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Steroids

* Definition: Substances whi ived from C;

cyclopentanoperhydro ring (steroid
Cyclic 5Cring Saturated exagonal rings

; oy nucleus

structure with H ) ucleus)

e Steroids include sterols, bile acids and steroid
hormones

Comments on the terminology used for steroids:
Cyclopentanoperhydrophenantherene ring is due to:

- Cyclo =2 cyclic

- Pentano = 5 carbon ring (ring D)

- Phenanthrene ring = 3 hexagonal rings (A, B & C)
-Perhydro: saturated with hydrogen (unless noted

otherwise) youble bonds 48 L 43l ias aleé (saturated) perhydro 4 Lus*
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General criteria of the steroids:

* All steroids are derived from C,-
cyclopentanoperhydrophenantherene nucleus

2 Natural steroids contain:

— Methyl group attached to C,, except estrogens
— Methyl group attached to C,; except aldosterone

— _or oxygen or hydroxyl group

(C-H) hydrocarbon chain sl OH sl O 0sSi (Sas side chaind)

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



Sterols

* These are steroid alcohols containing OH at C;

* 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  Jui s aiaal -

- It is present in plant oil s el S



2. Mycosterols: fungid sl yeastdl 2 sa so*
- These types of sterols are of mycotic origin
- Ergosterol is an example of mycosterol

- it is the precursor of vitamin D,
- It is present in yeast

Obi¥) (B35S s e ™
(cholesterold) 4ala)

- These types of sterols are of animal origin

3. Zoosterols:

- Cholesterol is an example of zoosterol

O <o simple lipidsdb ¥l s bl s TAG) 43 (S IS L (g 3%
(functions S 4l 43Y) sterolsdb 45 sl (udiy cholesterold!



Types of steroids and sterols

Cholesterol (animal origin)
Ergosterol (plant orlgln) ergosterol oe s

Vitamin D group (D2 and D3)
Bile acids and salts

cholesterol (s >

ergosterold! s cholesterold! 43} Js& 3y Jiay*
Steroid hormones  vitamin DJ! (Lbadl/ 3L precursors oe & ke

* Male sex hormones
* Female sex hormones
 Adrenocortical hormones

Digitalis (?)



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

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



Cholesterol

* |tis the main steroid in humans (present in all cells
especially nervous system & plasma) & adrenal cortex

o) ki _
e |tis a precursor form all other steroids
* Egg yolk, red meat, liver, kidney, butter and brain are
rich in cholesterol side J b g )98

_ C17 e chain
Properties:
Is it soluble in water?’Q S (30 H B3 o pud)
hydrocarbond) 4lulu a (053 Fm) B S 19

not soluble 2SI sla 4L 5kl

double bonds
B 4alall

C3J! e ohd!



For your information only

Colhe (e 33X
DON'T EGG-NORE THE YOLK
EGG YOLK EGG WHITE

Per 100g serve (raw weight) Per 100g serve (raw weight)

Calories: 313kcal Calories: 47kcal
Protein: 15.6g Protein: 11.2g
Total Fat; 28.2g Total Fat; 0g
Saturated Fat: 8.6g Saturated Fat: 0g
Cholesterol: 1050mg Cholesterol: Omg
Selenium: 56ug : Selenium: 11ug
Folate: 120ug Folate: 7ug

Vitamin B12: 4ug Vitamin B12: Oug
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 Cholesterol contains unsaturated double bond between
C5 and C6

* -> It can accept two hydrogen atoms
* Esterification: Cholesterol has — OH at C3, so it can form
esters with any fatty acid ) elize (ala sl jLYI sl e oh saie 43Y
« Blood cholesterol is either present in: e esterification 4l s (Sas
— Free form (33%) = contains 27 carbons — 2 methyl s ringd! Jal 17)
— Esterified form (67%) (side chaind! e 3L s

