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Importance of lipids?

» Lipids play roles both in energy metabolism and in aspects
of biological structure and functions

» The great bulk of lipid in most organisms is present in the
form of triglycerides

» A mammal may contain 5-25% of its body weight as lipid
and 90% of this is present in the form of triglycerides.

» Most of this fat is stored in adipose tissue.
» Triglycerides are derived from two major sources:

1. The diet digestion, absorption and transport of fat to
adipose tissue

2. The mobilisation of fat storegl |
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Digestion of fats

o An adult man ingests about 60-100g of fat}
per day.
o As you know, triglycerides constitute more than 90% of

dietary fats and the rest is made up of phospholipids,
cholesterol, cholesterol esters, and free fatty acids.

o Lipids are organic molecules and mainly soluble in
organic solvents

o On the other hand, the lipid digesting enzyme e.g.
pancreatic lipase or lipo-protein lipase can only work

in the aqueous environment 4 9
o Although the lipids will be hydrolyzed into
smaller constituents, the products tends to
aggregate to larger complex that make poor
contact with the cell surface and reduce the
rate of absorption.
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o This problem is overcome by some detergent
like materials e.g. bile acids and bile salts which can create
a favorable environment for both lipids and lipid digesting
enzymes.

o Bile acids composed of 24C atoms containing 2-3 hydroxyl
groups and side chain with carboxylic acid group (-COOH)
which often conjugate by an amide bond with glycine or
taurine to for glyco- e ‘ |
cholic or tauro-cholic | mep - | \DletryFat

acid, respectively. " = @/\
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o Bile acidsand bile salts are produce in the liver from == ===

cholesterol and transport to the gall bladder via bile duct
for deposition and further necessary actions.
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0 Bile acids and bile acids contain both hydroph|l|c — e
and hydrophoblc surface aIIow them to chssolve in an 0|I-
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Digestion of fats % (o=
2 Finally, the digestion of triglycerides is done Bfthe ;—5—

pancreatic lipase enzyme in the duodenum of small
intestine to form monoglycerides and free fatty acids
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Digestion of dietary fats
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» The products of TG digestion, mainly monoglyceride and
long chain fatty acids must be stabled before they can be
absorbed via the small intestinal epithelium.

» This stabilization is achieved -
present in the bile salts micel Lipase
monoglycerides, lysophospha %
acids to form “"mixed mlcelle

» Then absorb from the small ir . :
bile salts remain in.the:small | Triglyceride M°d":9t':'“".:°

and fatty acids
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Chylomicron formation

» After absorption of fat into the small intestinal epithelial
cells fatty acids are re-esterified to form triglycerides
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Mobilization of fat

» The mobilization of fat is a hormone dependent process
» In feeding condition or consumption of high starchy foods

Blood glucose
Insulin

Glucagon
Adrenaline

Glycolysis
Glycogenesis

Fatty acid synthesis
Lipid biosynthesis

Fatty acid oxidation
Gluconeogenesis

., Mobilization of fat
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Mobilization of fat

» In fasting condition or when not eating for more than 3 h

Blood glucose
Insulin

Glucagon
Adrenaline

Glycolysis
Glycogenesis

Fatty acid synthesis
Lipid biosynthesis

Fatty acid oxidation
Gluconeogenesis

No Food or Drink
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ADP
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Oxidation of glycerol

Glucose
ATP

hexokinase
g ADP glucokinase
4
Glucose phosphate
phosphohexose
nomerase
Fructose- osphate
¢ ATP R O
l phospho-
0‘0-—1 ADP fructokinase -1
M Fructose-1,6-bisphosphate 10P0y*

aldolase

Glyceraldehyde-3-phosphate = - Dihydroxyacetone

triosephosphate phosphate
Isomerase
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Hormone-Induced Fatty Acid Mobilization in Adipocytes
Epineohrine adenylate cyclase

“PKA

ATP
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» The beta-oxidation of fatty acids take place inside of the

mitochondria of both eukaryotes and prokaryotes for the
production of energy

» The activation of fatty acids is necessary for beta-oxidation
and it happens in the outer mitochondrial membrane

]
Coenzvme A u
+ ACYI'COA -
synthase Cok H"‘ar"*fxx““];,
acyvl-CoA
T T "
OH “R
a fatty acid pyrophosphate
+ +

ATP
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» Although fatty acid activation as well as fatty acyl-CoA
formation is occurred into the outer member membrane of
mitochondria but the CoA has no access to the inner
membrane of mitochondria

» The overcome this difficulty carnitine works as a shuttle to
carry as fatty acyl-carnitine via the inner membrane of

mitochondria Mitochondria
» As soon as fatty-acyl

carnitine enters into the
mitochondria, the fatty-
acyl part joins with

mitochondrial CoA and
carnitine returns to car
another mole of FA

Inner Energy Intermembrane

K Memb
embranes Metaboliem Spaces

A
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Carnitine in FAs oxidation **

v

Two enzymes are involved with carnitine in this process:
- Carnitine acyl transferase 1
- Carnitine acyl transferase 11

On the outer surface of the inner mitochondrial membrane,
carnitine acyl transferase I catalyzes the transfer of the acyl
group from CoA to carnitine

The acyl carnitine then passes through the inner
mitochondrial membrane.

