ABTOPCBLKUUN NINOTHUN NPOEKT

TeopeTydHa MepmIHa

3 OCHOBaMH 71260 JPATOPHOI T4 KIIHIYHOL MArHOCTHKH

YactuHa 1. KnitTnuHHa

oioximis
INlekuia 1. MeTaboni3m ByrrnesoAis



Byrnesoau

ByrneBoaun — Le opraHiyHi XiMi4HI CMONYyKN,
WO MakwTb 3aranbHy dopmyny CnHanOn,
MONAPHY Macy 30X MMOnb/n, riapo@IinbHI
(MOHOMepKn) abo riapodobHi (nornimepwn),
NONAPHI, OCMOTUYHO aKTUBHI, ONTUYHO
aKTUBHI.



3arnexHo Big KinbkocTi atomiB KapOboHy,
Byrneesoau AinAatb Ha Tpio3n (3C), TeTposu
(4C), neHto3mn (5C), rekco3m (6C), rento3u

(7C)i1T1.0.

Three carbons Four carbons Five carbons
1 o » o H\C/O H\ C//"O H\C//O I_I\ C//'O
\ 7/ W, A | I | |
H\ /O CI‘ (|3 H—Cll—OH HO—Clt—H H—C]T—OH HO—Clt—H
C H—C—OH HO—C—H H—C—OH H—C—OH HO—C—H HO—C—H
H—CI‘.—OH H—le—OH H—(lj-—OH H—Cli—OH H—le—OH H—(g—OH H—Cl‘-—OH
CIHzOH (IIH.ZOH (ler_)OH (|3H20H CIIHQOH (IDHZOH C|3H20H
| D-Glyceraldehyde | D-Threose | D-Ribose | | D-Arabinose | I D-Xylose| D-Lyxose
Six carbons
H\C/O H\C//’O H\C/O H\C//O H\C//O H\C,/’O H\C,/O H\C%O
H—C|?—OH HO—CIT—H H—(lj —OH HO—CIT—H H—C|‘-—OH HO—Cl‘,—H H—é —OH HO—CIT—H
H—LL, —OH H—Cll—OH HO—(|3—H HO—CIT—H H—CI?—OH H—Cli—OH HO—Cll —H HO—LL,—H
H—C—OH H—C—OH H—C—OH H—C—OH HO—C—H HO—C—H HO—C—H HO—C—H
H—Cli—OH H—(lT—OH H—Cli—OH H—CIT—OH H—CIT—OH H—Cl‘,—OH H—Cl‘,—OH H—(IJ —OH
C[IHQOH ClHZOH (|)H20H (IjH.zOH éHon (|3H20H CllHQOH (IIHQOH
D-Allose D-Altrose | D-Glucose | | D-Mannose | D-Gulose D-Idose D-Talose




3arnexHo Big akTUBHUX rpyn B Byrnesoaax,
BOHW NMOAINSATbLCA HA anbAo3u (HasiBHA
anbgerigHa rpyna) Ta KeTo3m (HagaBHa

KeTO H O Ba rpy Three carbons Four carbons
CHOH
CHOH O
O n—]—cm
('fll;l.‘)ll "H.OH
[[)xh\dr:rn';:uw:wl B
Five carbons Six carbons
- CHOH CH,OH
CH,OH & Rt
| il»—ll —OH il‘)——l'—ll
S R H—(—OH N
l i-_‘(I?l_i,(.:)l:l i l—!l —OH i Hi—(")[ i
= "HOH JHL,OH
' o-Fsicosc o-F nsQ
CH,OH CH,OH
CH, OH =0 —0)
l'l- O u—l—(m no—l—n
BO—_—H uf)—l—n li()—VI‘—ZI
“—"l —OH lL—l—(Zlil N—-l—U}l
*! H,OH CH,OH
p-Sarbose u-Tagatose




HikaBuM thart!

dopminoBmn anbgerig — He Byrnesod, ane
QI3nYHI  Ta XIMIYHI  BRAcCTUBOCTI  MOro
3yCTpivaloTbCA Y BCIX ByrneBoaiB-anbaos. Lle
3yMOBMEHO TUM, WO BCI anbdo3n MawTb
anbAerigHy rpyny y «nepLomy rnosioXKeHH »



I3oMep — Lie pedoBUHA, SKka Mae CnifnbHY 3
IHLLIOKO PEYOBUNHOK MOJIEKYNAPHY Oya0BY,
arne npu ubomy Li pe40oBUHU PISHATLCS MIXK
CO0OO0I0 AKMMOCH NapaMeTPOM.

|I30Mepu y BYrneBoaiB MOXYThb
KnacuikyBaTtucs

« 3a NOMOXEeHHAM pagukanis y NpocTopl
* 3a ONTUYHMMU BTACTUBOCTAMM
« 3a BUOOM 3B’SI3KIB Y MEXax Pe4OBUHMU



ONTUUHA AKTUBHICTD

Byrnesoau — oNnTUYHO aKTUBHI pevyoBUHN. Lle
3Ha4YUTb, WO BOHW MOXYTb MNONAPU3YBaATU
CBITNO, LLO NPOXOAUTbL Yepes3 PO34YUHHUK.