* Normal level of cholesterol in blood is less than 220 mg/

dL - if increased it is called hypercholesterolemia *J«iss J s
4y (eSS ¢ gia gall 3 sl 5 hypocholesterolemia s 120 mg/dL (e of sia J 3 51 g*
5o Apanl all 5 Laay iS5 253 50
(220mg/dLJd 120 (= »3b cholesterol! ranged! 43 gitig Ahasill sl (1 )

intestinedu 4aaa abi s JSY (3 -2 liver -1 ¢ a2l cholesterold) Jaas il

It is oxidized in liver, intestine & skin to give Z7-

dehvdrocholesterol which is the precursor of vitamin D3
by exposure to UVR under the skin

C7-C8 U double bond e juays H )3 gl iy oxidation 4l _uay Wl



Function of cholesterol

* Enters in structure of every body cell
especially nervous system + cell membranes

* Synthesis of:
— steroid hormones

— Bile acids, salts

—vit D3
i O sed animalsdh S8 s plantsdb asl s 43) glycogend) s starchd) g @Al S W 5*
A1 ALYl bl gaadly  JBD g SBLAL as) 5w cholesterold! las 4lis ergosteroldé | 5 sdll
..(ergosterold) Claa lgwds & M I A3l &) S3a) ey Jags (34

¢ (more potent) sl vit DJ) &) sil (s 2l g (sl *ad sia I u*
- D3 is more potentd



HO

Ergosterol: hydroxyl 4Ll (& )b e o auall vit DA activationd! *ad sie J) g *
) -di i i Ao | 8 s

olant source 1,25-dihydroxy vitamin D2/D3 a9 C25 5 C1de group

Extra double bond btwn C7-8 What about D1?

Unsaturated side chain D1 4l | saY vit DJI £ il AL clalall | &) Lo ans i D1 el Wl

Extra methyl group Lial Jaay aa Sy (i Al &\}.&‘ O mixture oe b e

CHs H3C CHj
CH3 Hacji\/\(;g

H3C
[ c27H440? UV raysd o =i Ll

HO HO A JHMM\UA

Ergosterol 7-Dehydrocholesterol ol . )
° ! g JSalL L )
By UV rays = By UV rays vit D be &iv g B ringJ)
3
CHs; H3sC CHs;

CHj CHs;

|| ergocalciferol
(made from ergosterol) HO
Vitamin D, Vitamin D,

(4Y popadlle Jaids) Cadb 483le all au¥) A calciferol ahie*

| cholecalciferol (made from 7-
dehydrocholesterol in the skin)




20 C
20C

Eicosanoids Frotem@inoie s o=

4 double bonds

e Derived from eicosa (20 carbons) polyenoic FAs (arachidonic acid
20:4)

 The dietary precursor is the essential FAlinoleic acid (18:2)
* Produced by most mammalian cells

* Have physiological and pharmacological actions
(local effect) pall | slany La*
e Hormone-like molecules: by ) <bseodd 58 4a )k N 4w hormone-like s
— Autocrine adall jun (Y iy 3 a5 8 Led) Cusy  (endocrine glands
— Paracrine sl 4da Lol b bBA e b ) i) & Cus (58 moleculesd)!
5osle WA ol WAl s e ) glaid
e Subscript number in an eicosanoid denotes n of double bond (e.g.
PGE2)  ieuillaiasl glic (ae aUai Jeaind (Sas double bondsd) e
L i) o (s sims s O S Dl



Classification of eicosanoids
Jaasty A Gl 3 5 agxaiall pathwayd) cous agell sl

e Cyclic compounds (prostanoids) ««'s @< =Sl oss 208 e

cyclic Jba G 33a 5 cycle 44
* Prostaglandins (PG) = via cyclooxygenase pathway

* Prostacyclins (PGI) = via cyclooxygenase pathway

gThromboxane (TX) = via thromboxane synthase
prostaglandin H (» (s **

(VI note)
* Acyclic compounds (via lipoxygenase pathway)

* Leukotrines (LT)
* Lipoxins (LX)



prostated! s 4raull

Prostaglandins (pc)

First discovered in prostate (hence name)

Present in most human tissues (males & females)
aall LOA JS 4Dl (o Apandl) (e plaill (i