On the inner surface of the inner mitochondrial membrane,
carnitine acyl transferase II catalyzes the transfer of acyl
group to mitochondrial CoA, which is released into the

matrix for B-Oxidation. S = =
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Carnitine shuttle system
Acyl COA CoA

(arnnhne 4 Acyl carnitine

CoA~FA CoA Cy‘ 05: ' [ L

Translocase ![ !i :! !; :! !; !l !;
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Beta oxidation of FAs

» Carnitine shuttle system for fatty acid transfer usually occur
for C12 — C20 fatty acids

» Smaller chain fatty acids (< C12 fatty acids) have access to
the inner membrane of mitochondira

» So they can cross the mitochondrial membrane and become
activated for beta-oxidation

D198 ocgpopincts Britareics, Ine
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Beta oxidation of FAs

» Beta-oxidation of 0
fatty acids is a simple R=CH,-CH,<CH,-C<SCoA
A
wr _\
4 step process lﬂ Dehydrogenation

1. Dehydrogenation 'i“m“c’“' =O‘"“g‘930°\
2. Hydration =3 ‘J 9 Hydration

3. Oxidation
4, Thiolysis
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Beta oxidatign of FAs

O
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P
P HaO . | Hydeation
CoA~FA CoA I Y
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CoA~FA CoA / +
1. aB-Dehydrogenation of fatty acyl CoA:
One enzyme called ap-acyl CoA
dehydrogenase is involved in this process,
which removes two hydrogen atoms from

~ a(2) and B(3) carbon to form a trans af-
unsaturated acyl coA.




FAS

Beta oxidatirgn of

prodsacn

H(?

2. Hydration of af3-
. | unsaturated acyl CoA:
iad | The hydration of ap3-
unsaturated acyl CoA
will be done by
another enzyme
called enoyl-CoA
hydratase, which adds
a hydroxyl (-OH)
| group to the a(2) and
a hydrogen atom to

—'|the B(3) carbon to

form B-hydroxy acyl-

ot R-CHy~C « C-C-S-CoA

N> FADGL, H
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Beta oxidation of FAs

3. Dehydrogenation of 3-hydroxy acyl CoA:
The dehydrogenation of B-hydroxy acyl-CoA
is done by the removal of two hydrogen
atoms from the B-carbon to form (3-keto acy!
CoA catalyzed by an enzyme called 3-hydroxy
acyl-CoA dehydrogenase.

r—

0 ('? UH H 9
R-CHy-C (‘H:-('-S%.'oA + ':'5"5'“‘ R-CH,-C - C~C~8-CoA
NADH  Nan® H H
+ ".9
I Ketoacyl CaA -3-Hydrexyucyl CoA

CoASH - | Thuivee Q
-

o) 1L

. .
R-CHy-C ~S-CoA + H,C-C-5-CoA

{ CoA shartened with Aceryl CoX




Beta oxidation of FAs

4. Thiolytic cleavage of B-keto acyl CoA: |
The thiolytic cleavage of 3-keto acyl CoA is

done by the removal of one mole of Acetyl-
CoA and another fatty acyl-CoA catalyzed by

—— || an enzyme called thiolase.
C{T=5 I | Z
\ / 0 O UHHO

| ‘ | " Creodats
\\ R-CHa-C - CH,~C-8-CoA +—=— R-CH,~C-C-C-$-CoAl
CnFA NADH  Nax’ H H

CoA~FA CoA + H.e
I Ketoacyl CaA i-3-Hydrexyueyl CoA

COATH = | Thectyve a

-

Q + 0
R-CHy~C ~8-CoA + H,C-C-5-CoA

Pg 1 Jaeyt Coa shortened with  Acetyl CoA |
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Energy production: B-oxidation

Pyruvate
R._c“z_(:’(z._'_f'( CoASH NAS .
co, AT
ez, Acyl CoA Acetyl CoA
nformati “p COASN

: ‘ s o Oxaloacetate
CoA~FA CoA

CCNF‘A Nl —y Citrate

S e .
‘ (\ R-CH3-C - CH - /‘ \:

C~FA Fumarate Cis-aconitate

CoA~FA CoA FACR 3 ﬂ:ﬂ
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- Ketoacyl Cof o

Succinate Iso cltrate
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Energy production: B-oxidation

Summary of energy p!
Energy production from

1. From step 1
2. From step 3
3. From TCA Cycle

» If a 16 carbon fatty ac
for B-oxidation then a
oxidation process:

From these 7 cycles of 8
. 1) Production of ATP i
» 2) From remaining on

» ATP used for the activ

» Net ATP production /
ote: 1 mole of ATP = 7.

Pyruvate
CoASH
AT W
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Succinate Iso cltrate
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e Ketoglutarate oo,
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Oxidation of odd carbon FAs
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Clinical correlation
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Oxidation of unsaturated FAs

» Beside saturated fatty acids, many unsaturated fatty acids
are used for the production of energy in living systems.

» Unsaturated fatty acids have one or more CIS double bonds
in a non-conjugated manner.

» Hence, these double bonds cannot be used for B-oxidation
by the enzyme enoyl-CoA hydratase.

