a ra 6 o /iH 3 M  y r / ı e p o a n b i x  C K e /ıe T O B  a M M H O K H c /ıo T .

pH aMMMaK HaXOflMTCH B BMfle MOHOB aMMOHMfl) TOKCMHeH M flOJI- 
>KeH ö b iT b  B b iB ea e H  M3 o p ra H M 3 M a .

M o H  aMMOHHH M O X eT  npH M O  BKJIIOHaTbCH B ÖMOJIOTMMeCKMe MO- 
jıe K y jib i HecKOJibKMMM c n o c o ö a M M :

1 ) eoccmaHoeumejibHoe aMunupoeanue a-Kemoe/ıymapama c  o ö p a s o -  
BaHMeM TJiyTaM aTa n p n  ynacTM M  rjıy T a M a T j/e rM jıp o re H a a b i (o ö p a T H a n  
peaKHMH):

a-KeTor/ıyTapaT + NH3 + NADH *----- * G lu  + NAD+.

ƏTa peaKUMH npoT eK aeT  b MajıoM o6T>eMe m He MMeeT 6 o j ib iu o r o
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3H aneH H H  fl/ifl o 6 e 3 B p e x H B a H H «  aM M HaKa, x o t h  H cn o/ib3yeT C H  fl/rn  
06pa30BaHHH r/iyT3MHHOBOH KHC/IOTbi;

2 )  o6pa3oeam ıe aMuda ejıymaMUHoeoü Kucnomu  —  enymaMUHa r ıp n  
ynacTM H r/ıyT3M HHCHHTeTa3bi:

G lu  + N H 3 + A T P  — > G ln  + A D P  + H 3 P O 4 .

3Ta peaKHHH npoTeKaeT bo MHornx TKaHax, ho Hanöo/ıee Ba*Ha 
a/Ifl HepBHOH TK3HH, OCOÖeHHO HyBCTBHTe/IbHOH K TOKCHHCCKOMy 
fleHCTBHio aMMHaKa. T/ıyTaMHH Bbino/iHfleT 4>yHKHHio TpaHcnopT- 
hoh (JtopMbi aMMHaKa. B neMeHH oh pacmen/ifleTCfl n oa  fleiıcTBHeM 
r/ıyTaMHHa3bi Ha r/ıyTaMaT h aMMnaK, a noc/ıeflHHH BK/ııoHaeTCfl b 
n p ou ecc CHHTe3a MOHeBHHbi (c m . pnc. 10.6, B):

G lu  + H 2 O  — > G lu  + N H 3 .

K p o M e  t o t o ,  r/ıy T aM H H  n p e a c T a B / if le T  c o 6 o h  p e 3 e p B  aM M H aK a, 
H e o 6xoflH M biH  b n o H K a x  a / i f l  K O M n e H c au H H  a u H f l0 3 a .  B ə t o m  c/ıy- 
n a e  aK T H B H ocT b  r /ıy T a M H H a3bi n o n e K  yB e/iH M H B aeTC fl h  h o h  ə m m o -  
HHfl BblBOflHTCfl B BHfle CO /ieH  3M M OHHH, K O M neH C H pyfl n p H  3T 0M  
H 3/IH U IH ee KO/IHHeCTBO npO TO H O B ;

3) o6pa3oeaHue Kap6aMoujırpoc(pama nyT eM  K o n /ıeH ca u H H  N H 3, 
C 0 2 h  ATP, K aT a/iH 3H p yeM oe Kap6aM 0H/ı4>0C(J)aTCHH TeTa30H  1 
(4>epM eHT a e n c T B y e T  b M H T o x o H flp n flx ). Ə T a peaK H H fl n p o u c x o f lH T  
b n e n e H H  h  AB/ifleTCfl H ana/ibH O H  CTaüHeH cH H T e3a M oneB H H bi —  
K O H eH H oro n p o ü y K T a  M eT a6o/iH 3M a a30T a:

N H 3  + C 0 2 + 2 A T P  + H 2 O  — » H 2 N — C 0 - P 0 3 H 2  + 2 A D P  + H 3 P 0 4 .

10.4. BHOCHHTE3 MOHEBHHbl (OPHHTHHOBblH HHKJI)

CHH Te3 MOHeBHHbl — HHK/IHHeCKHH npOHeCC. O h  COCTOHT H3 5 p e -  
aKUHH, K aT ajiH 3H pyeM bix n flT b io  oTfle/ibH biM H  (J)epMeHTaMH. C yM - 
M apH oe ypaB H eH H e:

C 0 2 + N H 3 + 2H 20  + AcnapTƏT 5 ı̂ epMeMTOB H2N -C O -N H 2 + O yM apat

3ATP 2ADP + AMP + P, + PP,

H 3  aHa/iH3a npouecca CHHTe3a MoneBHHbi c/ıeayeT:
1) eKJUOHemıe a3oma npoucxodum e deyx peaKHiınx. O a h h  H3 aTO - 

mob a 3 0 T a  n o c T y n a e T  b (J)opM e N H 3 b p eaK U H H  1 h  AB/ifleTCfl n p o -  
ayKTOM  ae3 aM H H H p O B aH H fl 3M HHOKHC/IOT, a  f lp y rO H  BKJIIOHaeTCfl B 
c o c T a B e  acn ap T aT a (peaKUHfl 3). Ə t o t  B T o p o n  aTOM a 3 0 T a  m o jk c t  
n o c T y n a T b  b acnapT aT  H3 /h o 6 o h  aM HH0KHC/i0Tbi nyTeM TpaHcaM H- 
H H p o B aH H fl c  o K c a /ıo a u e T a T O M  ( p n c .  10.9). C / ıe f l0B aT e /ib H 0 , aTOM bi 
a 3 0 T a  b M o n eB H H e  h m c io t  p a 3 H o e  n p o n c x o > K fle H H e ;
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r  r  /ı vraMaTflernflporeHaaa
DıyraMaT — '------a-KeTomyrapaT

C02 + NHf ' n,yTaMMH 
H20 ^

2ADP, Pj

0
II n h 2

h 2n - c - n h 2

MoneenHa
ç h 2

2ATP ®
Kap6aMomı4>occt)ar- 
cnHTeT33a 

NH2 Kap6aM0nmt)0C<t)aT

NC-NH3 (D
q q q -  OpHMTMH 

OpHMTHH TP3HC(j)epa3a

C=NH2

NH

(ÇH2)3
H C -N H 3

COO“
AprnHHH

AprMHMHOCyKUHHaT

\/ıwa3a

H
_OOCC=CCOO

H
OywapaT 

H20 ' " ' \  

cJ)yMapa3a \

AprviHMHOcyKUMHaT̂  
oiHTeTa3a

COO“
UnTpyn/ı/ınH

ATP /
NH2

, .  ------------- ®
c = n - c h c h 2c o o  h 20

NH COO-

(ÇH2)3

N C -N H 3

COO“
ApmHMHOcyKUMHaT

OOCCHCH2ÇOO'
AcnapTaT
*

AMP.PPj
Am m h o-

KMC/lOTbl

ManaTflernflporeHa3a

-k.a-KT 
JpaHc-
M̂MHa3a-,'

/  v a ' \
/  r/ıyraMaT ' KeT0.

KMC/lOTbl

ManaT

3 A T P -

NADv NADH

-  OKcanoaueTaT

- 3ADP, 3Pj

H20 02

P h C. 1 0 .9 . OpHHTHHOBblM UHK/1. UHcJ)pbI —  HOMepa p e aK U H H .

145



2) opHumıiHoebiü huka c6H3aH c numpamubiM hukjiom, TaK KaK o k -  
ca jıoaueT aT , H eo6xo;iHMbiH ä jih  TpaHcaMHHHpoBaHHH, o6 p a3 y eT ca  
H3 4>yMapaTa b peaKHHHX H H T p a T H o ro  HHKjıa;

3) npoyecc ƏHÖepzommecKuü, Tpe6yıomHH 3 MOJib A T P  rjih  c h h -  
Te3a o jih o h  MOjıeKyjibi M o n eB H H b i. 3aTpaTbi ƏHeprHH b ə to m  npo- 
uecce MoryT 6biTb KOMneHcnpoBaHbi peaKHHefi oK ncjiH TejibH oro 
j ıe 3aMHHHpoBaHHJi rayTaM aTa, npoTeK aHH e k o to p o h  conpH>KeHo c 
ÄbixaTejibHOH u e n b io  h  CHHTe30M 3 Mojib A T P .