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

thromboxaned! 4cliay (S 4t

Many types: PGA, PGB, PGE, PGF, PGG, PGH”
Y & s S gl gl b




This dashed lines means that

the link goes backward 2 double bonds

+ ketone group

Ketone group @ C9

TXA
Oxane ring (2 oxygen atoms)

ringd) A O (i) e s



sl ring 2 sl A

2
3. Prostacyclins (PGI):

They contain an additional ring in their structure




e isolated

W conjugated

conjugated

LT and LX are both acyclic compounds |

LT : 3 conjugated doublebonds (C=C-C=C-C=C) 4lia kil 5, 3

LX : 4 conjugated double bonds, contains (C=C-C=C-C=C-C=C) 4ttt Ll , 4
more oxygen

Leukotriene As




Effects of eicosanoids

* PGE2 %gvasodilatian, relaxation of uterus & intestines
the dilatation of blood vessels, which decreases blood pressure.

the constriction of blood vessels, which increases blood pressure.

4\ o o (] L] o
e PGF2 > vasoconstriction, contraction of uterus & intestines
= L force G FJ) oficld (s (pfe agitlh g 43 Loy (agdaiang 2oLl (Sae 4l )
Rl Jaxil 3 8 oty

* PGI2 - vasodilation + inhibits platelet aggregation

* TXA2 - vasoconstriction + stimulates platelet aggregation
dall S 5 jaan s i Wl Wl e Jarg 7 IV TXA2 D08 WA juals = ey aal I Ll
aually aall Java =d 5~ ) a3l JAa 5 hormone-like Ui 4cU effectd) 43 o Jadd G L 45 sl
Osa¥) aa i Oldie PGI2J) it (il aled paliy Lo days | Abiay (e zoal) e su e 2 s JalS
(Uam Se agtY) Lgiaplhl

P 1 1 1 £ o, . . -
Leukotrienes = allergic mediators o] US4 a0 58

arteriolesd) (s
* Lipoxins = inflammatory functions



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 = phospholipids

 carbohydrates = glycolipids
* Proteins = lipoprotein



l. 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 = glycerophospholipids
* those that contain sphingosine = sphingophospholipids

A-Glycerophospholipids: There are 9 types & include:

» Phosphatidic acid and its esters with one alcohol
» Plasmalogens

» Cardiolipin



Simple lipids

1 CH;0OH
/’ |2

Primary carbons 2 CHOH Secondary carbon
Glycerol : > CH,OH

It is the simplest form of trihydric alcohol
It is commercially known as glycerin: CH,OH.CHOH.CH,OH
Glycerol is the main component of neutral fats

Since the glycerol contains three hydroxyl groups, it has the ability to combine with
three FA through an ester bond.

These FA may be the same to give simple triacylglycerols (TAG) or different to give
mixed triacylglycerols.

The most common FAs which may enter in the structure of neutral fats are
palmitic, stearicand/or oleic acids.

CHy~(CHg)1z-CH=CH-CHOH-CH-CH,OH
NH,

Sphingosine: an amino alcohol with 18C




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

other members of this group

* |tis diacylglycerol phosphate:

— |t consists of glycerol to which are esterified :

* (1) a fatty acid, usually saturated at the 1- position
* (2) afatty 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.

0

|
O 'CH,—0—C—R,
| |

R,—C—O—CH 0
N |l
3CH,—O0—P—0"

|

0
Polar

Phosphatidic acid




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

* Itis the most abundant phospholipid in the cell membrane
* Represents a large proportion of body’s stores of choline

e Dipalmitoyl lecithin (two C;¢ palmitic FA) is the chief lung surfactant. Its
deficiency leads to respiratory distress syndrome in premature infants

CHyO—OC R HO—CH2-CH2-AN+—(CH3)3
Phosphatidic Choline CH
'd - — 'l + 3
> - =2 4 CH,
CHy O—P—0—CHy-CHy-N~(CHa)s ) M ’
Cl) - Choline

Lecithin




Lung surfactant

J, surface tension in alveoli 2 Prevents collapse of lung
alveoli

Constituents: dipalmitoyl lecithin, phosphatidyl glycerol,
Sphingomyelin, cholesterol and surfactant proteins A, Band C

As foetus matures, more lecithin is synthesized

Low levels of surfactant leads to respiratory distress syndrome
(RDS)

Lung surfactant regulates surface tension

,JJﬁ)J‘iz 5‘)}“‘] JJ Low surface tension
QY Y ¥ Normal alveoli
¥

Sy

!

