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3anac CHepreTUYHNX
pPECYpPCIB Yy OpraHi3mi
TOOUHU

Body Energy Stores of Lean 70-kg Man

Liver triglyceride = 450 kcal

Muscle triglyceride =

Liver glycogen = 400 kcal 3000 kcal

A » Muscle glycogen =
i 2500 kcal

Adipose tissue triglyceride =
120,000 kcal

Energy is stored in the body in the
form of triglyceride and glycogen
within adipose tissue, liver, and
skeletal muscle. Triglyceride
present within adipose tissue 1s the
body’s major fuel reserve. A lean
adult has approximately 35 billion
adipocytes, and each adipocyte
contains about 0.4 to 0.6 ug of
triglyceride. An extremely obese
adult can have 4 times as many
adipocytes, each containing up to
twice as much lipid. Intramuscular
glycogen and triglyceride provide
an important source of fuel for
working muscles during exercise.

Triglycerides are a fivefold better
fuel per unit mass than glycogen,
because triglycerides are stored
compactly as an oil within
adipocytes and liberate 9.3 kcal/g
when oxidized, whereas glycogen
is stored intracellularly as a gel,
containing 2 g of water for every 1
g of glycogen, and liberate 4.1
kcal/g when oxidized.
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Uptake of dietary lipid in the intestine of a vertebrate animal, and delivery of fatty

acids to muscle and adipose tissues.

Fats ingested
in diet

: (8) Fatty acids are oxidized
A as fuel or reesterified
. for storage.

' .
=
v

b g Y
ATP

(@ Fatty acids enter cells.

(D Bile salts emulsify
dietary fats in the

small intestine, forming v Lipoprotein lipase

o " (& Lipoprotein lipase,

activated by

apoC II in the capillary,

@ Intestinal lipases Capillary releases fatty a;llg:e !::;‘l
degrade triacylglycerols.

Chylomicrons move
ugh the lymphatic

system and
bloodstream

to tissues.
(3) Fatty acids and other breakdown

products are taken a\:z?l by the Chylomicron
intestinal mucosa converted
into triacylglycerols. Triacylglycerols are mcorpomted

with cholesterol and apoproteins,
into chylomicrons.



MoJjieKyJasipHa CTPYKTYPA
X1JIOMIKPOHIB

Apoproteins

P};\ospholipids

'I\‘iac}.'lglycerols and
cholesteryl esters

-

Cholestero!

Molecular structure of a
chylomicron. The surface is
covered with a layer of
phospholipids, with head groups
facing the aqueous phase.
Ti-lacylglycerols sequestered in the
interior make up more than 80% of
the mass. Several apoproteins that
protrude from the surface act as
signals in the uptake and
metabolism of chylomicron
contents. The diameter of
chylomicrons ranges from about
100 to about 500 nm.



L'iapoJi3 TpuanuanIineposIiB y HIJIYHKOBO-
KUIIKOBOMY TPAaKTI

1
H,O CII) ‘|3H20 C—R, H,0
——  RF—COCH
R,COOH < — (|;H2o C—R, —» R,COOH
|
8 5
© CH,OH TpHauMnmiyepon ]
R O?H cl: fH.,O C—R.
CH,0G—R, BESSOCH
I CH,CH

1,2splaunnrnivepon

2,3-Alauunrh|uopon
H,0— o (I:H?OH - Z—H, O
R,—g O(|2H e

R,COOH CH,OH R,COOH
2=-moHoauunrniuepon
H.O
R,COOH

H,OH
CHOH

CH,OH
rnlyepyun (miuepon)

Puc.12.1. Ngpeonis Tpuayunrniueponie



Pocdroninasa Ay

17

O CH.—O—C—R,
" | Pocconinaza D
R—C

O—CH, flb

I
T CH,—O—P—0O—X
doctoninasa A, |

OH
docroninaaa C

Puc. 12.2. TigaponitTuuyHe posuwenneHHAa ooc-
doninasamMu CTPOro EM3HaG4YeHMX
38'A3xie dpocPhoniniaie



Po3naa anuiriineposaiB y KIITHHAX

PeuenTop lopwoH

" Asennatueknasa
(T Rl _.
f’ | ! ! l' l | | | s i
WLV / ISR |
SNl ApHi KMCNOTH '
| /
ATO uAM® /:r niyepon
. 4
Mporei=xinasa MNpoteikk=aza |4l Miniam
(HeakTvina) (axmana)

/“’\ . Y mawnuﬁuew

Tpvawmmiuopominaaa\ TpHAUMN NiGepC= Nasa
(HeacTuana) ) (aKkTws=a)

\ Tprauwnnrniyepon



BuBLIIbHEHHSA eHeprii 3
TPHAMMITIIIIEPOTY

* Mobilization of
triacylglycerols
stored in adipose
tissue. Low levels of
glucose in the blood
trigger the
mobilization of
triacylglycerols
through the action of
epinephrine and
glucagon on the
adipocyte adenylate
cyclase.




CH,OH
HO— | —H miyepon
CH,OH
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miyeponxi=asa
Al®
CH,OH
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CH, _o_pl>_o- L-"niuepon-3~thoccar
O—
HAN'
migepon-2-oocdar
Aerinporesasa HANH + H*
CH,OH
0=C 0

| Iurinpoxcraueron=
CH,—0—P—0~ $oo¥aT

rplosochocdar
isomopasa

H\ /O

o-Mnivepanaeria-
ar

H—i—OH 9
H,—0—h—0"
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[nixoniz

Puc.12.4. lUnsx ckucHeHHS riyepony ac 3-docdorniuepaneieriay

X BKJIYEHHS IJIIHEPUHY Y

IJIIKO0JII3 TA INIIOKOHEOreHes

Glucose «

hexokinase ( > glucose 6 phosphatase
Glucose 6-phosphate

I[p&mphohum lsomerase

Fructose 6-phosphate
phospho: fructose
fructokinase-1 1,6-blsphosphatase
Fructose 1,6-bisphosphate

aldolase
Dihydroxyacetone
MM“ phosphate

iose pho i h
Glycolysis (2) Glyceraldehyde 3- phosphm nesis

qumaldohydo phosphate
Mydroomu

(2) 1,3-Bisphosphoglycerate
J[phowhoolycmu kinase

(2) 3-Phosphoglycerate

Dihydroxyacetone

j phosphoglycerate mutase
(2) 2-Phosphoglycerate

enolase

(2) Phosph a PEP carboxykinase

pyruvate kinase (2) Oxaloacetate

pyruvate carboxylase
(2) Pyruvate



P-OKHCHEHHS )KMPHUX KUCJIOT

YV 1904 p. @. Kxoon 1noxazas, 10 OXHCHEHHSA KHUPHUX KHCIOT BIAOYBAETHCA LUJIAXOM
[OC/11J0BHOrO BIAPHBY ABOBYITICLEBHX (PparmMeHTis 13 KapOOKCHILHOIO KiHus. KHoON Ha3sas
MEXAHI3M OKHCHEH Hl SKHPHHX KHCTIOT B-OKHCHEHHAM, OCKUILKH LIOPA3y OKHCHIOETHCS -aToM
KapOosy:

p a
R-CH, = CH, = COOH

Yei peaxuii 0aratocTafiiHOM OKHCHEHHA KaTAMI3YIOTLCH (PEPMEHTAMH B MITOXOHAPIAX

KITHH NEUIHKH T M 4318, @ came B MITOXOHAPIAX po3rawosati epmenty LITK 1 auxans-

HOIO JIAHLEOrA, WO Ja€ 3Mory Oe3nocepeaHso oxkucHoBaTH auetua-S-KoA 10 COz 1 H,0
3 YTBOPEHHAM MAKCHMANBHOT KUIBKOCTI €HEprii.