IIpH  HeiIOCTaTOHHOH 3KTHBHOCTH (})epM eHTOB OpHHTHHOBOTO 
H H K jıa B 03H H K 3I0T  rH nepaM M O H H eM H fl — n a T O Jio rH H e cK H e  c o c to h- 
h h h  c o n p o B o a c n a ıo m H e c H  n o B b iu ıe H H e M  K O H u eH T p au H H  aM M H aK a b 
KpOBH.

10.5. ÄEKAPBOKCHJIHPOBAHHE AMHHOKHCJIOT 
H METABOJIH3M BHOrEHHblX AMHHOB

B pe3yjibTaTe oTmenjıeHHH a-K ap6oKCHjibHon rpynnbi aMHHOKHC- 
jio t o 6pa3yK>TCfl aMHHbi (pnc. 10.10, A). PeaKHHH KaTajiH3HpyeTC5i 
üeKap6oKCHJia3aMH, KO(})epMeHTOM k o to p h x  HBjmeTCfl 4>oc(JjonH- 
pnaoKcajib. FIpoflyKTbi aeKap6oKCHJiHpoBaHH5i oöjıaaaıoT bm cokoh  
ÖHOJIOrHHeCKOH aKTHBHOCTblO H C 3THM CBH33HO HX Ha3B3HHe 
«6HoreHHbie aMHHbi» (pnc. 10.10, B).

THCTaMHH o6pa3yeTca H3 rncTHflHHa b TynHbix KJieTKax. Bbiae- 
jıaeTCH b oTBeT Ha npHcyTCTBHe ajuıepreHa. KpoMe Toro, oh  hbjih- 
eTCH CHJIbHblM COCyüOpaCUIHpHIOmHM ({jaKTOpOM, B bI3bIB aeT  COKpa- 
meHHe rjıaflKOH MycKyjıaTypw, b KJieTKax cjih 3h ctoh  o 6ojiohkh x e -  
jıyflKa CTHMyjiHpyeT ceK peunıo cojihhoh KHCjıoTbi.

y-ÄMHHOMacjiHHaa KHCJiOTa (rAMK) o6pa3yeTcn H3 rjıyTaMaTa b 
TK3HH TOJIOBHOrO M03ra, B b in O JIH H e T  4>yHKHHH T0pM03H0r0 Heftpo- 
MejınaTopa.

CepoTOHHH o6pa3yeTCH H3 TpnnToı^aHa b HenpoHax rnnoTajıa- 
Myca. OyHKHHOHHpyeT KaK B03M0>KHbIH HefİpOMejIHaTOp B 036y*- 
aaıoınero xapaKTepa.

jJofjıaMHH o6pa3yeTCH H3 THpo3HHa b noHKax, H a a n o n e H H H K a x , 
cHHanTHnecKHX raHrjiHHX, HepBax. Ə to  MeanaTop HHrHÖnpyıoıuero 
THna, 4>yHKHHOHHpyeT b nepHOH cy6cTaHHHH BepxHero oT^ejıa 
CTBOJia M03ra. B apyrnx KJieTKax hbjihctch npeauıecTBeHHHKOM 
HopaapeHajiHHa h ajıpeHajiHHa.

H o p a a p e n a jiH H  o6pa3yeT C H  b pe3y jibT aT e  rnapoK C H JiH poB aH H H  
ao4)aMHHa b KJieTKax HepBHOH TK3HH, M03roB0M BeıuecTBe Haflno- 
neHHHKOB. OyHKHHOHHpyeT KaK MeanaTop b cHHanTHHecKOH nepe-  
aane HepBHbix HMnyjibcoB.

A jıpeH ajiH H  — n p o a y K T  MeTHJinpoBaHHH HopajıpeHajiHHa b KJieT- 
Kax MosroBoro BemecTBa HaanoHeHHHKOB. BbinojiHHeT 4>yHKUHH 
ropM O H a.

MHaKmueanun öuoeeHHbix aMUHoe nponcxojiHT nyTeM hx ae3aMH- 
HHpOBaHHH H OKHCJieHHH (pHC. 10.10, B). PeaKHHH KaT3JIH3HpyeT
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fleKapöOKCn/ıa3a
A I  ı / n ı  1111+ aMMH(KMC/]OT _ n r t ı  ■ & ■■ ■ _  _

A 00C- CH|R|- NH= n ^ = Ö RS HNH2 + c°2

HO

M0H0aMHH0KCMfla3a
RCH2NH2 ► RCHO -&-*■ R-COOH- -►BbiBefleHMe
Ammh 02 fad NH3 H202 AnbflerMfl q2 
B

P h c .  10.10. 0 6 p a 3 0 B a H n e  h  o 6 e 3 B p e x H B a H H e  6 H o r e H H b i x  aMHHOB. 0 6 1 3 0 -  

H eH H e b  TeKCTe.

FAD-3aBHCHMaH M0H03MHH0KCHfla3a (MAO). M0H0aMHH0KCHfla3a
M O * eT  Ö blTb TOHKOH B03fleHCTBHH HeKOTOpblX JieK apC TB eH H blX  
CpeflCTB, H H rH Ö H pyiO m H X  HJIH aK T H B H pyiO m H X  3TO T (J)epM eH T , T3K 
KaK H 3M eH eH H e K O H U eH T paU H H  Ö H O reH H blX  aMHHOB HBJIfleTCH n p H -  
h h h o h  p n f la  n a T o jıo rH H e c K H X  c o c t o h h h h .  H a n p H M e p ,  n p n  n a p K H H - 
co H H 3 M e H a6 jııo flaeT C H  y M e H b iııe H H e  K ojiH H ecT B a f lo ^ a M H H a , h  
OflHHM H3 C n 0 C0 6 0 B JieH eH H H  HBJIHeTCH C H H * eH H e  CKOpOCTH HHaK- 
THBaHHH flO (j)aM H H a n o f l  BHHHHHeM B em eC T B  — HHTHÖHTOpOB MAO.

10.6. T P A H C M E T H J I H P O B A H H E  H  M E T A B O JIH 3 M  

O Ä H O y r J I E P O a H b lX  o p a t m e h t o b

B  KJieTKax ocym ecTBjiHiOTCH n p eB p am eH H H , BKJnonaıoıHHe n e p e -  
h o c  o f lH o y rjıe p o f lH b ix  r p y n n ,  t ^ k h x ,  k 3 k  — C H 3, — C H O H ,  — C H O ,  
— C H 2 h  T.fl. PeaK U H H , b  k o t o p o h  nepeH ocH T C H  M eTHJibHan r p y n n a  
( — C H 3) ,  H a 3 b iB a e T C H  p e a K H H e n  M e T H J in p o B a H H H , o H a  n p o n c x o f l H T  
c  ynacT H eM  MeTHOHHHa.

^ O H O pO M  M eTHJIbHOH T p y n n b l  CH y*H T S -a f le H 0 3HJIMeTH0 HHH
(SAM):
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c h - n h 2

COOH

Ə t O  C O e j l M H e H H e  H B J I f l e T C H  a K T H B H O M  4 > O p M O H  M e T H O H H H a  B p e -  

aKUHflX M e T H J l H p O B a H H H .