High surface tension
Collapsed alveoli




3-Phosphatidylethanolamine (Cephalin):

 The phosphate group of phosphatidic acid (PA)
is esterified with the alcoholic group of the
nitrogenous base ethanolamine

* [t is the next common to lecithin in cell
membranes and in blood plasma

CH;—OOCR' , _
| phosphatidylethanolamine
R"COO—CIDH O N
1
CH;—O—P—0O—CH;CH,NH3 c
L 5 J

Y
Ethanolamine



4- Phosphatidylserine:

* The phosphate group of phosphatidic acid (PA)
is esterified with the alcoholic group of the
amino acid serine

e |Itis found in cell membranes.

I
—O—CH,—CH—COO™

PHOSPHATIDYLSERINE \ )

i
O Serine

|
O H,C—0—C—R;
I |
RZ—C—O—CliH (ﬁ
H2C_O— —()—CHZ_CH_NH:;+

P
l |
O COO



5- Phosphatidylglycerol:

 The phosphate group of phosphatidic acid was
esterified with the alcoholic group of glycerol

e |t forms part of the lung surfactant.

O

| '
@) ?HJO—C—R
2 |l -
R-C—-0O CIIH O
|
CH;,—O—T—O—CH;TCHOH—CH;lOH

O



6-Phosphatidylinositol (lipositol):

 The phosphate group of phosphatidic acid is esterified
with the alcoholic group of inositol

|t 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

Hzcl;—o s CO‘-R-'
R;—COO—CH  OH

C=O~f~°7] on oH
2 O
Which carbon? w
OH



5-Sugar alcohols

* Reduction of monosaccharides produce the
corresponding alcohols
* They are produced by hydrogenation of

aldoses and ketoses
-CHO 2H -CH,OH

2H

C=0 -CHOH



* Myo-inositol:

H OH
glucose-6-phosphate

-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)

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

L)



Hydrolysis of glycerolphospholipids

2 1)
Glycerol
'H2(|:—O CO --R; Choline
R~ CO+O—CH | o /CH.{
|
E'—O““I?—OJ"C—C—N<CH3
H, H
2 Jlo A News
3 [
Sile ¢ lion of phospholipase A1
2= Si fion phospholipase AZ
Site of action of phospholipase C
i = Sile ¢ ion of phospholipase D

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 = 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

®
CH,—O—C—Rj4

Lysolecithin
CH—OH

O
] /CH3
CHz“O—I?—O—CHz'CHz'N‘: CH3

OH CHs



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)

0 'CHz—O—CHZCH—R. Example of fatty aIcohoII

TR _
R.— C— 0—CH o CHyCH=CHCH,0H

| |
O_







» Platelet-activating factor (PAF) is a choline
plasmalogen in which position 1 contains

saturated palmityl alcohol and position 2
contains acetic acid

Ether Iinkage

0 CH2 0-CH,-CH,
CH:C-0 - CH 0
) v ’ CH2 O P OCH20H2NH3
Acetyl O_
group T

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

* Thisis the only phospholipid that is antigenic

|t 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

CH, O—OC R4 <|:|-12-0—o<:.|=<3
CH-O—OC R, CH-O—OC.Ry
o o
CH, O—P-OH CH,-O—P-OH

O—CH,-CH—CH,-0
OH



B- Sphingophospholipids (Sphingomyvelin):

 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)

e * = which is present more in surfactant?



