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The stoichiometry of palmitate synthesis

Stoichiometry of palmitate synthesis:

Acetyl-CoA + 7 malonyl-CoA + 14 NADPH + 14H" — palmitate + 7CO2 + 14NADP" + 8CoA + 6H20

One acetyl-CoA and seven malonyl-CoA molecules are required. Each malonyl-CoA loses one carbon during the
process , resulting in a total of 2 carbons from acetyl-CoA and 14 carbons from malonyl-CoA , yielding a 16-carbon
chain.

The fatty acid synthesis process involves seven cycles , with each cycle requiring 2 NADPH molecules. Therefore , 14
NADPH molecules are consumed in total and 14 H+ ions yielding 7 CO2 molecules , 14 NADP* molecules , and 8 CoA
molecules (seven from malonyl-CoA and one from acetyl-CoA).

During the process , 6 H20 molecules are released. The seventh H20 is not released because the final fatty acid retains
one carbonyl group (Also,one H20 molecule is consumed in the release of the fatty acid)

Malonyl-CoA synthesis:
7 Acetyl-CoA + 7CO2 + 7ATP — 7 malonyl-CoA + 7P; + 7TH "

® Opverall stoichiometry of palmitate synthesis:

8 Acetyl-CoA + 14 NADPH + 7ATP + 7H™ — palmitate + 14NADP" + 8CoA + 6H20 + 7ADP + 7P;

A total of 7 ATP molecules are required to synthesize a 16-carbon saturated fatty acid.




Sources of molecules

*Aceytle Co A

Source :Pyruvate

e NADH (for oxaloacetate to

malate)
Source : Glycolysis

- NADPH
Sources :

1-Pentose phosphate pathway
2-Malate to pyruvate

The glycolytic pathway produces
1 pyruvate, which is the primary
source of the mitochondrial
acetyl CoA to be used for fatty
acid synthesis. It also produces
cytosolic NADH, a reductant.
Pyruvate enters the mitochondria.

a Mitochondrial oxaloacetate

Acetyl CoA is produced
by PDH in mitochondria
and condenses with OAA
to form citrate, the first
step in the TCA cycle.

first step in the gluconeogenic

(OAA) is produced by PC, the
pathway.
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Citrate leaves the mitochondria
and is cleaved in the cytosol to
produce cytosolic acetyl CoA.

YT s n s s ees ananas s miett

Cytosolic NADH produced during
glycolysis contributes to the reduction

of NADP* to NADPH needed for palmitoyl
CoA synthesis.

The carbons of cytosolic acetyl CoA are
used to synthesize palmitate, with
NADPH as the reductant for the pathway.




We can obtain the molecules that are needed for the synthetic pathway of fatty acids by the
following:

> Acetyl CoA: under well fed state we can get it from pyruvate that
comes from glucose asa major source of pyruvate and we won’t
mostly get it from other sources.So when we have high
concentration of glucose in the well fed state we will break it down
into pyruvate in the cytosol then the pyruvate will move to the
mitochondria to form Acetyl CoA that reacts with oxaloacetate
increasing the concentration of citrate so the citrate can exit
through its transporter (citrate transporter) to the cytosol and
then by citrate lyase it will be converted back into oxaloacetate and
Acetyl CoA so then we will be able to use Acetyl CoA to start the fatty
acids synthesis such as palmitate etc...




»NADPH: it comes from Pentose phosphate pathway that is also active in the well fed state and

it happens in the cytosol so the NADPH is going to be produced there where the
synthetic pathway of fatty acids also occur.

NADPH can also be obtained from converting malate to pyruvate, after producing
oxaloacitate from citrate we can reduce it to malate and then the malate can be
converted to pyruvate by malic enzyme that will produce NADPH

» NADH: it is needed in malate dehydrogenase in the reduced form (NADH) for the conversion
of oxaloacetate into malate and it comes from the glycolytic pathway (in the cytosol
)) in the well fed state




Regulation of FA Oxidation & Synthesis

OXIDATION SYNTHESIS

* Supply of Fatty Acids * Regulation of ACC

From the adipocytes and

. to regulate the rate limiting step
degradation of triacylglycerols

-Allosteric Mechanism
-Hormonal Control

y - Phosphorylation
sp_ecmcallly glucagon and which is a covalent
epinephrine modification

* Entry into Mitochondria

long chain fatty acids are the
most regulated

 Amounts of Enzymes

that are expressed by the
binding proteins and the

o o1: + transcription factors that can
* Availability of NAD affect the ACG



Further elongation of fatty acids

When we want to elongate the fatty

acid chain such as palmitate which has

16 carbon we will use the following
athwa

2 MADFPH

. Eocatloy\: smooth endoplasmic reticulum not in

the cytosol

* Different enzymes are needed but similar
sequence of reactions.(similar function)

* Two-carbon donor: Malonyl CoA (3

carbon molecule then we remove one
of its carbons so that only 2c are added

each time)

* Source of electrons: NADPH (will be
oxidized)

