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Steroids
� Definition: Substances which are derived from C17 

cyclopentanoperhydrophenantherene ring (steroid
nucleus)

� Steroids include sterols, bile acids and steroid  
hormones

Comments on the terminology used for steroids:
Cyclopentanoperhydrophenantherene ring is due to:
- Cyclo Æ cyclic
- Pentano Æ 5 carbon ring (ring D)
- Phenanthrene ring Æ 3 hexagonal rings (A, B & C)
-Perhydro: saturated with hydrogen (unless noted  
otherwise)

Cyclic
structure

5C ring 3 hexagonal rings 
��Δϳγ΍Ωγ�ΕΎϘϠΣ�

Saturated
with H


�Ϫϧ·�ΎϣΑϭperhydro�saturated���Ϫϳϓ�Ύϣ�Ϫϧ΍�ϲϧόϳ�νΎϬϓdouble bonds
�ΕϻΎΣϟ΍�νόΑ�˯ΎϧΛΗγΎΑ�



Cyclopentanoperhydrophenantherene ring (Steroid
nucleus)

CH3

CH3

�ϝ΍A/B/C�ϝΛϣΗΑ
ϝ΍phenanthrene 

rings

�ϝ΍Dϝ΍�ϝΛϣΗΑcyclo 
pentano

�ϝ΍�ΩΩϋϭC�ϝΧ΍Ω
ϝ΍rings�ϭϫ����Ύϣ

�ΕΎϋέϔΗϟΎΑ�ϝΧΩ�ϲϟ΍
ϝ΍�΍έΑ�ΎϬϧϹsteroid 

nucleus�


ϝ΍�ΩΟ΍ϭΗ�ϊϗ΍ϭϣmethyl groups
�ΔΗΑΎΛ�Ε΍˯ΎϧΛΗγ΍�ΩϭΟϭ�ϊϣ�



General criteria of the steroids:

� All steroids are derived from C17 
cyclopentanoperhydrophenantherene nucleus

2 Natural steroids contain:
± Methyl group attached to C10 except estrogens
± Methyl group attached to C13 except aldosterone
± Side chain at C17 or oxygen or hydroxyl group

± Ring C & D are always saturated but ring A & B  
may contain double bond

ϝ΍side chain�ϥϭϛΗ�ϥϛϣϣO�ϭ΃OH�ϭ΃hydrocarbon chain�C-H�



Sterols

� These are steroid alcohols containing OH at C3

� There are 3 types of sterols which are 
phytosterol, mycosterols and zoosterols

1.Phytosterols:
- Are of plant origin
-Sitosterol is an example phytosterol that can  
inhibit the absorption of cholesterol

- It is present in plant oil
�ϠϘΗΑ�ϥϣϛΗ�ϪΗϳϣϫ΃�ϝϳ

ϝϭέΗγϳϟϭϛϟ΍



2. Mycosterols:
- These types of sterols are of mycotic origin
- Ergosterol is an example of mycosterol

- it is the precursor of vitamin D2

- It is present in yeast

3. Zoosterols:
- These types of sterols are of animal origin
- Cholesterol is an example of zoosterol

*ϝΎΑ�ΩϭΟϭϣyeastϝ΍�ϭ΃fungi

�
γϧϹ΍�ϲϓ�ΓέΛϛΑ�ϥϳΩϭΟϭϣ�ϥΎ
�ϝ΍�ΔλΎΧcholesterol�


ϝ΍�Ϫϧ·�ϲϛΣϧ�Ύϧϛ�Ύϣ�ϱίTAGϝΎΑ�ϡϫϷ΍ϭ�ϲγΎγϷ΍�ϭϫsimple lipids�ϥϭϫ�ϑ
ϝ΍cholesterolϝΎΑ�ΔΑΗέϣϟ΍�αϔϧΑsterols��έϳΛϛ�Ϫϟ΍�ϪϧϹfunctions�



Types of steroids and sterols

� Cholesterol (animal origin)
� Ergosterol (plant origin)
� Vitamin D group (D2 and D3)
� Bile acids and salts
� Steroid hormones

� Male sex hormones
� Female sex hormones
� Adrenocortical hormones

� Digitalis (?)