Stage 1

CH3
CH2

CH 2 | B oxldauon

CH2
i CH2
('Hg
4 CH2
CH;
{ CH2
| CH;
? CH2
| (‘Hg
( CHz
‘ CHg
CHz
C 0

0—

S~

|
Stage3 |

— =

Respiratory
(electron transfer)
chain — —» - >i Hy0

l

Stage 2

~ 8 Acetyl CoA |

‘1\ .

Citric
acid eycle
64e
: 16COy
NADH, FADH,
B
i A——— oH* 1
| +3202

e

£
ﬁDF + P ATP

Stages of fatty
acid oxidation.

Stage 1: A longchain fatty acid is
oxidized to yield acetyl residues in
the form of acetyl-CoA.

Stage 2: The acetyl residues are
oxidized to CO, via the citric acid
cycle.

Stage 3: Electrons derived from the
oxidations of stages 1 and 2 are
passed to O, via the mitochondrial
respiratory chaln providing the
energy for ATP synthesis by
oxidative phosphorylation.



P-OKHCHEHHS )KUPHUX KHUCJIOT

B oL
R-CH,-CH,-COOH

(-OKJCHEHHEK) MITAKTHCA AH{! KHCTOTH B AKTHBOBAHOMY CTa! ~ Y BHITAM ALHT-
KoA. Peaxust akTHBALA nOTPEOVE exeprii 1 BLTOVBAETCA Y IHTOMTASM

R-COOH +KoA-SH + AT® & R-COS-KoA + AM$ + &,

[TOTIM ALHTEHA TYVIIA TIEEHOCHTRCA 3 AUHT-KOA Ha KADHITHE.



AKTHBAIlIS )KUPHUX KHCJIOT

0O 0 0O
0—P—0—P~0~—P—0— Adenosine
o o (o
0
R—(
0O
la eyl~(
nthet
O
0 0 0 P—0- Adenosine
O fl’ ~U-~II’»-—() . R ‘(‘_ 0
0 0 O
Pyrophosphate
tty acyl-CoA ||
IBOREANIC th » AMP
phosphatase b
! ()
2P, R-(
AGY 33.4 kJ/mol AG® = 0.9 kJ/mol

(for the two-step process)

ATP

Fatty acid

Fatty acyl-adenylate

(enzyme-bound)

Fatty acyl-CoA

Fatty acid activation by the
formation of the fatty acyl-CoA
derivative occurs in two steps.

First, the carboxylate ion
displaces the outer two ([ and
Y) phosphates of ATP to form
a fatty acyl-adenylate, the
mixed anhydride of a
carboxylic acid and a
phosphoric acid. The other
product is PPi, an excellent
leaving group that IS
immediately hydrolyzed to two
Pi, pulling the reaction in the
forward direction.

Coenzyme A carries out
nucleophilic attack on the
mixed anhydride, displacing
AMP and forming the thioester
fatty acyl-CoA. The overall
reaction is highly exergonic.



IIpOHUKHEHHS KUPHUX KUCJIOT
yepe3 MeMOpaHy MITOXOHAPII




IIpOHUKHEHHS KUPHUX KHCJIOT
yepe3 MeMOpaHy MIiTOXOHAPII

CYTOSOL B0 AcyiCoA from cytosal to
D the mitochondrial matrix

MATRIX

AcylCoA B
+ Carnitine B

Acyl.-CoA
+ Camitine

= Acyl-Camgine AcyiCamnitine

Acyl-Carnitine B
ES3

Camnitine tj Carmitine Carnitine
P71 (CGamRine Paimitoy! Tansferase 1) o Tansbcase

CPTH (Carnitine Palmioy! Tansferase 1)
| B | = |




TpaHncnopT :KUPHUX KHCJIOT Yepe3 BHYTPIIIHIO
MeMOpaHy MITOXOHAPIH

o,
\

‘.
iy N Oy
| Dacylcarnitine

oy

MO~ CH
| ~o
CHy 0

.
CHy—N—Ql,
o s H CH,
o/ Yor caa CA — 0~ (H
|

f |
0 CHy

CHy

Camitine: acylcarnitine

Voo '.‘ \ CH,
HC~N-CH, CoA (oA HC—N=CH,
|
(a, Mg o,

Wﬁ 0 (i" Q= HO~CH
0 H, CH,
|

Oacylcarnitine QOO OO

tCarmatine

depmeHTaTUBHI peakuil
nepeHeceHHA OOBroflaHLroBux
XUPHUX KACIIOT 3 LUTO3OJMHO KITITUHU
yepes BHYTPILWHIO MeMOpaHy
MITOXOHAPIN 3a y4acTi KapHITUHY
306paXkeHo Ha PUCYHKY.
Aunn-KoA Bctynae Ha wnax 3-
OKUCHEHHSA, a BiNNbHUW KapHITUH
BUXOOUTb 3 MITOXOHAPIN | B
LuTOo301i 6epe yyactb y
TpaHCNopTyBaHHI HOBOI MOSEKYNN
aunn-KoA.



CH,

I [ )
CHy—N*CH, —CH—CH,~C00 Kap HITHH
CH,4 OH

Carnitine

R-COES¥@GAl + (CH,),N — CH, — CH(OH) — CH, — CO0~ —=
Aumn-KoA Kapuitun

——> HSKoA + (CH3)3I(I —CH,— CH—CH,— COO~
0 _F
AUMNKAPHITHH (Y unTONNasmi)

ALWIKAPHITHH [IEPETHHAE 30BHILIHEO | BHYTPILLIHEIO MeMOpaH# MITOXOHApIT Ta Bigdae
cBiif aumMnbHMI (pparMeHT 3HOBY Ha xoepmeHT A. dDepmeHToM L€l ODOPOTHOT peaxuii
€ xapHiTHHAUMATpaHc(epasa (TpaHciokasa).

(CHy),N — CH, — CH — CH, — COO~ + HS-KoA ———=

g

Auunkapritun (y mitoxonapii)

—— R-COESHOAl+ (CH.).N —CH, — CH{OH) — CH,— COO~
Auun-KoA Kapuitun

BusiibHeHHI KapHITHH MOBEPTAETHCA Y MiKMeMOpaHHHUIT NPOCTIp MITOXOHAPIH,



IIpOHUKHEHHS KUPHUX KHCJIOT
yepe3 MeMOpaHy MITOXOHAPII

—

KapHiTuH > AUMNKapHITUH

o
Uiy

KapHitun <€ / '\ AUMNKAPHITUH
Aumn-KoA KoA




Cranid aeriipyBaHHs

Hepwa emadin dezidpysanns. Aunn-KoA 8 MITOXOHAPIAX, NEPLI 33 BCE, M11J3€THCH
(pepMeHTATHBHOMY JCriAPYBAHHEO, NpH LEOMY almi-KoA srpadae 2 atomu [iaporesy 8 ¢-Ta
B-nonoxeHHsX, nepersoproouncs ¥ KoA-edip HenacuueHot xupHoi kucnoty. Omxe, nep-
WO PEAKLIEK Y KOXKHOMY LMK po3naty auui-KoA € Horo OKHCHEHHA 3a yuacTio (ep-
MeHTY auun-KoA-gerigporesasy, Wo npu3soanTs J0 YTsopeHHs eHoin-KoA 13 noasiisum
38's3xom Mix C-2 1 C-3 (Cai CP):

o =
R—CH, — CHESCHIES00— S Kok + OA] e

Aumn-KoA

1) o
R— CH, —EH=CH— CO — S — KoA + ®AJH,

Tpauo-.&z-eno!n-KoA

lenye gexinsxa @A l-smicHux aunn-KoA-aeriaporesas, KoxHa 3 AKuX Mae creuudiy-
HICTS WOA0 auni-KoA 3 NeBHOK JOBKHHOK KapOOHOBOIO JAHIKOrA.