* No ACP or multifunctional enzyme is

needed.so no fatty acid synthase but there
Is other enzymes that are just like the
combonents of this enzvme and nperform

Source of electrons O 0

+ 2 H' +|HO,C-CH,-C~5-Cok|+ R-C~5-Coa  — W

malonyl CoA long chain
fatty acyl CoA

Source of carbons
O

R-CH,-CH,-C~5-Cok + 2 NADP® + CO, + H,0 + CoASH

fatty acyl CoA
lengthened by two carbons

0 0

NADH + MADPH [+ 2 H™ + CHy-C~5-CoA ¢+ R-C~5-CoA —

acetyl CoA long chain
Sources of Electrons fatty acyl CoA

Source of carbons

R-CH,-CH,-C~5-Cod + NADP™ + NAD" + H0 + CaASH

fatty acyl CoA
lengthened by two carbons



Further elongation of fatty acids

0 0

* Note: the brain has additional Source of electrons I I
. 2 MADPH| + 2H” #HO,C-CH,-C~5-CoA|+ R-C~5-Coa  —M
enzymes allowing it to produce the
. . 1 hai
very-long-chain fatty acids malonygl oA oty hoyl Coa
([VLCFA] over 22 carbons) as the Source of carbons
. 0
braln IS the mOSt part that F-CH.-CH IIZI: S-Cod + 2 NADPT + CO, + H,0 + CoASH
- - -C~5-Cogy + + + + L0
needs VLCFA £ ‘0

fatty acyl CoA
Location: mitochondria it’'s where the lengthened by two carbons

brain cells make VLCFA and the
SER can’t make them they can

only elongate the chain till 18-20C ] .
Two-carbon donor: Acetyl CoA NADH + NADPH + 2 H™ ¢ EHE—IIZIHS—ED.& ¢ R-C~S-CoA ——M
Source of electrons: NADPH and NADH acetyl CoA| long chain

Sources of Electrons fatty acyl CoA

Substrates: fatty acids shorter than 16 Source of carbons
. . ]
(or medium chains)we are not ! .
. R-CH,-CH,-C~5-CoA + NaDFP~ + NADS + H, 0 + CoasH
going to start from the very

beginning like 2c then 6¢ etc... fatty acyl CoA

lengthened by two carbons



Chain desaturation

Palmitate (16:0)

elongation Fatty Acyl-CoA
Enzymes: fatty acyl CoA desaturases(they are  Desaturase
multiple enzymes not only one depending
on the location of the double bond for Stearate (18:0) Palmitoleic Acid (16:1)
example A¢ Will form a double bond
between c9 & cl O) A9desaturaticm elongation
Substrates: long-chain fatty acids (
Location: smooth endoplasmic reticulum Oleate (18:1) Longer Saturated

Fatty Acids

Acceptor of electrons: oxygen (O;), cytochrome | Hymans have carbon 9, 6, 5, and 4 desaturases
b5, and its FAD-linked reductase but cannot introduce double bonds from carbon

10 to the w end of the chain. Therefore, the

polyunsaturated w-6 linoleic acid and w-3
* The first double bond is inserted between linolenic acid are essential.

 Donor of electrons: NADH

carbons 9 an 10, producing oleic acid,
18:1(9), and small amounts of

palmitoleic acid, 16:1(9).

v Formation of polyunsaturated FA by elongation and
desaturation

v' Additional double bonds can be introduced by
A4 desaturase, A> desaturase and A% desaturase
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Chain desaturation

 Donor of electrons: NADH

The sites of desaturation arecarbons number 4,5,6 and
9 inour body that’s why we don’t have enzymes that
can introduce double bonds beyond carbon 10 and
that’s why we need the essential fatty acids like
linoleic &linolenic who already have double bonds
beyond carbon number 10 so we can use them as
substrates to synthesize unsaturated fatty acids that

have double bonds beyond carbon 10
H

* The first double bond is inserted between carbons 9 an
10, producing oleic acid, 18:1(9), and small amounts of

Palmitate (16:0)

elongation Fatty Acyl-CoA
Desaturase
Saturated
Stearate (18:0) Palmitoleic Acid (16:1)
16 carbon & 1double bond
Agdesaturatic:oru elongation

Oleate (18:1) Longer Saturated

18 carbon & 1double bond

Fatty Acids

Humans have carbon 9, 6, 5, and 4 desaturases

Ho g SCoh We have two
oxidations one for the
double bond and the
other for NADH so they
are the sources of
electrons

stearoyl Cod

:|| - 2H
T

NAD™, 2H,O

v

“ SCoA

oleyl Cod

v

but cannot introduce double bonds from carbon
10 to the w end of the chain. Therefore, the

polyunsaturated w-6 linoleic acid and w-3
linolenic acid are essential.