�ϥϣ�ϲΟϳΑergosterol

�ϥϣ�ϲΟϳΑcholesterol

ϝ΍�Ϫϧ·�ϝϭϘϧ�έΩϘϧΑ�ϲϧόϳcholesterolϝ΍ϭergosterol

�ϥϋ�ΓέΎΑϋprecursors�ϑϼγϷ΍�αΎγϷ΍��ϝϟvitamin D



� Digitalis, a cardiac stimulant, is composed of  
galactose and a steroid alcohol

� Digitalis is used in treatment of heart failure
(stimulate cardiac muscle contraction)



ϑ˴Ϡγ˴ϟ΍��γϷ΍αΎ

� It is the main steroid in humans (present in all cells  
especially nervous system & plasma)

� It is a precursor form all other steroids

� Egg yolk, red meat, liver, kidney, butter and brain are  
rich in cholesterol

Cholesterol

Properties:
Is it soluble in water?

& adrenal cortex 

νϳΑϟ΍�έΎϔλ

ϝ΍�ΔϠγϠγ�ϊϣhydrocarbon
�Ωϳϛ΃�ϱΎϫ�ΔϠϳϭρϟ΍not soluble

�ϱΩϧϋ�ϲη΍�ϝϭ΃
ϝ΍ohϝ΍�ϰϠϋC3

ϝ΍�ϑϭηΑ�ϥϭϫϭside 
chain�ϰϠϋC17

ϭdouble bond
�ΔϘϠΣϟΎΑB

��ΓέΫ�ΕέγΧH�ϝϛ�ϥϣ
�ΔϧϭΑέϛ�ϳΗέ˷Ϋ�ϲϧόϳϥ��



For your information only

*ΏϭϠρϣ�εϣ�Ωϳϼγϟ΍





� Cholesterol contains unsaturated double bond between  
C5 and C6
� Æ It can accept two hydrogen atoms

� Esterification: Cholesterol has ʹ OH at C3, so it can form  
esters with any fatty acid
� Blood cholesterol is either present in:

± Free form (33%) Æ contains 27 carbons
± Esterified form (67%)

� Normal level of cholesterol in blood is less than 220 mg/  
dL Æ if increased it is called hypercholesterolemia

� It is oxidized in liver, intestine & skin to give 7-
dehydrocholesterol which is the precursor of vitamin D3
by exposure to UVR under the skin

�ϩΩϧϋ�ϪϧϹϭoh�Ϫϧ·�ϩΎϧόϣ�νΎϫ�ϑ�ϑ΍έρϷ΍�ΩΣ΃�ϰϠϋ
�Ϫϟέϳλϳ�ϥϛϣϣesterificationϱΩΎϋ

���ϝ΍�ϝΧ΍Ωring�ϭ2 methyl
ϝ΍�ϰϠϋ�ϲϗΎΑϟ΍ϭside chain�

*ϝ΍�έΩλϣ�εϳ΍cholesterol�ˮ�ϡΩϟΎΑ��liver��ϝΎΑ�Ϫϣοϫ�ϡΗϳϭ�ϝϛϷ΍�ϥϣintestine

*�ϥϋ�ϩ΍ϭΗγϣ�ϝίϧ�ϭϟϭ120 mg/dL�ϪϳϣγΑhypocholesterolemia�ϪϧΈΑ�ϥϣϛΗ�ωϭοϭϣϟ΍�ΓέϭρΧϭ
�ΓέϳΑϛ�Δϳϣϫ΃�Ϫϟ·ϭ�ΎϧϣγΟΑ�έΛϛΑ�ΩϭΟϭϣ

�ϝ΍�Ϫϧ·�ΞΗϧΗγΑ�ΔρϘϧϟ΍�ϱΎϫ�ϥϣϭrangeϝϟcholesterol�ϥϣ�ϡΩϟΎΑ120ϝ220mg/dL�


ϝϣΗΣϣ�ϝ΍΅γ


�Ϫϟέϳλϳ�Ύϣϟoxidation�ϥϳΗέ˷Ϋ�ϥΎϣϛ�έγΧΑH�ϱΩϧϋ�έϳλΑϭdouble bond�ϥϳΑC7-C8



Function of cholesterol
� Enters in structure of every body cell  

especially nervous system + cell membranes

� Synthesis of:
± steroid hormones
± Bile acids, salts
± vit D3


ϝ΍�ϥϳΑ�ϕέϔϟ΍�ϥΎϛ�Ύϣ�ϱίstarchϝ΍ϭglycogenϝΎΑ�ΩΣ΍ϭ�Ϫϧ·plantsϝΎΑ�ϲϧΎΛϟ΍ϭanimals�αϔϧ�ϥϭϬϓ
Γέϛϔϟ΍���ϝΎϓergosterolϝϟ�΍ΩΟ�ϪΑΎηϣcholesterolΕΎϧ΍ϭϳΣϟΎΑ�ϲϧΎΛϟ΍ϭ�ΕΎΗΎΑϧϟΎΑ�ΩΣ΍ϭ�αΑ��ϓΎοϹΎΑ�ϡϛϟ�Δ

