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K Phospholipids : \

A. Glycerophospholipids
Glycerol-containing phospholipids
e.g., Phosphatidylinositol

B. Sphingo-phospholipids:
Sphingosine-containing phospholipids

K e.g., Sphingolmyelin /

e Phosphatidylinositol (Pl) :

Fatty acid
Saturated FA O
MWWWAC-0-CH,
Unsaturated FA Q Parent Phospholipid
MWWWCcocH
Diacylglycerol (DAG) CH,®
Phosphatidic acid

Fatty acid ) yzid remoding 41 Juas P] CH - (P)- Inositol

Phosphatidylinositol (PI)
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e Functions:
1. Protein anchoring to plasma membranes

AIA) Ba Rl (gl dag (o

2. Reservoir of arachidonic acid in membranes Arachidonic acid is the
precursor of prostaglandins
TIAY (e dadey UM (g oI G B duaad Slipa 681 ¥ 4y
.. 4489 L Phosoholipase A2 (<!

3. Signal transmission across membranes via production
of second messengers:
- Jddaudd P J‘m‘éﬁ@bgjemum g:\l,g
Inositol trisphosphate (IP3)
Diacylglycerol (DAG)

PI- Protein Anchoring Tin § pualaa 3 LALERT 4

Anchoring of proteins to membranes [ExTRAGELLULAR SPACE

via Anchored
Carbohydrate-Phosphatidylinositol ]
Bridge °=g,
Ethanolamine - (P)

Eth e - (P) - Olig: . ide

Examples of anchored proteins: s
1. Alkaline phosphatase &
(to the surface of small intestine) H oH

2. Acetylcholine esterase e H

. OH OH
(to postsynaptic membrane)

o=C o=¢

These proteins can be cleaved from
their attachment to the membranes

by phospholipase C

Lipophilic side chains of

hosphatidyinositol are
nserted into the lipid core
of the cell membrane.

CYTOPLASM
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e Phosphatidylinositol 4,5 bisphosphate :

p9=ll<! Phaspholipase C U:‘*As/ Lia

Phosphatidylinositol 4,5-bisphosphate

e Calcium/Phosphatidylinositol System :

(@]
_ MWWAC-o-cH,
Diacylglycerol o
(DAG) MWWW-c-o-cH
CH,-®) ¢
o- Phospholipase C

0-p—O OH
|

O~ H o
Inositol Trisphosphate O H

(IP3) | H OH
0= II’-O‘
o-
Phosphatidylinositol 4,5-bisphosphate
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e GTP-Dependant Regulatory Proteins (G-Proteins:

-- Gqg -Proteins: Trimeric membrane proteins (afy)
Binds to GTP/GDP

Forms of G-Proteins

— N

Inactive form Active form
Trimeric -bound GDP a-bound GTP
(apy/GDP) (a/GTP)

e The a-subunit has intrinsic GTPase activity, resulting in:

-- Hydrolysis of GTP into GDP and Inactivation of G-proteins

The a-subunit has intrinsic GTPase activity ::
Sl gd A (gl (alds a5 WY 0 8 jlad) 0dgy (n
i L day ¢ Laldl) g Ul pa Jas 5 e "
' * So we can understand the second messenger we have to first revise the
mechanism of G- protein
» Activation of G-protein receptor
» Disassociation of the alpha subunit from beta and gamma to attach to
GTP
* In activation of G-protein receptor
* The alpha subunit also has an intrinsic GTP-ase activity which means the
hydrolysis of the GTP into GDP which leads to the inactivation of G-
protein and the alpha subunit reattaches its self to the beta and gamma

\
\
\
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e Phosphatidylinositol System :

Signal: Hormones or neurotransmitters

e.g., Acetylcholine, antidiuretic hormone (V1-receptor) and
catecholamines (al actions)

Receptor: G-protein coupled receptor

Effects: Activation of phospholipase C
Hydrolysis of phosphatidylinositol 4,5-bisphosphate
Production of IP3 ( Ca2+) and DAG
Activation of protein kinase C

Response: Phosphorylation of cellular proteins and
responses to hormones
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1 Hormone binds w-Subunit of Gg
to a specific protein dissociates
receptor. and activates
phospholipase C.

inositol 4 5-bisphospate activate protein
to inositol trisphosphate kinase C.
(1P3) and diacylglycerol.