Formation of polyunsaturated FA by elongation and
desaturation

Additional double bonds can be introduced by A4
desaturase, AS desaturase and A® desaturase




vouncedto EA Synthesis vs. degradation

memories this tabl

:( VARIABLE SYNTHESIS ’ DEGRADATION
Greatest flux through pathway After carbohydrate-rich meal In starvation
Hormonal state favoring pathway High insulin/glucagon ratio Low insulin/glucagon ratio
Major tissue site Primarily liver Muscle, liver
Subcellular location Cytosol Primarily mitochondria
Carriers of acyl/acetyl groups Citrate (mitochondria Carnitine (cytosol to
between mitochondria and cytosol to cytosol) mitochondria)
Phosphopantetheine-containing Acyl carrier protein domain, Coenzyme A
active carriers coenzyme A
Oxidation/reduction coenzymes NADPH (reduction) NAD*, FAD (oxidation)
Two-carbon donor/product Malonyl CoA: donor of Acetyl CoA: product of
one acetyl group B-oxidation
Activator Citrate —
Inhibitor Palmitoyl CoA (inhibits Malonyl CoA (inhibits
acetyl CoA carboxylase) carnitine palmitoyltransferase-|)
Product of pathway Palmitate Acetyl CoA
Repetitive four-step process Condensation, reduction Dehydrogenation, hydration
dehydration, reduction dehydrogenation, thiolysis




FA Degradation

fatty acyl-CoA (C,)

FAD
FADH, 1

enoyl-CoA

hydroxyacyl-CoA

NAD
NADH+H' 1
ketoacyl-CoA
CoA
acetyl-CoA 1

fatty acyl-CoA (C,,;)

In the
mitochondria

FA Synthesis
fatty acyl-ACP (C,,.;)

Enoyl-ACP

|

hydroxyacyl-ACP

|

ketoacyl-ACP

|

fatty acyl-ACP (C,)

In the
cytosol

Whenever we have a high concentration of
malonyl CoA in the cytosol it will inhibit the
shuttling system that will transport the
produced fatty acids in the synthetic pathway
to the mitochondria for degradation

To be able to break down the bond between
Acetyl CoA & the remaining structure of the
fatty acids



Triacylglycerol structure and synthesis

* The fatty acid on carbon 1 is typically saturated, that on carbon 2 is
typically unsaturated, and that on carbon 3 can be either.

 |It's the typical but not the only form present
* Synthesis involves three steps:

* Glycerol 3-phosphate synthesis

* Liver (2 mechanisms) vs. adipose tissue (one mechanism only)

 Activation of fatty acids
 Synthesis of triacylglycerol

3 fatty acid
chains

R-CH,-CH,-COO"
Fatty Acid

ATP

Thickinase

Glucose
GLYCOLYSIS

Dihydroxyacetone phosphate

NADH %G/ycero/ 3-phosphate GLUT4

NAD* dehydrogenase
Glycerol 3-phosphate

‘ Glycerol
Glycerol kinase

Insulin

ADIPOSE TISSUE

/!

 GLYCOLYSIS

Dihydroxyacetone phosphate

NAD* dehydrogenase

Glycerol 3-phosphate

NADH %G/ycero/ 3-phosphate

PP Pyropbqsphafuse

—CH,

—CH

—CH,

Glycerol

molecule

7
R-CH,-CH,-C-AMP
Acyladenylate
CoASH

AMP

7
R-CH,-CH,-C-CoA
Acyl CoA

» 2




U Whenever we synthesize fatty acids this means that we arein the
well fed state after that we store them astriacylglycerolsin the
adipocytes and in the liver they canbeused againtoform
triacylglycerols for the synthesis of different lipoproteins

1 Weare going to attach fatty acids to glycerol to make TAG

LIVER

Glu_cose
¥ GLYCOLYSIS

'j Dihydroxyacetone phosphate
NADH Glycerol 3-phosphate

1 To make TAG we need glecerol that must be activated by adding a
phosphate to it forming glycerol 3 phosphate either by glycerol 3
phosphate dehydrogenase that can make dihydroxyacetone ,.
phosphate and then convert itinto glycerol 3 phosphate by A
oxidationreductionreactionin the hepatocytes OR by the glycerol
that canbeup-taken from outside the liver and can be then
phosphorylated by glycerol kinase which is only present in the
liver to form glycerol 3 phosphate

+ dehydrogenase

NAD

| g | Glycerol 3-phosphate7
\ Glycerol kinase




4 In the adipose tissue there is only glycerol 3

phosphate dehydrogenase so they use the
glucose that enters the adipocytes through ADIPOSE TISSUE
glycolysis producing dihydroxyacetone
phosphate and then it can be reduced into
glycerol 3 phosphate after oxidizing NADH to
NAD+

|
u«:wcousls

GLUT4 Dihydroxyacetone phosphate

NADH — Giycerol 3-phosphate

1 Once we have glycerol 3 phosphate from either NAD+ ] dehdrogenase
pathway we need to have the fatty acids in the ;
sulin

active form by adding CoA group to them then
we will start adding them sequentially by

adding the 1then the 2~«then removing a
phosphate group to add the 3~<forming TAG