�ϲϧόϳ�ρϳγΑ�ϕέϓ�ϝ΍�ΕΎϔλ�ΎϬγϔϧ�ϲϫ�ϲϠϟ΍�ϲϟΎΗϟ΍�ΩϳϼγϟΎΑ�Ε΍έϭϛΫϣergosterol���

*ϊϗϭΗϣ�ϝ΍΅γ�
ϝ΍�ω΍ϭϧ΃�ϥϣ�ΩΣ΍ϭ�ϱ΃vit D�ϯϭϗ΃�more potent���ˮ
ϝ΍Æ D3 is more potent



Ergosterol:
plant source
Extra double bond btwn C7-8  
Unsaturated side chain
Extra methyl group

By UV rays

ergocalciferol
(made from ergosterol)

cholecalciferol (made from 7-
dehydrocholesterol in the skin)

What about D1?

C27H44O?

By UV rays

ϝ�νέόΗϳ�ΎϣϟϭUV rays
�ϝϭΣΗΑ�ϼΛϣ�αϣηϟ΍�ϥϣ

ϝϛηϟΎΑ�Ύϣ�ϱί��ΗϔΗΑϓ�΢
ϝ΍B ring�Ύϧϋ�ΞΗϧΑϭvit D

*�ϊρϘϣcalciferolϝΎΑ�Δϗϼϋ�Ϫϟ΍�ϡγϻ΍�ϲϓCa�ϪϧϹ�ϡϭϳγϟΎϛϟΎϋ�ϝϐΗηΑ�

�
ϊϗϭΗϣ�ϝ΍΅γ
ϝ΍activationϝϟvit D�ΔϓΎο·�ϖϳέρ�ϥϋ�ϡΗϳ�ϡγΟϟΎΑhydroxyl 
groupϝΎϋC1�ϭC25�Ϫϣγ΍�ϲϔλΑϭ1,25-dihydroxy vitamin D2/D3

ϝϟ�ΔΑγϧϟΎΑ�Ύϣ΃D1ϝ΍�ω΍ϭϧ΍�ϲϗΎΑ�˯ΎϣϠόϟ΍�΍ϭϔηΗϛ΍�Ύϣ�ΩόΑ�ϑvit D�Ϫϧ΍�΍ϭυΣϻD1
�ϥϋ�ΓέΎΑϋmixtureϡΎϣΗϫ΍�Ϫϳρόϳ�ΩΣ�ϝρΑ�ϑ�ΔϳϧΎΛϟ΍�ω΍ϭϧϷ΍�ϥϳΑ



Eicosanoids
� Derived from eicosa (20 carbons) polyenoic FAs (arachidonic acid

20:4)

� The dietary precursor is the essential FA linoleic acid (18:2)

� Produced by most mammalian cells

� Have physiological and pharmacological actions

� Hormone-like molecules:
± Autocrine
± Paracrine

� Subscript number in an eicosanoid denotes n of double bond (e.g.  
PGE2)

*�Ϫϳϣγϧ�ϥϛϣϣEicoTetraEnoic
20 C

20 C

4 double bonds

�ϭhormone-like�ΕΎϧϭϣέϬϟ΍�ί΍έϓ·�ΔϘϳέρ�ϰϟ·�ΔΑγϧ�by 
endocrine glands����ΓέηΎΑϣ�ίέϔΗ�ΎϬϧ·�ΙϳΣΑ��ηϹ΍�αϔϧϭ�ϲ

ϝ΍molecules�Ύϣ·�Ύϳ�ϑ�ΎϳϼΧ�ϥϣ�Ύϫί΍έϓ·�ϡΗϳ�ΙϳΣ�ϥϭϫ
ΓέϭΎΟϣ�ΎϳϼΧ�ϰϠϋ�ϭ΃�ΎϳϼΧϟ΍�αϔϧ�ϰϠϋ�΍ϭϠϐΗηΑ

ΔϳϠΧϟ΍�αϔϧ
ΓέϭΎΟϣ�ΔϳϠΧ

ϝ΍�ΩΩϋϭdouble bondsΔϳϣγΗϟΎΑ�Ϫϔλϭ΃�ϥΎηϋ�ϥϳόϣ�ϡΎυϧ�ϝϣόΗγ΍�ϥϛϣϣ��
ϥϳΗρΑ΍έ�ϰϠϋ�ϱϭΗΣΑ�ϥϳγϭϗ�ϥϳΑ�ϲϠϟ΍�ϼΛϣϓ