B 3aneXxHOCTI Big TOro, B Ky CTOPOHY BOHMU
noBepTalTb CBITNOBI XBWMI, Byrnesogu
noainstTbCs Ha NpaBoobepTaloUi izomepu
(D [dextrous] a®o R [right-rotating]) Ta
niBooobepTatovi izomepwu (S [sinistrous] abo
L [left-rotating])



Axis

ax
eq O
eq K
ax
eq e €q
ax ax

Two possible chair forms
(a)

a-D-Glucopyranose
(b)



BaiKnNuBO 3HATH!

Y npupoai 3ycTpivyatoTbcd obmnasa Tunu
ONTUYHUX I30OMepPIB, ane NACLKUM
OpraHi3MOM 3aCBOIOKTbLCA | BKNOYaTbLCA A0
MeTaboniamy nuiie oaguH isomep ons
KOXXHOro Byrnesoaal

lepeBaXHO Le — npaBoobepTatodi i3omepu,
X04a € | BUKIHOYEHHS.

JNiBoobepTatoui isomepu 30e0inbLLIOIO
NpOXoAATb Yepes3 opraHiam
HernepeTpaBieHNMW.




0 HO
Ho-"‘iin —OH
HO—(—H —H

H—(—OH —OH

H—(—OH —OH
“CHOH H.OH

o-Mannose o-Clucosy

(eptmar at C-2)

HOH

o-(alactose
(opamor at C-4)



CxemaTnyHe 3006pakeHHs

D\/FAADAAID

Mirror
———_’_/—’_¥/—’_’ i

CHO CHO

{H}i:);ggi ~q!§3&
S| 9

CH,OH

Ball-and-stick models

(I3 HO (’_THO
H —(;_‘ —OH HO—Cl'.— H
CH,OH CH.OH
D-Glyceraldehyde 1-Glyceraldehyde

Fischer projection formulas

CHO CHO
HeC—OH HO—C—H
CH,OH CH,OH
D-Glyceraldehyde L-Glyceraldehyde

Perspective formulas



[1110K03a

» CkopoyeHa cpopmyna: CeH120s
* MonekynapHa maca: 180 r/monb
* Tnn ByrneBoA4y: anbgorekcosa
* ONTUYHUK I30MepP Yy NoANHNU: D

« [lonaTtkoBa IHopMaLia: OCHOBHe OXXeperno
eNeKTPOoHIB Ans MeTabosiyHUX NpoLeciB B
OpraHi3mi.



OTiKe, Ha3aa Ao miToxoHAapil

B miToxoHApil BiabyBaeTbCcs MeTabosi3M BCIX
NOXMBHUX PEYOBUH, HAKI HagxogdaTb OO
opraHiamy.

Ane nepu Hi>K BOHU 3MOXYTb OYyTKU 3adisHi y
KIMNITUHHOMY MeTaboni3mMi, BOHM NOBUHHI OyTH
NnepeTBOPEHI Ha pPe4YoBUHY Mig HAa3BOKO. ..

AuetTun-KoeHanm-AgeHo3uH



AueTun-KoeH3Mm-AAeHO3UH

Reactive
thiol group

( N

N A :
/ Il_I III Il_I (|3H3 Cl) (l) </ ' ITI Adenine
-
IHS—CHQ —CHQ—NI—ﬁ—CHz—CHZ —N—(IJ—(IJ—(ll—CHz—O—Ir—O—PI—O—CH2 0 N N/
. | &
B-Mercapto- O O OHCH; O 0O 2 4
thylami
SEeRe Pantothenic acid H H
: C|) OH Ribose 3'-phosphate
: O=P—0
0 |
CH;—C 0

g
S-CoA

: 3'-Phosphoadenosine diphosphate
Acetyl-CoA Coenzyme A



biOXIMIUHA KapTa MeTaboniamy

Stage 1
Amino Fatty Acetyl-CoA
acids acids Glucose production
p Glycolysis
%
/// v
! Pyruvate
e
J "I ," .'n' va, '_“ 2
v S AN = ”’
vl o ei- e 3
/_," ¥4 k\b CO«:
{4 & :
2 Acetyvl-CoA

Stage 2
Acetyi-CoA
oxidation

Oxaloacetate Sihnte

Clitric
acid cycle

g
.-'/. -
f e - (__/
P - COs5
f C02 e
\ _/"
\-,,‘ 1 //
S~ NADH. —
FADH,
ireduced e carriers) Stage 3
Electron transfer
and oxidative
- phosphorylation
- 2H ™ =+ 502
Respiratory
{electron-transfer)
chain H,O

S SR

ADP + P, ATP



linoliec nepeTBopeHHA BYINEBOAIB Ha
AKoA cknapacTbhea 3 2 eTanis:

1. [nikoni3. ®iHanbHUN NPOAYKT Uiel cTaail —
nipoBuHorpagHa kmucnorta ([NBK).

2. OkucHe pekapbokcunioBaHHs [1BK. B
pe3ynkTaTi Uboro npouecy YyTBOPHETLCH
AueTtnn-KoeH3nm-AgeHo3unH



Ane crnoyarky...
Kinbka cniB Npo eHepreTM4Ho3anexHi

I"\Q")II'I III

0— L—o—g—o—{g—oq Rib |- Adenir

i~ 6 0 0 ATPY

ot on s [lepen Bamu
| o] i o ApeHo3utpudocdoar!

O O
HO— 14—()—{3—o—| Rib |- Adenine |
é) (J) ADP?~
@1 \lonlnnl“r'

0 0
H* + o—fL—o—})—o—| Rib [ Adenine

(0] (l) ADP?”