N -MeTnn- 
Tra>'

Bmtəmhh B.;
Tro

_-Z_
r oMoqwcTe m h -

MeTMnTpaHc0epa3a

COQ-

Hs'nİ h
I

c h 2

<İh 2

rOMOMMCTeHH
♦

c h 3

MeTMOHMH 

ATP L -  H20

P, + PPi AneH03nn- , 
f  T p a H a p e p a sa

S-afleH03nnMeTM0HHH 
M em n- 

tpaHC(pepa3a

MeTnnbHbie rpynnbt 
nepeHocflTCfl Ha 

aKLienTop, H anpnM ep 
HopaApeHannH

S-afleH03iınr0M0L|MCTeMH 
H20-^

AfleH03HH>"'̂
AfleH03Mn-
r0M0L|MCTenHa3a

I---------------------------rOMOMHCTEMH
B xoae peaKUHM MeTMjiMpoBaHHH SAM npeBpamaeTca b S-aae- 

H03HJir0M0UHCTeHH (SAG). roMOHHCTeHH MoxeT BHOBb npeBpa- 
maTbCH B MeTHOHHH, HO fljlfl ƏTOTO HyXHbl flOHOpbl H nepeHOCHHKH 
oflHoynıepo.nHoro 4>parMeHTa.

Bce 4>epMeHTbi, K3TajiH3HpyıoıuHe nepeHoc oflH oyrjıepo ,H H bix  
r p y n n ,  H yxaa ıoT C H  b Koc})epM eHTe, p o jib  K O T oporo  B b in o jiH aeT  T eT - 
parw flpo fjjo jıaT  (TrO, m jih  H 4-(J)o jıaT ), o6pa3yıouxH H C H  H3 (J)o^H e- 
BOH KHCJIOTbl — BaXHOTO JIJIH HejIOBeKa BHT3MHHa (pnc. 1 0 .1 1 ) .

TeTparMnpoOojıaT cnocoöeH CBH3biBaTb oflHoyrjıepoüHbie rpyn- 
nbi c aTOMaMH a3 0 T a  b nojıoxeHHH 5 h 10 , o 6 p a 3 y a  pa3Hbie (})opMbi 
B 33BHCHMOCTH OT CTpoeHHH oflHoyrjıepoflHbix c})parMeHTOB (cm. 
pnc. 10.11).
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3aM em eHHbiü 113 1*3
mepnAHH n-aMMHo6eH3oaıa r/ıyraMaıa

0
3

HN +2H; +2H

N'7=, k X hr
h2n 2 nC 1 0

Oo/ıneBafl
KMC/lOTa

ripn rtpn 
7,8 5,6

Oo/ıaTpeflyKTa3a 
(NADFH + H+)

! l  Hn I U h24

h2n  N n ^ h

- N - O  c- n- çhch2ch2coo~1 1 
H C00

5,6,7,8-TeTparnflpo(J>o/ıneBafl Knc/ıoıa (FH4)
(aKTMBHblM KÔ pMƏHT)

ÇH3 ch2
y  \  10

/ N > c h 2- n -
3 5 10

N-MeTM/ı-FH4 N,N-MeTM/ıeH-FH4

n
/ N Y C h2- n-

H 0

v Y
/ N y c H 2-N - 

10 1
N-<j>opMM/ı-FH4

P h c . 10 .11. F Ip 0 H 3 B 0 4 H b ie  T eT pa rH ,ap04> 0 jiH eB 0H  k h c j io t m .

/lo H o p a M H  O A H o y rjıep o A H b ix  (JjpaiM enT O B M oryT  6b iT b  c c p n ı ı  h  t j i h -  
hhh. B peaKHHH npeBpauxeHHH cepHHa b itih u h h  hjih KaTa6ojiH3Ma 
r^HUHHazıo C 0 2 h H2Ö CH2-rpynna nepeHOCHTCH Ha TPJ>. İJajibHen- 
ııiHe MeTaöojiHHecKHe npeBpameHHH npeo6pa3yıoT rpynny -C H 2- b 
apyrne rpynnbi h onpeflejiHioT nyrn hx ncnojibjOBaHHH. MeTHjibHan 
rpynna Heo6xo,aHMa hjih  npeBpameHHJi roMouncTeHHa b MeTHOHHH, a 
MeTHJieHOBbie, MeTeHHJIOBbie H (J)OpMHJTbHbie ynaCTByiOT B ÖHOCHHTe- 
3e Bcex nypHHOB H OJTHOrO H3 nHpHMHJTHHOB — THMHH3.

CepMH-
+NH3 rnflpoKCMMeınn-

TpaHCcf)epa3a
HOH2C-CH -CO O - - H3N+-C H 2-COO"

CEPMH f f  r/lMMMHF<n>
L*- N5-MeTnn—FH4 ---------------- N5,N10-MeT

’2S fH4 n |
f  N5,N10-M6Ti

rOMOUMCTEMH

- N5,N10-MeTMneH-FH4-----► riMpMMMflHHbi
B 12 [  I (TMMMH)

MeTHOHHH

N5,N10-MeTeHnn-FH4 -----►  nypMHbi

1N 10- c j ) o p M m ı- F H 4 ---► flypMHbi

Y n a c T H e  Tr<t> b  C H H Te3e t h m h h 3  h  ny p H H O B  o 6 ı .a c H H e T  n p H M e -  
H eH H e cy jib 4 )aH H Jia M H flH b ix  n p e n a p a T O B  KaK 6 a K re p ııo c T a T H H e c K H x  
c p e a c T B . 3 t h  n p e n a p a T b i  noflaBJTHK)T b  K JieT K ax M H K p 0 0 p ra H H 3 M 0 B  
0 6 p a 3 0 B a H H e  (})OjiHeBOH K H C JioTbi, K O T O paa H e h b j i h c t c h  ä j i h  n p o -  
K apH O T BHT3MHHOM H M O X eT  HMH C H H Te3H pO B aTbC H . C y jIb ( j)a H H J ia -  
M Hflbi —  3 t o  c T p y K T y p H b ie  a H a j ı o r n  « -a M H H o 6 e H 3 o a T a  (K O M n o H e H - 
T a  (|)OJiHeBOH K H C jıo T b i), n o ə T O M y  f le n c T B y ıo T  KaK K O H K ypeH T H bie 
H H TH Ö H Topbi C H H T e3a (|)OJiaTa h  TeM  caMbiM n p e n « T C T B y ıo T  pO CTy 
KJieTOK M H K pO O praH H 3M O B .



10.7. METAEOJIH3M HYKJIEOTHÄOB

B ce opraHH 3M bi c n o c o 6Hbi CHHTe3HpoBaTb nypHHOBbie h  nnpH M H - 
flHHOBbie HyKJieOTHflbl H3 TaKHX npOCTblX COeflHHeHHH, K3K C 0 2, 
N H 3, a c n a p a T , t j i h u h h ,  rjıyTaM aT, p n 6o 3a. npoH cxo>ıcaeH H e aTO- 
MOB nypHHOBOrO H nHpHMHflHHOBOrO UHKJIOB nOKa3aHbI Ha p n c . 
10.12.

n y T b  C H H T e 3 a  n y p H H O B  3 a B e p m a e T C H  0 6 p a 3 0 B a H H e M  h h o 3 h h - 5 ' -  

M 0 H 0 (J)0 C(})aTa — IM P, k o t o p m h  3 a T e M  n p e B p a m a e T C H  b AMP h 
GMP. K o H e w H b iM  n p o a y K T O M  H y K j ıe 0 T H j iH 0 H n p n p o f lb i  b  n p o u e c c e  

C H H T e 3 3  n n p H M H J I H H O B  H B JIH eTC H  y p H flH H -5 '-M O H O (} )O C (} )a T  —  UM P  
( p n c .  1 0 .1 3 ) ,  k o t o p w h  T a ıo K e  c j ı y x H T  n p e a u ıe c T B e H H H K O M  z ıp y r H X  

n H p H M H f lH H O B .  B X O Jie  C H H T e 3 3  H y K J ie O T H f lO B  (})0C (})0pH 603 H bIH

c o 2, n h 3
AcnapıaT  

v PRPP .

C 02, acnapıaT, rnwmiH 
2(r/ıyraMMH), 2(0^—FH4) 

PRPP

4ADP.
4Pı

8 (fıepMeHTOB

4ATP,

4ADP/
4Pi

M3 acrıapTƏTa

M3 C 1 - F H 4

10 4>epMeHT0B

t
0  113 C 02

M3 rnnuMHa

H3

PRPP
H3 aMnflHoro 
a30Ta r/ıyraMHHa 

IMP

P h c . 10 .12. C M H T e3  n y p H H O B b lX  H nH pH M H Ä H H O B blX  H yK JieO T H aO B .