Craaia rigparauil

Cmadis 2idpamayii. Henacuueruit aunn-KoA (exoin-KoA) 3a yuactio epmesty
eHOI-KOA-riapaTasu [pHeIsye MOICKYITY BOAH 3 yT8opeHHaM f-napoxcuanu1-KoA (abo
3rigpokcnaunn-KoA):

o
R — CH, — CHESGHIE0 — S - Koh + H0 e

Enoin-KoA

= R CH, — CHOHECHES00 5 - oA

L-{-rinpokcraumnn-KoA (3riapokcuaumunKoA)

Cnig 3aysaxuTy, Wo rigparauis eHoin-KoA e crepeocreim piuHor0, nogidHo 10 rigpa-
Tauii pymapary i axoxitary. Baacnigox rigparauii tpaHc-A2410181HHOIO 38" A3KY YTBOPHO-
eTsea TiIbkH L-130mep 3-rigpoxcnaumn-KoA (L-foigpoxcnaunn-KoA).



Jlpyra craaist aeriipyBaHHs

Upyea emadis ()ez}c)n:sar;m YTsopeHuit Briﬁpoxéwum-KoA (3-riposcHau-KoA)
fori geriapyersed. Jasy peasiixo saranizysors HA/l-3anesel jeniporesasi

o
h= CHR —_— O=KoA+HN ‘WWM'KM-WIONM

J-rinpokcuaunn-KoA

R—CHQ—_—S-KOMHAL]H o

Jorcoaur=KoA (JHetoaun-KoA)




Tionazna peakuis

Tionasna pearyis. Y nonepeaHix peaxiisx 8i10yBan0cH OKHCHEHHA METHICHOBOT PPYITH
0inst C-3 s oxcorpyny. Tionazxa peaxiis € po3iueniesHsm 3-0xcoatun-KoA 3a 10moMorow
TI0110801 rpy iy Apyroi Moexyan KoA. Y pesynsrari yT8oproeTsCH BXOPOUCHHI Ha 182 aTOMK
KapOony aunn-KoA 1 asosyrneuesuii dparmest v sursa auetun-KoA. Jaxa peaxuis
xaranizyeTses aunn-KoA-auetuntpasc(epaso (Tionasow):

o
R O, — BOROHEOT — S - Koh + HS -Koh "

[-keroaumn-KoA (3-okcoauunKoA)
: > R— CH,—B0— S - KoA + BHIESGOI— S - KoA
AuunKoA Auetun-KoA

Taxum unHOM, YTBOPHOETECA HOBA MOJIEXY/1a aLl1-KOA, Ha 18a atomu KapOoHy kopoTia
B1J TOI, 110 BXOAWIA B ONMHCAHHI LMKN nepersopeHs. [Ipouec OKHCHEHHS TPHBAE, JOKH
KHUPHA KHCIOTA HA BKOPOTHTECA 40 YOTHPHBYITIELEBOro (panvenTy — OyTupiui-KoA. Ha
OCTaHHBEOMY eTarni OyTHpHI-KOA po3LISNIFETECA 40 ABOX MOJEKY aueTin-KoA.



(Cie)

R—CH; —CH, 8 ~C—S-CoA
|
s}

FAD

acyl-CaA ¥

dehydrogenase ) - FADH

H

R—CH,;—C==C—C~—S-CoA
I_Il l0 trans-A<-
Enovl-CoA
awl-CoA 'r H.O

hydratase

OH
R—CH,—C—CHa—C—S-CoA

i

H O L-B-Hydroxy-

acyl-CoA
B-hydroxyacyl-CoA §~ NAD”

dehydrogenase M\

» NADH + H™

R (7}{;~——(f' *CHz—?—— S-CoA

(‘) O B-Ketoacvl-Cou

scyl-CoA CoA-SH
acetyltransfermse |
thiclase) |
.

14) R—CH,;—C—S-CoA + CHs—C—S-CoA

]
O O
(C,4) Acyl-CoA Acetyl -CoA
(myristoyl-CoA)

(a)

14 o= » Acetyl -CoA
— Acetyl -CoA

: » Acetyl -CoA
N — Acetyl -CoA

) —= Acetyl -CoA

™~ -~ ~ ~ ~ -~
J 3. 3¢ )
y -

C4 X — Acetv]l -CoA
Acetyl -CoA

(b)

Palmitoyl-CoA

B-oxkuCIeHHSA

The fatty acid oxidation

(B-oxidation) pathway.

(a) In each pass through this
sequence, one acetyl residue
(shaded in red) is removed in the
form of acetyl-CoA from the
carboxyl end of palmitate (C16),
which enters as palmitoyl-CoA.

(b) Six more passes through the
pathway vyield seven more
molecules of acetyl-CoA, the
seventh arising from the last two
carbon atoms of the 16-carbon
chain. Eight molecules of
acetyl-CoA are formed in all.



EHeprerTuaHum 0aJIaHC
B-oxkuCIeHHSA

AKII0 XKUpPHA KHUCAOTA MICTUTB N amomig KapboHy, mo 3a nNo8HOo20 ii
OKUCHEHHSL YmeoproeThCd (n @ 2 ) monexkysn auemusn-KoA ( KoOoXKHUTL
auemusn micmums 08a amomu KapboHy ) ma (n : 2 ) — 1 MOAEKYyA
PAMH, 1 HAAH(H+*), OCKiABKH 3a OCTAHHBOIO IIUKAY OKHCHEHHS
YTBOPIOIOTHCS OBl MOAEKYAH alleTHA-KOA, ase 1o OOHIN MOAEKYAl
DPAMH, 1 HAIH (H+).

OTke NMpoAyKTaMH OKHCHEHHSI >KUPHOI KHCAOTHU 3 MMapHUM YHCAOM
aroMiB Kapbony e€: auetua-KoA, ®A/IH, i HATH(H+). B nomaasiomy
aretua-KoA Berynae B LUTK, a PAIH, i HAZTH (H+) — 6esnocepenuro
B AUXaAbHUMN AQHITIOT.

3a KOXKHOTO IUKAY [3-OKHMCHEHHSI yTBOPIOETHCS : 1 mMoaekyaa
PAIH, i 1 moaexyaa HAIH(H+). OcranHi y mporeci OKHUCHEHHS B
OUXaABbHOMY AQHIIIO31 Ta CIps>KeHOro 3 HUM (QocdhopurroBaHHS
nawore: PA/IH, (qepe3 KoQ) — 2 moaekyau ATP, a HAIH(H+) - 3
MOAEKYAU ATO,

TOOTO CyMapHO 3a OAHH IITHKA YTBOPIOIOTECS 5 Moaekya ATD.



