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INTRODUCTION

The word ‘lipid’ is used by Biochemists to denote a
chemically heterogeneous group of substances having
In common the property of insolubility in water, but
solubility in non-aqueous solvents such as chloroform,
hydrocarbon or alcohols.

It IS necessary to use this definition based on physical
properties since there may be little or no chemical
relationship between the numerous compounds now
classified as lipids

The biological functions of the lipids are as diverse as
their chemistry



ASSIFICA

LIPIDS

!

SIMPLE LIPIDS

or
HOMOLIPIDS

v .

Fats and oils Waxes
(Triglycerides)

Simple

Sperm whale wax

triglycerides

Mixed

Beeswax

triglycerides

Carnauba wax

I

COMPOUND LIPIDS

or

HETEROLIPIDS

v

Phospholipids

(Phosphatids)

Phosphoglycerides
Lecithins
Cephalins
Plasmalogens

Phosphoinositides
(Phosphatidyl
inositols)

Phosphosphingosides
(Sphingomyelins)

v

Glycolipids
(Cerebrosides)
Kerasin
Phrenosin

MNervon

Oxynervon

|

DERIVED LIPIDS

|

v

Steroids

C29,C28.C27
steroids

C 24 steroids

C21,C19 C 18
steroids

!

Terpenes
Monoterpenes
Sesquiterpenes
Diterpenes
Triterpenes
Tetraterpenes

Polyterpenes

v

Carotenoids

Lycopene
Carotenes

XKanthophylls



~—— SIMPLE LIPIDS -
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These are esters of fatty

1 1 1 0, OH 0O,_ OH
acids with glycerol or higher Carbonsl 0. 0 “\\( (\\(‘ e
alcohols. Examples are fatty qop ~ 0
acids, Acylglycerols and ' i }':
Waxes. HC
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(A) FATTY ACIDS: A fatty acid
is composed of a long
hydrocarbon (tail ) and a
terminal carboxyl group(
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Fatty acids occur in large Hydrocarhon :
amounts in biological chain Hy  pamitcacd
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free, uncomplexed state.

They are esterified to
glycerol or other backbone
structure.
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(B)
ACYLGLYCEROLS:
these are glycerol
esters of fatty acids.
They include tri-, di-
and monoacylglycerols.

The triglycerides are
the most abundant
of all lipids.

If all three fatty acid
groups are the same,
the molecule is
called a simple
triglyceride

Mixed triglycerides
contain two or more
different fatty acids.

SIMPLE LIPIDS
H,C — CH— CH,
] | | H,C —CH—CH,
HO OH OH / ]\
Glvecerol (|) 0 (I)
0=C (=0 (=0
113/(:—(".171—(<l2 <
(0] (0] 0
()=(|‘ =0 §
)
§

Myristic

Tristearin Stearic

(a simple triacylglycerol)
A mixed triacylglycerol



SIMPL

(C) WAXES are esters of long-
chain alcohols with long-chain
fatty acids.

The resulting molecule can be
viewed as having a weakly polar
head (the ester moiety itsell)f )
and a long, non polar tail (the
hydrocarbon chain).

Fatty acids found in waxes are
usually saturated.

The alcohols found in waxes
may be saturated or
unsaturated and may include
sterols

Waxes are water insoluble . As a
result, they confer water-
repellant character to animal
skin, to the leaves of certain
plants and to bird feathers

Examples include Carnauba
wax, Beeswax and Lanolin

O
|
CH3(CHjy)14—C—0—CHy—(CHjy)9s—CHjy
.