» Position of double in the carbon chain is also an issue. (a8
TRANS double bond favours 3-oxidation)

» Hence, TWO additional enzymes require for the oxidation of

unsaturated fatty acids. Such as- . —
(1) Enoyl-CoA isomeraseand | 7 V'V vV VAV

(2) 2,4-Dienoyl-CoA reductase Hhinbtale nci belic LAY
o H O
= = == é - O /\q{\%&{w\/\coo’*

*a-Linolenic acid (w3, 18:3, A%}
I KI/LL ﬁTﬂH

e " 8 S

/\/\/=\ﬁ/=\F\/\/ COOH

*Arachidonic acid (86, 20:4, A%.%. 1", %)




Oxidation of unsaturated FAs
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(CHy) Q /L CoA
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Linoleoyl CoA
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1somerase
0
H
(CHy) : /“\ CoA
s “\c c/\‘ X 5"
T :
Q
(CH,) g2 CoA
HC: ){,c:c/c\}*. 7
H H

D FADH,

Acyl CoA
dehydrogenase

Beta oxidation
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O

H, H

Hy A ACoA
eyt \‘g/c e s
3 H
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trans-A*-Enoyl CoA

as-AEnoyl CoA
isomerase

0O

H, H
HBC, Az CoA
(CH)e N C/(:\;1 \S/
H 3

]

trons-A’-Enoyl CoA

NADP*
2.4 Diencyl CoA
reductase
NADPH + H*
0

H
(CH)a A
HyC N /C \'C
—c
H H
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Oxidation of unsaturated FAs

s i
R-C=C-CH,-CH,-C-S—CoA
4

Acyl Coa
FAD ™| ey Cok
FADH, dehydrogenase
HEN, 8 S N S
R-C=C-C=C-C-$-CoA ~— R-CH, C=C—CH,~C-$-CoA
MNADPH NADP®
2 4 Dienoyl CoA +HT cis-23-Enoyl CoA

l

- - |2
Beta oxidation {mmmmmm  R-CH,-CH,C=C-C-S-CoA
H
trans-»*-Enoyl CoA



http://www.google.co.za/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=qxvjCjjKjvz_JM&tbnid=PHLGOFo5YVTAJM:&ved=0CAUQjRw&url=http://www.natuurlijkerwijs.com/english/Fatty_acid_metabolism.htm&ei=fUlCU9-BKeii0QWRiIDgAg&bvm=bv.64125504,d.ZGU&psig=AFQjCNEzxRIA_dVla5QSjBaWTsoh2Zk_Hw&ust=1396939482741513

Regulation of energy metabol.

Who requlates the energy metabolism?

» Several factors involved in the regulation of energy
metabolism, such as-

® N o U W N
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Fatty acids biosynthesis

» Fatty acid biosynthetic pathways are simply opposite of
fatty acids beta-oxidation (will discuss later)

» Most of the biosynthetic pathways are active in the
cytoplasm and most of the degradation pathways are active
in the inside of the mitochondia

» Fatty acids biosynthetic pathway is active in inside of the
cytoplasm of the cells, two components are mainly used as
major raw materials of fatty acid biosynthesis, such as-

(1) Acetyl-CoA and | " @i i i n i e

(2) Malonyl-CoA ona hysracaroon chain acia orous

» In feeding condition, acetyl-CoA derives from the glycolytic
pathway is used for the biosynthesis Malonyl-CoA as well as
fatty acids, however mitochondrial acetyl-CoA can also be
used for the biosynthesis of fatty acids (will discuss later)

NN Energy and human lfe
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Extramitochondrial FAs synthesis

Reaction 1: Synthesis of Malonyl-CoA from Acetyl-CoA

» The first step is formation of malonyl-CoA from acetyl-CoA
is catalyzed by enzyme called acetyl-CoA carboxylase

» This reaction is exergonic and irreversible E"“:“%‘Ecomw

ADP +PR,

» The enzyme uses a biotic co-factor which binds | | &wmetiinco:

to bicarbonate and works as a source of CO2 25 \fl\; Enzyme-bistn
oy
ﬁ ADP + Pi fl)
ATP
CH,-C -SCoA + HCO, _LL, "00C ~CH, -C -SCoA
acetyl CoA malonyl CoA
acelyl CoA carboxylase




Extramitochondrial FAs synthesis

Reaction 2 & 3: Activation of Malonyl-CoA and Acetyl-CoA

» The activation of Malonyl-CoA and Acetyl-CoA is very
important for the biosynthesis of fatty acids

» Both of them bind with Acyl Carrier Protein (ACP) and
converted to Malony-ACP and Acetyl-ACP as their active

forms for fatty acid biosynthesis

» The Malonyl transacylase and Acetyl-CoA ACP transacylase
are used as enzymes respectively to catalyse these

reactions. ?
H3C—C—S—CoA

acetvl-CoA

HS-ACP
acetyl-CoA:ACP
transacylase
HS-CoA

i
H3C—C—S—ACP

acetvllACP

= H O

(o U ]
C—C—C—S—CoA

O | malonvl-CoA

H HS-ACP
malonyl-CoA ACP
transacylase
HS-CoA

% 19
T
O;JC—C—S—ACP

m alonvl-ACP
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Extramitochondrial FAs synthesis

» After the activation of Malonyl-CoA and Acetyl-CoA fatty
acids biosynthesis is completed by following FOUR step

reactions:
(1) Condensation
(2) Reduction
(3) Dehydration
(4) Reduction

4]

; 0
H,C-C-§-CoA +

0O

o

Acetyl ACT Malunyl ACP

o ACF+ co, -"" Cosdens von

0 O
! 1 Letuuon
H,C~C -~ CH,~C- 8- ACP 7%
NADPH NADP
Acetoatenyl ACP
0 4

" »
H,C - CHy~ CH,~C-S-ACP 2000

~ n'
C-CHy-C-S-ACP

+ H,C-C - C-C-§-ACP

OHH (“J

H H
-3 Hydrexyhuryivl ACH

e "30.-"‘ Debpdevion

H O
HCwC = 0-C-S~-ACP
H




Extramitochondrial FAs synthesis

(1) Condensation
reaction:

0O
» In this reaction H3C—(|£—S—ACP
Acetyl-ACP and acetyl-ACP
Malonyl-ACP HS-Ketoacyl-ACP Synthase
join together via C
a condensation HS-ACP
reaction S0 M 1A 9
Catalyzed by o /7C—(|:—CI—S;?::P + H3;C —C—S—ketoacyl-ACP Synthase
enzyme called H TEomE
beta-keto acyI- keto-ACP synthase
ACP synthase co,
20
HyC—C—C—C—S—ACP
|l| acetoacetyl-ACP

Vg N7=""=
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Extramitochondrial FAs synthesis

(2) Reduction:

» In this reaction ﬁ ||-I ?
TWO hydrogen H3C—C—C—C—S—ACP
a:&m: :reth ||.| acetoacetyl-ACP
added to the
beta-keto group NADPH + H"
of Acetoacetyl-
ACP catalyzed Ketoacyl-ACP Reductase 9
by enzyme
called beta-keto Y NADP*
acyl-ACP
reductase to for OHH O
beta-hydroxy Ll
butyryl-ACP H3C—C ——ﬁl C—S—ACP

||_| H pB-hydroxybutyryl-ACP




Extramltochondrlal FAs synthesis

(3) Dehydration:

» In this reaction
a hydroxyl
group from the
C3 and a
hydrogen atom
from the C2
released in the
form of water
by enzyme
called beta-
hydroxy acyl-
ACP dehydrase
to for trans-A2-
enoyl-ACP

»»»»»

H5C C:C—C—S—ACP

|l| |1.| p-hydroxyacyl-ACP

p-hydroxyacyl-ACP e

dehydrase k,

" H-0
T
H3C—C=—C—C—S—ACP
||.| trans-enoyl-ACP

N \\|/,/f Yy




Extramitochondrial FAs synthesis

(4) Reduction:

» Trans A2-enoyl
ACP is reduced
by NAPDH, H+
to form butyryl-
ACP catalyzed
by enzyme
called enoyl-
ACP reductase.
Then this
butyryl-ACP
joins with
another mole of
Malonyl-ACP to
elongate the
chain for FA.

T
H3C—C—=C—C—S—ACP
||_| trans-enoyl-ACP
NADPH +H"*
enoyl-ACP reductase @)
Y NADP*
I
H3C—C—C—C—S—ACP
||.| ||-| Butyryl-ACP

A o e
N
0 3
v £
b > & i
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Extramitochondrial FAs synthesis

Continuation: " ner

. The final In the last step of ‘( o
product of the reaction, the S-ACP % O 0

i will be released by O eSS reeyRer e
last reaction hydrolysis reaction. 1 .
(step 4) will go A
back to join Poogre
with another : }_sseonceyince
mole of H O :
Malonyl-ACP to HyC—C=C—C—S—ACP | .
synthesize a H trans-enoyl-ACP :
NADPH # H* |-

longer chain

fatty acid and
this process will
continue till the
expected FA is
synthesized.

enoyl-ACP reductase @ .
NADP* :

Continue fatty
acid biosynthesis
till expected chain
length is achieved.




Extramitochondrial FAs synthesis

Continuation:

» The final
product of the
last reaction
(step 4) will go

In the last step of
reaction, the S-ACP
will be released by
hydrolysis reaction.

back to join

with another

mole of 90\ ']
Malonyl-ACP to oo [ CTSTACE

. H malonyl-ACP
synthesize a

longer chain
fatty acid and
this process will

continue till the Y C_éH_
expected FA is ] I

synthesized.

T
H3C—C—C—C—S—ACP
| butyryl-AcP

H H
< HS-Ketoacyl-ACP Synthase
HS-ACP

PR
+ H3C—(}Z—$—C—S—KAS
H H

keto-ACP synthase
CO,

H O

|l L
C—C—S—ACP

||_| ketoacyl-ACP




Extramitochondrial FAs synthesis

) ] H \o
Termination: ch/ rl: {lé S ACP Palmitoyl-ACP
» As soon as the \ ' /I

desired chain of

2

fatty aCid iS Thioesterase
achieved the S- He AP
ACP group will
be removed H O
from the final chéc }c —Q@ Palmitic Acid
product by '
hydrolysis iy ATP + HS-CoA
reaction to C
make a normal
AMP + PPi

fatty acid which
can go for beta-
oxidation as




FAs biosynthesis

Acetyl-CoA is converted by MAT to
Acetyl ACP

Acetyl-ACP is attached to KS
(condensation reaction).

Malonyl ACP is formed by MAT.

Acetyl-group is coupled to beta carbon
of malonyl-ACP with release of CO, to
form acetoacetyl-ACP(2b) by KS.

Reduction of acetoacetyl-ACP with
NADPH to form D-B-hydroxybutyri-ACP
by DH

Dehydration of D-3-hydroxybutyrl-ACP
by ER to form a,B-trans-butenoyl-ACP

Reduction of the double bond to form
butyryl-ACP

Repeat until Palmitoyl-ACP (C16) is
formed.

ACP is cleaved by TE releasing free fatty
acid.