EHeprerTuaHum 0aJIaHC
B-oxkuCIeHHSA

Y Bunaaky nasbMiTHHOBOI KHCAOTH (C 16) BimOyBaeThCcs 7 ITUKAIB
B-OoKHCHEHH4:
nmaAbMiTOIA-KOA + 7HAN + THAO+ + 7H20 + 7HS-KoA =
8ameTna-KoA + 7PANH, + THAOH + TH+
OCKIABKHM 3a OKHCHEHHSI >KUPHOI KHCAOTH, gKa MICTHUTH n(16) aTromiB
KapboHy, BinOyBaeThbcd (n : 2) — 1 = (16:2)-1= 7 1IUKAIB B-OKHCHEHHS, 11€
IIPU3BOAUTD A0 YTBOPEHHH: S X 7 = 35 moaekya ATO.
Y mpoiieci [B-OKHCHEHHS aABMITHHOBOI KHCAOTH YTBOPIOIOTHCA 8 MOAEKYA
arletTua-KoA (n:2)=(16:2)=8, KOxKXHa 3 4KHX, 3roparodu B IIHUKAL
TPUKAPOOHOBUX KHUCAOT, Aa€ 12 moaeKya ATP. Otxke 12 x 8=96 moaeKkya
AT®. TakumM YHMHOM YCBOTO 3a IIOBHOI'O [-OKHMCHEHHSI TaAbMITHHOBOI
KHCAOTH YTBOPIOETHCH:

35 + 96 = 131 moaekyaa ATP.

OnmHa moaekyaa ATP BuTpadaeTbCsad HA aKTUBAILIIO JKUPHOI KUCAOTH, TOMY
bananc ATP mpu moBHOMY OKUCHEHHI ITAABMITHUHOBOI KHCAOTH CKAAQIaE€
131 - 1= 130 moaekya ATD.



....m,v\m, cu,ca, o-son Aun-KoA
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P oxiant
three cycles) | = 3 Acetyl-UoA

on

¢

f} oxadation

6 Acet \ (CoA

)

\( ‘£'|,~\

0

S-CoA

S-CoA

0
C

S-CoA  Oleoyl-CoA

Dodecenoyl-CoA

trans-0\*-
Dodecenoyl-CoA

I-B-Hydroxy-
|il'(‘i1.“hi}'|-( 0A

OKUcJIeHH
HEHACUYCHUX KUPHUX
KUCJIOT

 The oxidation of a

monounsaturated fatty
acyl-CoA, such as
oleoyl-CoA (A9),
requires an additional
enzyme, enoyl-CoA
Isomerase. This
enzyme repositions the
double bond,
converting the cis
Isomer to a trans
Isomer, a normal
intermediate in 3
oxidation.



0O

N C Linoleoyl-CoA
S-CoA  cis-AY, cis-A'

OKUCIICHHSI HEHACUYEHUX

(three cycles) | > 3 Acetyl-CoA

— = KUPHUX KHUCJIOT

"S-CoA cis-A®, cis-A®

« Oxidation of
‘. SCoh polyunsaturated fatty
Yo acids requires a second
e auxiliary enzyme in
cmn| addition to enoyl-CoA
=t 3, soa Isomerase:
i 4 NADPH-dependent
- NADPH + H TP 2,4-dienoyl-CoA
| NADP" reductase. The combined
. action of these two
7 TsCeA enzymes converts a trans-
A2 cis-A4dienoyl-CoA
0 Intermediate into the
i e el trans-A2-enoylCoA
substrate necessary for 3

oxidation.

5 Acetyl-CoA



KeTOoHOBI
TILJIA

0
/
CH;—~C—CH,—C
I \0'
Acetoacetate

OH 0
| /
CH3;—C—CH, ~C\
X
p-8-Hydroxybutyrate

CH3 "'(!ll""CHs

0
Acetone

3a nenocrarabol kmskoers Meradonitss LITK, mo cnocTepiraeTsed mpi roToTyBasL
TIORILKSHOMY BMICT! B £K! BYTIGBOTIB, 30CTAE MBIIKICTb OKICHSHEA KUPHILX KICTOT B
TISUH { KAROMITAYIOTBCA TPOIYKTI X HEIOBHOTO OKHCHEHAA - KeToH0B: T1a (pic. 12.6),

AnieToatteTaT YTBOpHOETBCA O3TOCEDETHBO DI B3AEMOMT TBOX MoTekyT anieTi-KoA
{rgpo3t KoA-ToxTHOrO 117 BITHBOM (ephGHTY TIOa3H, {-LIpOKCHOVTHPAT € MpOIYE-
TOM 11010 BLTHOBTEHAA, A ALICTOH MOX: YTBOPIOBATHCA B HEBETHRILX KITBKOCTAX MPH Jekap-
O0KCHTHOBAHH! ALICTOALIETATY, AKIHE € HECTHIKOK) CTIOAYKO0, Y TBODSH! KETOROBY TiTA THQYH-
IJHOTh Y KPOB 1 BUKODHCTOBYROTECA TO3ANIGUHKOBIMH TKAHHHAMI Y AKOCTI TKEPETA cHepr,
3 TCBHITX METAQOTIHEIIX YMOB, KO Y IHLHII BLIOVBAET5CA HTEHCHBES OKIICHSHHA KUPHIX
KHCTOT, VTBOPKEThCA 3EAUHA KITBKICTD KSTOHOBHX TuT, Ll¢ BIZOVBAETEC 30 CTAHIB, KOTH
OCHOBHIM TKEPETOM Hepril 114 OPTaHI3MY € AIDEL KICTOTI (TPHBATa M #3083 POOOTa,
TOTOTYBAHHA, IYKDOBHH 11A0ST). 3HavHe 3)0CTAHHA KOHLGHTYAL] RETOHOBILX T4T CTBOpIOE
HEOTIGUHY CHTYALIEO, AKY HaSHBAKTS Kemoauidosont, 00 kemosowt. [Tpu mbony amreroatse
TAT HeepMERTATHBHO JeKAPOOKCILTIOETBOA, IO CYTDOBOTKVETHCA VTBODSHHAM ALIETOHY,
TOMY 114 KET03Y XADAKTepHILH 3AIAX ALLETORY Y BILTHXYBAHOMY MOBITpL
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Glucose exported
as fuel for tissues
such as brain



CHHTE3 JKUPHUX KUCJIOT

CHHTE3 KHPEEX KHCIOT 3THICHKETECA 3 JBOBYTTIELEBHX (DParMesTis, SKi MICIT KOH-
JEHCAINT 323HAKTH BITHORTEHHA MO B-BVITIELIEBOMY ATOMY.