AN

Y
Palmitic acid

1-Triacontanol

A
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—  COMPOUND/COMPLEX LIPID

They are esters of fatty acid with one of the various
alcohols in addition, they contain other groups (non-
lipid component). The subclasses are: phospholipids
and glycolipids
(A) PHOSPHOLIPIDS: these are compound/complex
lipids containing alcohol, phosphoric acid and a
nitrogenous base or other alcoholic group. There are
mainly two classes of phospholipids (i)
glycerophospholipids and (ii) Sphingophospholipids
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= PHOSPHOLIPIDS

(1)GLYCEROPHOSHOLIPIDS: A 1,2-

[0}
2 , I
diacylglycerol that has a phosphate FHr—0—C N, Sermrsed fatyacid
group esterified at carbon atom 3 of e | 7 Unsaturated fty acid
% (general structure) CH—C‘—C\/\/\/\/:\/\/\/v (en olote nid) 3
the glycerol backbone is a p S =
glycerophospholipids also known as a “CH—0—F—0—X
phoshoglyceride or a glycerol O et
phosphatide
o e Name of Net charge
These llplds form one Of the largest glycerophospholipid Name of X Formula of X (at pH ";’g)
classes of natural lipids and one of | rrosaaic aca - —H -1
the mOSt lmportant Phosphatidylethanolamine Ethanolamine _CHQ—CHQ—ﬁHg 0
They are essential components of - | [ —
Cell membranes Phosphatidylcholine Choline 2 2z 3/8 0
In these Compounds, a Val‘iety Of Phosphatidylserine Serine — CHQ—CEO—_NHB -1
polar groups are esterified to the
. . . Phosphatidylglycerol Glycerol — CH,—CH—CH,;—O0H -1
phosphoric acid moiety of the L
molecule
The phos hate’ together With SuCh Phos»ph,‘atidylinositol myq—lnositol 4,5- -4
esterified entities, is referred toasa | **""or pisphosphate
“head "group
Common head groups found in Cardilpin " »
phosphatides are choline, glyeerc CHOH
ethanolamine,glycerol, serine and o o
L] . 3 O
inositol. |
(0}
CHZ—O—(H}—RE
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——  PHOSHOLIPIDS CONT’D

ether-linked alkene

Ether CH,—0—L—C NN
Glycerophospholipi == """
ds posses an ether I

linkage instead of  o—r—o—cn.—cn.—Ncm,

an acyl group at C_l 7 o Plasmalogen
position of glycerol.
Platelet aCtiVﬂtiIlg ether-linked alkane
1 — CH—CHy SN NN N

factor (PAF) and (e OO O,

1 1 T
plasmalogen are SCH, O
examples Of ether Cl:’ acetyl ester

o ° | 4
glycerophospholipi  o-r—o—cr—cm—%cn,
O

ds

choline

Platelet-activating factor



= PHOSPHOLIPIDS

(11)
SPHINGOLIPIDS/SPHINGOPH Sphingosine
OSHOLIPIDS: sphingolipids HO—{CH—~CH=CH—(CH,~CH,
represent another class of '

lipids found frequently in Sphingolpid |
biological membranes. An 18 (el QCH_N_C\/\/W\/\/\/\/\/\/\/\
carbon amino alcohol, S I

sphingosine, forms the
backbone of these lipids rather
than glycerol. Typically, a fatty
acid is joined to a sphingosine
via an amide linkage to form a
ceramide

S hiniomyelins represent a
phosphorous-containin
subclass of sphingolipids and 0

are eSPeCiallY important in the Sphingomyelin Phosphachline —P—O—CHQ—CHg—ﬁ(CH;;}g
nervous tissue of higher |

animals

Fatty acid

0H,~0-X

Name of sphingolipid Name of X Formula of X

Ceramide - -1

0
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~—COMPOUND/COMPLEXLIPIDS

Sphingosine

(B) HO—CH—CH=CH—(CH, ),,~CH;

Fatty acid
GLYCOSPHINGOLIPI Shngld i
DS/ GLYCOLIPIDS: it 1
Glycosphingolipids CH~0—X
consist of a ceramide
Name of sphingolipid Name of X Formula of X

with one or more
sugar residues in a §3- cnon
glycosidic linkage at et s Q
1-hydroxyl moiety. R
Examples are Lactonleraic NS CYSC
cerebroside, sulfatide o