B Active phospholipase C Calcium and
cleaves phosphatidyl- diacyiglycerol

il ;,’ T ‘ceuueusnme
: AW P eyl -.1,‘ g

a‘*
Inositol 1.4.5 \
tri ha IP
sphosphate (IP3) \ ——
II
e e e ~ // Ca++
causing release of sequestered Ca**. 8 L2 ey 7
e N rrEcTs
Acetylcholine sy »
Antidiuretic hormone (ADH) = e o .
- mediate cellular response
Catecholamines E'é"s?.'ob‘ Lsu'“m" e to the hormone.

Intracellular Signaling by Inositol trisphosphate

1- the initial or beginning signal starts with a hormone that bind to the receptor
2- Stimulation and activation of the Gq protien receptor

3- After stimulation the Receptor Releases GDP and gets attached To GTP

4- alpha Subunit of Gq protein dissociate (break off) and activate Phospholipase C
5- active phospholipase C breaks down PIP2 to give us IP3 and Diacyigycerol

6- the IP3 can goes intracellularly to anysote of calcuime inside the cell (
e.g.endoplasmic retculum ) and gets attach to the IP3 receptor leading to the
release of Ca+ leading to the cytoplasmic Ca+ concentration will increase

7- the Ca+ with DAG (that remained in the membrane) with stimulate the Protein
Kinase C (Kinase means Addition of Phospate to a protein) to do its job

So finally the whole Idea is that the first messenger which is the HORMONE
cant do its job without the second messenger which is IP3
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e Phospholipases :

(1) For glycerophospholipids:
Phospholipases Al, A2, C and D < it is found in plants only

( They are found in all tissues \

However they are more abundant in pancreatic juice (why? Because they
break the dietry phospholipds) ,snake venoms and bacterial toxins ( why?
Because it needs to break the phospholipds in the cell membrane to get
\ access inside your cells and kill you © ,,, Jk hehe)

J

(2) For sphingophospholipids:

Lysosomal phospholipase (which are present in the lysosoms) and example of
it is Sphingomyelinase ( breaks down sphingomylein)

Phospholipase breaks down phospholipds
And there is two typer of phospholipds
So obvioulsy there is going to be different types of
Phospholopase for each one
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e Functions of Phospholipases :

(1) Degradation of phospholipids
-- Production of second messengers
-- Digestion of phospholipids by pancreatic juice
-- Pathogenic bacteria degrade phospholipids of membranes and causing
spread of infection

(2) Remodeling of phospholipids:
-- Specific phospholipase removes fatty acid from phospholipid
L) BN Jady JaBd a0 gl gdl) |, BaaY

Replacement of fatty acid by alternative fatty acid
using fatty acyl CoA transferase

e.g., Binding of 2 palmitic acids in:
Dipalmitoylphosphatidylcholine (DPPC)
Binding of arachidonic to carbon 2 of Pl or PC
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-- We talked previously about : \
- IP3 functions :

1- anchoring

2- being a reservoir of archidonic acid

3- signaling

\_ /

/—- Now Phospholipases : \

- functions :
1- degredation

(when do you want to degrade phospholipids? When you want to do
second messenger correct? <<if you don’t remember go back to the
explination the G-protein mechanism )

2- remodeling :
B Specific phospholipase REMOVES a fatty acid from phopholipid
B fatty acyl CoA Transferase REPLACES the removed fatty acid in the

\ phospholipid /

10
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-- Explanation of the first example :
- Phospholipd doesn’t have 2 palmitic acid

- Phosphotaidylcholine in our body and the lungs want to make
surfactint

- So then one of the specific phospholipase takes a non palmatic acid
away from the phosphatifylchonline to make room for the palmitic acid
we need

- And who carrys the palmitic acid? It’s the fatty acid acyl transferase
and attaches it to make

- Dipalmitoylphosphatidylchholine

/-Explination of the Second example :- \
- To store active form of arachidonic acid in the cell ,,, it is
- Attachment of arachidonic acid in the second position (second carbon)
of Pl (phosphoinsitol ) , so it can be stored in the cell and used when needed
(making of postagalndins)

\_ J

11




Biochemistry Team 430

¢ (1) Glycero-phospholipases :

PHOSPHOLIPASE A,

PHOSPHOLIPASE A,

® Phospholipase A, is present
in many mammalian tissues.