SyntheS|s of

1stfatty acid will be

__ _ _
“ ~CH;OH attacibo ~ CH, OOCR CH,OOCR
I Acyltransferase I Acyltransferase I
CHOH » CHOH » CHOOCR'
Shpopos OO ' P CH,0POH
“ - CHZOPO_"’H , el The parent molecule of
glycerol-3-phosphate lysophosphatidic acid phosphatidic acid —* glycerophospholipids
In d During esterification or forming
'j‘ ver _an an ester bond between the fatty Phosphatase
adlpose tissue acid and glycerol the CoA will be
released forming CH,OOCR
lysophosphatidic acid CI2HOOCR'
I
CH,OH
Adipose tissue diacylglycerol
Stored as lipid
droplets FA-CoA lAcyltransferase
B-100 CH,OOCR
C-l g 2
O\ : | '
cu - Liver < CHOOCR
. Little storage "
cun® e Mainly packaged in VLDL CH200CR

triacylglycerol



TAG resynthesis in intestinal mucosal cells

* |n addition to these two pathways,
TAGis synthesized via the MAG
pathway in the intestinal mucosal cells
during absorption.

During TAG digestion they can’t be absorbed as TAG they
have to be digested and they become 2 free fatty acids and
2 monoacylglycerol which is a glycerol attached to carbon
number 2

If the free fatty acids are long chains they can be uptaken
by proteins and by passive diffusion if they are short or
medium chains but monoacylglycerol enter as a part of a
mixed micelle to the mucosal cells

Inside the mucosal cells the TAG are going to be
resynthsized so they can be used to build the chylomicron
that has the TAG as the major component so the acyleCoA
synthatase will activate the fatty acids again into fatty
acyleCoA then they can be attached again through this
pathway to monoacylglycerol to make TAG that can be
incorporated to the chylomicrons that will be released to
the lymph then to the blood stream the TAG are going to be
hydrolyzed by lipoprotein lipase which is the endothelial
cell enzyme that reduces the content of them in
chylomicrons making them chylomicron remnants then
they will be uptake to the hepatocytes

Intestinal Brush
lumen border

Mucosal cell

Triglyceride

0 H,C—OH 0 H,C—OH
| " o
R—C—O—(IDH > H-G-O—Cl:H
2-mono:cy191yoerol ATP. PP,
CoA—SH AMP
v i
2 R-OOO' Acy-Coh » 2 R—C—S—CoA
Free falty acids synthetase
Lymph &
> s
® Chylomicrons
Capillary LPL )




Dr. Diala Abu-Hassan

Lippincott’s Biochemistry, Ch. 17



Structureand Classification of G

All glycerophospholipids share the same backbone (glycerol + 2 fatty acids + phosphate).

ycerophosphollp|ds

H,—CH,—NH,
H,—CH,—N(CH.,),

H,—CH—NH,
00

H;~CH—CH,—OH
H

H o-®
: H
OH H
i |
H\OH HO /4 _g)
} 2
H H

H,
HOH ¢
Hy—0—P—0—CH,
‘ 0
i
CH—0—C—R'

Differences between them depend only on the head group attached to the phosphate. (I) Phosphatidic acid - H
* Phosphatldlc aCIdS (the parent mOIQCU.le) (IIT) Phosphatidylethanolamine  Ethanolamine —C
* PhosphatldVIChOIIne (IeCIthIn) (IT) Phosphatidylcholine Choline —C
* Phosphatidylethanolamine Phosphatidylserine Serine —c

: : O
* Phosphatidylserine -
H 2—O—C—R Phosphatidylglycerol Glyecrol - C
* Phosphatidylinositol "
. . . — —_— 2
e Cardiolipin =y e '
ﬁ Ph;)::pll:f\lu'l‘ylm;:s:ml m,;;c_»lt;‘osnu;l .:_5.
o P|asma|o ens g — Head J-bisphosphate isphosphate
g CH> o—? o
iTl |—I1 hlos h?:dies‘ter iolint :
HZC_O_ o R1 P P Cardiolipin PI:;;L';)C:‘\:(:;(!)L —§
(,? By comparing the structures of choline and
HC—0—=C—Rs ethanolamine, it can be observed that
ethanolamine has hydrogens (-NH3%) in

place of the methyl groups (- N(CH3)3%)
found in choline.

|
"H;—0—C—R?



General structure of glycerophospholipids

* Glycerophospholipids are membrane lipids composed
of:

1. Glycerol molecule(apolyalcohol).

2. 2fattyacids attachedtoglycerol moleculeon
carbons 162 via ester bonds.

3. Aphosphategrouponcarbon3.

» thephosphate group has a head group attached viaa
phosphodiester bond; which canbeassimpleasa
Ohydrogen atom (phosphatidic acid) oramore
complex structure as: ""choline (phosphatidylcholine)
or (Nethanolamine (phosphatidylethanolamine), etc.