Ganglioside GM2 Complex

and gangliosides
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These are substances derived from
simple and compounds lipids by
hydrolysis. These include steroids,
terpenoids and carotenoids

(A) STEROIDS: All steroids may be
considered as derivatives of a fused
and fully saturated ring system called
CYCLOPENTANOPERHYDROPHENAT
HRENE or STERANE

This system consists of 3 cyclohexane
rings (A,B and C) fused in nonlinear
or phenathrene manner and a
terminal cyclopentane ring (D)

Cholesterol, the principal sterol of
higher animal is undoubtedly the
most publicized lipid in nature,
because of the strong correlation
between high levels of cholesterol in
the blood and the incidence of
diseases of the cardiovascular system.

/
DERITVED HH O

Cyclopentanoperhydrophenanthrene
or sterane nucleus

r
4 “CH;
, (I:H— ‘CHs
24CH,, Alkyl
| side
. CI'Hz chain
““CH— :CH;‘g

_ )l .
Polar HO & X~ Steroid
head nucleus



e
= DERIVED LIPIDS
(B) TERPENES: the terpenes o ci,
are a class of lipids formed i = j
from the combination of two we” Nen, 2
or more molecules of foprene
2methyl 1,3-butadiene,better '
know as isoprene (a five- WONDTEENE TS DA
carbon unit that is
abbreviated Cs) | | /
: /\ /\ AVA
The simplest terpenes are / | \ \L
called monoterpenes WA I f i
(C10H16), followed by ‘1‘ | ‘T’ AR %
sesquiterpenes (CisHz24), ANANEA /

diterpenes (C20H32) and
triterpenes (C30H48) Lo Ciroeld Mool ok il
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(C) CAROTENOIDS

Carotenoids are
tetraterpenes, these are
widely istributed in both
the plant and animal
kingdoms but are
exclusively of plant origin.
They are isoprene
derivatives with high
degree of unsaturation.
Because of the ma
conjugated double gonds,
they are coloured red or

ellow examples are

ycopene (in tomato), o-
andg carotene (in carrot)
and xanthophyll

DERIVE

! L N '.|
AL AN AN L& AL AN AN
/ PR AN Y4 Y/ WA

LIPIDS

TETRATERPENES

YA
h‘a s'ﬁ H"'.

u‘\\ J H

AAA%A"
T ( A

\

Litapene



— PROPERTIES (PHYSICAL) OF FATS

The fats and oils owe the manifestation of their
physical properties to the fatty acids and alcohols, the
two major components

STATE:

COLOUR, ODOUR AND TASTE
SOLUBILITY

MELTING POINT

SPECIFIC GRAVITY
GEOMETRIC ISOMERISM
INSULATION
EMULSIFICATION

SURFACE TENSION




~CHEMICAL PROPERTIES/REACTIONS OF LIPID

The chemical reactions of the fats reflect the reactivities
of the ester linkage and the degree of unsaturation of
the hydrocarbon chain

HYDROLYSIS: the fats are hydrolyzed by the enzymes
lipases to yield mixtures of fatty acids and glycerol.

H,C — OOC.R, H,C — OOC.R,
H!‘.Tl:—Oﬂch-_, — = HC — OOC R, + R;.COOH
H,C —{OOC.R, 1+ 1 OH H,C — OH
Trigl}rcér_it_ie_ T 1!.,.’3[..31- Diglveeride Fatty acid
H,C — OOC R, H,C — OOC R,
HC—OOCR, + HOH — > HC— OH + R,.COOH
H,C — OH H,C — OH
Diglyceride Warer Monoglyceride Fatry acid
H,C — OOC.R, + H OH H,C — OH
HC — OH - > HC — OH + R,.COOH
H,C — OH H,C — OH
hMMonoglyceride Waler Glycerol Fatty acid

[Radicals R;. R, and R5 may be similar or dissimilar. ]
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~“CHEMICAL PROPERTIES/REACTIONS OF LIPID