Handouts

0 Cco, 0O

II ¥

CHy—C—8CoA + H—SACP CH,—C—8CoA + H—SACP
Acetyl-CoA

la | malonyl/acetyl-CoA-ACP
H—SCoA transacylase (MAT)

Malonyl-CoA

b l malonyl/acetyl-CoA-ACP|
H—S5CoA transacylase (MAT)

0 co, O

I i
CH,—C—SACP CH,—C—SACP
Acetyl-ACP Malonyl-ACP
H—S—E h
H—SACP

O > B-ketoacyl-ACP synthase (KS)

m*
CO, + H—S—E

-
9] 0

Il
CHaq— C— CHy;— C— SACP

Acetoacetyl-ACP
H* + NADPH
3 ] -ketoacyl-ACP reductase (KR)
NADP*

OH 0
I ]
CH;—C—CH,—C—SACP
|
|
D-B-Hydroxybutyryl-ACP
sz 4 I B-hydroxyacyl-ACP dehydrase (DH)

H O

Il

(H,—(C=(C—(—SACP

|

H

o,B-trans-Butenoyl-ACP

H' + NADPH —
5 | enoyl-ACP reductase (ER)
NADP*

)
Il
CH;—CH,—CH,—C—SACP
Butyryl-ACP

recyle Reactions 2a-5
six more times
after 7 reaction cycles

CH.CH,—(CH, _—cl‘—sACP
Palmitoyl-ACP
H,0 ﬁelpnlmito_vl thicesterase (TE)
]
CH,CHy —(CHg)j3—C—0" + H—SACP
Palmitate




FAs synthesis vs oxidation

B-oxidation vs
biosynthesis of
fatty acids:

» The fatty acid
beta-oxidation
in the
mitochondria
and
biosynthesis in
the cytoplasm
are two inverse
or opposite
pathway.

Beta-oxidation in Biosynthesis in
mitochondria cytoplasm
@)

|
R — CH, — CH,— CH,—C ~ S —carrier

L

|_[ pehydroge [ Hycrogena % + NADPH
+ FAD ‘, natiOn o O ion I' .

B I
R—CH,—CH=CH—C ~ S—carner

4 Hydratlon ]e Dehydratlon }% - H,0

*h— CHO—CH CH,— c I

¢ (0 confi ation)
(L configuration) (0 configuration)
l\

:  + NADPH
+ NAD' ‘{ Oxidation ]9 [ Reduction F * SA

9) ”l

\ O

R—CH,—C—CH,—C ~ S —carrier w, O, F\
"" Thiolytic o Condensa ]
A\ cleavage 0 tion ]

b I

Acetyl-CoA g R— CH,—C ~ S — carrier | Malonyl-CoA <«—— Acetyl-Cok




Mitochondrial acetyl-CoA

Malate-citrate and pyruvate-citrate shuttle:

» As soon as fatty acid B-oxidation is stopped after a change
in physiological condition from FASTING to FEEDING, the
remaining Acetyl-CoA will move to cytoplasm to be used for
the fatty acid biosynthesis.

» However, the mitochondrial CoA has no access to the inner
membrane of mitochondria

» Hence, they need to use some shuttle systems to move
from the mitochondrial matrix to the cytoplasm

» Two shuttle systems are work
in this case called Malate-Citrate
and Pyruvate-Citrate shuttle

riposomes

intermembrans




Mitochondrial acetyl-CoA

Mitochondria Cytoplasm

Inner Outer mitochondrial matrix.
membrane membrane
Matrix n e e Cytosol
Tricarboxylate £
transporter
CoA
Glucose
‘ CoA-SH acid
Pyruvate Fatty
Malate- citrate
= citrate Sunse ADP + P; }
Citrate Aoo Dot synthase : "
Acetyl-CoA
& Amin
Pyruvate- Oxaloacetate
- H.
Cltrate malate o
dehydrogenase
¢ malate NAD
System +H Gehydro-
genase
ADP 4+ P; NAD®  \ielate
pyruvate
carboxylase
malic °
. Malate~ enzyme +H
CO; % a-ketoglutarate
Pyruvate transporter
Pyruvate

Pyruvate —
transporter
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Regulation of FAs biosynthesis

» Several enzymes and substrates regulate the biosynthesis
of fatty acids, such as-

(1) Acetyl-CoA carboxylase

(2) Malonyl-CoA

(3) Fatty acid synthase (multienzyme complex)
(4) Various hormones (hormonal regulation)

(1) Acetyl-CoA carboxylase:

» The long chain fatty acyl-CoA inhibit and on the other hand
CITRATE stlmulate the activity of Acetyl-CoA carboxylase
enzynie. which is mVQIved in the conversion of acetyl-CoA to

malonyl- COA
0 9 ° ADP + Pi o)

e,
'0
IS
.

|| e ate i
CH,-C - SCoA +'~}:{903“ _A_L, “00C ~CH, -C -SCoA
acetyl CoA A A malonyl CoA

acelyl CoA carboxylase

Page in \
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Regulation of FAs biosynthesis

(1) Acetyl-CoA carboxylase: contd...

» The activity of acetyl-CoA carboxylase can be covalently
activated by two different hormones e.g. insulin and
glucagon

OH

/ Phospho Dephosph
Acetyl-CoA [RRGADY Acetyl-CoA kil  Acetyl-CoA

carboxylase v e gl carboxylase 5> carboxylase

(Active) (less active) (Active)

& .
.
.
- .
a .

a .
U .
L ] .
N .
L ] .
[ .