�ϡΩϟΎΑ�΍ϭϠΧΩΑ�Ύϣ�local effect�



Classification of eicosanoids

� Cyclic compounds (prostanoids)
� Prostaglandins (PG) Æ via cyclooxygenase pathway
� Prostacyclins (PGI) Æ via cyclooxygenase pathway
� Thromboxane (TX) Æ via thromboxane synthase

� Acyclic compounds (via lipoxygenase pathway)
� Leukotrines (LT)
� Lipoxins (LX)


ϝ΍�ΏγΣ�ϡϬϋΎΗ�ϡϳγϘΗϟ΍pathwayΩΗΗΑ�ϲϠϟ΍�ΕΎϣϳίϧϹ΍ϭ�ϡϬόϳϧλΗϟϝΧ

�

�ϥϣ�ϲΟϳΑprostaglandin H
(VI note)

ϲϘϠΣ�ϝϣΎϛ�Ώϛέϣϟ΍�ϥϭϛϳ�ρέη�εϣ��
�Ϫϳϓ�ϭϟcycle�έΎλ�αΑ�ΓΩΣϭcyclic



Prostaglandins

� First discovered in prostate (hence name)

� Present in most human tissues (males & females)

� All have a cyclopentane ring in the middle (C8-12)

� Many types: PGA, PGB, PGE, PGF, PGG, PGH

ϝϟ�ΔΑγϧ�ΔϳϣγΗϟ΍prostate

ΔϳϣγΗϟ΍�ϥϋ�έυϧϟ΍�νϐΑ���ϳϼΧ�ϝϛΑ�ϪϳϗϼΑ�αΑϡγΟϟ΍�Ύ
�ϲγΎϣΧ�

ϡϫϷ΍�ϲϫ�ϱΎϫ�αΑ�έϳΛϛ�ω΍ϭϧ΃�ϲϓ

ϝ΍�ΔϋΎϧλΑ�ϥϭϛΗΑ�ϪΗϳϣϫ΃thromboxane

(PG)



Ketone group @ C9 OH group @ C9

Oxane ring (2 oxygen atoms)

This dashed lines means that 
the link goes backward

PGE2

2 double bonds
+ ketone group

PGE PGF ߙ TXA

�ϥϳΗέ˷Ϋ�ϰϠϋ�ϱϭΗΣΑOϝ΍�ϝΧ΍Ωring



3. Prostacyclins (PGI):
They contain an additional ring in their structure

�ΩϭΟϭϟ�ΔΑγϧringϲϓΎο·



LT and LX are both acyclic compounds

LT : 3 conjugated double bonds

LX : 4 conjugated double bonds, contains
more oxygen

Leukotriene A4 Lipoxin A4

��ΔϳϟΎΗΗϣ�ρΑ΍ϭέ�C=C-C=C-C=C�

��ΔϳϟΎΗΗϣ�ρΑ΍ϭέ�C=C-C=C-C=C-C=C�

ϝ΍�ϥϳΑϭ�ΎϬϧϳΑ�ΔϓΎγϣ�ϲϓdouble 
bondΎϬϠΑϗ�ϲϠϟ΍���έΑΗόΗϓisolated



Effects of eicosanoids
� PGE2 Æ vasodilation, relaxation of uterus & intestines

� PGF2 Æ vasoconstriction, contraction of uterus & intestines

� PGI2 Æ vasodilation + inhibits platelet aggregation

� TXA2 Æ vasoconstriction + stimulates platelet aggregation

� LeukotrienesÆ allergic mediators

� Lipoxins Æ inflammatory functions

�ϡϬυϔΣΑ�ΩϋΎγΗ�ϥϛϣϣ�ΔϠϐη��ϝ΍�έΑΗϋΎϓ�νόΑ�αϛϋ�ϡϬΗϔϳυϭ�Ϫϧ·�ΎϣΑF�ϲϧόϳforce����ϲϧόϳ
νΎΑϘϧ΍�ϝϣόΗϟ�Γϭϗ�ϲρόΗΑ

the constriction of blood vessels, which increases blood pressure.
the dilatation of blood vessels, which decreases blood pressure.