CHHTe3 KHPHHX KHCTIOT Ma< HH3KY 0COOTHBOCTEH:

*  (hepMEeHTH CHHETE3V JOKATI308aH1 B ITHTO30L;

*  DKepeToM CHHTE3V € MaToH1T~KoA, AxHi VIBOPHETECA 13 aUeTHI~KO0A:

*  aueTH1~KOA B PeakIiax CHHTE3Y BHKOPHCTOBVETRCA AK 3aTPABKaA;

* 174 BUIHOBICHEA NPOMUKHEX IPOIVKTIE CHHTE3Y AKHPHHX KHCIOT BHKOPHC-
TopveThcs HATPH(H®). axuil VIBOPHOETECA V MEHT03000CdaTHOMY HMITAXY,
a TOKOA TIPH OKHCHEHHE1 MaTaTy 10 mpyBaTy 1 CO, UHTOMTAIMATHYEOK MaTaTIe-

TIPOTeHA2050 (IeKapOOKCHITIOINO):
*  VC1CTami CHHTE3Y KHPHOI KHCTIOTH 13 MATOELT~KOA € UHKTIMHEM TPOLecoM,
SKHH BITOVBA€TBCA HA MOBEPXHI KOMIUTEKCY CHHTA3H KHPHHX KHCTIOT.



CHHTE3 JKUPHUX KUCJIOT

B OpraizMi THIHHH BUIOVBA€TBCA CHHTE3 HACHYEHHX 1 MOHOHEHACHHEHNX KH{HHX
K117, TTOMHERACHHE ! AHPH! KHCTOTH € He3a) MKHIMH PESOBHHAMH 1 IOBHHEH1 HATKOTHTH 3
410, CHETES BHIINX AHDEHX KHCTOT KATATI3VETBCA IOTIQEOMERTHID KOMITEKCOM — CHE-
TA30K0) BIIIIY KNPHIX KOCT0T L&l KOMITEKC CKIAZAETBCR 3 HECTH (epMEHTIB, AKI
KATAT3VHOTS OKPEMI CTATI TIEDETBODEHEA, A TAKOK 3 AMTTpaRCHopTyRoro ouka (ATB-SH),
AR TIEPEHOCHT AIIHTBHHH 3ATHIIOK 3 OTHOO depyerTy Ha i, ATD-SH 3HaxomHTRCH B
LIEKTP1 KOMILTIRCY. Tloro MOCTETHYHA TPYTIA MICTHTh MAKTOTEROBY KHCTOTY, AKA, AHATOTMHO
10 KoA-SH, yTBopko¢ aunTToSpHHII 38’ F30K 3 KHCTOTHEN 3ATHIKOM, [TpocTeTiEa rpyma
38 A3VETHCA 3 OLTHOM epe3 OCHATHHI 3ATHIION,

(CHHTA3HEH KOMITEKC MICTHTS 1 OTHY CVIs(TLIPHIBEY TPYIY, IO 38 A3VE CYOCTpAT.
BoHa BaneHTb UHCTeiRY -keTo-ATD-CHATAZM.




CHuHTa3a BUIIMX )KUPHUX KHUCJIOT
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besnocepeae 00" e 1HanHA 180X MONEKY/ AUETHI-KOA y uoTHpHBYIIeLeBHit (hparmeHT
y kniTHHax oprasiamy Hemomuse: 2C = 2C #4C. [Ina wiel peaxuii € o0Xiaui wsx:
B3AEMOZIA TPH~ | JBOBYITIELEBOrO (hPArMEHTIB 3 BIALIENICHHAM OJHOrO atoma KapOoky
BIZ [IPOAYKTY:
IC+2C=4C+C.



Tpusyrneuesuil (parMeHT YTBOPHOETECA LUIAXOM KapOOKCHI0BaHHA aleTn1-KoA.
DepmenT, sxuil 31HCHI0E WO peaxiio, — aueTi1-KoA-xapOokcunasza — MICTHTL DIOTHH:

CHz-CO-S-KoA + CO; + AT® + Hy0 srmimmmmnanss” HOOC-CHCO-S-KoA + All® + o),
Auetun=KoA Manonin-KoA

Yrsopeuuit Manonin~KoA s3aemogie 3 ATB-SH nig snausom manoinTpascdepasu
(MT).

-

MANSHINTRAMODEpaa

HOOC —CH,—CO —S—-KoA + HS—-ATE =
Manouin-KoA

= HOOC—CH,—CO—S-ATE + HS-KoA
Manouin-ATb

Manokin-KoA-ATB- Y (p-keToaumun-ATE-curTaza)
Tpancepasa : .
[-rinpokcuaumn-ATE- 5
Aenaparalia

Enoin-ATE-pepyxTaza y---

[i-keToaumn-ATE- a8
PeAyKTasa
Auetun-KoA-ATE-
TpaHcaueTunasa



Auetin-KoA (1808YrIeLesHi parMEHT) NepeHoCHTECA HA CHHTETHUHH I KOMILIEKC,
38" A3YKOUHCH 13 3aniKoM Luereiny B-xeroaunn-ATb-cusrasu (KC).

(00188 aLMIBHI 3ATHILKH (TH3LKO PO3TALLOBAHI Y IPOCTOPI. BoHK KOHACHCYHOTHCA
mig srumsoM Pxeroaun-ATb-cuarasn 3 sigwennenssam CO, (1),

[BTOALMN-ATE-Cm 1A >

CH,—CO—S8—-ATb + HOOC— CH,—CO—S—-ATb *ravi deovent)

Auetun-ATb Manoxin-ATE (1)
= CH,—CO—CH,—CO—S-ATE + HS-ATE +|CO;
Auetoauetun-ATb

ManoHin-KoA-ATB- } (B-Ketoauﬂn-ATE—cuma@
Tpancepasa h 1
s '
[-riapokcuaumn-ATE- i
Aeriaparasa

Exoin-ATE-peayxtaza r---

[i-keToaunn-ATE- e
pepyxTasa .
X
AueTun-KoAATE- \ ... -
TpaHcaueTunasa



[Ipy xoHAeHCALIT AUSTHIBHHIH 3ATHIIOK EPEHOCHTECH HA MATIOHINBEHHI, BHTICHAHOUH
fioro kapOoxcHsHY rpymy. AueroaueTun-ATb BiJHOBIHOETECA 32 KETOrPY O 10 B-0KCHITO-
xigsoro mig snausoM B-xeroaunn-ATb-peayxrasu (KP) (2). doxopou [Naporeny ans wiei
peaxuii € HAA®H(H™).

CH,— CO— CH, —CO— S —ATE + HATIOH(H") = >

ﬂ-wownn-ATs-mmam'
AueroaueTun=-ATE
(2)

+=——— (CH,—CH(OH)—CH,—CO—S-ATb + HAl®"
[i=rinpokcubyTHpun-ATE

ManoHin-KoA-ATB- } (B-Keroauun-ATE—cuma@
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N '
' :
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TpaHcaueTHnasa



B-oxcunoxigse nig snaxsoM B-niapoxcuauun-ATh-geriaparasu (1) aeriaparyerscs
3 YTBOPEHHAM mpanc-HEHACHUEHOT crionyku (3).

CH,— CH(OH) —CH,—CO—S-ATb Tz Nsm,,m’
[=rinpokcuByTupun-ATE (3)
=———* CH,—CH=CH—CO—S-ATb + H,0
KpoToHin-ATE

ManoHin-KoA-ATB- } (B-Keroauun-ATE—cums@
Tpancepasa h 1
N '
' :
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Aeriaparasa

Exoin-ATE-peayxtaza r---

[i-keToaunn-ATE- a8
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TpaHCaueTHNaIa



Kpotouin-ATb sigsosn:oeTses 3a paxysox HAJIOH(H7) mia snnusom depmenty exoin-
ATb-peayxrasu (EP) (4).