Ceramide
A
Sphingosine

A
' N

OH

I -

CH;— (CH,);, —CH=CH—CH—CH—N—
| | S

(IZH2 Fatty acid

O
Phosphoric acid { |
0=P—0"




Solubility of phospholipids

* The presence of nonpolar groups = make
them soluble in fat solvents

* The presence of polar_groups (phosphate,
choline, serine, ethanolamine, and inositol) 2

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




Amphipathic lipid
A

O Polar or
w ) hydrophilic groups

< 0

Nonpo!ar or
hydrophobic groups Aqueous phase

Agueous phase Aqueous phase

Agqueous phase
Lipid bilayer Micelle Oil in water emulsion
B C D

Agueous Lipid
compartments bilayers

Liposome Liposome
(Unilamellar) (Muitilamellar)
E F




Il 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:

e 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_B-glycosidic linkage

Galactocerebrosides predominate in nervous tissue

Glucocerebrosides predominate in extra-neural tissues



CH,

(CHy),
Galactose C—-O Ceramide
\ "”.“f’) HN OH /
OH /| 0—CH;—C—C—CH=CH—(CH,),,—CH,
NOH H “ H
H OH

Galactocerebrosides



2. Sulpholipids:
e Sulpholipids, or sulphatides, are

galactocerebrosides in with sulfuric acid @C3
in_galactose

I
CH,OH HN-CR
OH
HO /1 0—CH, —CH——CH—-CH=CH—{(CH,),;CH,
0S0; H
H H




3. Globosides (ceramide oligosaccharides)

* These are cerebrosides in which the sugar is replaced by an
oligosaccharide chain (hexose/ hexosamine) that does nhot

include a sialic acid as a component
e 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)



mij()()H Pyruvicacid .
................................... . C=0
c=0 | .7
4 CH,

CH, H-C-OH

H - C o OH Acetyl group ................................. » CH3_CO I_IN— C - H

H.N-C—-H HO-C-H
HO-C-H H-C-0OH
H-C - OH H-C-OH
H-C—-OH CHOR

CH,OH N-Acetyl neuraminic acid
(NANA)

Neuraminic acid (Sialic acid)




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



Glycolipid

@

Sugar Residue -

Lipid Residue
%6 o
1l
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OOOOO0O

Lipid Membrane




For info only

R P P e Phosphatidylethanolamine
Lipid bilayer of Ethanolamine
OW® @ @9 e 9 Wwew | normalcel ” /"‘“8"’“"
* PEpresentinthe inner lesflet
S T E - ! Polar«4 "0
L 8 8 S B SN 8 8 S8 5 Lipid bilayer -'/
of cancercell {9
PP 99 S99 @9 e ’b”"’
*  Disrupted membrane asymmetry )
* ExposedPEtoextracellularspace
x-/m
° Y
AN T Non-polar
e (D
PE-binding peptides :{;
= Dvesmycin S Targeting PE <9
*  Cinnamycin OphlowmA g g 'c—:‘,
+ Cyclotides ‘ potential anticancer 3

therap

o, .| . .. &

O% % Nmewn

e L .. . e g Exposed PE on endothelial
Specific bindingto PE-headgroup cells intumor vasculature

...:.“....

P9 9 B9 e @ v e
Insert and disrupt membrane integrity

Bouh. | ot ‘V’ -

Pore formation and membrane permeabilization




lll Lipoproteins

* 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) ’“"O\

* Used to transport lipids in plasma



Chylomicron

and
Chylomicron
remnant
1000 nm

Classification of Lipoproteins

O'Bad"
(Non-HDL)

&
« &
oA . i 4

e = * *
2 - * oS .*
@, @

VLDL IDL LDL
Low

Very Low Intermediate
Density Density Density
Lipoprotein Lipoprotein Lipoprotein

70 nm 40 nm 20 nm

"Good"

[

HDL
High
Density
Lipoprotein

10 nm




Derived lipids

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



3- Substances associated with lipids
These substances are present in association with lipids.

e Vitamins: vitamins E & K are fat soluble & are
associated with food fat

e Carotenoids: important precursors of vitamin A
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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:
e Porphyrins
* Purines
* Pyrimidines
* Urea

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

e 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 building blocks of

proteins are L-a- amino acids, having the
general formula:

COO

+
o| CH-NH,4

I

R




Optical Activity

* Exceptin glycine, in which R is a hydrogen atom, the a-
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.