ATP*- + H,O — ADP?* + P3- + H*
AG'® = —30.5 kJ/mol



O

0—P—0—B—0—P—0

L
O_

O @)
s ..
0 0
Mg2+

.
k

Mgz*

O

Rib (— Adenine
MgATP*~

Rib — Adenine
MgADP™
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OTe, IniKonis..

CHQ— OH

ATP  ADP

g/

hoxokmas

Glucose Glucose 6-phosphate

AG"Y = —16.7 kJ/mol



6
CH,OPO3

y O
H

4

HO

OH H

pooazhohaxonm
ImInarusae

H OH
Glucose 6-phosphate Fructose &-phosphate

AG* = 1.7 kVmol



Glucose 6-phosphate

SCH,OPO3~

binding and
ring opening

@

i, B
Bie $e/

I
22c_oH u*

HOCH
H4(|30H
H5(|}OH

6(|3H20PO3'

|
Phosphohexose

isomerase

-

JE———

@

Fructose 6-phosphate

SCH,0PO;~ —
2

H OH
OH H
@ ;::f s
H_ OH i
BH ¢ B: H—C—OH
\’/(HJ—K\O—H H* =1
HO(:ZH ol HOCH
HOOH ® HCOH
HCOH HCOH
CH,0POZ CH,0PO3"

cis-Enediol
intermediate



¢H,0P02
§) égz_og ATP ADP

H HO
hosphafructokinase- 1
H - OH s |'PF1(-I|'
OH H
Fructose 6-phosphate &
H,OPO3
2 O 3 éHg-omg

"RH HO A
H

OH H
Fructose | 6-bisphosphate

AG™ = —14.2 kJ/mol



6 1

CH,OP0O3  CH,OP0O%"
0

N H HO A

H OH

4 3

OH H
Fructose 1,6-bisphosphate

>

i aldolase

O H
¥ Nl
(1 )(I:HQOPO:; l4)(|:
t’21(|3=0 + «5‘)(|3HOH
13)CH20H IS)CHgOPOg-
Dihydroxyacetone Glyceraldehyde
phosphate 3-phosphate

AG"™ = 23.8 kJ/mol



o . CH,0PO;
H HO
H OH
HO H Fructose 1,6-bisphosphate
binding and
< - Protonated
- faai e - - Schiff base
ERRGS: CH,OPOT
H CHOPOy H* H H* H,0 B, |
Lys—gt’\c__ﬂ_A_ L —N—cLo—H:a— L . Tyl i
Hoow 5. 0 2@ | H HocH | @ HOCH i
| \ oM
HC—O0—H _g») HC—O—H S
—B: | 4 | 9 BH ol
HCOH s CH,0PO3" | |
CH,0PO; CHOEs
In steps (1) and (2) an amine
Aldolase is converted to a Schiff
base (imine).
Dihydroxy- Glyceraldehyde
acetone 3-phosphate "
h hate rst
phospha H\C,o pr})d‘m
i released @
HCOH
Proton Foy 9
exchange CH5;0PO;
with
solution
restores 9 2~
g enzyme. (|3H20P03 H ?Hzopos
Lys—N: A— Lys—N+C tA—
H I R ' g
I ® ﬁ “n
—hs e Schiff base : H
in reverse of
Schiff base
formation.
Protonated Enamine
Schiff base intermediate



Fructose 1,6-bisphosphate

‘(|3H2—0—®

2 ? =
HO-=C—H
il
—C—0OH
=
— (i‘,— OH
Derived GCH2—0—® Derived
from from
glucose aldolase glucose
carbon carbon
1 c|3H2 0—® H—(|3—O 4
2 (l'J—O H—(i‘r—OH 5
3 CH;OH CH,—0—P) 6
Dihydroxvacetone  Glyceraldehyde
phosphate 3-phosphate

N

triose phasphate isomerase



(|3H20P03'

NAD* Glyceraldehyde NAD* H(IJOH
3-phosphate Cia
P e \F® T
(;lyl::era:ldtihyde S AHITEN z for!;t;tation Ofmlzyme_ & /H | I3N__~
-phospnate | substrate complex |
dehydrogenase Cys His Cys His
formation of
: @ thichemiacetal
intermediate
CH,0PO3
H(::OH NAD+ (|:H2OP03-
C=0 \ release of HC|OH NH
(_!)pog- ® s H—C@ ‘ //—
: W
1,3-Bisphosphoglycerate |
Cys His
oxidation to
o
mterm a
CH,0PO3 0
e I
NAp+ HCOH ’O—EI’—OH 'NADH (|3H20P03'
% P, NAD*
0 ] HCOH
C=0 NH . @ J ) l /—NH
-\ /./ NADH exchanged & C=0 /
H—N P for NAD*; attack NADH I H—N F
| + gx; i’hioester ? +
Cys His ’ Cys His



? ®)
O\ /O— -0 @
¢ [+
<|: 0
HCOH |
| 2 Rib [ Adenine
CH,O0PO;
1,3-Bisphosphoglycerate ADP

2+ || phosphoglycerate
Mg" kinase

Ol_
“0—P=0
O
H(IL'OH (P
CH,OPO;

Rib H Adenine

3-Phosphoglycerate ATP
AG"™ = —18.5 kd/mol




H(IJ—OH
CHz—O—PO?;’