γΎγ΃�ϝϛηΑ�ϡϫί΍έϓ·�ϡΗϳ�ϲ
ϝ΍�ϥϣarterioles

�ίέϔΗ�ΎϳϼΧϟ΍�έϳλΗΑ�ΡέΟϧϳ�ΩΣ΍ϭϟ΍�ΎϣϟTXA2΢΋Ύϔλϟ΍�ϡϛ΍έΗ�ίϔΣΑϭ�ϑϳίϧϟ΍�ϝϳϠϘΗ�ϰϠϋ�ϝϣόϳ�Ρέ�ϲϠϟ΍
ΔϳϭϣΩϟ΍���ϝ΍�Ϫϧ·�ϭϟ�ϝϳΧΗ�αΑeffect�εϣ�ϪϋΎΗhormone-like�ϡγΟϟΎΑ�ϡΩϟ΍�ρϐο�ϲϠόϓέϳ�Ρέ�ϡΩϟ΍�ϝΧΩϭ

ϪϧγΣϳ�εϣ�ΡέΟϟ΍�˯ϭγ�ϥϣ�Ωϳίϳϭ�ϝϣΎϛ���ϝ΍�ϝϐη�εϠΑΑ�ϪϠϐη�ιϠΧϳ�Ύϣ�ΩόΑϭPGI2�έϭϣϷ΍�ϊΟέΗ�ϥΎηϋ
�ΎϬΗόϳΑρϟ�νόΑ�αϛϋ�ϡϬϧϹ�



Which of the following statements about disaccharides is INCORRECT?
1 ) Deficiency of sucrase leads to diarrhea and flatulence
2 ) Deficiency of lactase leads to diarrhea and flatulence
3 ) Lactulose mainly comes from natural dietary sources
4 ) Yeasts and fungi are the source of trehalose
5 ) Isomaltose comes from enzymatic hydrolysis of starch

Which of the following is a difference between Heparan sulfate and Heparin?
1 ) Haparan sulfate contains less glucuronic acid but more sulphated glucosamine
2) Heparan sulfate is intracellular while Heparin is present in the extracellular matrix  
3 ) Heparan sulfate activates lipoprotein lipase while Heparin does not
4 ) Heparan sulfate is related to cell-cell interactions while Heparin is an anti-coagulant
5 ) Heparan sulfate contains sulfate while Heparin does not contain sulfate

Inulin Q  
Glycogen Q
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Complex (compound) lipids

� Complex lipids are formed of:
± simple lipids
± PLUS other substances such as:

� Phosphate radical/ group Æ phospholipids
� carbohydrates Æ glycolipids
� Proteins Æ lipoprotein



I. Phospholipids
Structure:
� Phosphate group + alcohol (joined via ester bond) + FA

� There are two classes of phospholipids (according to alcohol):
� those that have glycerol as a backbone Æ glycerophospholipids
� those that contain sphingosine Æ sphingophospholipids

A-Glycerophospholipids: There are 9 types & include:
¾ Phosphatidic acid and its esters with one alcohol
¾ Plasmalogens
¾ Cardiolipin



Sphingosine: an amino alcohol with 18C



1- Phosphatidic acid:
� Simplest phosphoglyceride & is the precursor of the  

other members of this group

� It is diacylglycerol phosphate:
± It consists of glycerol to which are esterified :

� (1) a fatty acid, usually saturated at the 1- position
� (2) a fatty acid , usually unsaturated at the 2- position, and
� (3) phosphate at the 3-position

Phosphatidic acid is an intermediate in metabolism ; little may be
found in cell membranes.

Polar



2- Phosphatidylcholine (lecithin):
� The phosphate group of phosphatidic acid is esterified to the alcoholic

group of the nitrogenous base choline

� It is the most abundant phospholipid in the cell membrane
� Represents a large proportion of body s͛ stores of choline

� Dipalmitoyl lecithin (two CІЋ�palmitic FA) is the chief lung surfactant. Its  
deficiency leads to respiratory distress syndrome in premature infants



Lung surfactant
� љ�surface tension in alveoli Æ Prevents collapse of lung  

alveoli
� Constituents: dipalmitoyl lecithin, phosphatidyl glycerol,  

Sphingomyelin, cholesterol and surfactant proteins A, B and C
� As foetus matures, more lecithin is synthesized
� Low levels of surfactant leads to respiratory distress syndrome  

(RDS)



3-Phosphatidylethanolamine (Cephalin):
� The phosphate group of phosphatidic acid (PA)

is esterified with the alcoholic group of the
nitrogenous base ethanolamine

� It is the next common to lecithin in cell
membranes and in blood plasma



4- Phosphatidylserine:
� The phosphate group of phosphatidic acid (PA)

is esterified with the alcoholic group of the
amino acid serine

� It is found in cell membranes.