SAPONIFICATION: The hydrolysis of fats by alkali is
called saponification. This reaction results in the
formation of glycerol and salts of fatty acids which are
called soaps

112‘ —00C.C H, Na'(JII H,0— OH
""""""""" I o HC—OH + 30y, COON
Hzf:—fdiir"ﬁ}l""h}i OH H,C— OH

Triolein Sndmm Glycero Sodum oleate
(a fat) hydroxide (a s0ap)
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“CHEMICAL PROPERTIES/REACTIONS OF LIPID

RANCIDITY: there are two types of rancidity (1) Oxidative
rancidity (2) hydrolytic rancidity

(1) Oxidative rancidity/lipid peroxidation: oils containing
highly unsaturated fatty acids are spontaneously oxidized by
atmospheric oxygen at ordinary temperatures. This is due to a
reaction called autoxidation. Autoxidation proceeds by a free
radical mechanism in which the «-methylene group is attacked

T [
—C—C=C— +t0, —— > —C—C=C—
Free radical
(ll
O
Peroxy radical
LI T L LT LT
(IZ C=C— + C C=C— ———> —(li—C=C— + —C—C=C—
O H O Free radical
I MNew fatty acid |
O O

Peroxy radical |

Hydroperoxide
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“CHEMICAL PROPERTIES/REACTIONS OF LIPID

(2) Hydrolytic rancidity: when butter or other fats are
stored, they often become rancid and hence
unpalatable. This is caused by the growth of micro-
organisms which secrete enzymes like lipases. This
may be prevented by refrigeration or by exclusion of

water
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SOME QUANTITATIVE TESTS FOR FATS AND OILS

IODINE VALUE: It is the number of grams of iodine
absorbed by 100g of fats. The iodine number is thus, a
measure of the degree of unsaturation of the fatty acids in
fats.

PEROXIDE VALUE: Peroxides (R-OOH) are primary
reaction products formed in the initial stages of oxidation,
and therefore give an indication of the progress of lipid
oxidation. One of the most commonly used methods of
determining peroxide values utilizes the ability of
peroxides to liberate iodine from potassium iodide

R‘OOH+ Kl i ROH + KOH +12

Other quantitative tests include Acid value, saponification
number, oxygen uptake etc.




~ CHEMISTRY AND PROP CIDS

Nuher
. . OO OO0 OOH 0 OH
Fa.tty ac.lds are carboxylic \/ \/ \/ \ of Cabons~~ Common Yame~~ ytematc Name bl et
acids with hydrocarbon 10\ 10\ 10\ 10\ ‘ ‘
chains ranging from 4 to 36 /CHQ /CHZ /CHQ /CHZ S
carbon long, W W B O 0l Do 9 80,008
In most monounsaturated W g (f, TR -
Vimstcaod — Teadecnoicand W0 CHyCHy,LO0H
fatty acids, the double bond C/H C/H C/H C/H ‘ ms,],c m, . mo%c K? (0
is between C-g and C-10 W \ % W b Bwocaod  Hedecanoi aod I60 CH(CHy), COOH
(Ag) and the otherdouble /" /" /™ /™ b Swwl  Ocbwiad 8 08y, C00K
bonds of polyunsaturated T % % G T W Gy, 00K
(B, . CF (8 CH
aregenerally Azanddis % % B R 8 Mol ool 8 (000
' g (e
The double bonds of : \! [U ! [U N 1 B %0 CHy(CHyCO0H
polyunsaturated fatty acids /CHz Vg Vg ¥ g
are almost never C\HZ ;o H\C/ : H\_[_/ : Uttty s all doule b e
. CH U U
conjugated but are LY ) g‘ i b el ok 60 ChCH OO0
separated byamethylene o %\ 0N b d G W O
group \ CH NV
i /CHz \CH (H, 15(‘i B Dnobcad 91 0ctudecadiensc acd 182 CHy(CH) CH=CHCH),(CH, . COOH
' \ |
occurring unsaturated fatty C\H2 C/H Z /CHZ H’/C\ B lnokncaed 90 50cdecamenoicand 183 CH[HZ(CH—CHCH.)Q(CH (00K
2 |
acids, the double bonds are /CHZ \CHZ C\Hz /CHZ B ylnoencaod 631 M0dadecumenocand 183 CHy(CHyCH=CHCH) By 000K
in the cis configuration o o ) Audidrcad 580 ouerocad 9 CHy g CH=CHOR B Q00K
180H3
ol B Newncaod  FTetmeosenocand Pl CHy(CHyCH=CH(CH, , COOH