3-Phosphoglycerate

0, ©
N _/
M \Clt
N phosphoglycerate Hc_o_pos-
mutase |
CH,—OH

2-Phosphoglycerate

AG"= 4.4 kJ/mol



COO~ +

| = /~NH
H(I'JOH O3P—N |
CH,OPO;~ His
3-Phosphoglycerate
Phosphoglycerate

mutase

@l
(l'JOO‘
HCOPO3~ /==NH

| HN'"
CH,OPO%~ \d
His

2,3-Bisphosphoglycerate

(2,3-BPG)
(I:oo- @ b
/=
H(|30PO§‘ *~0;P—N NH|
CH,OH His

2-Phosphoglycerate



O, Or O 0O

N C/ H,0 N C/
H—C—O0OPO; “"IA‘ (?—OPOQ‘z 2
HO—CH, CH,
2-Phosphoglycerate Phosphoenolpyruvate

AG"=7.5 kJ/mol



T 5 §

\\C/ o
o}
2 6_ CI)

CH
— Adenine
Phosphoenolpyruvate ADP
Mg’ K'Jp}'mvate
kinase
(9) O
N/ g}
C -o— =0
(ll}——O +
CH,
Pyruvate
I
Rib — Adenine
ATP

AG'°= —31.4 kJ/mol



G . S 3 S AT © 5

N 4

N (l_-:/ N (lj
C—OH — C=0
| tautomerization |
CHs CHy

Pyruvate Pyruvate

(enol form) (keto form)



(a) A ¥iraan Preparatory phase
Phosphorylation of glucose
first f‘ and its conversion to
priming (1) glyceraldehyde 3-phosphate
\ ADP
Glucose 6-phosphate
@ (1) Hexokinase
Fructose 6-phosphate - 0, —OH
U HO (8) Phospha-
m ® H OH fructokinase-1
AR s (@ Aldolase
Fructose 1,6-bisphosphate ®—o0—cH, o CH—O0D
1 S (&) Triose
3-"’5 . ) b phosphate
wugar X isamerase
) H
phosphate tn (1)
two d<arbon
sugar
L o
Glyceraldehyde 3-phesphate ®-o—cu,-g—c
+ M
Dihydroxyacetone phosphate @-o-cu,_i_cu.on
@ 4
(b) Payoff phase
" '0 Oxidative conversion of
Glyceraldehyde 3-phosphate (2) (F—0—CH:—CH—C glyceraldehyde 3-phosphate to
1|~ 2p gl u pyruvate and the coupled
2N'AD‘ formation of ATP and NADH
phosphorylation :
2 +H
0
1,3-Bisphosphoglycerate (2) ®-0—cH. N (8) Glyceraldehyde
first ATP- 2ADP u @ m&;:,;n::
forming reaction ase
poesphorylaticn) (4] @ thph&
4 glycerate
- { 0—CH,— y
3-Phosphoglycerate (2) @ s r"!-—c\o s
@ “ @ Phospho-
»° glycerate
2-Phosphoglycerate (2} H—C,_ mutase
?:' 2 Enol
@ r‘szo @ noiase
ol @ Pyruvate
Phosphoenolpyruvate (2) CHpl—C_ kinase
sannd ATP- 2ADP L
forming reaction @
{substrate-Jovel 2
phesphorylation) ‘ 0
Pyruvate (2) CHa—C—C

Glycolysis Gluconeogenesis
ATP Glucose P,
hexokinasa pluonse 6-phosphatase
ADP * Glucose 6-phosphate H;0

ATP Fructose 6-phosphate P,

phospho- fructose

fructokinase-1 1, 6-bisphosphatase
ADP Fructose 1,6-bisphosphate H,0
N
Dihydroxyacetone & Dihydroxyacetone
phosphate phosphate

N

Va

(2) Glyceraldehyde 3-phosphate
a

(2)P;
(2) NAD"

(2)NADH + (2)H"

> (2) P;

C(Z) NAD'
(2YNADH + H”

(2) 1,3-Bisphosphoglycerate

(2)ADP D
(2) ATP

N

a

C (2) ADP
(2) ATP

(2) 3-Phosphoglycerate

N

\
(2) 2-Phosphoglycerate
h

A

(2) GDP

(2) Phosphoenolpyruvate

(2) ADP
pyruvate kinase
(2) ATP (2) ADP
(2) Pyruvate pyruvate carboxyluse

PEF carboxykinase

(2) GTP
(2) Oxaloacetate

(2) ATP



O O " O O
\(_‘/ 1\\TADH +H \C/
I’ \_  Nap |
CH, ' CH;
Pyruvate L-Lactate

AG°= —25.1 kJ/mol



T L0
CH)—C—C"’
Pyruvate
% ?HOH
/ CHy
Hydroxyethyl
TPP
Pyruvate
dehydrogenase,

E,

O
|
P | CoASH  CHy—C—S-CoA
o | Acetyl-CoA
\ :
Reduced
c‘az” ]ipoyllysine'ﬂ
Acyl I ' \,— SH
hpoyll\sme /‘ : l‘—'SH
S = NADH + H*
\ FAD *
Oxidized
lipoyflly's@ne :
FADH,
R NAD*