0 0

2~o3poc

H

rWIOKCaHTVIH

HO OH HO OH

ypHflMH-5'-MOHO<|>OC<t>aT

(npenıuecTBeHHHK ecex
nnpHUHAHHOBblX

HyKJieOTHflOB)

(UMP)
HH03MH-5'-M0H0<}>0C<t>aT

(IMP) 
(npe/vuecTBeHHHK bcəx 

nypnHOBbix 

HyKJieOTHMOB)

P h c . 1 0 .1 3 . C T p o e H H e  UMP h  IMP.

K O M noH eH T  B K jııoH aeTC H  b  BHfle 5 '- 4 > o c c J ) o p H 6 o 3 H jı - r - n M p o 4 ) o c ( } ) a -  
T a  (PRPP). 3 t o  c o e f lH H e H H e  n o n y H a eT C H  H 3 p H 6030- 5 ' - 4>0c 4>aTa, 
KOTOpblH B CBOK) O H ep e flb  HBJIHeTCH npO flyK TO M  n e H T 0 3 0 4 )0 c 4 > a T H 0 -  
r o  n y T H  ra K )K 0 3 b i.

J Xj w  c H H T e3 a  n y p H H O B b ix  h  n n p n M H flH H O B b ix  H y K J i e o T H f l O B  x a -  

p aK T ep H O  y n a c T H e  m em paeudpotpojıam a  KaK n ep eH O C H H K a o j iH o y r -  
j ıe p o f lH b ix  4> parM eH T O B . C ö o p K a  H3 M ejiK H x 4 )parM eH T O B  —  n e  
eflH H C T B eH H biH  n y T b  C H H T e3a H yıcneoT H flO B . ^ I p y r o H  n y T b  —  ə t o  

C H H T ea nypH H O B blX  HyKJieOTHflOB H 3  a 3 0 T H C T b I X  OCHOB3HHH n y T eM  
4 > o c4 > o p H 6 o 3 H JiH p o B aH H H . Ə t o t  n y T b  n p e flc T a B JiH e T  c o 6 o h  p e y r a -  
JIH3aHHK> CBo6oflHbIX ny p H H O B blX  OCH OBaHHH , o 6 p a3 y K )m H X C H  n p n  
KaTa6ojiH3Me HyKJieoTHflOB, HanpHMep:

^JIH nnpH M HflHH O BblX HyKJieOTHflOB XapaKTepH O  n o B T o p H o e  HC- 
nojib3QBaHHe pH60HyKjıe03Hfl0B:

10.8. CHHTE3 HyKJIEOTHÄOB

AMP C H H Te3H pyeTC H  H3 IMP n y r e M  aM H H H poB aH H H  b 6-m n o jıo > K e - 
h h h  n y p H H O B o ro  KOJTbua c  y n a c T H e M  a c n a p a rH H O B O H  k h c j i o t m  — 
flOHopa aMHHorpynnw. GM P cHHTe3HpyeTCH TaK>Ke n o c j ı e  aMHHH- 
poBaHHH IMP b 3-m nojıoxeHHH nypHHOBOTO KOJibua. /loHopoM  
aMHHorpynnbi cjıyacHT rJiyTaMHHOBaa KHCJioTa.

AAeHHH + <t>0C(})0pM603M f̂lMC})0CCt)aT — »• A M P  + PPi.

ypMflHH + ATP — *■ UTP + ADP.

1 C 1



T ! --------

C n H T e 3 H H TH flH jıoBbix H yK JieoTH jıoB n p o H c x o a H T  H3 U T P  nyTeM  
aMHHHpOB3HHH nHpHMHflHHOBOTO KOJIbUa B 4 - M  nOJIO>KeHHH. 
/J o H o p  a M H H o r p y n n b i —  rjıyTaM H H.

HyKJieOH3HJW H- H TpH(j)Oc4>aTbI OÖpa3yiOTCH H3 COOTBeTCTByiO- 
l l ih x  H yK Jie03H flM 0H 04>0c4>aT 0B  nyT eM  4>oc4>opH jiH poB aH H H  C y q a c -  
THeM cneuH 4>H H ecK H X  k h h 33 h  A T P ,  H anp H M ep :

U M P  + ATP — ► UDP + ADP;

UDP + ATP — ► UTP + ADP.

PeryjiH H H H  CHHTe3a  HyKJieoTHflOB ocym ecT B JiaeT C H  rjıaBH biM  0 6 -  
p a 3 0 M  n o  M exaH H 3M y o 6 p a T H o n  c b h 3 h . O ep M eH T b i, K 3T ajiH 3H pyıo- 
m n e  o a H y  H3 n e p B b ix  cTaflH H  cH H T e3a  I M P  h j ih  U M P ,  k o h t p o j i h -  
p y ıo T  B e cb  n p o u e c c .  n p H M e p  peryjiH H H H  cH H T e3a nypH H O B bix HyK- 
jıeoT H jıoB :

<t30C430pM603miflHC|D0CC|DaT

©  0

K p o M e  peryjiH H H H  B c e r o  n p o u e c c a  Ha I cTaziH H, B03M0>KHa p e r y -  
JIH H H H  CHHTC33 A M P  H G M P  Ha CneHH4>HHeCKHX CTaflHHX ( p a 3 -  
a e jib H a n  p e r y jıa u H H ).

CHHTe3 fle30KCHpH60HyKJie0THfl0B npOHCXOflHT H 3 pHÖOHyKJieO- 
3HüflH4>oc4>aTOB nyT eM  BoccTaH O BJieH HH  p n 6 o 3 b i  b c o c T a B e  H y K jıeo -  
THjıa b j ıe 30 KCHpH6 0 3 y . B  ə t o m  n p o u e c c e  ynacT B yıO T  T pn  6 ejiK a: 
1 ) pH Ö oH yK jıeo3H jıp eflyK T a3a  —  4>epM eHT, K aT ajiH 3H pyıom H H  b o c -  
cTaHOBJieHHe p n 6 o 3 b i  b c o c T a B e  H yıcneoT H fla; 2 )  T H opeaoK C H H  —  
f lO H O p  BOflOpOfla flJIH BOCCTaHOBJieHHH K H C JIO pO fla  p n 6 o 3 b I  B n o j ıo -
x e H H H  C 2 Jio M OJieKyjibi B o a b i; 3 )  T H opeaoK C H H peflyK T a3a — 4>ep-
M e H T , B O C C T aH aB JIH B aiO H IH H  O K H C JieH H b lH  T H O p eflO K C H H  3 a  C H eT B O -
ü o p o a a  N A D F H .

/I,e3 0 K C H H yK J ieo3 H a n H 4 > oc4 >aTbi 3a T eM  n p e B p a m a ıO T C J i b a e 3 0 K - 

C H H yK J ieo3 H jiT p H 4 > o c4 >aTbi c j ı y x a T  c y 6 cT p a T a M H  a j i h  C H H Te3 a  D N A .  
T a K  cH H T e 3 H pyıOTCH  d A T P ,  d G T P ,  d C T P .  B  p e 3y jib T a T e  M eT H J in p o - 

BaHHH d T T P  C H H T e3 H p yeT C H  H3 d U M P .  ^ o h o p o m  0 flH 0 y r j ı e p 0 jiH 0 H 

C H 3- r p y n n b i  cjıy>KH T M e T H J ie H - T r O . PeaK H H H  K 3 T a jiH 3 H pyeTC H  t h -

.jLta____  . . . , ■ ..........nrr _____



Pn6oHyK/ıeoTn,q- 
HyKneo3Mfl- peflyıaa3a fle30KCMHyıaıe03Mfl-

Anĉ ocĉ aTbi ----- An4Doc0aTbi
(NDP) (dNDP)

