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Objectives:

By the end of this lecture the students will be able to:

1-Identify the types and functions of phospholipids

2-Discuss the physiological importance of phospholipids
3-Understand the role of glycerphospholipids in lung surfactant and
their clinical implications in respiratory distress syndrome (RDS)

4-ldentify the classes and physiological functions of phospholipase

enzymes



Overview

s Types and functions of phospholipids

**Glycerophospholipids : Types, functions and role in lung surfactant,
cell signaling and protein anchoring

¢ Respiratory distress syndrome (RDS)
**Sphingophospholipids
**Phospholipids in lipoprotein particles
**Phospholipases: Types and functions
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P h OS p h O ‘ i p i d S Major lipids of cell membranes

* Phospholipids are polar, ionic compounds that
contain an alcohol group attached either to:

. When the backbone of alcohol is
* Diacylglycerol .o iceronwe cani
* Sphingosine

glycerophospholipids, when it is
sphingosine we call it
sphingophospholipids

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

» Their hydrophilic (polar) portion extends outward
interacting with the aqueous environment.

Extra: phospho‘ipid

hydcophili
hZo.éoPh ic

hydrophobic
Tail
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Functions of phospholipids:

Reservoir for intracellular

messengers (cell signaling) <:
|

Holding or
Attaching

Anchors to cell membranes <: some proteins

to membranes

— Lung surfactant

Components of bile (as
—— detergents to solubilize
cholesterol)
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G che rO p h OS p h O I | p | d S . Also called phosphoglycerides
A

MEMBRANE EXTRACELLULAR SPACE

A maqjor class of phospholipids w;
Contain glycerol E

Also contain phosphatidic acid (PA)
PA is the simplest phosphol|p|d
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Glycerophospholipids :

1-Phospholipids are derived from PA such as:

Ethanoliamine+PA Phosphatidylethanolamine (PE)
(cephalin)
Choline + PA Phosphatidylcholine Lung surfactant

(PC)(lecithin)
Inositol + PA Phosphatidylinositol (Pl) Cell signaling

Glycerol + PA Phosphatidylglycerol (PG) Lung surfactant
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Role of PC (phosphatidylcholine) in lung
surfactant:

*Alveolar cells of the lungs are lined by the extracellular fluid layer.

*Alveolar cells ( ) secrete DPPC (a major lung surfactant)
Lung surfactant is a complex
mixture of:
Lipids (90%) including
Diplamitoylphosphatidylcholine Proteins (10%)
(DPPC)*

*(the major lipid in lung surfactant is phosphatidylcholine present in a different form)
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Role of PC (phosphatidylcholine) in lung
surfactant:
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RN

Role of PC in lungs

surfactant:
Surfactant decrease the Reduced the pressure
: : ) Prevents alveolar collapse
surface tension of the fluid needed to re-inflate o
layer alveoli (atelectasis)

NS N S NS

*If the lung surfactant is not there the alveoli will collapse and not be able to re-inflate which
leads to Respiratory distress syndrome.




Respiratory Distress Syndrome (RDS):

Respiratory distress syndrome (RDS) (also called new born respiratory
distress syndrome)

* In preterm infants due to deficiency of lung surfactant.

* A major cause of neonatal death.
* Preventation : glucocorticoids to mother to promote lung maturation.*

* In adults due to damaged alveoli by infection or trauma.™*
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Dr.Sumbul and lippincot explanation about the RDS:

* How to measure if the lung is having respiratory distress syndrome or
nhot?

* By measuring the ratio between Sphingomylein and Lecithin, if the ratio is 2 or
more that means the person is healthy, if less that means the person is having
respiratory distress syndrome.