Dihydrolipoyl Dihydrolipoyl
transacetylase, dehydrogenase,
E; Eg



HUKEN NMMOHHOI KUCIIOTH

Acetyl-CoA
0 @
! Condensation
CH,—C—S8-CoA

H;0

CH,—COO0O
0.-C—CO0 HO—C—COO0O
)
CH,—COO0 CH,—CO00 Dehydration
Dehydrogenation Oxaloacetate Citrate
Citric acid P
dehydrogenase '-\\\ C_V(‘lk'
(Foo
HO—CH \ CH,—CO00
N\
Malate  CHp (!';_COO cis-Aconitate
Co0 \ C—CO00
H
@ \ H,0
Hydration P
- NADH aconttase @)
H,0 LS Hydration
Co0 CH,—C00
CH R S, 108
Fumarate I FADH, H (| Ccoo
1 _—r \ HO—C—H Isocitrate
s \ \ |
coo \ s
b R g ®
son | \_ dehydrogenas Oxidative
l‘l b S NS decarboxylation
Dehydrogenation |
CH,—CO0 ‘ CH;—C00 Co,
CH, ' ?Hz
prz
€00 CH,—C00 (fzo
Succinate ([.‘H, CO0
| a-Ketoglutarate
CoA-SH C—S-CoA CoA-SH
arp) Gnp O
(ADP) Succinyl-Coa  CO2
Substrate-level
phosphorylation

Oxidative
decarboxylation



3 H,O CoA-SH
V
CH, —C/ + O=C—COO~ U >

citrate

2
S-CoA |CH2 _iC00= synthase
Acetyl-CoA Oxaloacetate

Vs
CH, —C\ _
O
HO—C—COO~
CH,—COO~

Citrate AG'° = —32.2 kd/mol




CH,—C00~ Hs0 [ cH,—Ccoo~ | H0
s oo | < &
HO—C—COO = = (HJ—COO = ¥
aconitase aconitase
H—C—COO™ (|3—COO_
H _H o
Citrate cis-Aconitate
CH,—COO
H—C—COO™
HO—C—H
COO
Isocitrate

AG'™® = 13.3 kJ/mol



C
I\
0 0
[socitrate

NAD(P)" NAD(P)H +H*

Y o#

1socitrate
dehydrogenase

@

(|IOO'
CHy
| 80

: 7z
> | H-C- 0

R
CQO

N A
0 0

Oxalosuccinate

C Mn‘z +

CO0"

|
"

———H—(—H

®

|
C
N
0O 0
a-Ketoglutarate



CoA-SH

CH>—COO™ NAD™ CH,—COO™
| NADH |
(I.:Hz (in2 Sz 002
>
o - ketoglutarate - )
|C| O dehydrogenase (If S-CoA.
COO~ complex
a-Ketoglutarate Succinyl-CoA

AG" = —33.5 kJ/mol



(8] (&)
\?/

CH,

| Succinyl-CoA

CH2
Sucanyl-CoA /
synthetase V S.CoA

CoA-SH

CH2
Enzyme-bound
CHy succinyl
His phosphate
#So-®

0 O
¢

ST < ~
o i
Succinate 2

(P) Phosphohistidyl
enzyme
GDP
GTP



COO

FAD FADH» H COO™
CH, \/ \(“3/
CHy A succinate : /C 2 NG
, e —00C H
COO~ dehydrogenase
Succinate Fumarate

AG'® = 0 kdJ/mol



H

-00¢” H

Fumarate

OH- H\C _/COO-
]
= v OH
fumarase _OOC/ \
H
Carbanion

transition state

A

~H”

fumarase

000~ %
H

Malate
AG'® = —3.8 kJ/mol



NAD* NADH + H* COO

HO—C—H \/ 0=C
CH2 = — CH2

malate

COO™ dehydrogenase COO™
L-Malate Oxaloacetate

AG'™ = 29.7 kJ/mol



CT NH%%? (3

O——CH,
H H A side B side
O0=P—0" NADH
H 2z (reduced)
OH OH
0 NH,
O0=P—0" </ SN Adenine
/
O——CH, O
H H
H H
NAD*
(oxidized) OH OH

\

In NADP™ this hydroxyl group
is esterified with phosphate.

(a)



FAD

isnalloxazine ring

FMN

OH OH

Flavin adenine dinucleotide (FAD) and
flavin mononucleotide (FMN)

S T

CH, N\ K4 H' +eé
_ N @
:@ -
CH N N @)

CH3 N‘ !
LU =
ch N~ N7 o

3

H 0 .

Z “NH

I
R

FADH" (FMNH")
(semiquinone)

oo
CH, N
ol
CH, ITJ ITI (0]
R H
FADH, (FMNH,)
(fully reduced)



ANXaNbHUKX NaHLIOT

Intermembrane
space Glycerol glycerol
3-phosphate 3-phosphate

(cytosolic) . dehydrogenase

/.\ \ (FAD)
NADH NAD* Succmate omdoreductaae l

(FAD) h

o 2

Matrix ,
acyl-CoA
dehydrogenase\ -
FAD '

Fatty acyl-CoA



4H*

Intermembrane
space (P side)

Complex I

XN
Matrix | FMN Matrix (N side)
arm Nt ol

Membrane
arm

NADH NAD* + H*



CH,

0
CH,0 (CH,—CH=C—CH,),;—H
Ubiquinone (Q)
(fully oxidized
CH,O CH, Y OXIHEOC)
0

O -
CH;0 R

CH,0 CH;

CH20O R

CH30 CHj,

PH‘+9

Semiquinone radical
(*QH)

Ubiquinol (QH,)
(fully reduced)



CH,=CH

CH, CH—
'=‘/
N/ L _CH,
X Fl /
N—Fe—N
1 1'\1 \=\
' Nl CH,CH,CO0~

CHgy CH,CH,COO

Iron protoporphyrin IX
(in b-type cytochromes)

CH,CH,COO"

CH,CH,COO"

Heme A
{in a-type cytochromes)

CH, ) CH,
CH,4 gI\ /=___ CH;,
FI N
N—Fe—N
2

| =
cfi, || N NCH,CH,CO0-

CH, CH,CH,COO
Heme C
{in c-type cytochromes)




Oxidation of Oxidation of
first QH, second QH,

.....