O

ll
CH,—0—C—R'

O

' 2
CH —0—C—R
0O

Il
CH;—0—P—0—

Head
group

eeed

phosphodiester

"
HE—0- 0=~

O
I

HC—0-C- R,
0

R

Il
H,C~0~P-0-X

O-




General structure of glycerophospholipids
Complex structures

1. CardiOIipin (inner mitochondrial membrane). 2. plasmalogen5:

- Composed of 2 phosphatidic acids | |~ Similar to GPsinstructure, but

connected by a glycerol molecule. instead of havingafattyacidon
, , carbonithere’s a hydrocarbon chain
» So, it has a PG; but it’s not a PG

. connected by an etherbond (but not
itself. ester).

v There’s also modified GPs, including Phosphatidylinositol-
4,5- Bisphosphate (PIP2) (and other inositol phosphates).

v PIP2isinvolved in signaling, underneath the G-protein coupled
receptors (GPCRs)-seeslides 859.

PG =phosphatidylglycerol
=GP =glycerophospholipids



Why do we need to make
glycerophospholipids?

Important functions of glycerophospholipids other than
their structural function in membranes

Theyaremorecommon and
abundant than sphingolipids

% Other functions of GPs:
1. Signaling by specific types of GP, like PIP2whichisinvolved in GPCR
signaling.

2. Membraneattachment (anchoring proteins to the membrane).
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CH; CH;4
iy x §
|
°=C| .
? (@]
H,C— C—CH, Phospho-
/‘} H | lipase C
g'.y(ﬂo\ .
P\msP\na}f

Phosphatidyl inositol
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Structure of PIP2

Sighalingby PIP2 products

Hormone binds to a
specific G protein—
coupled receptor.

a-Subunit of G,
protein dissociates
and activates

phospholipase C.

1 2 (8

® <— Hormone
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H
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- receptor
_c|> . l[—o Phospholipase C
e oB GTP GDP S
o : - Inositol 1,4,5-
: ! Occupied L trisphosphate (IP3)
receptor G protein releases
interacts GDP and binds GIP
g with G il
0—P=0 i e
I protein. J IP, binds to a specific receptor

on the endoplasmic reticulum,
causing release of sequestered
Ca2+from IP3-gated channels.
\Veora
ENDOPLASMIC
RETICULUM

Inositol
1,4,5-trisphosphate (lPa)/

r....

Active phospholipase C

cleaves phosphatidyl-

inositol 4,5-bisphosphate

(PIP,) to IP3 and DAG.
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I ’ A
t CELL MEMBRANE et }

Ca2* and
DAG activate
protein

kinase C.

7

INTRACELLULAR
EFFECTS

Protein kinase C
catalyzes phosphorylation
of cellular proteins that
mediate cellular response
to the hormone.




Explanation- Signaling pathways

* Again GPCRs!
1. Activated bydifferent hormones, growth factors, etc.

2. G-protein activationthrough thealpha subunit by
exchanging GDP for GTP.

3. Alpha subunitis now active.
4. Eventually, alpha subunitactivates downstream molecules.

» for example, the alpha subunit activates adenylyl cyclase
which inturn activates another downstream molecules.

»But herethefocusisontheactivation of phospholipaseC.



5.
6.
/.

Explanation- Signaling pathways
PIP2signaling

Following alpha-subunit activation, it activates Phospholipase C.

Phospholipase Cistheenzyme that degrades membrane PIP2into

diacylglycerol (DAG, hydrophobic)and inositol triphosphate (1p3; negatively
charged, thus hydrophilic).

« Phospholipase C cleaves inositol with the phosphate groups (IP3), leaving the fatty acids associated with
the glycerol molecule (DAG).

DAG remainsinthe membrane (becauseof its hydrophobic nature of the FAs), while IP3
acts asa second messenger (leaves themembrane).

IP3binds to the Caz* channelson theER membrane (IP3-gated calcium
channels).

Channels open, allowing Ca?*to exit to the cytosol.
CaZ*activates protein kinase C (PKC).
PKC regulate moleculesin the cytosol.

» Theresult, different cellular effects and responses.



GPI for membrane attachment

Glycosyl phosphatidylinositol (GPI)
attaches proteins to the plasma e,

membrane, anchoring proteins

o
via phosphatidyl inositol. 5 - H o
* Advantage: lateral mobility S &
* Example: lipoprotein lipase :
: o
: Ryawasw e ;
Lipoprotein-TG Man—::-O—IIID—O—C—C—n—CO
. 5 H; H;
& o “Bhosphosthanoiamine
t'( v' Thisis phosphatidylinositol (in membrane).
A A - Theinositolis connected to sugars
'\ (glycan core).

- These sugars are attached to
phosphoethanolamine.

- Thephosphoethanolamineis attached tothe
protein (core peptide).




GPI for membrane attachment

v These proteins are more mobile within the lipid bilayer
because they are attached to the outer leaflet via the GPI

% Ad Uantag es/ [mpo rtance: anchor, allowing for rapid lateral movement. This can
facilitate quick interactions and signaling. On the other

1. Connectioniscovalent strong attachment. hand, transmembrane proteins embedded within the lipid
bilayer can be less mobile due to their integral nature and

2. Provision of flexibility and ability to move. interactions with the cytoskeleton.

d If this protein is inserted as an integral membrane protein, its movement is
restricted to the plane of the membrane itself, where it continuously moves

laterally within the lipid bilayer
Lipoprotein-TG

&) o

<+ Lipoprotein lipase (LPL)isan enzyme that:
1. Originates from themembrane of endothelial cells. “a

2.Degrades triglycerides in various types of circulating lipoproteins,

converting theminto different forms (intofreefatty acids and

monoacylglycerols which can thebe taken up by tissues and used for energy production and
storage).