5- Phosphatidylglycerol:
� The phosphate group of phosphatidic acid was  

esterified with the alcoholic group of glycerol
� It forms part of the lung surfactant.



6-Phosphatidylinositol (lipositol):
� The phosphate group of phosphatidic acid is esterified

with the alcoholic group of inositol

� It is found in cell membranes, especially nuclear
membrane

� Phosphatidylinositol 4,5 bisphosphate found in the
plasma membrane is important in the mediation of the
action of some hormones

Which carbon?



5-Sugar alcohols

� Reduction of monosaccharides produce the  
corresponding alcohols

� They are produced by hydrogenation of  
aldoses and ketoses

2H-CHO -CH2OH

C=O -CHOH
2H



� Myo-inositol:

-Sugar alcohol synthesized from glucose-6-phosphate (G-6-P). It is abundant in brain
and other mammalian tissues (in humans most inositol is synthesized in the
kidneys)

-it is found in animal tissues in the free state as well as in the form of the phospholipid

-It is a constituent of certain phospholipids and hence its role in the mobilization of
fats from the liver (lipotropic action i.e. encourages the export of fat from the liver)

-It forms phosphatidyl inositol that enters in structure of plasma membranes and can
serve as a second messenger in action of some hormones (i.e. mediates cell signal
transduction in response to a variety of hormones)

� Second messengers are intracellular signaling molecules released by the cell in response to exposure to  
extracellular signaling moleculesͶthe first messengers.



Glycerol

Choline

Hydrolysis of glycerolphospholipids

PLD is not present in hummans, only in plants
Snake venom contains enzyme with PLA2 activity: converts PL in RBCs to lysophospholipids



7-lysopospholipids:
� Phopholipase A2 is an enzyme that removes the fatty acid in the 2- position of  

phospholipids Æ forming a lysophospholipid (contain one acyl radical):
± e.g., from lecithin we get lysolecithin.

Lysophospholipids are intermediates in metabolism

They are produced in the blood by the action of snake venom, where they produce  
hemolysis

Lysolecithin has been implicated in some of their effects in promoting  
atherosclerosis



8- Plasmalogens:
� These are similar to cephalins, but the fatty acid in the 1- position is  

replaced by a fatty alcohol, usually unsaturated-

� The phosphate is usually esterified to ethanolamine; however it may
also be esterified to choline or inositol

� Plasmalogens are found in cell membranes, especially in muscles and  
brain (10% of the phospholipids of brain and muscle are plasmalogens)

Example of fatty alcohol





� Platelet-activating factor (PAF) is a choline
plasmalogen in which position 1 contains
saturated palmityl alcohol and position 2
contains acetic acid Saturated FA

Function: mediator of many leukocyte functions, platelet aggregation,  
inflammation and anaphylaxis.



9-Diphosphatidylglycerol (Cardiolipin):
� Two molecules of phosphatidic acid esterified through their phosphate

groups to an additional molecule of glycerol

� This is the only phospholipid that is antigenic

� It is an important component of the inner mitochondrial membrane
(accounts for 20% of mitochondrial lipids) & bacteria

� Decreased cardiolipin levels or alterations in its structure or metabolism cause
mitochondrial dysfunction in pathological conditions including heart failure &
Barth syndrome

� Barth syndrome (cardioskeletal myopathy): genetic defect in coding for
tafazzin, an enzyme involved in the biosynthesis of cardiolipin



B- Sphingophospholipids (Sphingomyelin):

� The backbone of sphingomyelin is the amino alcohol sphingosine
rather than glycerol

�
� A long chain FA is attached to the amino group of sphingosine

through an amide linkage, producing a ceramide, which can also
serve as a precursor of glycolipids

� A phosphate is esterified to the 1- position of sphingosine and
choline is esterified to the phosphate

� Sphingomyelin is found in cell membranes, especially in lungs (form
part of lung surfactant) and brain (myelin sheath)

� * Æ which is present more in surfactant?



sphingomyelin



Solubility of phospholipids

� The presence of nonpolar groups Æ make
them soluble in fat solvents

� The presence of polar groups (phosphate,
choline, serine, ethanolamine, and inositol)Æ
makes them water soluble, forming micelles
(very fine emulsion) in water



� The presence of both nonpolar and polar groups
enables PLs to facilitate emulsification of other
insoluble fats

� The PL molecules are arranged around the
emulsion particles so that the nonpolar groups
are towards the lipid phase, and the polar groups
are towards the surrounding aqueous phase

� This is important in the formation of the plasma
lipoproteins and in the digestion and absorption
of triacylglycerols





II Glycolipids
� Glycolipids are lipids containing a carbohydrate radical

� They also contain sphingosine and are, therefore, classified with  
sphingomyelin as sphingolipids

� They are widely distributed in every tissue of the body, particularly  
in nervous tissue such as brain + outer part of cell membrane

Types:
1. Cerebrosides:
� These consist of sphingosine, FA (usually 24 carbon lignoceric,  

cerebronic, or nervonic acid), and galactose or glucose.