Intermembrane
space (P side)

Matrix (N side)

QH, + cyt ¢, (oxidized) —> QH,+'Q + 2Hy +cyte, (oxidized) —>
= ¥
‘Q + 2Hp + cyt ¢, (reduced) QH; + 2H;,r + Q + cyt ¢, (reduced)

Net equation:

QH, + 2 eyt ¢, (oxidized) + 2Hy —> Q+ 2 cyt ¢, (reduced) + 4Hp



Intermembrane o
space

e ’ ;(.Jyt(; kS

| de” ‘

%
| iyl : '{ .
Wt j '-, \
| )
tbsku‘
lr "-

4H* 0
(substrate) (pumped)

4H* =i



Intermembrane
space (P side)

e e +
NADH + HY NADT Succinate Fumarate 702 +2H HZO

Matrix (N side)



LUK + )1 = « TKaHWHHE
OUXaHHS»

A )_.'...'_"' I

AA A LT TIYY

20080006000

space

- 1 LA A AL A

- A
| \
| \ .7-’ -
Q A .
~ — 0 .+ +
. S + |-
| l 2 . :__' + + ( }4,
Fumarate 50q + 2H" - 9, &
Succinate B L +L |
J ) ' ¥
/Y !

ADP+P;. ¢
NADH + H* NAD* t n\( }{

Matrix

Chemical ATP Electrical ;
potential | | synthesis potential R ' o ©
ApH » driven by 4 Ay - -
(inside proton-motive (inside
alkaline) force negative)




rotenone

X

NADH — Q—> Cytb — Cyt¢; — Cyte — Cyt (a +a3) —> O,

antimycin A

X

NADH —— Q —> Cytb —> Cyt ¢y — Cyt ¢ —— Cyt(a + ag) —> Os

CN or CO

NADH —Q —> Cytb ——> Cyt ¢y — Cyte — Cyt (a + azg) — O



GCymapna thopmyna

CoH1206 + 6 O2 + 38 ADP + 38 Pi

6 CO2+ 6 H20 + 38 ATP



[anaKTo3a

» CkopoyeHa cpopmyna: CeH120s
* MonekynapHa maca: 180 r/monb
* Tnn ByrneBoA4y: anbgorekcosa
* ONTUYHUK I30MepP Yy NoANHNU: D

» [lonaTtkoBa IHopMaLia: OCHOBHUN
MOHOMEPHWUN BYrNeBod Yy MONOYHUX
NpoAayKTax.






DNYKTO032

» CkopoyeHa cpopmyna: CeH120s
* MonekynapHa maca: 180 r/monb
* Tnn ByrneBoAy: Ketorekcoaa

* ONTUYHUK I30MepP Yy NoANHNU: D

» [lonaTtkoBa IHopMaLia: OCHOBHUN
MOHOMEPHWUN BYrNeBoa Y BCIX
NOKPUTOHACIHHKX (y nnogax).






DYKTO33a 1 TaNaKkT03a Yy rmikoni3i

Trehalose Lactose

-

Glyceraldehyde + Dihydroxyacetone
phosphate

ATP

—
L

phats

6-phosphate ¢—-——

CH,OH B0
0 4—‘2—— Glycogen; starch
P
OH H ‘\;-s»,m}A
HO OH
H OH Glucose
R O, p-Glucose 1-phosphate
HOCH, 0 CH,OH
= v
Glucose
H N OH 6-phosphate
OH H
D-Fructose
ATPl-w.- kinsse Fructose
Fructose 1-phosphate

Fructose 1,6-
bisphosphate

Glyceraldehyde
3-phosphate

UDP-galactose

«—— UDP-glucose

Mannose G-phosphaitei



('|3H20PO§‘

-
'CH,OPO3; CH,OH
Dihydroxyacetone
23C=O phosphate
HOCH " -
4 < u
HCOH fructose 1-phosphate
5 aldolase v §
HCOH C=0
6 CH,OH HCOH
Fructose 1-phosphate CH,OH

Glyceraldehyde



Galactose

ATP
Mg2' | gsiactokinase
ADP
CH.OH
O
HO o H
OH H
H O——® Galactose 1-phosphate
H OH
UDP-giuceose: galactose 1-
/—'—’ ;{EP- phc-sp;:ti’) ueﬁgf:})'f;ansferase
Glucose 1-phosphate
CH,OH
UDP-galactose
HO o
‘NoH H
H O—UDP
H OH