Stearicacid Oleicacid  Linoleic acid o-Linolenic acid
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Fats ingested
in diet

s
Gallbladder ' ) /

(D Rile salts emulsify
dietary fats in the
small intestine, forming
mixed micelles.

(@) Intestinal lipases
degrade triacylglycerols.

(©) Fatty acids and other breakdown
products are taken up by the
intestinal mucosa and converted
into triacylglycerols.

STION AND A

Fatty acids are oxidized
as fuel or reesterified
for storage.

= Myocyte or

adipocyte

E Yoo

= 1
V’ CO.
ATP
(7 Fatty acids enter cells.

Lipoprotein lipase

- (& Lipoprotein lipase,

activated by
apoC-11 in the capillary.
converts triacylglycerols
to fatty acids and glycerol.

(3 Chylomicrons move
through the lymphatic
system and
bloodstream

to tissues.

Chylomicron

@ Triacylglycerols are incorporated,
with cholesterol and apolipoproteins,
into chylomicrons.



MONES TRIGG N OF
/ STORED TRIACYLGLYCEROL

Hormorne Avdernny iyl
cyclase
{IZT'

R t =
eceptor @ l{/

::AMP [
i

I

1

1
4

Fatty acid

o B |
Y//i g

—)Q

Hormorwe— @

_,7):1::’) iﬁ:ﬁ sensitive
- - lipase

- T

|I.':_:.|T oxidatior,
citric acid cycle,
respiratory chaim

¥ _hq-l -~ —_— b .-'-
Lipid ,,:\* ATP
B Eﬁ § gg ==

o Servarr
§ é Fatty acids

Il“-.
H_

—>—>

7 alburmin
Triacyl-

glyvcerol Adipocyvite

B B Tad Wy wl

1

Bloodstrreann



OVERVIEW OF FATTY ACID
OXIDATION

I OO xidation l

CTifric
csscicd <y <le

NADH, FADH S

le_

Respiratory
{(electromn—tTransfer)
< =i

T e

AP = Pj ATP




~~ FATTY ACID ACTIVATION

Before fatty acids
can be oxidized,
they must be
“primed” for
reaction in an ATP-
dependent
acylation to form
fatty acyl-coA.

0 (0] o
I I |
00— —0.L#—0—{denasie]
o 0o O~ ATP
o
B C d Fatty acid
0 The carboxylate ion is adenyl-
ylated by ATP, to form a fatty
b i B (1) acyl-adenylate and PP, The PP, is
synthetase )
immediately hydrolyzed to two
0  molecules of P;.
|
0 0 :
o /° "0
0—I|>—O—I|’—0 + R—C\ o- Fattyacyl-adenylate
o- 0- " 0 (enzyme-bound)
Pyrophosphate CoA-SH The thiol group of coenzyme A
@ attacks the acyl-adenylate (a
. : fatty acyl-CoA . 5 . .
inorganic synthetase || >AMP mixed anhydride), displacing
pyrophosphatase AMP and forming the thioester
/O fatty acyl-CoA.
2P; R—C Fatty acyl-CoA
s § & S-CoA p
AG" = —19 kJ/mol AG"° = —15 kJ/mol

(for the two-step process)



~—TRANSPORT ACRO IAL

MEMBRANE

Outer mitochondrial [nner mitochondrial

Although fatty b\ /b
acids are activated /", ¥
for oxidation in
the cytosol, they

are oxidized in the
mitochondrial \f
m at I | X Carnitine

acyltransferasel” =

— Infermembrane = Matrix

==

Carnitine
acyltransferase Il

0
/
p—c’