E ﬁ .

ADP + Pi o
i ATP " Il
CH;-C -SCoA + HCO, ;L, OOC ~CH, -C -SCoA
acetyl CoA malonyl CoA
acelyl CoA carboxylase




Regulation of FAs biosynthesis

(1) Acetyl-CoA carboxylase: contd...

» The activity of acetyl-CoA carboxylase can be covalently
activated by two different hormones e.g. insulin and
glucagon

Phospho Dephosph
Acetyl-CoA iation ) D CoA orylation Acetyl- CoA

carboxylase carboxylase —r> carboxylase
(Active) : (less active) : (Active)

f Insulin f Fatty acid biosynthesis

f Glucagon Fatty acid biosynthesis



Regulation of FAs biosynthesis

(1) Acetyl-CoA carboxylase: contd...

» The activity of acetyl-CoA carboxylase can be adapted
based on the dietary pattern and physiological condition as
follows.

Synthesis

Fat diet
CoA
Fatty diets carboxylas (Fasting )

e enzyme
Feeding Fast_lr_ng
condition condition

IoI — ADP + Pi fl)
T
CH,-C -SCoA + HCO,; \_/ » 0OOC -CHZ-C—SCOA

acelyl CoA carboxylase

acetyl CoA malonyl CoA '



Regulation of FAs biosynthesis

(2) Malonyl-CoA:

» The concentration of Malonyl-CoA stimulate the fatty acid
biosynthesis and at the same time inhibit the fatty acid

oxidation as follows
Fatty acid
oxidation
)

Amount
of
Malonyl-
CoA

Fatty acid

-

biosynthesis

0 ADP + Pi

I ATP Il
CH,-C -SCoA + HCO, \_/ » OOC-CH,-C -SCoA

acetyl CoA malonyl CoA
acelyl CoA carboxylase




Regulation of FAs biosynthesis

(3) Fatty acid synthase: (multienzyme complex)

» The physiological condition can largely affect the activity of
enzyme fatty acid synthase which is mainly involved in the
synthesis of fatty acids

Fasting
. Fatty acid state
Fe(tadtlng é I synthase or
state activity diabetic

state

ﬁ e ADP + Pi ﬁ
S
CH,-C -SCoA + HCO; —~ 7 | “00C -CH,-C -SCoA
acetyl CoA malonyl CoA

acelyl CoA carboxylase

Page in \
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Regulation of FAs biosynthesis

(4) Hormonal regulations:

» The physiological conditions as well as the secretion of
different hormones accordingly largely regulate the

biosynthesis of fatty acids as follows:
condition condition
GLUCAGON
EPINEPHRINE

- Inhibits fatty acid
biosynthesis
- Stimulations beta-
oxidation

- Stimulate fatty acid
biosynthesis
- Inhibits beta-oxidation



Ketone bodies

Which are ketone bodies?

» The following three compounds with keto group (=C=0)
group in their structures are called ketone bodies.

. 0
Il o

ac oacetde

CHy3—C—CH—C,, - CHy—C —CH—C,

OH
| ,;;D
o
H
f-hydroxybutyrate

I
_ CHg—C—CHg
aceione

Page in \
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Ketone bodies

Why and how are they synthesized?

» Acetyl-CoA has more than tow major metabolic fates:
(1) either oxidation via to CO2 via TCA cycle or
(2) participate in the biosynthesis of fatty acids

» When acetyl-CoA accumulates beyond the capacity to be
oxidized or used for fatty acid biosynthesis, ketone bodies
are synthesized which is also called KETOGENESIS.

A I-C Ketone Ketone
[ Acetyl-CoA ] ->[. CETV doAﬂ] -> | bodies t -> | bodies '
* in bloo synthesis in blood

Oxidation
to CO2in

Fatty acid ]




Ketone bodies

What is ketoacidosis or ketosis?
» Ketoacidosis or ketosis is the combination
of following three things:
(1) Ketonemia
(2) Ketonuria 7 e o O 0
(3) Acetone in breath | 76770, | Clm G070, CRamC—Ch
aceloacetde ﬂ-hdernwhmyrue acetone

(1) Ketonemia:

» Dramatic increases of ketone bodies in the blood is called
KETONEMIA

(2) Ketonuria:

» When ketone bodies are excreted with urine that is called
KETONURIA.

(3) Acetone in breath:
» When smell of acetone is detected in the breath

\l 4

2




Ketone bodies

Consequences of ketoacidosis:

» Two out of three ketone
bodies (Acetoacetic acid &
B-hydroxy butryric acid)
are acidic in nature

» So when the levels of
ketone bodies are increased
pH of blood is decreased
and severe acidic situation
arises

Symptoms of

Acidosis
Central
« Headache ~— Respiratory
- Sleepiness <« Shoriness of
- Confusion breath
- Loss of - Coughing
CONSCICUSNEss
-Coma Heart
- &rrhythmia

Muscular - Increased
- Seizures heart rate
- Weakness

Gastric
Intestinal . - Nausea
- Drarrhea L - Vomiting

» This decreased blood pH significantly with many other
symptoms such as- dehydration, tachycardia (high heart
rate), hypotension (due to loss of electrolytes with water)