NAD™ UDP-glucose
+ 4-epimerasc
NADH + H

CH.OH
O
H
—
H OH
NAD UDP-glucose
+ 4-epimerase
NADH + H
CH.OH
O UDP-glucose
I
OH H
HO —| UDP



uBiggam rnikoniay

CUHOHIM:
I NMIOKOHeoreHe

Glycolysis Gluconeogenesis
ATP Glucose ¢—— <P
hexokinasa
ADP Glucose 6-phosphate H;0
J‘h
ATP Fructose 6-phosphate < P,
phospho-
fructokinase-1
ADP Fructose 1,6-bisphosphate H,0
Dihydroxyacetone \M Dihydroxyacetone
phosphate phosphate
(2) Glyceraldehyde 3-phosphate
2)P; L (2) P;
(2) NAD" ~»(2) NAD"'
(2) NADH + (2)H’ ~~(2)NADH + H"
(2) 1,3-Bisphosphoglycerate
M
|21ADPD ~» (2) ADP
(2) ATP ~ (2)ATP
N
(2) 3-Phosphoglycerate
A
N
(2) 2-Phosphoglycerate
3
! (2) GDP
(2) Phosphoenolpyruvate
(2) ADP arboxykinas
pyruvate kinase (2) GTP
(2) Oxaloacetate
(2) ATP (9) ADP
(2) Pyruvate —{ pyruvate

(2) ATP



Bicarbonate Pyruvate
:"0 ? .'70
HO—-C + CH;—C—C_
N
0 N 0

ATP

pyruvats

carboxylase btatin

ADP + P,

Oxaloacetate
{a)

T 1 \i
Guanosine O—I:’—O—P—O—lé’—O’

i 6 nJ |

O 0 GTP

PEP
carhoxykinase \.
CcO

v

O—PO;

CH;— (IJ—COO B
Phosphoenolpyruvate




NeHT030-thoCAPTHVUN LIUKN

Nonoxidative Oxidative
phase phase
I | | |

Glucose 6-phosphate

| NADP®
/,__

\*—» NADPH

_—2GSH

1 3
glutatnhione

GSSG

Fatty acids,
sterols, ete.

NADP’
f reductive

CO:, .Jk—. NADPH"“ biosynthesis

Precursors

6-Phosphogluconate

Ribulose 5-phosphate

Ribose 5-phosphate

Nucleotides, coenzymes,
DNA, RNA



(|3H20H (l'JHZOH
C=0 TPP C=0
| +O\/H‘ ‘O\'H+|
CHOH C transketolase C CHOH
i &2 R R
Ketose Aldose
donor acceptor
(a)
(|3H20H
6, H T
Nl
(IZHQOH (IJ HO —(ll —H
(|J=O H—(IZ‘,—OH 0 H H—(|3—OH
N,
HO—CI‘.—H H—(IZ—OH TPP (|_“ H—(IJ—OH
Ly -
H—C—OH H—le—OH transketolase H—C—O0OH H_?—OH
| |
CH,0P0O3" CH,0PO35~ CH,0PO3" CH,0PO35~
Xylulose Ribose Glyceraldehyde Sedoheptulose

5-phosphate

5-phosphate

3-phosphate

7-phosphate

(b)




(l"JHQOH

(|3= O (IJHQOH
HO —(IJ —H 0 H (IJ =0
N S
| (l? —OH o H (lj HO— (|3 —H
H—C—OH \\(IJ/ H—C—OH H—C—OH
+ 3 > +
H—(l?,—OH H—(ID—OH transaldolase H—(ll —OH H—(IZ—OH
CH,0PO3 CH,0OPO35" CH,0PO3~ CH,0PO3
Sedoheptulose Glyceraldehyde Erythrose Fructose
7-phosphate 3-phosphate 4-phosphate 6-phosphate
(|3H20H
CH,OH C=0
l 0\ /H |
(|)= O C 0 H HO —(II —H
| \';,\ /
HO—C—H H—C—OH - \? H—C—OH
+ - ~ +
H— C|I —OH H— (i)— OH transketolase H— (|? —OH H—(|3 —OH
CH,0PO3" CH,OPO35" CH,0P03" CH,OPO3
Xylulose Erythrose Glyceraldehyde Fructose

5-phosphate 4-phosphate 3-phosphate 6-phosphate



flonimepy BYINeBOAIB

[Tonimepu ByrneBoAiB — Lie pe4OBUHMU, LLO
MICTATb 3@ CBOKO OCHOBY OAWH YM OeKifbKa
MOHOMEPHMUX BYIMEeBOAIB, WO MOXYTb
NOBTOPIOBATUCA B MEBHIN MOCMIQOBHOCTI Y
MeXax MOneKynu.

[Tonimepu, AKi MICTATb Yy NaHUOry He DinbLue
10 BYI1eBOAIB, 4acTo IMEHYIOTb
onirononimepamu. B OinbLIOCTI BUNaakiB
NOCNIOOBHICTb MOHOMEPIB B HUX He
NOBTOPHETHLCA.



ManbT033a

» CkopoyeHa popmyna: Ci2H22011

* MonekynapHa maca: 342 r/monb

* ONTUYHMK I30MEP Y NHOANHK: D

* Tun nonimepy: gumep

« 3aigHi MoHoMepu: [oko3a+l noKko3a

* [TonimepHunn TMn 3B’A3KY: anb@a-1-6,
beTta-1-6
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JlaKkTo3a