-

CH;—CH=CH—CO—S-ATb + HA[I®H + H' T r—— =
KporoHin-ATE @)

=———= CH,—CH,—CH,—CO—S-ATE + HAJ]0"
ByTupun-ATE

TaxuMm unHOM CHHTE3YETECH YoTHpHBYTIeLesHii OyTupun-ATh. Bt nepeHocuTses 3
ATD ua 3anumox uucreiny pepmedty P-xeroaunn-ATb-cunTasu.

ManoHin-KoA-ATE- Y} (p-xeToaumn-ATE-curTaza)
Tpanchepasa : ]
[i-rinpokcuaumn-ATE- |
Aerinparasa

Exoin-ATE-pegyxtaza r---

[i-keToaunn-ATE- i2a 8
PEAYKTASA

Agetun-KoA-ATE- N\ L ___%
TopaHCauETHNA3a



Businesena rpyna ATD npueasye Hosuii 3anuiox Manoxiny. Bigdysaerscs Hosuil
LMK HAPOLLYBAHHS BYITIEBOJHEBOIO JIAHLIOrA, B AKOMY HA MANOHLI-KOA nepeHocHTsCH
BXE YOTHPHBYIIEUEBHH (DParMeHT | B pe3y/IsTaTi YTBOPHOETECA MOJIEKYA, AKA MICTHTS
LicTs aTomis KapOoHy:

CHy— CH, — CH,— CO— § ~ATS + [HOOCESCHSCO=SaATS] ———
ByTupun=-ATE ManoHin-ATE
= CH,—CH,—CH,—CO—CH,—CO—S-ATE + €0,
[~xeToxkanpouin=-ATE



Ko uif Lk peaxiiiif 30U11Ye JOBKHHY NAHIOra Ha JBOBYIIICLEBH (parMeHT.
[Ticns JocarHeHHs JOBKHHH NAHION, WO MICTHTs 16 atomis KapOoxy v pesyasrari
MAPOJITHYHOT TIOGCTEPA3HOT PEAKLIT NAIEMITHHOBA KHCIO0TA BUBLIBHAETHCA MIJ JIEH
(hepmenty auerii-KoA-ATb-tpascauerunasu (AT):

CHy— (CHy),, — CO— 8- ATE + H,Q St i, 64 (CH,), COOH — HS - ATE

(TogcTanasa)
Nanbmiroin-ATh MansMiTHHOBA KMCHOTA

ManoHin-KoA-ATE- Y} (p-xeToaumn-ATE-curTaza)
Tpancepasa : i
[i-rinpokcuaumn-ATE- |
Aeripparasa

Exoin-ATE-pegyxtaza r---

[-keToaynn-ATE- e
PEAyKTasa .
g =
Agetun-KoA-ATE- N\ L ___% -
TpaHcaueTunaa



CyMmapHe piBHSIHHS CHHTE3Y KUPHHX
KUCJIOT

CymapHe piBHAHHA CHHTE3Y NaNbMITHHOBOT KHCIOTH MOXHA 3aMHcaTH Tax:

CH,—CO—S-KoA + THOOC— CH,— CO — S—KoA + 14HAJ®H + 14H' —
AucTun-KoA Manonin-KoA

— CH,—(CH,),,COOH + 7CO, + 8HS-KoA + 14HAL®" + 6H,0

NanumirwHoBa KKWCnoTa

AD0, BPaXOBYHOUM, L0 HA YTBOPSHHSA OJHIET MONeKyIH ManoHIN-KoA B3 auetin-KoA
suTpavaeTses oaHa mMonexyaa AT 1 ogxna monexyna CO,, ska noTiM BIJWEIIOETHCH,
CYMApHE PIBHSAHHS MOXHA PEACTABHTH TaK:

8CH,— CO —S—KoA + 7AT® + 14HAOH + 14H' —»
Auetun-KoA
— CH,—(CH,),,— COOH + 14HANl®" + BHS —KoA + TAl® + 7H,PO, + 6H,0

ManemiTHHOBA KKMCNOTA

[3 ManbMITUHOBOI KHCIIOTM CHHTE3YEThCA CTE€APUHOBA 1 I1HII BHUIIl KUPHI KHUCIIOTH ILIIXOM
npueaHands  anetwi-KoA (1 B MiToxoHapisix) uu MaloHUT-KoA ( e eHjomia3MaTuuHOMY
PETUKYIIYM1)
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CHuHTE3 )KUPHHUX
KUCJIOT

YrBopenuit maroHiaA~KoA B3aemopmie 3 ATB-SH
I BIIAUBOM MaAOHIATpaHCAIlUAA3H.
ArleTUA-KOA TI€pEHOCUTBCH HaA CHHTETUYHUU
KOMIIAEKC, 3B’I3yIOUHCH i3 3aAUNIKOM IIHCTEIHYy
cuHTaszu. O0uaBa AallMABHI 3aAUIIKU OAU3BKO
po3TanioBaHi y nmpoctopi. BoHM KOHIEHCYIOThECH
i BIAMBOM  3-Ketoalrtua-ATB-cuHTazu 3
BiIITIETIACHHAM COQ. [Tpu KOHOEeHcAaIrii
AllETUABHUM  3aAHIIOK  IIEPEHOCHUTBCSI  Ha
MAaAOHIABHUM, BUTICHAIOYI HOro KapOOKCHABHY
rpyny. AuneroaieTus-ATBE  BiZHOBAIOETBCH 3a

KETOT'PYIIOIO [0 [3 -OKCHIIO-

XiMHOTO IIix BHOAMBOM 3-KeToallUuA-ATH-
penykTrasu. [JJOHOPOM TiAPOTEHY OAS L€l peakiii
€ HAIPH(H+). B-okcunoximHe mig BOAUBOM [3 -
rinpokcuaitua-ATB-nerigparasu geriapa-

TYETBCS 3 YTBOPEHHSIM TpPaHC-HEHACHYEHOI
CIIOAYKU , dKa, ¥ CBOIO YEpPry, BiTHOBAIOETHCH
3a paxyHok HAIPHH+) nim BHauBOM

depmenTy eHoia-ATB-penykrasu. Takum
4YUHOM 3 [OBOX OKHCHEHHX [IBOBYTAELIEBUX
dparmMeHTiB CUHTE3YEThCH BiIHOBHUMI
JOTHUPUBYTAEIleBUH-OyTHpUuA-ATE. Bin

nepeHocuTbcd 3 ATB Ha 3aAHUIIOK LHCTEIHY
depMeHTy.



Palmitate




translocation of

Butyryl-ACP

NADP*
@

reduction of

NADPH + H* double bond
CHgz  CH 3

B-Ketobutyryl-ACP

tmm-Az-Bueenoyl-ACP

NADPH + H*

H0
@ NADP* @
reduction of dehydration
p-keto group

pB-Hydroxybutyryl-ACP



|_|O3aMiTOXOHﬂ.piaﬂbHa CUCTEMa Ak Bxe 3asHauanocs, byaiBenbHUM 6rIOKOM OIS

6iOC|/|HTe3y XUPHUX KNUCIOT CUHTE3Y >XMPHUX KUCNOT B UUTO30Mi KMiTUHU CIyrye
auetnn-KoA,  akun nepeBaxHO  HagxoauTb i3

MiTOXOHApPIN. byno 3'acoBaHoO, WO uuTpaT CTUMYIIOE
CUHTE3 XUPHUX KUCIMOT B UWTO30MI KMITUHKU. Bigomo
TakoX, WO YTBOPEHUA B MITOXOHOPIAX Yy Mpoueci

OKMCHIOBANbHOMO  [ieKkapBoKcuUnioBaHHa nipysaTy Ta
Mawmi Menbpana Limosons OKWCHEHHS1 JKMPHUX KucrnoT auetun-KoA He Moxe
MG WiroxoHApI ONdYyHOyBaTU Y LUMUTO30Mb  KIITWHW,  OCKINbKM

MiTOXOHApianbHa MembpaHa HEenpoHWKHa ANns OaHOoro
cybcTpary.