� The FA is connected to the amino group of sphingosine in  
amide linkage

� The sugar is connected to the primary alcohol group of  
sphingosine in ɴ-glycosidic linkage

� Galactocerebrosides predominate in nervous tissue

� Glucocerebrosides predominate in extra-neural tissues



Galactocerebrosides



2. Sulpholipids:
� Sulpholipids, or sulphatides, are  

galactocerebrosides in with sulfuric acid @C3  
in galactose



3. Globosides (ceramide oligosaccharides)
� These are cerebrosides in which the sugar is replaced by an

oligosaccharide chain (hexose/ hexosamine) that does not
include a sialic acid as a component

� Found in cell membrane

4. Gangliosides
� They are found in the ganglion cells of central nervous system

(CNS)
� They  are  similar to Globosides but contain a sialic acid (N-

acetylneuraminic acid) as a component.



2-Amino sugar acids
� Formed by addition of acids to aminosugars

� They are occurring in glycoproteins, glycolipids

� Examples include neuraminic acid (pyruvic acid  
and mannosamine)

� Neuraminic acid is unstable and so, it is present in  
an acetylated form called sialic acid (NANA)



Neuraminic acid

N-Acetyl neuraminic acid
(NANA)

(Sialic acid)

Pyruvic acid

Acetyl group



� Glycolipids are found in cell membranes, especially in myelin
sheath

� In the plasma membrane (outer leaflet), the CHO radical of
glycolipids projects outside the cell and may have a receptor
function (for some toxins and viruses, cellular connections)

� CHO radicals of gangliosides and globosides are antigenic;
they form the blood group antigens, certain tumor antigens

� Malignant cells show marked changes in the composition of
glycolipids in cell membranes





For info only



� Lipoproteins are arranged as:
± lipid part to the interior of the molecule
± protein part to the exterior of the molecule

� This gives the structure a property of its
solubility in water (lipoproteins are water-
soluble)

� Used to transport lipids in plasma

III Lipoproteins





� These lipids are derived from both simple & compound  
lipids.

1- Alcohols: These are.
� Glycerol. It is the backbone of glycerol phospholipids.
� Higher alcohols. E.g. myricyl alcohol
� Sterols: as cholesterol, ergosterol. Their esters with  

fatty acids are waxes
� Vitamins: as vit. A (retinol) & D
� Sphingosine: This alcohol as previously mentioned in  

sphingomyelin & Glycolipids
2- Fatty acids

Derived lipids



3- Substances associated with lipids
These substances are present in association with lipids.
� Vitamins: vitamins E & K are fat soluble & are  

associated with food fat
� Carotenoids: important precursors of vitamin A



Amino acids/ peptides/ proteins  
of biological importance- 1
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Protein

� Definition: Organic compounds with high  
molecular weight formed from amino acids

± Composed of carbon, hydrogen, oxygen, nitrogen +/- sulphur
± Nitrogen forms appx 16% of their weight (characteristic for  

proteins)

� Amino acids: organic acids with one or more  
amino groups (NH2)



Importance of amino acids/  
peptides/ proteins

� Amino acids participate in the biosynthesis of:
� Porphyrins
� Purines
� Pyrimidines
� Urea

� AA form peptides (2-50 amino acids) which have a roles as:
� Hormones
� Neurotransmitters

� AA form proteins (>50 amino acids) which have a roles as:
� Plasma membrane
� Hormones
� Enzymes



� Amino acids are carboxylic acids containing an  
amino group.

� With the exception of the proline which is an
imino acids (NH), the  
proteins are L-ɲ- amino

building blocks of  
acids, having the

general formula:



Optical Activity
� Except in glycine, in which R is a hydrogen atom, ƚŚĞ�ɲ-

carbon is chiral, being connected to 4 different groups

� Therefore, amino acids are optically active, and each  
may exist in the D- or L-form.