» CkopoyeHa popmyna: Ci2H22011

* MonekynapHa maca: 342 r/monb

* ONTUYHMK I30MEP Y NHOANHK: D

* Tun nonimepy: gumep

« 3aigHi MoHoMepu: [Toko3a+l anakTosa

* [TonimepHunn TMn 3B’A3KY: anb@a-1-6,
beTta-1-6






» CkopoyeHa popmyna: Ci2H22011

* MonekynapHa maca: 342 r/monb

* ONTUYHMK I30MEP Y NHOANHK: D

* Tun nonimepy: gumep

« 3aaisgHi MoHOMepWU: [ IoKo3a+PpyKTO3a

* [TonimepHunn TMn 3B’A3KY: anb@a-1-5,
beta-1-5






» CkopoyeHa cpopmyna: [CeH100s]x

* MonekyndapHa maca: 162n r/Mmornb

* ONTUYHMK I30MEP Y NHOANHK: D

« 3aiaHi MOHoMepu: [ oKo3a

* Tun 3B’A3KYy B OCHOBHOMY NaHLIOry:
anb@a-1-6

* TN 3B’A3KY Y po3ranyXxeHHi: anba-1-4

« HacTtoTta posranyeHb: KOXHI 12
MOHOMEDIB



[NIKOreH

» CkopoyeHa cpopmyna: [CeH100s]x

* MonekyndapHa maca: 162n r/Mmornb

* ONTUYHMK I30MEP Y NHOANHK: D

« 3aiaHi MOHoMepu: [ oKo3a

* Tun 3B’A3KYy B OCHOBHOMY NaHLIOry:
anb@a-1-6

* TN 3B’A3KY Y po3ranyXxeHHi: anba-1-4

« HacToTa poaranyeHb: KOXXHI 24 MOHOMepPU



» CkopoyeHa cpopmyna: [CeH100s]x

* MonekyndapHa maca: 162n r/Mmornb

* ONTUYHMK I30MEP Y NHOANHK: D

« 3aiaHi MOHoMepu: [ oKo3a

* Tun 3B’A3KYy B OCHOBHOMY NaHLIOry:
anb@a-1-6

* Tnn 3B’A3KYy y po3ranyeHHi: beta-1-4

« HacTtoTa posranyXeHb: KOXHi 18
MOHOMEDIB






[NIKOreHes

nikoreHes — npouec YTBOPEHHS
noniMepHoro  Byrneesody  MIKOreHy 3
MOHOMEPHUX BYINEBOIB.

[TpoLiec BiabyBaeTbCA B YCiX KNiTUHAX, are
HaWIHTEHCMBHILWLE NpPOTIKAae Yy renatoumtax
(KNITUHaX NeJiHKW), CKeneTHuX M’'da3ax Ta
aTUNOBUX KNITUHaX cepLeBoro m’a3a



O
H H H
oom u /T
HO
3 2
H HO
i
“0—P—0—P—0"
' CH,OH CH,OH
O O
H H H H
UDP-glucose 4 1 4 1
H OH H OH H f
0 o0—
H OH H OH
Nonreducing end of
glycogen > g.:{lmgen ilhaln
> with n residues
synthase UDP (5 4)
CH,0H CH.,OH CH,OH
H " H H " H H . H
New nonreducing P H 1 i H . p H :
end OH H OH H OH H
HO 0 0 o—/
H OH H OH H OH

Elongated glycogen
with n + 1 residues



/ \
| |
| I
0 0 0 0 0 0 Q' 0 0 0 0
HQOQOQOQOQ@QOQO&QOQO_Q Glycogen
core
Nonreducing (al—4)
end glycogen-branching
enzyme
0 0 0 0 0 0
Nonreducing K >‘ K >' K N K } K } K N
end B -0 -0 ) 0 ) 0 : I
{(@1—6) Branch

point

0 0 0
Nonreducing H(K ;l B J< ;L OQO Glycogen
end core



[NIKOreHoni3

nikoreHonia - npouec, 3BOPOTHUU [O0
rnikoreHesy. BigbyBaetbca anga Toro, wob
NOMOBHUTU KINIbKICTb MOHOMEPHUX

BYIMeBO4IB B OpraHiami nNpu  ymMoOBI  IX
BUCHa)XeHH4



Nonreducing end

CH,OH CH>,OH
O O
H o H' H o H B
OH H OH H
HO 0 0
H OH H OH
Glycogen (starch)

n glucose units

IO-
0=1|)-0— | glycogen (starch)
OH phosphorylase
CH>OH CH-OH
) )
H H H H o H H
OH H C"’ it OH H
e geppt HO 0
H OH (l)- H OH
Glucose Glycogen (starch)

1-phosphate (n—1) glucose units



HeTorexHes

KeToreHes — npouec yTBOpeHHA KETOHOBUX
TiN. KETOHOBI TiNa yTBOPHOKTLCA B OpraHi3mi
TOAI, KON € He4oCTaTOK MOHOMEPHMUX
BYrneBoAiB, | HagBHUN Haanuwok AKoA. B
OaHoMy BMNaaKy noro tpeba “niksigysatn” —
| AKOA cnoHTaHHO JeKapOOKCUIMOETBLCH,
3anyckar4dm KEToreHes.

B opraHi3mi ntognHun BnainanTb 3 OCHOBHUX
KETOHOBUX Tifla: aLueToH, aueTooLToBa
KUCNoTa, raMMa-oKkcumMacraHa Kucnora (y-
OKCubyTaHoar)






HacTynHa nexui

Tema: «MeTaborniam xupiB Ta BINKiB»
IaTta npoBeneHHSA: 5 BepecHdA 2014 poKy

IIpono3uyii ma nobad)icanHs, a MmaKox;c
3A0X04eH s ma NIOMPUMKY Kuoaume 8 ypHy