3. Isanchored to endothelial cellmembranesvia GPlanchors,
providing flexibility foritsactivityin blood vessels.




Application:Surfactants

Surfactants are a complex mixture of lipids (90%) and
proteins (10%) that make the extracellular fluid layer lining
the alveoli and are secreted by type Il pneumocytes in the
lungs.

Dipalmitoylphosphatidylcholine (DPPC) is the major lipid
in surfactants.

Surfactants serve to decrease the surface tension of the
fluid layer allowing reinflation of alveoli and preventing
alveolar collapse (atelectasis).

Respiratory distress syndrome (RDS) in preterm infants is
associated with insufficient surfactant production and/or
secretion.

Prenatal administration of glucocorticoids shortly before
delivery to induce expression of specific genes.

Air

4—Surface
tension

Water

Surfactant reduces surface
tension by decreasing tail pulls the surfactant
density of water molecules| |molecule upward, the

at air-water interface. resultant vector is minimal

Water i /\s\ = A Surfactant\ \ A

Because the hydrophobic w

Normal

* _alveoli Collapsed

alveoli




Explanation- Surfactants

* Thelungs arecomposed of a functional unit called the alveolus, which resembles a small
sacwith verythin walls.

* Inhalation makes the sacs expand while the opposite occursin exhalation.

* During exhalation and deflation of the sacs, surface tension builds up inside the alveoli
due to interactions between water molecules.

* High surface tension can cause the alveolar walls to collapse, leading to increased
resistance during the next inhalation—much like inflating a balloon that’s deflated
- needs more effort duetosurface tension.

» As aresult, greater effort is needed to breathe; there’s resistance.

* to counteract this, type Il pneumocytes secrete a greasy material called surfactant,
which reducessurface tension.

Surface Tension: Thisis the force exerted by the liquid lining the alveoli that causes the
surfaceto contract. It's due to the cohesive forces between water molecules.

* Rolein Exhalation: During exhalation, the alveoli deflate, and the surface tension
increases, helping to push air out of the lungs.



Explanation- Surfactants(Cont’d)

Surfactant allows the alveoli to slide easily against each other, making inflation
during breathing much easier.

The key component of surfactant is dipalmitoyl phosphatidylcholine (DPPC),
whichismadeof two palmitic acid chains attached to phosphatidylcholine.

» By reducing surface tension, surfactant ensures effortless breathing in healthy

individuals.

Premature babies often lack sufficient surfactant production because their lungs
are underdeveloped, causing respiratory distress syndrome (RDS), where high
resistance to breathing makes inhalation difficult.

RDS can betreated with Dexamethasone.

Toaddress thisissue, glucocorticoids like dexamethasone areadministered to
pregnant women atrisk of preterm delivery, it induces the expression of genes
responsible for producing surfactant, specifically DPPC; therefore, reducing the
riskof respiratorydistressin premature babies.

Careisprovided to premature babiesif theystill haveinsufficient surfactants, so
theyareplacedinincubatorstosupportbreathinguntillungs maturation.



Extra explanation

d Mechanism of Action:

Surfactants are amphipathic molecules. The hydrophobic ends of surfactant molecules insert themselves
into the water layer lining the alveoli. This disrupts the hydrogen bonds between water molecules, which
areresponsible for the high surface tension.

d Benefits in the Alveoli:
1. Preventing Collapse: Lower surface tensionreduces therisk of alveolar collapse (atelectasis),
especially during exhalation when the alveoli shrink.

2. Ease of Re-inflation: Reduced surface tension makes it easier for the alveoli tore-inflate
during inhalation.

3. Uniform Expansion: Smaller alveoli would have higher internal pressure due to higher surface tension,
but surfactant helps to equalize this pressure across alveoli of different sizes, which helpsin
maintaining uniform expansion of alveoli, which improves gas exchange efficiency.

v Inpreterminfants, a deficiencyin surfactant canlead torespiratory distress syndrome (RDS). Surfactant
replacement therapyis often used to treat this condition.

v Conditions like acute respiratory distress syndrome (ARDS) can benefit from treatments that
enhance surfactant function.