» This situation is called ketoacidosis or ketosis




Symptoms of

Acidosis

~ Respiratory
- Shoriness of
breath
- Coughing

Ketone bodies

- Confusion
- Loss of

Who are vulnerable to ketoacidosis? e

Muscular

» Diabetic patients are vulnerable to ketosis or | -

- Weakness

Ketoacidosis what is called DIABETIC o
KETOACIDOSIS :
» Due to the low utilization of glucose due to low insulin

concentration in diabetic condition, the level of Acetyl-CoA
as well as ketone bodies are increased dramatically

Heart

- Arthythmia

- Increased
heart rate

Gastric
\ - Nausea
) - Vomiting

Diabetic Ketone ——

blood ' Acetyl-CoA : :

glucose 2| in blood ~>| bodies ' > | bodies '
synthesis in blood

Low ‘l'

utilization [ Diabetic ]
of glucose ketoacidosis

D 0 OH 0
I & ' & Il
CHa—C—CH;—C,, GHa—CI:—CHg—C\ CHa—C—CHy
Q- o~
H
acdoacetde p-hyuru:yhl.nyme acetone




Ketone bodies

Diagnosis of ketoacidosis:

» The normal concentration of ketone bodies in the blood of a
well fed person doesn’t normally exceeds 1 mg/100mil.

» Loss via the urine is usually less than 1 mg/ 24 hours in
man.

» If the concentration of ketone bodies in the blood and urine
are increased above the normal levels that is called
KETOACIDOSIS or KETOSIS.

Note:

» Blood ketone bodies can be increased up to 90 mg/ 100 ml.
» Urine ketone bodies can be increased up to 500 mg/day.

L) 0O OH 0 0
1 @ | & I
CHz—C—CHp—C, CHy—C—CHpy—C.  CHg—C—CHyg
o- ]I_| o

acetoacetde B-hydroxybutyrate acetone
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Biosynthesis of TG

TG
represents
major
storage
form of
lipids in
humans
and
animals

Bears 7
months
and
human can
survive up
to 40 days
with their
deposited
TG

dihydroxyacetone phosphate

NADH
glycerol3-phosphate
dehydrogenase
NAD* + H*

i
H-C-OH
H-C-OH C“)
CH,~0-P-0
glycerol-3-phosphate o~
fatty acyl-CoA (Ry) glycerol-3-phosphate
acyltransferase
CoA-SH
i
R1—C-O-CH,
C OH O
CHQ—O—P o

Lyso phosphatidic acid o

|fatty acyl-CoA (R3)
acyltansferase
CoA-SH

4
R—C-O-CH;
R;-C-O-CH O

O CHy0-P-O

O

phosphatidic acid

=0

Ry—C—SCoA

dihydroxyacetone
phosphate acyltransferase

HSCoA

H O

H-C-0-C-R;

e 9
CH,~0-P-0|

0]
acyl-dihydroxyacetone
phosphate

NADPH +H*

acyl-dihydroxyacetone
phosphate reductase

S
R{—C-O-CH,
R;-C-O-CH O
O  CHy-0-P-O

phosphatidic acid
H20 phosphatidic acid
phosphatase

Pi

Q
Ry—C-0O-CH,
R,—C-O-CH

O CH,~OH

1,2-diacylglycerol

fatty acyl-CoA
acyltransferase

CoA-SH

Ri—C-O-CH, O
CH-0-C-R,
Rs—C-O-CH,
O

triacylglycerol




Endogen. synthesis of PLs

» Phospholipids
are the most
polar ionic
lipids,
composed of
1,2-diacyl
glycerol and
phospho-
diester bridge
linking the
glycerol
backbone to
some polar
base, usually
nitrogenous
bases e.g.
choline,
serine etc.

L [
CH,—0—C—R CH,—O0—C—R

o CTP  PP; 0

CH —O—l‘!—R > CH —o—lcl—R2

|8 e 9

CH;—O0—P—0" CH;—0—P—0—P—0— Rib [ Cytosine
o o o

CDP-diacylglycerol
PG 3-phosphate

Glycerol 3- Serine
phosphate  PS
synthase CMP
CcMP
0 (o)

synthase

I
CH,—O0—C—R'

osphat

o

S
\&‘1/’%{’

0 0
I I

CH —0—C—R? CH —0—C—R? "
I i I ik

CH z—o—||>—o—cu 2—c||-| —CH,—0 —li'—O‘ CH z—o—r—o—cu 2—CH—C00"
0" OH 0~ 0"
Phosphatidylglycerol Phosphatidylserine s

3-ph e —




Endogen. synthe5|s of PLs

» These
phospholipids are
largely absent
from body
deposit of fat
occurring
primarily in the
fat of glandular
organs.

» In biosynthesis,
nucleotides
activate the
phosphate group
of phosphatidic
acid for the
subsequent
transfer of polar
head group.