TMOpeflOKCMH TMOpeflOKCHH

/  \ /  \
HS SH s — s

TMOpeflOKCMH-
peflyıaa3a

m ııHMJiaTcnHTa30M. B xofle npeBpameHHH oöpa3yeTca flHrHflpoc})o- 
JiaT, KOTOpblM BOCCTaH3BJIHBaeTCH CHOB3 flo TeTparHiipo(})ojıaTa nofl 
aeficTBHeM 4)OJiaTpenyKTa3bi h  B o jıopo jıa  NADFH. Ha h h th ö h p o -  
BaHHH THMHJIHJiaTCHHTeTa3bI H (})OJiaTpejiyKTa3bI OCHOBaHO JieHCT- 
BHe npoT H B oonyxojıeB bix  npenapaT O B . Ə th  n p e n a p a T b i to p m o 3 h t  
06p a 30BaHHe THMHjiHHa H3 dTTP, H eo6xojiH M oro jijih  cHHTe3a 
DNA, a cjıejıoBaTejibHQ, pen jiH K auH io  h  jjejıeH H e KJieTOK.

duMp T , M . _ ,Hxa3a ^ dTMp

10.9. KATABOJIH3M HYKJIEOTHJIOB

KaTa6ojIH3M nypHHOBblX HyKJieOTHJIOB npHBOJIHT K 06pa30BaHHI0 
K caH T H H a, KOTOpbiH b  opraHH3Me nejıoBeKa npeBpamaeTCH b  M one- 
eyro Kucnomy (pnc. 10.14). HacTb CBo6ojiHbix nypHHOBbix ocHOBa- 
HHH HCno;ib3yeTCH nOBTOpHOH (peyTHJIH3aHHH) nojl JieHCTBHeM 
(}>epMeHTOB rHnoKcaHTHH-ryaHHH-<})occ})opM6o3HJiTpaHC(l)epa3bi h 
ajıeH0HH<})0C(})0pH603HJiTpaHC(})epa3bi, KOTOpbie npeBpamaıoT ny- 
pHHOBbie OCHOB3HHH B  HyKJieOTHJIbl. ^OHOpOM (})0C(})0pH603HAb- 
hoh rpynnbi cJiy>KHT 5'-(})oc(})opM6o3H^-l'-nHpo(l)oc(})aT (PRPP).

rnnepypH K eM H H  —  cocT O H H H e, n p oH B JiH iom eecH  n oB b im eH H b iM  
c o j ıe p x a H H e M  MOHeBOH khcjiotw b kpobh. n  p h h  h h h  r n n e p -  
y p H K e M H H: a) H36bITOHHbIH CHHTC3 MOHeBOH KHCJIOTbl BCJiejl- 
CTBHe H apyıneH H H  peryjiH U H H ; 6 )  c H H x e H H e  b n n a 3 M e K o n u e H T p a -  
umh yp a T C B H 3 b iB a ıo m ero  6 e j iK a  — T p a H c n o p T H o r o  6 e ;iK a  ajih M o^ıe- 
BOH KHCJIOTbi; b ) 3aM ejU teH H e BblBejieHHH MOMeBOH KHCJIOTbl c  
mohoh; r) C H H xeH H e ckopocth  peyTH JiH 3auM H  nypM H O Bbix o cH O B a -



0

0

PRPP + r/ıyraMMH

0

GMP

5-<t>OCCt)OpM603M/l-1 -aMMH

I
\  *

\  1
---------  IMP --------------

\
fyaH03HH

Peyrn/iM3aunfl
nypnHOB

PRPP
TyaHMH f nnoKcaHTMH

^^KcaHTMH

MoHeBajı KncnoTa
P hc . 1 0 .1 4 . 06M eH  nypM HOBbix H yxjıeoT H aoB .

tİHrnönpoBaHne 
no m ny 

OÖpaTHOÜ CBH3H

MH03HH

AMP PRPP

'  AAeHMH

AfleH03MH

H H H . r H n e p y p H K e M H H  HBJIJieTCfl npH H H H O H  pHfla 3 a 6 o j ie B a H H H , H a -  
n p H M e p  noflarpw h  C H H flp o M a  Jleıııa—H n x a H a .

KaTaÖOJIH3M  llH |)H M H '|m iO B b I\ HyKJieOTHflOB n p H B O flH T  K 0 Ö p a 3 0 -  
B3HHIO n n p H M H flH H O B b lX  O C H O BaH H H , a  3aT eM  n p O T e K a e T  pa3H bIM H  
nyTH M H  B 33BHCHMOCTH OT B H fla  O p ra H H 3 M a . Y  H ejIO B eK a K O H eH H bl- 
m h  n p o fly K T a M H  pacnafla h b j ih io t c h  C0 2, N H 3, p -a j ıa H H H  ( h 3 y p a -  
HHJia) H y-HMHHOMaCJIHHaH KHCJIOTa H3 T H M H H 3. O e p M e H T b l p e y T H -  
jiH 3 a u H H  c B o ö o f lH b ix  n n p H M H flH H O B b ix  ocH O B aH H H  H e  o Ö H a p y x e -  
H b l, HO KJieTKH M JieK O nH TaiO lH H X  O Ö JiaflaiO T CnOCOÖHOCTbK) p e y T H -  
JIH 3H pO B3Tb n H p H M H flH H O B b ie  p H 6 0 H y K J ie 0 3 H flb I  yp H flH H  H UHTH- 
f lH H , n p e B p a m a a  h x  b  c o o T B e T C T B y ıo ın H e  H yK JieoT H flb i.



fjıaBa 11 HHTErPAIJHfl METABOJIH3MA

H a  p n c .  1 1 .1  n p e a c T a B J ie H a  o ö m a a  c x e M a  o c h o b h m x  M e T aö o jiH M e c- 
k h x  n y T e n  y r j ıe B o a o B  6e;iK O B h  x h p o b ,  o n n c a H H b ix  b  n p e a b i a y m H x  
MaBax.

HHTerpauHH MeTa6ojiH3Ma onpeflejıaeTCH cjıeayıomHM:
♦  H ajiH H H eM  o 6ih m x  n p o M e x y T O M H b ix  n p o ay K T O B  b 6o jib u ıe H  

HacTH MeTa6ojiHHecKHX nyreH;
♦  B 03M 0*H 0C TbK ) B 3 aH M o n p eB p am eH H H  n e p e 3  o 6m n e  M eTa6ojiH Tbi;
♦  H C n0JIb30B 3H H eM  OÖIUHX KOtJjepM eHTOB H HeOÖXOflHMOCTbK) MX 

nOCTOHHHOH HH pK yjIH H H H ;
♦  H ajiH H H eM  o 6m e r o  n y T H  K aT a6 o jiH 3 M a h  eflH HOH cH C TeM bi o c b o -  

6o x /ıe H H H  h  H cn 0 Jib 3 0 B aH H H  3 H e p rH H  (A b ix aT e jib H aH  u e n b ) ;
♦  H ajIH H H eM  CXOflHblX MeX3HH3MOB pery jiH H H H .

11.1. KOMnAPTMEHTAJIH3AUH« METABOJIHMECKHX nVTEH

B KJieTKax KOHTpojib 3a ƏTanaMH MeTa6ojiH3Ma ocymecTBJiHeTCH 
nyTeM pa3flejıeHMH MeTa6ojiHHecKHX npoueccoB no oTaejibHbiM o t -  
ceKaM (KOMnapTMeHTaM).