< \
= == \/Carnitine 5-CoA
Carnitine /

R—C CoA-SH
Carnitine

Transporter

CH;
CH3—I\II+—CH2—CIH—CH2—COO_
CH; OH

Carnitine



P OXIDATIONO
ACIDS

(a) B a

Fatty acids are
dismembered
through the p
oxidation of fatty
acyl coA, a process
that occurs in four
reactions

(C16) R—CHy —CH, —CH, — C—S-CoA
(l-; Palmitoyl-CoA

acyl-CoA FAD
dehydrogenase FADH,

|
R—CH,—C=C—C—S-CoA
/ 2-
H o trans-A
Enoyl-CoA
enoyl-CoA H20
hydratase
OH

R—CH;—C—CH; —C—S-CoA
I-II (") L-B-Hydroxy-
acyl-CoA

+
B-hydroxyacyl-CoA NAD
dehydrogenase

NADH + H*

R—CHy—C—CHy —C—S-CoA
| g B-Ketoacyl-CoA

acyl-CoA | - CoA-SH
acetyltransferase
(thiolase)

(C14) R—CHz—ﬁ—S-CoA + CHg—ﬁ—S-CoA

(C 14) ACy'-COA

(myristoyl-CoA) Acetyl -CoA

(b)

TY

Cia — Acetyl -CoA
Cia — Acetyl -CoA
C1o —> Acetyl -CoA

Cs —> Acetyl -CoA
Ce —> Acetyl -CoA
Ca — Acetyl -CoA
Acetyl -CoA



__OXIDATION O\FUNS%FURATEDM
ACIDS

Two auxiliary enzymes
are needed for
complete 3 oxidation
of the common
unsaturated fatty acids
A3,A2-enoyl-coA
isomerase and 2,4
dienoyl-coA reductase
allows reentry of
intermediates
generated into the f3
oxidation pathway

3 oxidation
(threecycles) 3 Acetyl-CoA

6 a4 3(3) /O

isomerase

O
3 oxidation
(onecycle, and
first oxidation Acetyl-CoA
of second cycle)
5 4 >
m 1 = CoR
10 3/ C~
o
+
2,4-dienoyl-CoA NADPH + H
reductase NADP*
5 3 1 C/
~
é T = S-CoA

iIsomerase

3 oxidation
(four cycles)

5 Acetyl-CoA

1 ==
/\/\/WC/
1

~
2(x) S-CoA

(o]

~
S-CoA

Linoleoyl-CoA
cis-A°%,cis-A"2

cis -A3,cis-A®

trans -A2,cis-A°

trans -A2,cis-A*?

trans -A2

trans -AZ



COMPLETE OXIDATION OF ODD NUMBER FATTY
ACIDS REQUIRES THREE EXTRA REACTIONS

T
- —CI —H
H —C ——H =
i Propionyl-CoA
=
/ \
CoA-S o
HCO =
propionyl-CoA ATP
carboxvyiase EBiotim
ADP - P;
| =
- CI o |
T O I
e ——— 2
o/ ] D-ivViethyvyimalonyl-Co A
<
-
CoAa-s o
methyimalonvyvil-Co A
epimerase
| o |
1 coenzyme o I
E
H —C ——H = = = ——H
o | —
CoA-S
S
\C——C—H methyl- H—C —H
CoA-S = (I: malonyl-CoA ]
N mutase =
- T e