*It is actually a preventive method, if there’s any complication in the mother or the
baby leading to earlier delivery we give the mother glucocorticoids (by injection)
which activates specific enzymes leading to earlier production of lung surfactants.
But the actual treatment is giving the early born child an intratracheal lung
surfactants (either natural or synthetic)

**Can also happen to heavier chronic smokers because smoking causes
inflammation which leads to accumulation of water in lungs.
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Role of Pl (phosphatidylinositol)
In Cell signaling:

o Site of cleavage by ‘

(.5 oCH phospholipase C
* Plays an important role in intracellular signaling. o | l
C-O-CH
* Pl is a part of calcium-phosphatidyl inositol system. CH, 2@
o
* Plis present in the membrane and it gets 0-p—0 OH
O~ H 0O
phosphorylated at two positions, and it is the target OH
for phospholipase C enzyme. n
.

Phosphatidylinositol 4,5-bisphosphate

12
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Hormone binds
to a specific

Active phospholipase C
cleaves phosphatidyl-
inositol 4,5-bisphosphate
to inositol trisphosphate
(IP3) and diacylglycerol.

a a-Subunit of Gq
protein dissociates

and activates

phospholipase C.

Calcium and
diacylglycerol
activate protein

kinase C.

receptor.

. ® < Hormone

( 3
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Activated/ 1

receptor

hospholipase C

O

Inositol 1,4,5- -
trisphosphate (IP3) Phosphorylated proteins

!

Ca2+ INTRACELLULAR
EFFECTS

GDP

Occupied
receptor
interacts
with G
protein.

Gq protein releases
GDP and binds GTP.

IP; binds to a specific receptor
on the endoplasmic reticulum, _
causing release of sequestered CaZ2+,

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

Whe-
ENDOPLASMIC
RETICULUM

Figure 17.8
Role of inositol trisphosphate and diacylglycerol in intracellular signaling.



1. Binding

e Hormone/neurotransmitter binds to G-protein coupled receptor.
e e.g. “Antidiuretic hormone (ADH), Acetylecholine”

Nd

Receptor
Interaction

e Receptor will Interact with G-protein Which will lead to replacing GDP with GTP.

4,
Dissociation

e a-subunit dissociates from B & y subunits, and activates Phospholipase C.

5. Breaking
Down

e Phospholipase C break phosphatidylinositol 4-5trisphosphate into DAG + inositol 4-5
bisphosphate

e ER stores Calcium Which released to the cytoplasm when IP3 binds. (IP3: Inositol 1,4,5

| U U

6. Ca i
Releasing triphosphate)
-
K e Calcium and DAG activate protein kinase C
. Kinase C
Activation )
e Protein kinase C catalyze protein phosphorylation. These proteins will give the response of the
Responding] hOrmone or neurotransmitter. )
!

Qtion



Role of Phosphatidylinositol (Pl) in
membrane protein anchoring

** Anchoring (holds proteins there) Of proteins to
membranes is done through: carbohydrate-PlI

bridge.

Examples of anchored proteins

l

Alkaline phosphatase

(present on the surface
of small intestine)

l

Acetylcholine esterase

(present on postsynaptic
membrane of neurons)

¢ Anchoring proteins can be cleaved by
phospholipase C enzyme.

Biochemistry team 436

[ EXTRACELLULAR SPACE

Anchored
protein

|
Ethanolamine - ®

|
Ethanolamine- (P) - Oligosaccharide
|

(GIcN)

CH,= CH=CH, —
CH, = CH= CH, —®)
? 9
0=C 0=C

Lipophilic side chains of
phosphatidylinositol are
inserted into the lipid core
of the cell membrane.