Synthesisof phosphatidicacid (e parent cp)

CHZOH CHZ00CR CH200CR
CHOH » CHOH » CHOOCR'
| FA-CoA | FA-CoA |
CH,OPO3H CH,OPO3H CH,OPO3H
glycerol-3-phosphate lysophosphatidic acid phosphatidic acid
Phosphatidic acid is the precursor 1
of glycerophospholipids.
gly PhosSpnolip CHz00CR
1. Glycerol-3-phosphate (G3P), obtained from sugar metabolism. ?HOOCR
- Directly as G3Por by theconversion of dihydroxy acetone phosphate (DHAP). PHZOH
2. Fatty acyltransferase enzyme transfers a FA (activated) to thefirst SRETERIIR
carbon, producing lysophosphatidic acid. FA-CoA
3. Again, thetransfer of thesecond fattyacid to thesecond carbon,
producing phosphatidic acid. CH,OOCR
» Forthestorageof TAGsin adipocytes, the phosphate group can be CHOOCR'
removed to produce diacylglycerol, thenthethird FAis added toit, (':H OOCR"
2

producingtriacylglycerol (TAG). (synthesis!)

triacylglycerol



Synthesis

Location: smooth ER

* Except for ether lipids

Activation by CDP is necessary. Either:

» CDP-DAG (glycerol, inositol)

e CDP-alcohol (choline, ethanolamine)

Sources of choline and ethanolamine

* diet
e synthesis

* re-cycling from the turnover of

pre-existing phospholipids

Diet is still essential since

demand > supply

I
NN

CDP-choline

Strategy 1
Dincylglycerol
activated with CDP

0

i
CH;—0—C—R'
0
|
CH —0O—C—R*
"Head
CH. —o—-P—o HO— groop
Glycerol
Inositol

Path #1
| Cytos:Te|

CDP-diacyviglycerol

NH,
CDP-ethanolamine n#= |
2\_\ 0 0 D)\N
|| I
@—l—m—ll—@ 0
0 0

Strategy 2
Head group
activated with CDP

(")
CH;—0—C—R'

(I)
CH— 0—(1:—1{2
CH,—OH O—p—0—. Head
group
1,2-Diacylglycerol
Choline

Ethanolamine

Path #2 B(ifb' |
=
Cytosine |

(,H ;—O—E—R'

(‘H—O—L—R‘

Glycerophospheolipid

The nucleotideinitially enters
as CTP and then becomes
CDP once added, just like
addition of UTP.




Synthesisof ph-cholineand ph-ethanolamine

* Choline or ethanolamine are
phosphorylated by kinases, then

. PE synthesis b\ PC synthcs_i.\ by
activated by transferases to form, CDP- CIP:shanetinsing e
choline or CDP-ethanolamine.
Choline
* Choline phosphate or ethanolamine Ethanolamine ==~ Qmum
phosphate is transferred from the s CTP-phosphocholine
nucleotide (releasing CMP) to DAG. E TS
. . . CDP-ethanolami CDP-choli
» Synthesis of ph-choline from ph-ethanolamine =M DAG o
* Methyl groups are donated by S-adenosylmethionine /’—— \ ST AR
| t
to convert PE to PC by PE methyltransferase. FHOTHE PROSPTOTANSIENse
ICH3 PE PC
Adenosine- s* Cle'O'CO'R' CH,-0-CO-R’
(|3H2 Phosphatidylethanolamine CH-O-CO-R” C|H-O-CO-R"
9';‘2 N —methyltransferase )
ch'\;'c")g + (PEMT) CH,-0-PO-CH,-CH,-NH, CH,-0-PO,-CH,-CH,-N(CH3),
PE ........... P esssssssnse Prrrinnnenn s Pc
S-Adenosyl-

methionine -



Synthesis, generally and specifically®.

Ph-cholineand Ph-ethanolamine.

* Thecreation of phospholipids like phosphatidylcholineand
phosphatidylethanolamine involves similar steps (asphosphatidic acid)
but varies based on the specific head group used (either choline or

ethanolamine).
% steps:
1. Head groups areadded to CTP nucleotides by a transferase. (cor-head
group)

2. Diacylglycerol (DAG)is obtained.

3. Thehead groups are transferred to DAG using a CDP nucleotide, by
theaction of a phosphotransferase.

4. After theattachment of thehead group, CDP nucleotide s
cleaved (hecutof phosphate, ribose, and cytosine), PTI'O dUCing Cgtidine
mononucleotide (CMP).

5. Now, depending on the head group; either phosphatidylcholine
or phosphatidylethanolamine is produced.




Synthesis, generallg and specifically(?.
Ot

ers, ex. Ph-inositol and Ph-glycerol.

* For the synthesis of others, the processis similar buttheorder

is different.
% Brief steps:

1. CDPnucleotide, butinstead of carrying thehead group, now

it carries DAG (CDP-DAG).
2. Additionof the head groupsto DAGby a transferase.
3. Cleavage and removal of CMP.
4. Production of GPs.
» Notes about synthesis:

phosphatidylcholine is
anemulsifierin
different food
products. #

1. Thesynthesisoccursprimarilyin the SER,buttheycan comefrom diet.

2. Phospholipid productiondoesn't always start from scratch; existing
molecules can berecycled. For example, phosphatidylethanolamine can
be converted into phosphatidylcholine when needed, which adds

flexibility tothebody's lipid synthesis process.




Explanation- Recycling Process.

 Recall structural differences between choline (-N(CH;);*) and
ethanolamine (-NH;*).

 Byamethylationreaction, PEcanbeconvertedto PC by theactionof a
methyltransferase.