HSKoA wrpar Lnrpar ATd + HSKoA Tomy croyaTky BHYTPILLHbOMITOXOHApPIaNbHUW aueTun-
KoA B3aemogie 3 oOkcanoauetatom 3 YTBOPEHHAM
uuTpary. Peakuis KaTanisyeTbcs depMeHTOM
UMTPaTCUHTa30l. YTBOPEHUW UUTPAT MNEPEHOCUTHLCS

AT + Dy yeped MemOpaHy MITOXOHApPIM Yy UMTO30Mb  3a
J0NOMOroro cneuianbHol Tpukapbokcunar-

Auertun-KoA | Oxcanoaugrar | [ Okcanoaug™ar | Aueriun-KoA TpaHCcnopTyto4ol cuctemun. B uutosoni untpar pearye 3

I HS-KoA i AT®, 3HOBY po3sLienniooymnch Ha auetmun-KoA i

I okcanoauetaT. [aHa peakuia kartanisyetbca ATO-

| uuTpartniasorn. Bxe y umMtosoni okcanoaueTaT 3a yyacTio

I

|

|

H" + HAH HAMH + H*

LMTO30MNLHOI ManataerigporeHasn BiOHOBOETbCA A0
Manary. OcTaHHIn 3a [0MNOMOroro
AankapbokcunaTtTpaHcnopTyBanbHOI cUcTeMu
HA HAL NnoBepTaeTbCsd B  MITOXOHApianNnbHUMW  MaTpuKc, Ade
L OKMUCHIOETbCS [0 OKcanoaueTaTy, 3aBepLuyroun Tum
Manar Manar CHNTES KDY caMMM TaK 3BaHUI YOBHUKOBUWN LK.

KUCNOT



YTBOPEHHSA HEHACUYECHUX KUPHUX KHUCIIOT

TsapuHH HE MOKYTH CHHTE3YBATH Hi JIIHONCHOBY, HI apaxiJOHOBY KHCIOTH, TOMY Ui
KHCIOTH 000B'A3K0BO NMOBHHHI HAAXOAHTH 3 TKEH.

V TKaHMHAX CCABLIB MPHCYTHI HEHACHYCHI KHUPHI KHCJIOTH 3 PISHOK J0BXHHOK
ani(paTHUHOrO NAHLKOra MK KIHLEBOK METHJIBHOK FPYIOK Ta HalOIxUMM NOABIHHKUM
38" a3x0M. HaiiGinsi po3rnoscoLxeHi MOHOHEHACHYCH ] KUPHI KHCIIOTH (NansMITOIEIHOBA
Ta 0JIETHOBA) CHHTE3YHOTHCH 13 MANBMITHHOBOT Ta CTEAPHHOBOT KHCIOT. Y TBOPEHHA 10481 -
HOIO 38°S3KY B1A0YBAETLCA B MIKPOCOMAX KIITHH [EUIHKH | KHPOBOT TKAHHHH 33 YUACTHO
crneuu(iuHOT OKCHIeHA3H 1 KHCHIO. Y JaHili peaxuii oqHa MOIEKYa KHCHIO BHKOPHCTOBY-

€TECH K AKLENITOP ABOX Nap IEKTPOHIB, 0/1HA 3 AKHUX HANEKHUTE CyOCTparosi (aunn-KoA),
a apyra— HAJ1®GH - H™:

CH; — (CHy)ia— CO—SKoA + HABIOH + H* + 0z s
NansmiroinKoA
CHy — (CHy)s — CH = CH — (CH); — CO — SKoA + HAL®® + 2H,0
Nanswmironein-KoA



bilocuHTE3 TPHALIMJITIIIEPOJIIB

CuHTe3 YCIX JINIAIB, 40 CKAAAY AKHX BXOAHTH MIILEPHH, TOYHHAETLECA 31 CIIIILHOrO
nonepeaxsnka — gocorninepony.
(|3H20H (l.‘.H,OH

Mg** -
|CHOH +- miueponyiHaia |CHOH +-

CH,OH CH,OPOH;

Mniuepon L-rniuepon=3-thocar

Bix aunnioerses y Asa eranu Monexyiamu auni-KoA 3 yTsopesHsM JHaluarinepo-
3-ocary aGo pochaTiaHOl KUCAOTH:

1" R-co-s-ko

CHOH +

' R,=CO—S—KoA
CH,OPO,H,

Mniyepon=-3~goccar ®ocdarunua kucnora (ocdarupar)

CH,OPO,H,



bilocuHTE3 TPHALIMJITIIIEPOJIIB

docaruHa KHCA0TA MAPONI3YETECA 3a yuacTio (epmenTty docharuadocharasu
3 YTBOPSHHAM | 2-AHaLMIIIILEpoy, AKHi € USHTPANLHOK CIIONYKOK B CHHTE3! JiMijB,
10 CKIATY AXHX BXOAHTE MIILEPOIL

(") H,0 H;PO, ?|)
CH,0—C—R / CH,—0—C—R
| 2 { \ : | !
CHO—ﬁ—Rz docharwardocdarasa CH—0— ﬁ—RZ

0 ‘ 0
CH,0PO.H, CH,—OH

@occharnaHa kucnora (docgarmpar) 1,2salayunrniyepon



bilocuHTE3 TPHALIMJITIIIEPOJIIB

[IpH cHHTE3! TPHALMATIILEPONIS |,2-JALHATIILEPON AUHIOETECA TPETBOK) MOE-

KYI0:0 aLna-KoA:
i
CH—0—C—R,

1,2-plauMnrniuepon

>

CH—0—C—R, + 3‘33; — —k
AUNTPaNCepaI

piaumunrniyepon-

0
I

CH—0—C—R,

CH—0-—

ﬁ_R? + HS - KoA

CH,—0—C=R .

Tpwauunmiuepon



biocuHTe3 dpoccorniuepuaie

HO HO
DocharugHa kucnora WD glayunmiyepon



locuHTe3 dpocdorniuepuaiB

l
H,C—O0—C—R

R,—C—0—C—H ﬁ) NH,”

o}
Il I I
o)

H‘,C-—O—-P——O—Fl‘—o ' HO—CH:—(I.‘,—COO—
& }
Wa®-giaumnrniuepon )“ Cepuu
HA,C-—O—C"?—R.
R,—C—0—C—H O NH,* Q
g HA,(IE— O—Flil'—O— CH, —(|;— CcoO™ + 'O—l!il'—o
T v

@octparnauncepuH ume



IoCuHTE3 pocorniuepuaiB

CHX
H,C | CH,
4 ’ N
NH, NH, N
H" CO, | 3-CH, 3H' |
oo\ 4 Wg—H 4 W
CH, CH oH
O—R O0—R 0—R

Docharnanncepun DoccharnauneraHonamin Docharuamunxonin
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Ketone body formation and export from the liver. Conditions that increase
gluconeogenesis (diabetes, fasting) slow the citric acid cycle (by drawing off
oxaloacetate) and enhance the conversion of acetyl-CoA to acetoacetate.