K oM napTM eH TajiH 3auH H  H eK O T opux  o c h o b h m x  
M e T a S o j iH ie c K H X  n y T C H

KoMnapmMenm MemaöonmecKuü nponecc

U H T 0 3 0 J l b

M h t o x o h ü p h h

T JIH K O JIH 3

r ^ K ) K O H e o r e H e 3  
r ie H T O 3 O (j)0 C (} )a T H b iH  n y T b  

B H 0 C H H T e 3  JIH n H JIO B  

B H 0 C H H T e 3  n y p H H O B  H n H p H M H Ü H H O B  

U H T p a T H b lH  U H K Jl 

P-OKHCJieHHe >K H pH bIX  K H CJIO T 

CHHTe3 K eT O H O B b lX  TeJI 
/ I b ix a T e jib H a a  u e n b

H3jıoxeHHbie (J)aKTbi no3BojıaıoT cjtejıaTb HeKOTopbie o 6 o 6 m e H H a :

♦ MeTa6ojiHnecKHe B3aHMonpeBpameHHa h 6h och h tc3  b ochob- 
hom cBH3aHbi c HHT030JieM. N A D FH , HeoöxoflMMbiM fljiH peaK- 
Uhh BoccTaHOBJieHHH, o6pa3yeTCH TaKxce b hhto3ojic b pe3yjib- 
TaTe oKHCjiHTejibHoro neHT03o4)occ})aTHoro nyTH n p e B p a m e H H H  
rjıi0K03bi; —_



LS\
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-O B J '8 0 d 0 1 >IE(j)0 >I ƏXOİBI B ‘B0 I>IÄlr0 dU  ‘aO IB dlO gÄ O  HHUBdlHƏUHOM 
ƏHHƏHƏWEH !9 0 IHƏWdƏ(j) H!OOH9 H I^ B  ƏHHƏHƏWEH ;9 0 IHƏWdƏ(j) HHU 
-BdlHƏUHOM ƏHHƏHƏWEH :i9 IHƏWOW ƏHUigO IƏBhOUrM9  KHUKITÄJƏd ‘WOE 
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Ä E o> ıo ıırj a  i o i t o h ^  XNHdH>K 
KHHƏUlBd9ƏdU HlOOHXOW EOgƏH ‘OHqirƏIBgOtTƏITO ‘H IB 9Ä dH U  9  V ° 3  
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-dH>K BWEHlTOgBlƏW qiO O H H Ə gO O Q  lOirOHM XI4HdH>K BEƏIHHO Kirtr KO 
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g o d u x  h go^ırəg ‘a o ir o a ə ı r J Ä  Kirlr HHUigo lƏBHHhEH luoətidnjj 

ıqEo>ıoıırj tTBUOBd HiqHgodeB — uujdəH e oaıoirogEHodu ‘qıÄu h n h  
-IB(j)0O(})OEOIHƏU — H d Q V N  EƏIHHO ‘BHƏJOMHITJ tTBUOBd — BITBHd 
-ƏIBW OJOXOƏhHIƏjdƏHe OJOHHƏOBUBE ƏHHB80EqiTOUOH ‘BHƏJOXHITJ 
EƏIHHO — iqEOMOHTJ ƏHHBaodHHOUƏtr XBX ‘aoooəu od u  XH^BI KHHƏira 
-lƏaEBd H KHHƏHHtTƏOO Ə^hOI 8 KOIƏÄEBdgO WVCpOOCp-Ç-OEOXOtVJ

ı q d ə w u d u  ə ı q d o ı o ^ ə H  q ı u u ı r  w ə t r ə a u d u  Äw 
- o i e o u  ‘ƏƏHBd q0H IT B 8H dlB W 00B d O H hH IO B h ı q o o d u o a  H l £  BWEHHBJ 
- d o  H Ə lO O H g əd lO U  IO  HlOOWHOHaBE g H O JÄ d ü  BH HIÄU OJOHÜO 0 BW 
-E H iro g B iə w  ə H H Ə h o u r x ə d ə u  ı c H B g u h ə u o ə g o  ‘h ə i ä u  x u x o ə h H i r o g B iə w  
K H H ə ırg ıəg E B d  x b m h o i  g K o əH tn K iro x B H  ‘w iH i r o g B iə w  ə n a ə h o n r ^

•H H U B djƏ lH H
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-E B d K irc  B iro d o iro g  w o d o H o tr  w raH H irə  gəB h Ä ıro  ə g ıo H H iu q ı r o g  g

'HƏIÄU XHM
-OƏhHITOgBlƏW HƏHUBdJƏlHU BOIƏB8HhƏUOƏgO ‘BEƏlHHOOHg KITtT 
x ıq w u lro x g o ə H  ‘g o iH ə w d ə ( j ) o x  x ıq H H ə ırə o H B io o o g  u  a o ı u ı r o g B i  
-əw x ı q a ə h o u o ı  o a ı o i r o a e H o d u  d A ıu x A d u to  n  ə w o ə ) n ə ə  E a w m o o n g  ♦

;(ƏƏHBd NHBOHUO H H jd Ə H e KHHB8 
-o E q ıro u o H  h  K H H Ə tm o g o a o ıq a  n w e h h b x ə w )  a ı o ə t n ə a  x ı q a ə t n u u  
BlTBUOBd ojoHqırəiHiTOHMO əooəUodu a  n m d ə u e  o ə w ə g o s E t to d u  ♦

:BWEHHBJdO qiOOHqirƏIKƏİTƏHEHXC WHUlCHBaHhƏUOƏgO 
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EWEHirogBXƏW KHUBdjƏXHJ4 ‘X'Xl ’Ə H J
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Mcn0^b30BaHne 
r/l(0K03bl B Mbliuuax 

M XMpOBOM TK3HH

f/1HK0/1M3

CMHTe3
r/ınKoreHa

CnHTe3
6e/lKOB

flpOTeO/lM3 |  nor/ıoaıeHne mohob 
(0C06eHH0 K+m PO?~)

PhC. 1 1 .2 . üefİC TB H e HHCyj/HHa. 3e.ieHfaIH HBCT —  CTHM y.THHM H, KpaCHblH 
yrHeTeHHe.

Yr/ıeBOflbi

CncTeMHaa
UMPKy/lflUMSl

fleseHb

r/ıi0K03a
<J)pyKT03a
fa/ıaıcT03a

XKT

C02 H20

P h c .  1 1 .3 .  roM eocT a3 raK)K03bi.

JlaKTƏT 

ÄMMHOKMC/lOTbl 

f/ınuepnH

r j

i K/ieTKM 0

nepM(j)epHHecKMe
TK3HM

p aU H H  B KpOBH yB eJIH H H B aeTC H , H 3 T 0  HBJIHeTCH CTHMyjIOM flJlH C eK - 
p eu ;H H  H H c y j i H H a .  n o c j ı e ^ H H H  c T H M y jın p y e T  n p o u e c c b i  a e n o -  
H H poB aH H H  B c e x  M 0 H 0 M e p 0 B , 06p a3 0 B aB iH H X C H  b  p e 3 y jib T a T e  n e p e -
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BapMBaHHH. TaK, HHcyjiHH ycKopaeT CHHTe3 r/iHKoreHa b  neqeHH m 
M b iıu ı ıa x ,  C H H T e3 jiHnnaoB h 6ejiKOB. HHcyjiHH yBejiHHHBaeT no-  
TJIOmeHHe r a i0 K 0 3 b I  H eK O TO pblM H  KJieTKaM H H TaKMM 0 6 p a 3 0 M  yc- 
KopjıeT nyTH ee Hcn0jib30BaHH5i (pnc. 11.2).

B  n o c T a 6c o p 6THBHbiH n epw oa  K O H u eH T p au H H  r j ı i0 K 0 3 b i C H H ^ a e T -  
ca. B  pe3yjibTaTe ə to to  cHHxaeTca ceKpeıiHH HHcyjiHHa h yMeHb- 
maeTCfl norjıomeHue rjıi0K03bi BceMH TKaHHMH, KpoMe HepBHou. 
H u3KaH KOHUeHTpaUHH rjII0 K03bI B KpOBH HBJIHCTCH CHTHajIOM ÜJIH 
c e K p e u H H  r j ı ı o K a r o H a  h k o p t  h 3 o ji a.

fjnoKaroH ycKopneT pacna/ı rjiHKoreHa h ycujiHBaeT Mo6ujiH3a- 
UHK) TpuauHJirjiHuepuHOB, nepeKjHOHan oKHCJieHHe tk3hhmh npe- 
HMymeCTBeHHO rjH0 K0 3 bI Ha OKHCJieHHe X H pH blX  KHCJIOT H KeTOHO- 
B b ix  Tejı. 0 6 a  rjuoKaroH h koptm3oji — ycKopnıoT rjıi0K0He0reHe3 
M3 aMHHOKHCJIOT H TJIHUepHHa flJIH nOJWep>KaHHH K O H U eH T paU H H  
rjH 0 K 0 3 b I B KpOBH Ha nOCTOHHHOM ypOBHe, H eo6xO flH M O M  flJIH
CHaöxeHHH M03ra (puc. 11.3).