CYTOPLASM




Some examples:

Cardiolipin

* Two molecules of PA joined to an additional
molecule of glycerol through PO4 groups

* In the inner mitochondrial membrane

* Function: maintenance of respiratory
complexes of electron transport chain

_______________________________________________________
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Fatty acids ———

P\
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O CH,0C — — C-0-C-H
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CHy~(®-CH,~C -CH,-®-CH,
Polar >~ OH
head

Cardiolipin
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Some examples:

B Saturated
Platelet activating factor (PAF) . /
. "
* Binds to cell surface receptors O CHyO-CHy CH,

| . CHyC-0-CH O
* Triggers thrombotic and acute ——/ SHyO- P-OCH,CH,NH

i i Acetyl -
inflammatory reaction G T 0

Glycerol backbone

Platelet-activating factor

17
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Sphingophospholipids™

Ceramide’ 'MP ?Hf&
** Sphingophospholipids are a long-chain : CHy~®-CH,CH,N'
fatty acid attached to sphingosine. : 0 : C{3('3H3
. . - : C—NH-CH |
EX. Sphlngomyelln. (the only significant : '\ v /
sphingophospholipid in humans). E CH-OH E Choline
: . . ; Sphingosine &
% Sphingomyelin is an important S e
component of myelin sheath t.hat Fatty acids
protects and insulates nerve fibers.
* if the backbone is sphingosine we call it Figure 17.4
Sphingophospholipids Structure of sphingomyelin, showing

sphingosine (in green box) and
ceramide components (in dashed
box).
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Phospholipids in lipoprotein*® particles

Lipoproteins are composed of a neutral lipid core (containing triacylglycerol and
cholesteryl esters) surrounded by a shell of amphipathic apolipoproteins,
phospholipid, and unesterified (free)
cholesterol. They main function is to keep lipids soluble as they transport them
between tissues.:

Lipidd) Jsaa a3 il desy

(< 585 536]1) L Cebiall Leih oLl i () 5
*aalla gl S

¢ The outer core of lipoprotein particles is
hydrophilic contains phospholipids and
free cholesterol. This outer core allows
transport of core lipids (hydrophobic) in
aqueous plasma (hydrophilic).

*it has different types: Chylomicrons, high density lipoproteins (HDL), low
density lipoproteins (LDL), very low density lipoproteins (VLDL).
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Inner core of
triacylglycerols
and cholesteryl

esters Phospholipids

Unesterifed

Apolipo- cholesterol

Unesterifed cholesterol

Figure 18.14

Structure of a typical lipoprotein
particle.
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Phospholipase

*Where there are found? in all tissues including pancreatic juice

*Glycerolphospholipids are degradated by : phospholipase A1,A2,C,D

*sphingophospholipid are degraded by :
Sphingomyelinase

Types of phospholipase :

1-phospholipase A2 : present
pancreatic juice , activated by trypsin by
acting as proenzyme.

Inhibited by glucocorticoids.
2-phospholipase Al: found in many
mammalian tissue .
3-Phospholipase D: mostly found in
planets tissue.
4-phospholipase C : responsible for
producing second messengers.
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Sphingomyelinase is
type of
phosphodiesterase
a Type Cand D
phospholipase

PHOSPHOLIPASED

- | * Phospholipase Dis in
| in signal transduction, g

| erating phosphatidic acid |

(PA) from phosphatidyl- |

choline and diacylglycerol

from PA. : p

HOSPHOLIPASE A,

ospholipase A, is present in many
mammalian tissues and pancreatic juice.
Itis also present in snake and bee venoms.

» Pancreatic secretions are especially rich
in the phospholipase A, proenzyme,
which is activated by trypsin and
requires bile salts for activity.

e Phospholipase A, acting on phosphatidy!-
inositol, releases arachidonic acid (the
precursor of the prostaglandins).

Phospholipase A, is inhibited by

PHOSPHOLIPA@?V:_v

® Phospholipase A, is present
in many mammalian tissues.

| PHOSPHOLIPASE C

* Phospholipase Cis found in liverfj
lysosomes and the a-toxin of §
clostridia and other bacilli.