The released coenzyme A allows continued 3 oxidation of fatty acids.
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Seed triacylglycerols

* The role of B oxidation
Patty acid 1n the conversion of
S seed triacylglycerols
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Formation of ketone bodies from
acetyl-CoA. Under circumstances
that cause acetylCoA accumulation
(starvation or untreated diabetes, for
example), thiolase catalyzes the
condensation of two acetyl-CoA
molecules to acetoacetyl-CoA, the
parent of the three ketone bodies.
These reactions all occur within the
mitochondrial matrix. The six-carbon
compound 3-hydroxy-
Bmethylglutaryl-CoA (HMG-CoA) is
also an intermediate of sterol
biosynthesis, but the enzyme that
forms HMG-CoA in that pathway is
cytosolic. HMG-CoA lyase is present
In the mitochondrial matrix but not in
the cytosol.
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Electrons removed from fatty acids
during B oxidation pass into the
mitochondrial respiratory chain and
eventually to O2. The structures |
through IV are enzyme complexes that
catalyze portions of the electron transfer
to oxygen. Fatty acyl-CoA
dehydrogenase feeds electrons into an
electron-transferring flavoprotein (ETFP)
containing an iron-sulfur center, which in
turn reduces a lipid-soluble electron
carrier, ubiquinone (UQ, or coenzyme
Q). B-Hydroxyacyl-CoA dehydrogenase
transfers electrons to NAD+, and the
resulting NADH is reoxidized by NADH
dehydrogenase (Complex | of the
respiratory chain). Propionate produced
from odd-chain fatty acids is converted to
succinate. Succinate dehydrogenase,
which acts in the citric acid cycle (p.
457), feeds electrons into the respiratory
chain at Complex Il. Cytochrome c (cyt
c) is a soluble electron carrier that
transfers electrons between Complexes
[l and IV.
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* Acyl carrier protein (ACP).
The prosthetic group is
wa - 4'-phosphopantetheine, which

i Is covalently attached to the
9 hydroxyl group of a Ser
P residue in ACP.
Phosphopantetheine contains
| m (e the B vitamin pantothenate,
o [T also found in the coenzyme A
L ¢o molecule. Its -SH group is the
g site of entry of malonyl
v groups during fatty acid

a1 e | synthesis
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B-Ketoacyl-ACP

Beginning of the second round of the fatty
acid synthesis cycle. The butyryl group is on
the Cys -SH group. The incoming malony!
group is attached to the Pn -SH group. In the
condensation step the entire butyryl group
on the Cys -SH is exchanged for the
carboxyl group of the malonyl residue, which
is lost as CO2 (green). This step is
analogous with that shown in Fig. 20-5. The
product, a six-carbon [-ketoacyl group, now
contains four carbons derived from
malonyl-CoA and two derived from the
acetyl-CoA that started the reaction. The
B-ketoacyl group now undergoes steps 2
throu 4 as in Fig. 20-5.



Inner Outer mitochondnal matnx.
membrane membrane

Matrix Cytosol

Tricarboxylate —
transporter
CoA

citrate
lyase

Oxaloacetate - L= Oxalogicetate
+H*

malate
dehydrogenase

malate

+H* dehydro-
Benase

ADP + ; NAD® " \ate

pyruvate

carhoxylase

malic H*
. Malate~ enzyme +
COo; % a-ketoglutarate COy
Pyruvate transporter

Pyruvate

transporter

The acetyl group
shuttle for transfer of
acetyl groups from
mitochondria to the
cytosol for fatty acid
synthesis. (The outer
mitochondrial
membrane is freel
permeable to all o
these compounds.)
Pyruvate derived
from amino acid
catabolism in the
matrix, or from
glucose by glycolysis
in the cytosol, is
converted to
acetyl-CoAin the
matrix. Acetyl groups
pass out of the
mitochondrion as
citrate; in the cytosol
they are delivered as
acetylCoA for fatty
acid synthesis.
Malate returns to the
mitochondrial matrix,
where it is converted
to oxaloacetate. An
alternative fate for
cytosolic malate is
oxidation by malic
enzyme to generate
cytosolic NADPH; the
pyruvate produced
returns to the
mitochondrial matrix.
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Regulation of fatty acid synthesis.
(a) In the cells of vertebrates,
both allosteric regulation and
hormone-dependent covalent
modification influence the flow of
precursors into malonylCoA. In
plants, acetyl-CoA carboxylase is
activated by the changes in
[Mg2+] and pH that accompany
illumination (not shown here). (b)
Filaments of acetyl-CoA
carboxylase (the active,
dephosphorylated form) as seen

with the electron microscope.



16:1(A%)

wmuu’on

Longer saturated

Oleate fatty acids
18:1(A%)

desaturation 1
(in plants l
oaly)

desaturation /
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Other polyunsaturated
fatty acids

desaturation
y-Linolenate
18:3(A8.9.12)
lklm‘-rmn

Eicosatrienoate
20:3(A8.11.14)

ldmlumuan
Arachidonate
20:4(A58.1L14)

Routes of synthesis of other fatty acids.
Palmitate is the precursor of stearate
and longer-chain saturated fatty acids,
as well as the monounsaturated acids,
palmitoleate and oleate. Mammals
cannot convert oleate into linoleate or
a-linolenate (shaded red), which are
therefore required in the diet as essential
fatty acids. Conversion of linoleate into
other polyunsaturated fatty acids and
eicosanoids is outlined. Unsaturated
fatty acids are symbolized by indicating
the number of carbons and the number
and position of the double bonds, as in
Table 9-1.
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Schematic depiction of PL

activation in solution by
Inactive Lipase Micelle Colipase CL and a duodenal mixed
micelle. The formation of a
complex between inactive
' ; + PL (van
Al Tilbeurgh et al., 1992), CL
s T and a mixed micelle
" 5 activates the enzyme by
’ stabilizing the flap in the

open conformation and
Active Lipase-Colipase-Micelle Complex exposing a large
- hydrophobic surface. This
“&_ ~¢ surfacle S}];Qullq facilitla:te
N complex binding to the
# ‘\ o underlying tri- and
diglycerides of the
emulsified duodenal oil
particle.

The particle polar layer
and underlying substrates
(not drawn to scale) are
T S i depicted n gray and
e : = yellow respectively. The
== > uncomplexed CL is shown
i as the procolipase NMR
_ A/C/’f//;/”{' ‘/’ solution (Breg et al.,
1995).
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PHOSPHOLIPASES AND LIPID KINASES

PC
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Phospholipase D :
Pl 4-Kinase \ / Phospholipase A,

R

Pl 4-P
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Pl 5-Kinase
PA Phospho-
hydrolase

rachidonate |+ Lyso PC

Phospho-

lipase C + Y IN
PI 34,5-P Ins (1,4.5)P; | |Prostaglandins and Leukotrienes
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Orlistat Prevents Fat Digestion and Absorption
by Binding to Gastrointestinal Lipases

Intestinal Lumen Mucosal Cell
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