L-iVieth yvimalonyl-CoA Succinyl-CoA



EGA OXIDATION OF FATTY ACIDS OCCURS
IN THE ENDOPLASMIC RETICULUM

L=
<> >
CTH - — (CHS )30 — <

—_ e

NADPFPFH, O

NADP
=
HO —<C H —(Cl—lz)-.o——c\
L &
NAD T
alcoizol
adehyvydrogemnmnasas
S =
< — (CTCH S )3 00— <
- S ——
| o | &
NAD T
aldehyde
dehydrogemnasaes
L @ L=
~ =
/C — {(<TCTH S )30 — <
— S =
(= ] L &
3 _ _
3 0 oxidatiomn
. . A -~ -~
— = ~ —
/C—(CH2)2 —_— < — (CTCH S5 ) 4 — <<
— s e — - = .
l & 4 L & 2 & 4 L & 4

Suauccinmnaate Addipate (adipic acid)



a OXIDATION OF BRANCHE AIN FATTY
ACIDS IN PEROXISOMES

)\/\/‘\/\/‘\/\é\/coo"’ Phytanic acid

ATERFP CoAA-SH
hytanmnoil - CoA

synthetase AfVirE PP;
— S—<coa Phytanoyl-CoA
cr—HKHetogiuatarate, Ascorbate
ehytanmnoyi-Con e =
hydroxyilase CO, . Susccinmnates
/l\/\/'\/\/'\/\/'\(co S-<coAa cxr—Hydroxyphytanmnoyi-
<< H oA
—Fayrcd " - = =
‘C“ogly":;yp E——— Formrl—CoA -— Formic acid
O
L= J
c/ Pristamal
s
NADP) T
aaldehyde
dehydrogenasae NAD(FP)H
coOoOoOo Pristanic acid

l 8 oxidationmn

<
— 2 S, 1 2—Trirmethylitri-
N~ _co.A decanoyi-CoA
—
=
CH3CI—I2—C\ FPropionyil - CoA



~— —OXIDATION OF PHOSPHOLIPIDS

There is increasing evidence that oxidized phospholipids
(OxPLs) play an important role in atherosclerosis and
attendant CVDs. these phospholipids accumulate in
human and mouse lesions

Specific OxPLs have been identified as major regulators of
many cell types

OxPLs regulate vascular cell function:
Endothelial cells

Dendritic cells

Smooth muscle cells

Platelets

Oxidative breakdown of biological phospholipids occurs
in most cellular membranes including mitochondria,
microsomes, peroxisomes and plasma membrane.



Steroid
hormones

Bile salts

Cholesterol

P lipoproteins

P Free fatty

@T Hepatocwite
@
Fatty
acids

acids in blood

Ketone

in blood



METABOLIS

Gluconeogenic

Glucose
. .-~ substrats

Glycolysis Gluconeogenesis

Ta
Dihvdroxyvacetone-P

Glycerol
3-Phosphate

FA-CoA

GAPT 1,2

CoA

Lysophosphatidic
acid

FA-CoA
AGPAT 2

CoA

Phosphatidic acid — Phospholipids

PAPs

Pi
Diacylglvcerol

DGKs

— Phospholipids

FA-CoA

DGAT1, 2
CoA

Triacylglycerol

Triglyceride synthesis pathway in adipocytes. FA-CoA: acyl Coenzymeh;
GAPT: glycerol-3-phosphate acyltransferase; AGPAT: 1-acylglycerol-3-
phosphate acyltransferase; PAPs: phosphatidate phosphohydrolase;
DGKs: diacylglycerol kinase; DGAT: diacylglycerol acyltransferase.

Norepinephrine

Gi
AC

0ADR (68

PPase

Glycerol + FF

B-ADR

AMPE e §'AMP¢

PDE-3

[nsulin
receptor

+

LHS\ P\

F\TP""‘ PKA f’."\DP PP&SE

ADP TP ‘/
IIs- Eri

TAG
\\
Lipid droplet

The lipolytic cascade in adipocyte.

ADR: ~ adrenoceptor,  AC:  adenyll
tyclase, FFA: frea faty acid G: G proten,
LHS: hormone-sensitive ipase, POE:
hophodiesterase, Per: perlipin, PKA:
protein kinase A, PPase: protein phos-
ohatase, TAG: friacylgiyceral.



I QUESTIONS AND COMMENTS