CmpoeHiıe, Mexami3M deücmeua u ocHoaıtbte 3<p<peK.mu zopMonoe, 
pezyAupytoufux Mema6oAU3M ye/ıeeodoe, öenKoe u jKupoe
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O poeH ne
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3. TopM O>KeHne rn ıO KO H eoreH e3a

1 . y c K o p e H n e  cn H T e 3a  rn n K o reH a
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M e p e 3
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H
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H
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y cK O p Ə H ne  p a c n a f la  rnnKoreHa 

y c K o p e H n e  n n n o n n 3a

KopTnson
KneTKn

KOpKOBOrO
c n o n

H a flnO H Ə M H H KO B

HO (

J X
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B  npM B eaeH H O M  T aö J iM u e  o n M c a H O  B j w n m ı e  o c h o b h h x  ro p M O - 
h o b  H a o 6m c h  B e m e cT B . / J a J i e e  n p e a c T a B jıe H O  K p aT K o e  o n M caH M e 
H eK O T o p b ix  ^ p y r M x  rop M O H O B , y n a c T B y ıo ıu H X  b o Ö M eH e y r j ıe B o a o B ,  
JIMnMflOB M aMMHOKMCJIOT.

OÖ M eH y r j ıe B o a o B . H H cy /ıu H  yBejiM H M BaeT a o j ı ı o  y n acT H H  t j h o k o -  
3bi b  n p o u e c c a x  0 Ö p a 3 0 B a H H H  ƏHeprM M  npM  HeM3MeHHOM o 6m eM  
y p o B H e  Ə H e p ro n p o a y K H M M . Ä K TH B auM H  HH cyjiM HO M  r jiM K o re H -  
cH H T eT a3 b i h  r j iH K o re H B e T B H m e ro  (Jjep M eH T a c n o c o 6cT B yeT  y B e j ın -  
MeHMio CM HTe3a r j iH K o r e H a .  H a p a a y  c  ə tm m  h h c y j im h  0 K a 3 b iB ae T  
M H rM Ö M pyıom ee b jim h h m c  H a  r jn 0 K 0 3 0 -6 -(J )0 C (J )a T a 3 y  n e q e H H  m T o p -  
M03MT T3KMM 0 6 p a 3 0 M  BblXOZl CB060,HH0M rJII0 K 0 3 b I B K pO Bb. Ko- 
H eH H biM  p e3 y jib T aT O M  ^ e m c tb m h  M H cyjiM H a ( n p n  e r o  H 3Ö biTK e) 
HBJHieTCH rn n o r jiH K e M M H , c T H M y jiM p y ıo m aH  c e K p e u M io  ro p M O H O B —  

aH T aroH H C T O B  M H cy jiH H a, k  K O TopbiM  o t h o c h t c h  a jıp e H a jiH H , 
H o p a a p e H a j iH H , r j n o K a r o H ,  c o M a T O T p o n H H , rjno K O K o p T H K O H flH b ie  m 
T H pO H flH bie  TOpMOHbl. ripH OTHOCHTejIbHOH HJIH aÖCOJHOTHOH H H - 
cyjiHHOBOM  H eflo cT aT O H H o cT H  H ap y u ıa ıO T C H  n p o u e c c w  n o c T y n -  
JieHMH rjH 0 K 0 3 b I B H H C yjIH H 3aB H C H M bie T K 3H H , CHH>KaeTCH OKHC- 
jiH T e jib H o e  (J)oc (J)o p H JiH p o B aH M e h  06p a 30B aH H e r j ı i0 K 0 3 0 - 6 - ( J ) 0 c -  
(J>aTa; b  n o c j ıe Ä y ıo m e M  H a p y m a ıo T C H  rjiH K O jiH T H H ecK oe oK H C Jie- 
H H e  r j ı i0 K 0 3 b i ,  h h k j i  K p e 6c a  h  reK C 030M 0H 0(J)0C (J)aT H biH  ( n e H T 0 3 -  
H b rä )  h h k j i ,  y ra e T a e T C H  c h h t c 3  rjiHKoreHa h  y c H jiH B a e T c n  r j iH K o r e -  
HOJIH3.

KamexojıaMUHbi cT H M y jın p y ıO T  r j iH K 0 re H 0 J iH 3  b  neneHM m M b iu ı-  
u a x .  Y B ejiH H eH H e cH H T e3a  cAM P n o a  BJiHHHHeM K aT exojıaM H H O B  u  
b  6o j i b i u e u  c T e n e H H  a a p e H a j iH H a  aK T H B H pyeT  (J )o c (J )o p u jıa 3y  n e n e -  
h m , p a c n a a  r j iH K o r e H a  h  0 6 p a 3 0 B a H H e  6o j i b i u o r o  K O JiHHecTBa c b o -  
ö o f lH o ü  r j ı i0 K 0 3 b i .  T lp H  3 t o m  yB ejiH H H B aıoT C H  n o r j ıo ıu e H H e  KHCJIO- 
p o a a ,  3 a T p a T b i ə H e p r u H  b  c b h 3 h  c  y c u j ıe H u e M  c e p a e H H o ü  f le H T e jib -  
h o c t h ,  n o B b i ıu e H u e M  M b iıu e H H o ro  T O H y ca  h  OKHCJieHHeM  m o j io h -  
h o h  k h c j i o t w  b  neneH H . T jı ıo K a ro H  n o a o Ö H O  a a p e H a jiH H y  aK TH BH - 
p y e T  a iieH H JiaT U H K Jia3y ,  06p a 30B aH H e cAM P, (J)o c (J)o p H jıa3y ,  t j i h -  
K 0 re H 0 jiH 3  h  B b ix o fl r j ı i0 K 0 3 b i  H3 n e H e H H  B KpOBHHOe p y c j ıo .  Ə t o  
BJiMHHHe H a M H o ro  c H j ib H e e ,  n e M  y  a a p e H a j iH H a ,  o jiH aK O  r ju o K a ro H  
n e  f le iıc T B y e T  H a  M b iıu e H H y ıo  (J )o c ıJ )o p H jıa3y ,  c jıe flO B aT ejib H O , H e 
M o 6 u jiH 3 y e T  r j iH K o re H  M b iıu u . T u n e p rjiH K e M H H e c K H H  ə<J)(J)eKT t j i i o -  
K aroH a h b j i h c t c h  p e 3 y jib T a T 0 M  C T H M y jiH u u u  neneHOHHoro r j iH K o r e -  
H O JiH3a h  r j iK )K O H e o re H e 3 a , H H jıyK U H H  c e K p e u u u  a ^ p e H a j iH H a ,  T o p -  
M OXeHHH npO H H K H O B eH H H  r a i0 K 0 3 b I  B M bllU U bl.

FopMon pocma  y B ejiH H H B aeT  B b ix o a  r j ı i0 K 0 3 b i b  n e n e H O H H b ie  
B eH b i, y c H jiH B ae T  r jiK )K O H e o re H e 3 , y M e H b iu a e T  n o r j ı o m e H u e  r j ı ıo K o -  
3b i H a  n e p u (J )e p H H  u  y c u jiM B a e T  j ıu n o j iH 3 ,  b  p e 3 y jib T a T e  n e r o  b 
KpOBH nO B blU iaeT C H  K O H U eH T paU H H  CBOÖOaHblX X H p H b lX  KHCJIOT, 
KO TO pbie n o a a B J iH io T  a e ü c T B H e  H H cy jiH H a  H a  M eM 6p a H H b iu  T p aH C - 
n o p T  rjiK )K 0 3 b i.

rjlfO KO KO pm U KO lldbl C TH M yjIH pyiO T K aT a6 o jIH 3 M  6ejIKOB H rjlIO K O - 
H e o r e H e 3 ,  n o B b iu ıa ıo T  c o a e p x a H H e  r j iH K o r e H a  b  n e n e H H  h  b  M eH b - 
u ı e ü  c T e n e H H  b M b i ıu u a x ,  y M e H b iu a ıo T  M eM 6p a H H b iu  T p a H c n o p T
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rjıi0K03bi h ee yTMjıH3auHK) Ha nepuc})epHH. rHneprjiHKeMHnecKoe 
aencTBHe AKTr onocpeflyeTca b ochobhom  nepe3 tjiiok ok op th -  
KOHÜbl.

