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|dentify the types and functions of phospholipids

Discuss the physiological importance of phospholipids

Understand the role of glycerophospholipids in lung surfactant and their
clinical implications in respiratory distress syndrome (RDS)

|dentify the classes and physiological functions of phospholipase enzymes



: Phospholipids are amphipathic the polar part is ( ionic compounds ) that contain an alcohol

group attached either to: /) Diacylglycerol
and the non polar partis (lipid)

Sphingosine

e phospholipids are the major lipids of cell membrane

Membrane bound

Glycerophospholipids phospholipids act as:

Classes
Functions

Non-Membrane bound

Sphingophospholipids phospholipids act as:

Their hydrophobic (non-polar)
portion is attached to the membrane

Their hydrophilic (polar) portion extends

a!

R Ahelp

Reservoir for intracellular

messengers

Anchors” to cell membranes

Lung surfactant reduces
surface tension in the
alveoli

Components of bile

the

( as detergents to solubilize

cholesterol )

MEMBRANE
—

o

outward interacting with the aqueous environment

ydrophobic
tail i
o
C»c>¢|:l-|z

.0 11 =5
g C-O-CH NH3

EXTRACELLULAR SPACE

Glycerol backbone

Polar head
)

CH, (P> CH,CH
coo™



https://youtu.be/xrn9qeVM9o4

e Contain glycerol (Backbone)
A major class of phospholipids
e All contain phosphatidic acid, (PA) (simplest)

e (PA)isthe simplest phospholipid (precursor)

Phospholipids are derived from PA such as:

You have to memorize all
the PA derivatives & their

Remember : Getting Early Calls Is Sweet functions

Glycerol + PA —-Phosphatidylglycerol (PG) Lung surfactant
Ethanolamine + PA ., Phosphatidylethanolamine (PE)
(cephalin)
Choline + PA _y. Phosphatidylcholine (PC) Lung surfactant
(lecithin)
Inositol + PA —p-Phosphaotidylinositol (Pl) Cell signaling
Serine + PA —»Phosphatidylserine (PS) Cell signaling & blood

clotting
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Some examples of Glycerophospholipids

Cardiolipin

Glycerol

In other phosphoglycerides, the
fatty acids are attached to glycerol

Two molecules of PA joined
to an additional molecule

hypersensitivity

i ) i by Ester linkages, while in PAF: |
: Structure | of glycerol through PO4 i 1.itis bound by an Ether linkage
: . Qroups 1 2.it has an acetyl group at carbon |
' ) | No.2 |
i : | #Team 437 & drs note | Platelet activating factor (PAF)
i - In the inner mitochondrial | Binds to cell surface
.~ Location | membrane ' receptors :
S N S .

' maintenance of . Triggers thrombotic and

' respiratory complexes of ' acute inflommatory reaction

- electron transport chain 1 it plays o role in



e Alveolar cells of the lungs are lined by the extracellular fluid layer

e Alveolar cells secrete (o major lung surfactant)

Respiratory distress
syndrome (RDS)

. due to

deficiency of lung surfactant

* A major cause of neonatal RDS
death

*Treatment: Glucocorticoids to

mother to promote lung

maturation

. due to damaged
alveoli by infection or trauma

* Lipids (20%) including
Dipalmitoylphosphatidylcholine

structure ( )

* Proteins (10%)

* Decreases the surface tension
of the fluid layer

Function ' ® Reduces pressure needed to
re-inflate alveoli

* Prevents alveolar collapse
( aotelectasis)



1) cell signaling

- Anchoring of proteins to membranes through
' carbohydrate-Pl bridge

- o Anchoring proteins can be cleaved by

i phospholipase C enzyme

e Plays important role in intracellular signaling
e Plis part of calcium-phosphatidylinositol system

more explanation in the next slide

P Hormone binds o-Subunit of Gg
to a specific protein dissociates
receptor. and activates
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Examples of Anchoring proteins:

Active phospholipase C
cleaves phosphatidyl-
inositol 4,5-bisphosphate
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2,3

1) cell signaling

A specific Ligand “first messenger" (hormone or neurotransmitter), binds to
G-protein coupled receptors.

Receptor interacts with G-protein, stimulates its release of GDP and replaces it
with GTP, therefore activating it.

a-subunit disassociate from G-protein,
a-subunit binds to Phospholipase C activating it in the process.

Phospholipase C breaks phosphatidylinositol 4,5-bisphosphate into Inositol
trisphosphate (IP3) + diacylglycerol ( ).

IP3 “second messenger” binds to Endoplasmic Reticulum (ER), a major store of
Calcium ions, causing the release of Calcium ions.

Protein Kinase C responds to second messengers, in this case they're Calcium
from ER and signals from

Protein Kinase C phosphorylates proteins in response to the signals from
ond IP3

(remember that kinase proteins function in phosphorylating proteins).