PHOSPHOLIPASE D

® Phospholipase D is found
primarily in plant tissue.

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

® Phospholipase A,, acting on phosphotidy-
linositol, releases arachidonic acid (the
precursor of the prostaglandins).

® Pancreatic secretions are especially rich

in the phospholipase A, proenzyme, CH,-O1C-R, PHOSPHOPASEG
which is activated by trypsinand ® Phospholipase C is found in liver
requires bile salts for activity. 9 lysosomes and the -toxin of
glucocorticoids (for example, cortisol). 0 ® Membrane-bound phospho-
I lipase Cis activated by the PIP,
CHyOTP-OTX system and, thus, plays a role in

producing second messengers.

B What do you see in the picture?
Okay, this is an example of any phosphlipd ( because there is X)

B Main structure of the phospholipd
R1, R2 fatty acids
Glycerol
Phospahte group
X= could be anything e.g choline or inisitol

B Okay now for example if you wanted to make surfactant ,, you
would need 2 palmitic acids
Correct?
So instead of R1 and R2 we replace them with palmitic acid

12
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-

B What happens is that the phospholipase Al carries or breaks the
fatty acid = R1 fatty acid and then fatty acyle CoA transferase puts
palmatic acid

B Then phospholipase A2 would break = R2 fatty acid and then again
the fatty acyle Co A transferase replaces it with palamtic acid

B further explination of the previouse example
So mainly in this picture
You could see that every position has its own phosplipase to break it /

\_

13
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In all tissues In all tissues
remodeling remodeling
-------- In venom

In pancreatic
juice to inhibit
trypsin
Ihibited by
glucostroids

Membrane
bound

NO
In toxin
In liver

lysosomes

Produce second
messenger

e Sphingosine-containing phospholipids: Sphingomyelin :

| |
OH NH
|

CH;— (CH,),— ﬁ
0]

Long Chain Fatty acid

14
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e Sphingosine :

CH, — (CH,),~CH= CH— CH—CH—CH,0H
|
OH NH,

Long chain, unsaturated amino alcohol

e Ceramide: Parent Sphingolipid Compound :

Ceramide = Sphingosine + Fatty acid

| |
OH NH
]

CH; = (CHy,—C
O

Long Chain Fatty acid

15
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e Sphingomyelin :

Sphingomyelin = Ceramide + phosphorylcholine

OH NH
|

CH3 - (CHZ)n_

C
I
0

Long Chain Fatty acid

(2) Lysosomal Phospholipase: Sphingomyelinase

Degradation of sphingomyelin
by sphingomyelinase and ceramidase

produce intracellular messengers:
Ceramide and sphingosine

16

NIEMANN-PICK DISEASE
e Sphingomyelinase deficiency

® Enlarged liver and
spleen filled with lipid

® Severe mental retardation
and neurodegeneration

® Death in early childhood

Sphingomyelinase

Ceramide

A . +

CH3(CH3) 12~ CH=CH-C—C-CHz O§P-OCH,CH. N(CHg)s
OH NH o~

Ceramidase Phosphorylcholineg|

CHg(CH2),

-C
S } Fatty acid
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Take Home Message

B Phosphatidylinositol (PI) is present in membranes
B Functions of PI:
Anchoring for proteins to membrane
Production of second messengers
Reservoir of arachidonic acid, a PG precursor

B Phospholipases:
Phospholipases A1, A2,Cand D
Lysosomal Phospholipase: Sphingomyelinase

B Function of phospholipases:

Degradation of phospholipids
e.g., production of second messengers

Remodeling of phospholipids
e.g., production of DPPC (lung surfactant)

THANK'YOU
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