Oömch JinnHAOB. MeM6paHa aflHnouHTOB coaepxH T peuenTopbi, 
B3aHMoaeHCTByıomHe c ropMOHaMH, oöjıaaaıoınHMH jınnojiHTHHec- 
khmh cBOHCTBaMH (KaTexojıaMHHbi, AKTr, CTr), h peuenTopbi K 
HHcyjiHHy. B pe3yjibTaTe aeHCTBHH JinnojiHTHHecKHX ropMOHOB no-  
BblUiaeTCH aKTHBHOCTb afleHHJiaTU,HKJia3bI, yBejIHHHBaeTCH 0Öpa30- 
BaHHe cAM P, aKTHBH3HpyıoTCH jiHnonpoTeHHJiHna3a h jınnojiH3 
x n p a .  B3aHMoaeHCTBHe HHcyjiHHa c cooTBeTCTByıoıuHMH peuenTo- 
paMH, Hao6opoT, npHBOflHT k yrHeTeHHio a;ıeHHjıaTHHKjıa3bi, ch h -  
XeHHK) KOHUeHTpaUHH cAM P H TOpMOXeHHK) JIHnOJIH3a. JlHnOJlH3 
yBejiHHHBaeTCH bo BpeMH rojıoaaHHH, npu npoflOJixuTejibHOH pa6o- 
Te, oxjıa»yıeHHH, cTpecce. JlunojiHTHHecKoe aeucTBHe KaTexojıaMH- 
hob (aflpeHajiHH, HopaapeHajiHH) h rjııoKaroHa ocymecTBjıneTCH 
nyTeM aKTHBauuu aaeHHJiaTUHKjıa3bi. C (J)H3H0ji0rHHecK0H toh k h  
3peHHH, pojib HopaapeHajıuHa b n p o u ecce  jıunojiH3a npeacTaBJiHeT- 
ch 6ojıee BaacHou, neM a^peHajiHHa. Oh o 6pa3yeTca b HepBHbix ajı- 
peHeprunecKHX 0K0HHaHHflx b jkhpoboh tk 3 h h  h o 6ecneHHBaeT 
Mo6ujlH3aUHK) )KHpHbIX KHCJIOT.

FopMOH pocma  0Ka3biBaeT M ouiH oe jıunojiH T H H ecK oe jıeu cT B u e, 
KOTOpoe OTJIHHaeTCH OT fleÜCTBHJI KaTeXOJiaMHHOB. O h  BbI3bIBaeT 
yBeJIHHeHHe KOHUeHTpaUHH CBo6oflHbIX JKHpHblX KHCJIOT B njia3M e 
n ep e3  2 — 3 h. Ə to  a e u c T B u e , O TM enaıom eecH  n p u  BBejıeHHH J ia x e  
HeÖOJIbUIHX fl0 3  COMaTOTpOnHHa, nO-BHflHMOMy, CBH3aHO c  TOpMO- 
JKeHHeM n p o u e c c a  pe3Tepu(})HKauHH CBo6ojiH bix x u p H b ix  k h c j io t .  
TeM He MeHee coMaTOTponHH OKa3biBaeT onpejıejıeHHoe Moayjıu- 
p y ıo ıu e e  b jih h h h c  u  Ha aKTHBHOCTb ajı,eHHjıaTUHKJia3bi. /J p y r u e  r u -  
noc{)H3apHbie ropMOHbi ( A K T r , TTT, M ejıaHouuTOCTHM yjıupyıomHH  
ropMOH) TaKJKe 0Ka3biBai0T jıunojiH T H H ecK oe fleü cT B u e , x o th  h 
MeHee Bbipa>KeHHoe, neM coM aTOTponHH. H m c io tc h  flaHHbie o  to m ,  
h t o  T T r ,  A K T r ,  ropMOHbi iu h t o b h j ih o h  * e j ıe 3 b i h Kopbi H a a n o -  
HeHHHKOB HHflyUHpyiOT CHHTe3 afleHHJiaTUHKJia3bI H, CJieHOBaTejIb- 
h o , npuHH M aıoT H en ocp ejıcT B eH H oe y n a cT u e  b cTHMyjiHUHH j ıu n o -  
JIH3a.

M H cyn u H  o 6jıanaeT xapaKTepHbiM aHTHJiHnojiHTHHecKHM c b o h ct-  
bom, h npu caxapHOM jiHaöeTe BcjıeacTBue yBejiHHeHHH jıunojiH3a 
nOBbimaeTCH KOHUeHTpaUHH CBOÖOZlHblX )KHpHbIX KHCJIOT B njia3Me, 
CHH*eHHK) KOTOpOH cnocoöcTByeT HHCyjIHHOTepanHH.

OÖMeH aMHHOKHCJiOT. A H a6ojıuH ecK oe aeftcTB H e HHcyjiHHa 3a-  
KJIIOHaeTCH B yCKOpeHHH npOHHKHOBeHHH aMHHOKHCJIOT H epe3  
M eM 6paHy kjictkh  h  bk juo h ch h h  hx b 6ejiKH , hto Bbi3biBaeT C H H xe- 
HHe ypOBHH aMHHOKHCJIOT B KpOBH. HHCyjIHH CHHİKaeT 3KTHBHOCTb 
aMHHOTpaHcc})epa3 h 4)epMeHTOB u u ıo ıa  MoneBHHbi.
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C T y ^ e H T O B  h  B p a M e f i !

B  M 3 A a T e /ib C T B e  « M e A H U H H a »  B b ix o f lf lT  b c b ə t  
c / ıe f ly K D L u n e  M 3 A aH H fl

BHoxHMHMecKHe ochobm naTOJiorHMecKHx npoueccoB:

Y q e Ö H o e  n o c o 6 n e .  —  ü o a  p e n . E . C . C E B E P H H A

B n o c o Ö H H  H 3 j ıo x e H b i  c o B p e M e H H b ie  n p e ^ c T a B jıe H H H  o  
ÖHOXHMHHeCKHX H a p y ilieH H H X  n p H  pa3JIH H H bIX  naTO JIO TH - 
HeCKHX COCTOHHHHX H ÖOJie3HHX. PaC C M O T peH bl ÖHOXHMH- 
n e c K H e  M exaH H 3M bi n a T O Jio rH H  o 6M eH a y r j ıe B o a o B ,  J i n n n -  
ji;o b , a 3 0 T H C T o ro  o 6 M e H a , M o jıe K y jın p H b ie  o c h o b h  o H K o r e -  
H e 3a  h  ^eH CTBH H  oK C H fla  a 3 0 T a . F Ip H B e a e H b i cB ejıeH H H  0 6  

H H cyjiH H 3aB H C H M O M  c a x a p H O M  j jn a 6 e T e  h  a jiK o ro jiH 3 M e .
C oaepjK aniH ecH  b KHHre cBejıeHHH MoryT 3aH H Tepeco- 

BaTb B p an en  o 6 u ıe ro  npo(J)HjiH.



T.JI.AJIEMHMKOBA, r.B.PYEHOBA, H.A.nABJIOBA

PyKOBOaCTBO K IjpaKTHMeCKHM 3aHflTHHM nO  ÖHOXHMHH

B  p y K O B O f lC T B e  n p H B e a e H b i  j ı a 6 o p a T o p H b i e  p a 6 o T b i ,  b w -  
n o j i H e H H e  K O T o p b i x  n 0 3 B 0 j i H T  C T y a e H T a M  J i y n r n e  y c B O H T b  

T e o p e T H H e c K H H  M a T e p n a j ı  n o  K y p c y  « B h o x h m h h » .  B n o -  

M o u i b  J i a ö o p a H T a M  b  n p n j ı o x e H H H  n e p e H H C J i e H b i  M a T e p n a n  

j i j i h  H c c j ı e a o B a H H H ,  p e a K T H B b i  h  o 6 o p y n o B a H H e ,  n p H B e / ıe -  
H b i  T a 6 j i H U b i  H o p M a j i b H b i x  6 H 0 X H M H H e c K H X  n o K a 3 a T e j ı e H .