Amino acid (AA) structure
� Contain carboxyl group (COOH) Æ acid

� Contain amino group (NH2) Æ amino

� 300 naturally occurring AA, but only 20 constitute monomer units of protein & coded by DNA

� Only L alpha amino acids occur in protein in humans (except D-serine and D-aspartate in brain
tissue)

� Nineteen L-ɲ- amino acids and 1 imino acid (proline) are required for the synthesis of all proteins

� Selenocysteine is 21st L-alpha amino acid

?? carbon



Classification of amino acids
� Chemical classification: according to their chemical  

structure

� Polar vs non-polar: according to the polarity of the  
side chain; can be charged or neutral

� Acidic vs basic

� Nutritional classification: according to their nutritional  
importance (essential vs non-essential)

� Metabolic classification: according to their metabolic  
fate









Histadine

tryptophan



Neutral aliphatic amino acids

� These are amino acids that contain no ring 
structure.

� According to their side-chain, these are  
classified into 3 groups:

(1) Amino acids with a hydrocarbon side chain
(1) Branched amino acids
(2) Unbranched amino acids

(2) Hydroxyl-containing amino acids
(3) Sulfur-containing amino acids



Amino acids with aliphatic side  
chain



Amino acids with aliphatic side  
chain containing a hydroxyl group

Amino acids with aliphatic side  
chain containing sulphur atoms



Amino acids containing acidic  
groups or their amides



Amino acids with basic groups



Amino acids containing aromatic  
rings

These are amino acids that contain an aromatic ring



Imino acids: contain imino group



Neutral Heterocyclic amino acids
� These are amino acids that contain a heterocyclic ring

� Heterocyclic ring: A ring containing at least one atom  
other than carbon

� They include tryptophan , histidine, proline,  
hydroxyproline

� Proline is an imino acid (contain imino group (NH) rather than  
amino group)

�Note: Histidine is also a basic amino acid



Trytophan

Proline



�Acidic amino acids and their amides:
� The acidic amino acids are monoamino-dicarboxylic acids

� They include Aspartic acid, Glutamic acid

� Asparagine and glutamine, the amides of aspartic and glutamic acids,
respectively, are neutral





�Basic amino acids

� Histidine, Arginine and Lysine are the only members of  
this group required for protein synthesis

� Ornithine is not found in proteins (non-proteinogenic)  
but is important in metabolism





Nutritional Classification of Amino acids

� 20 amino acids are needed for protein synthesis

� 9 of these amino acids can not be synthesized in the body:
� Phenylalanine
� Valine
� Threonine
� Tryptophan
� Methionine
� leucine, isoleucine
� Lysine
� Histidine

� They should be supplied in the diet, and hence the name ESSENTIAL  
(Indispensable) AMINO ACIDS.

� Arginine is only essential for growing infants, but not for adults hence the  
name semiessential (10 essential amino acids for infants)

� Proteins that are rich in essential amino acids are known as proteins of high
biological value





� NONESSENTIAL (Dispensable )AMINO ACIDS:
� Nonessential means that our bodies produce an  

amino acid, even if we do not get it from the food  
we eat

� Nonessential amino acids include: alanine,  
asparagine, aspartic acid, cysteine, glutamic acid,  
glutamine, glycine, proline, serine, and tyrosine

� Proteins that are deficient in one or more of the  
essential amino acids are of low biological value,
e.g. zein of maize (deficient in tryptophan).



Metabolic classification

� According to their metabolic fate, amino acids  
can be classified into 3 main groups:

� Pure glucogenic: give glucose inside the body
± include all amino acids except the members of the other two  

groups

� Pure ketogenic: give ketone bodies inside the body
± Include leucine and lysine

� Mixed glucogenic and ketogenic: give both glucose and  
ketone bodies inside the body
± include phenylalanine, tyrosine, tryptophan and isoleucine



Polarity and charge classification

� AA with non-polar R groups:
± 1 -Glycine & 2-Alanine
± 3-Valine
± 4-Lucine and 5-Isoleucine
± 6-Methionine and 7- Phenylalanine
± 8-Tryptophan and 9-Proline

� AA with uncharged polar groups: These are more  
soluble in water than the first group
± Their (R) groups contain neutral polar functional groups,  

which form hydrogen bonds with water, they include:
� 1- Serine, threonine, tyrosine and hydroxyproline (contain hydroxyl

group)
� 2- Cysteine (contains SH group)
� 3- Asparagine and glutamine (contain amide group)



¾Amino acids having charged or ionic polar 
side chains:

� These are amino acids in which the R group  
carries a full charge due to:

� Ionization of the acidic groups (aspartic and glutamic  
acids) Æ giving amino acids negative charges

� Protonation of basic groups (arginine, lysine and  
histidine) giving amino acids positive charge

When amino acids are connected together to form peptides and proteins their  
carboxyl and amino groups lose their charges