CH 2—O—C—R‘

|| 5

CH—O0—C—R -

I I

cuz—o—ll’—o— CH,—CH —CO0 "~
o-

Phosphatidylserine

phosphatidyl-
serine
decarboxylase

\»coz

o)
I
CH,—O0—C—R

o]
[
CH—O0—C—R
| 0
[ +
CH,—O0—P—0—CH,—CH,—NH;
o-
Phosphatidylethanolamine

CH, —o—c—R1

.
CH—O0—C—R

(o}
| ||
CH,—0—P—O0—CH,—CH,— ﬁH;,
o-
Phosphatidylethanolamine

/ 3 adoMet

\»3 adoHcy

methyltransferase

[
CH,—0—C—R

0

I,
CH—O—C—R

[
CH,—O0—P—O0—CH,— CHz—NF (CH3)3
o-
Phosphatldylcholme
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Endogen. syntheSI

f PLs

II
2—O—C—R‘

» When
phosphatidate Phosphatidate
- =- - ':'/ —O0—C—R?2 \‘\‘
joins with a +CcTP : fH—O—C=F
mole of CTP E ln o |Il 0—P—0—|Rib [HCyt \‘|
. &  CH;—O0—P—O0—P— i osine
then it releases R = \
a Pp' and ‘\‘\\‘\ CDP-diacylglycerol \“‘\‘\‘
nv
co erted toa : cardiolipin Inositol S
CDP- Phosphatidylglycerol sxnthase s
diacylglycerol G Sy ynthaze NG cme \\‘«
» Finally, an ? "
- - - = e OeC—nl *s e
inositol join T CHy—0—C—R’
with CH—oO g R2 K " 2 K
—0—C— : CH —0—C—R R
phosphate | 0 0  Phosphatidylinositol *.
group and CMP CHa— 0—P—0—CH; CHZ_O_[Il_o
releases to o cHon o S
producea_l _ . . .. o ., OH OH —
phospholipid L] " These —GiE8"
lled (o CH—O—C—R2 A H H\H groups cah
calie 5 OH also,be
] || SN
phOSphatldyl- Cardiolipin CH,—0—C—R" J:!\ OH estf‘nf'_e:o
inositol L. 3
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Clinical correlation - PLs

4

The development of respiratory distress syndrome (R
hyaline membrane disease) is common in immature
neonates

If a baby born early then the alveoli of the lung will not
expand normally at birth and infant may suffer from RDS
and then respiratory support of ventilation may be needed

Hence, it is very important to confirm the pulmonary (lung)
maturity before the delivery of the baby




Clinical correlation - PLs

» The lecithin sphingomyelin area ratio or LSAR can be
determined by measuring the area of relevant spots of
lecithin and sphingomyelin

* = [area of lecithin spot (hxw)/
\\\“_ area of sphingomyelin spot (hxw)]
o e v LSAR <1.5:

Immature pattern or surfactant
inadequate

Transition pattern

2
-
'I
-
% i:'_'. LSAR >1.5:
Mature pattern or surfactant
adequate




Salvage synthesis of PLs

» The most abundant phospholipids in HO—CHy—CH,—N(CH3);  Choline
most eukaryotic cells are cholmek
phosphatidyicholine and Kinase e
phosphatidylethanolamine. 0
» Since choline and ethanolamine ’0—7—0—CH2—CH2—N(CH3)3 Phosphocholine
arise largely through the turnover of "0 _ Erd
pre-existing phospholipids, the e e
latter pathways can be considered transferase |\ PP;
routes for reutilization of these 0 .
breakdown products. O—b—oEhaRl ST .
» The significance of reutilization of 7 SDFeivling e
choline lies in the fact that the three | °~ T —U-{Hib G|
methyl groups of choline are derived el
from thg amino acid methionine, an dc-aDc';l;lyLerol D'acylglycem'
amino acid which is limiting in many ph“f,':.’,‘;'f’:,':s':
animal diets
Choline kinase CH, —o—c—R1

CTP: phosphocholine cytidyl || , Phosphatidylcholine
transferase > CH_O_C R

CDP: chokine : 1-2- ;’ﬁl ||
diacylglycerol choline & CH> —O—Ii'—O—CHz—CHz—N(CH3)3
phosphotransferase 2 o-




Salvage synthesis of PLs

Ethanolamine Choline

| |
| |

CDP-ethanolamine CDP-choline

Diacylglycerol
Q‘ CMP )

@ 3 adoMet 3 adoHcy @

Phosphatidyl- N ) Phosphatidyl-
ethanolamine choline
CO,
Serine Serine
decarboxylation ESS
Ethanolamine Choline
Phosphatidyl-
serine
CcCMP
Serine
\ DP-diacylglycerol Bacteria
S \ and yeast
SERARRNAN

HO—CHz—CHz—ﬁ(CH3)3 Choline

choline
kinase

B o—P—o—CHz—CHz— N(CH3)3 Phosphocholine

CTPchohne
cytidylyl
transferase

o s P rI’—O—CHz—CHz—N(CH 3)3
? CDP-choline g
O=FI’—0—| Rib |- Cytosine|
o-
CDP-choline-
diacylglycerol

phosphocholine
transferase

Dlacylglycerol

CH, —o—c—R1

|| . .
CH—O—C o Phosphatidylcholine

II
CH; —o—l|>—o—cn2—cu2 —N(CH3)s

o~




Salvage synthesis of PLs

ATP ADP c)bdnmo
HOC H-CHaNH ‘—\-»-Ao 55 - OCH/CH:NH, L—A - b 0- F'> - OCH.CHAH,
0’ O'
ethanolsmine ghns phoethanolamme cyhdine chphospho-
atharolamne
CHz—0OCR CH; —OOCR
CDP-ethansiam Q0 CH 4 H 0
CH.OH CHy =0 B 0~CHCHaNH:
0-
diacylghcerol phosphagdylethanolzamine

CDP: Ethanolamine: 1-2-
diacylglycerol ethanolamine
phophotransferase

CTP: Phosphoethnolamine
cytidyltransferase

@ Ethanolamine kinase @
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