* Phosphatidylethanolamine N-methyltransferase (PEMT), adds methyl
groups to PE to be converted to PC.

» From where do we get these methyl groups?

» Addition of asingle carbon unit, thiscarbon unit could be ®"Methyl group (-
CH;), @formyl group (-C=0) or ®@formimino group (-CHNH), etc.

» S-adenosylmethionine (SAM) that comes from methionine metabolism,
transfers methyl groups. Thatis theterminal carbon of methionine can be

cleaved and used for thistransfer of methylgroup toarecipient.

> Also, folic acid (vit. B9) can transfer methyl groups or othersingle
carbonunits Morediversity.

PE =Phosphatidylethanolamine
PC=Phosphatidylcholine




Synthetic pathways for and from ph-serine

* The liver requires another mechanism
to produce PC because it uses it to
make bile and other plasma
lipoproteins.

* PSis decarboxylated to PE by PS
decarboxylase (PSD). It can be
methylated by PEMT to PC

* PSis exchanged from PE or PC by PS
synthases (PSS).

I
O H,C—0—C—R,

I |
R,—C—O—CH O

l
H,C —O0—P—0—CH,— CH—NH,"
|

I
o

phosphatidylserine

PE ooooooooooo | ’ oooooooooo > PC
¥ o PEMT =
.'.. ’l’,
Sc’ 'o“. :: ('0: ,,/I
..'0:. P S ’I,,
PS synthase _!_ decarboxylase 7 > Ser
PSS 3 .
(PSS) 1: (PSD) T PS synthase
.-'.. .’. /', (PSS)
Et &
3 Ch
.

COOr

Removal of thecarboxyl group from PS, will yield PE.




Metabolism of phosphatidylserine(PS)

“ exchangebetween PE and PS:

* By areversible exchangereaction, PScanbeproduced from
PE, byreplacing ethanolamine with serine A.A using
phosphatidylserine synthase, or the opposite, to produce PE

Instead.
* Inaddition, decarboxylation of PS gives PE.

“ exchangebetween PC and PS:

* Phosphatidylserine synthase can alsoremove thecholineand
replaceit with serine; producing PSfrom PCin areversible

manner.




1.

SummaryofsynthesispfPE, PC,andPS

Phosphorylation of the
head group (choline or
ethanolamine) by
kinases.

. Attach the head group

toa CDP molecule
(which entered as CTP)
by atransferase.

. CDP-head group

(cholineor
ethanolamine)is
transferredtoa
diacylglycerolusing a
phosphotransferase to
produce PC and PE.

PE synthesis by PC synthesis by % Pathwaysconnecting different
CDP-ethanolamine CDP-choline I .
Pathway Pathway ypes: .
1. Methylation of PE to make
Choline o 3 PC.
Ethanolamine -\ 2. D .
Phosphocholine . Decarboxylation of PSto
Phosphoethanolamine
or make PE.
cytidyltransferase 3. ExchangereactionsbyPS
CDP-ethanolamine CDP-choline synthase:
—_— a) Exchange of serine
cytidyl- with ethanolamine
hosphophotransferase (reuerSlble) . )
S i — >PC b) Exchange of serine with
L J
PEMT ~ H .
: choline (reyersible)
Ser w - s CO, &
S0 ga 3\9‘3’/
1 \%é 52 g Ser
1 § % ?56\1/’
I"". g’- /,/
E 4 A

o
o

s’
l‘ ’f’
A




Synthesis of ph-inositol astpathway

* |Inositol is combined with CDP-DAG by Pl synthase to
produce phosphatidylinositol.

* |tis a reservoir of arachidonate.

* |t also produces signaling molecules when cleaved
by phospholipase C.

Arachidonic
acid (C20:4)
52,82,112,142-
eicosatetraenoic

Stearic acid
(C18:0)

octadecanoic

Phosphatidyl inositol (|) H
P

>
4,5-bisphosphate (PIP,) “0—pP=0 2
| A
(0 HO H
Inositol ' " H

1,4,5-trisphosphate (IP;) 5

H OH
: o oH myo-inositol
Phosphatidyl

-inositol
synthase

CMP

R
| .

W
—0-P-0

OH OH(L Phosphatidylinositol

OH
o

OH



Phosphatidylinositol (Pl) synthesis

X Steps of Sgﬂth@SiS: same as before- repeated.
1. DAGiscarried by CDP, theactivated form: CDOP-DAG.

2. Inositolisadded tothephosphate group on DAG through
theaction of phosphatidylinositol synthase.

3. CMPisremoved, andPlin produced.
» Roles of phosphatidylinositol:

a) Criticalfor forming GPlanchors, attachingproteinstothe
nlasma membrane.

b) playsakeyroleinsignaling pathways, particularly asa
orecursor for PIP2 (Phosphatidylinositol 4,5-bisphosphate).

c) Arachidonic acid reservoir; asits FAs compositionis
majorly Arachidonic acid and steric acid.
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For any feedback, scan the code or click on it.
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VO -> V1
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