Intracellular effect and response.
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https://youtu.be/9Bq6qHJaSJs

A long-chain attached to
Example: Sphingomyelin

Sphingomyelin is an important component of myelin that protects and insulates
nerve fibers

( sphingosine is a backbone)

*
oreno Soramide ) g
CH,~P)-CH,CH,N*
. . . : : o | i aen
e sphingosine (green box) + fatty acid )= ceramide (dashed box) : C—NH-CH i
e sphingosine (green box) + fatty acid + choline = Sphingomyelin ' Si-on TR
Sphingosine

Fatty acids




The outer core of lipoprotein particles is hydrophilic
The inner core of triacylglycerols & cholesteryl esters ( hydrophobic )

The outer core contains phospholipids and free cholesterol which is
Unesterified “‘polar” N

- AU_OWS tronsgort Of core |_|p|ds in %free cholesterol = Unesterified cholesterol ]
aqueous (water ) plasma

Apolipoprotein are proteins that transport lipids
by binding to them

(NG

Inner core of

. triacylglycerols
SPA oSN 2 bticaphcliids

Unesterifed
cholesterol

 proen”

Unesterifed cholesterol

Figure 18.14

Structure of a typical lipoprotein
particle.




e Phospholipids are degraded by ? phospholipase enzymes
e phospholipase Present in ? all tissues including pancreatic juice

Glycerophospholipids are degraded by?
phospholipids are degraded by?

\remodeling of phospholipids 1
(from one kind of phospholipid to another kind) 2
produce 3

phospholipases to dissolve cell
membranes and spread infection 4

Phospholipase A1, A2, C, D
myelinase

Digestion of phospholipids by
pancreatic juice

Production of second messengers

(cell signaling Ex:IPs)



type

Phospholipase,

type

Al

l

Location

° Mammalian Tissues

A2

l

Location

Mammalian Tissues
Pancreatic juice o
Pancreatic secretions

are especially rich in the

Phospholipase A2 proenzyme (3)

it is activated by trypsin (4) and

requires bile salts for activity

Snaoke and bee venoms i il e

Mechanism

«Acting on : Phosphatidylinositol (Pl)
+—Releases : arachidonic acid
(the precursor of prostaglandins)

—Inhibited by : Glucocorticoids

Eg: cortisol

1- There are four major of Phospholipase classes, termed A, B, C and D
2- Pancreatic juice : the clear alkaline digestive fluid secreted by the pancreas

3- proenzyme or zymogen : are inactive enzyme precursors that require biochemical change to become active.
4- Trypsin : is an enzyme that helps us digest protein.

5- clostridia : type of bacteria

type

type

C

l

Location

Liver lysosomes

. a-toxin of clostridia s and other bacilli

Mechanism

membrane-bound phospholipase C
—Activated by : PIP2 system
thus, plays role in

. producing: 2nd messengers

D

l

Location

. Plants tissue



Phospholipids are complex lipids that perform important physiological functions in the body

Membrane-bound phospholipids are involved in cell signaling, protein anchoring and myelin
protective functions

Non Membrane-bound phospholipids function as lung surfactant and as detergent in the bile

Phospholipases are enzymes that degrade phospholipids

They are important for remodeling of phospholipids



Summary

| I
Characteristic Classified

[ 1
Amphipathic Glycerophospholipids Sphingophospholipids
polar, . Lo | ' | | I
jonic compound simplest phospholipid Examples Catalyzed by :
Degradation:

(precursor) | L Structure : Example:

Major lipids of the [ | Degradation |

cell membrane Platelet activating

iolipi fatty acid Sphingomyelin Charocterized by
Cardiolipin factor (PAF) Shoracterized oy
A1,A2,C, D

alcohol group — structure: location :

2 molecules of PA

— location: function: -alcohols

ng
Attached with ing

Function: protects
and insulates nerve

Result : fibers

Binds to cell surface
receptors

Function :
Play a role in
membrane fusion

“Glycerol
~fatty acid

-phosphate

Function:

the inner Triggers thrombotic and acute
Lung surfactant

mitochondrial inflammatory reaction
membrane

— Pl — function:

Function: maintenance of

Cell signaling

~ PG

respiratory complexes
of electron transport
chain

Function:
Lung surfactant




Q1 :Phosphatidylglycerol is involved in which of the following ?

A) cell signaling

B) cell division

C) lung surfactant

D) blood clotting

Q2 :A doctor expected that a pregnant woman will give birth early ,What
should give the mother to avoid the collapse of the child's lungs ?

A) inhaled
surfactant

B) glucocorticoids

C) calcium

D) NSAIDs

Q3: Phospholipase type A2 Inhibited by ?

A') arachidonic acid

B) trypsin

C) PIP2 system

D) Glucocorticoids

Q4 : what is the simplest Sphingophospholipids ?

A) Phosphatidic acid

B) Ceramide

C) Sphingomyelin

D) sphingosine

QS5 : Anchoring proteins can be cleaved by ?

A) phospholipase C

B) phospholipase A2

C) phospholipase D

D) phospholipase Al
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