¢ Membrane-bound phospho-
lipase Cis activated by the PIP, §
system and, thus, plays arolein §f

producing second messengers. i

3

Figure 17.11 ; e : '
""fDegradation of glycerophospholipids by phospholipases. PIP, = phosphatidylinositol 4,5-bisphosphate;
Ry and R, = fatty acids; X = an alcohol.
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Functions of Phospholipase

— digestion

* |[n pancreatic juice, it helps in digestion of phospholipids

- Remodeling

- Production of second messenger

~ Dissolving the cell membrane in infection

e Pathogenic bacteria produce phospholipases to dissolve cell
membranes and spread infection.
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* Essentially all cells except mature erythrocytes can synthesize .
phospholipids, whereas triacetyle glycerol synthesis occurs essentially only
In llliver, adipose tissue, lactating mammary glands, and intestinal mucosal
cells.

* PC and PE are the most abundant phospholipids in most eukaryotic cells.
The primary route of their synthesis uses choline and ethanolamine
obtained either from the diet or from the turnover of the body’s
phospholipids.

* Sphingomylien, a sphingosine- based phospholipid is a major structural
lipid in the membranes of nerve tissue.

* Cardiolipin is antigenic and is recognized by antibodies raised against
Treponima palidum, the bacterium that causes syphillis

(o o (B (sl s> ela (A padl)
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' There are two classes of phospholipids
' The first class it's backbone is made up of diacylglycerol

. Glycerol structure O H

ro _L__on

Monoacylglycerol is made by removing One'OH from glycerol and adding fatty acid chain.
i Diacylglycerol is made by removing two OH from carbon No. 1 and carbon No. 2 and then adding two fatty acid chains
. at these two positions.

If the back bone is made of diacylglycerol, then the phospholipid going to be called: glycerophospholipid or
' phosphoglycerides
When adding a phosphate group on diacylglycerol it becomes phosphatidic acid, which is the simplest phospholipid
' (phosphatidic acid)

' Diacylglycerol is lipid

' The fatty acid chains are hydrophobic

' The phosphate group is the hydrophilic polar head
- Thus become parent phospholipid

' Then adding an alcohol group like: Serine, choline, ethanolamine. Then they become different phospholipid
" If you add choline group on phospholipid it becomes: phosphatidylcholine

The second class (spgingophospholipid):

- Backbone: sphingosine. It's an amino alcohol

____________________________________________________________________________________________________________________________________



SUMMARY OF PHOSPHOLIPIDS:

- They have a hydrophobic tail and hydrophilic head.

- They are membrane bound or non membrane bound.

- Lipoproteins contain phospholipids to allow transport of core lipids in aqueous plasma.
- Phospholipase Functions:

1- Degrades phospholipids. (each type has a different enzyme)

2- Remodeling phospholipids. 3- Produce second messengers.

4- Bacteria produces phospholipase to dissolve cell membranes and spread infection.

Phospholipids on the cell membrane are two types:

1- Glycerophospholipids:

They all contain phosphatic acid (PA) which is the simplest phospholipid.

Many types of phospholipids are derived from PA:

1- Cardiolipin

2- Platelet activating factor (PAF)

And two important examples are

1- Phosphatidyl (PC)(lecithin) and its role in lung surfactant and RDS.

2- Phosphatidyl (P1) and its role in cell signaling and membrane protein anchoring.

2- Sphingophospholipids:
Like sphingomyelin and its role in protecting nerve fibers




Quiz

SAR

https://www.onlineexambuilder.com/p

hospholipid-compounds-saq/exam-
130261

Helpful video

Respiratory distress syndrome

https://www.youtube.com/watch?v=v
063j9m5grE

https://m.youtube.com/watch?v=cn
omMIKedwU

MCR'S

https://www.onlineexambuilder.com/p

hospholipid-compounds/exam-130242

https://www.onlineexambuilder.com/p

hospholipids/exam-130270 **
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0 e Review the notes

.youtube.com/watch?v=cn6mMIKedwU

THANKIYOU

e * Lippincott's lllustrated Reviews: Biochemistry, 6t E
PLEASE CONTACT US IF

“ Biochemistryteam436@gmail.com
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