CHO COOH ?OOH
HO—C—H H,N+-C—H H—-<|:—-NH2
CH, OH R R

L-glyceraldehyde L-amino acid D-amino acid




Amino acid (AA) structure

*  Contain carboxyl group (COOH) - acid
e Contain amino group (NH2) = 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-a- amino acids and 1 imino acid (proline) are required for the synthesis of all proteins

* Selenocysteine is 21stL-alpha amino acid

H H O COOH COOH
| I 1

H-N —f@8l— c-OH S e m

Amine | Carboxyl »R | R' |

group R group L-Amino Acid D-Amino Acid
Variable

greup ?? 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



Fatty acids

Amino acids

1- acetic acid: 2c (CH3-COOH):
- Glycine: (alpha amino acetic acid).

Glycine

H-

- Alanine: (alpha amino Propionic acid)
- Serine: (alpha amino beta hydroxy
Propionic acid)
- cysteine: (alpha amino beta thiol,
Propionic acid)
- Phenylalanine: (alpha amino, beta
Phenyl Propionic acid)
- Tyrosine: (alpha amino, beta
parahydroxy phenyl Propionic acid)
- Tryptophan: (alpha amino beta indole

Serine ICH:
OH

£
SH

Phenylalanine

Tyrosine

Cysteine

-~

Alpha Beta Gamma

Delta Epsilon Zeta




3- butyric acid: 4c (CH3-CH,-CH,-COOH)
- Threonine:(alp

ks

R V=X P

. . > L} .
S Lo

)

44Valeric acid:5¢ (CH3-CH2-CH2-CH,-COOH)

- Isoleucine: (alpha amino, beta methyl Isoleucine
Valeric acid)
- Arginine: (alpha amino, delta guanido H-N-CH; ~CH,-CH,
Valeric acid) Arginine C=NH,"
NH,
HL,C
5- Isovaleric acid: 5c - S
- Valine: (alpha amino, Isovaleric acid) HE
6- Caproic acid: 6¢ Lysine clH2 -CH,—CH,—
- Lysine: (alpha amino, epsilon amino caproic +
NH,
acid)
7- Isocaproic acid: 6¢ e
- Leucine: (alpha amino isocaproic acid) Leucine " .

8- Succinic acid: il_chlcgr_boxylic acid
- Aspartate: (alpha amino succinic acid)
- Asparagine:(alpha amino succinic

Aspartic acid

H.N— C— CH,

Asparagine g




‘ ; . ; -wc ‘-C"'z . CH
9- Glutaric acid: 5c¢ dicarboxylic add P— 2




Chemical Classification of

Amino Acids
r | ™
Aliphatic Aromatic Heterocyclic
Amino Acids Amino Acids Amino Acids
Phenylalanine Histidine
Tyrosine : Proline :
Tryptophan Hydroxyproline
tryptophan
/<2 X
Neutral aliphatic Acidic aliphatic Basic aliphatic

Amino Acids Amino Acids Amino Acids

Glycine Aspartic acid Lysine

Alanine Glutamic acid Hydroxylysine

Valine Arginine

Leucine  LBranched chain amino acids Histadine

Isoleucine

Serine <o g

Threonine (Hydroxy amino acids

Cysteine an -

MQ“\‘N\‘"@} L u,ontammg amino acidas

Asparagine

- Amides of acidic amino acids
Glutamine ides of acidic amino acids




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

1- Glycine (Gly or G) 2- Alanine (dla or A)
a-aminoacetic acid a-amino propionic acid

3- Branched Chain Amino Acids
A-Valine (Val or V) B- Leucine (Leuor L)

a-aminoisovaleric acid a-aminoisocaproic acid

CH CHi
>CH JCH - CH,
CH; CH;

C- Isoleucine (Zle or 1)

a~amino, -methyl, B-ethylpropionic acid CH; - CHax
/C H




Amino acids with aliphatic side
chain containing a hydroxyl group

1- Serine (Ser or S) 2- Threonine (Thror T)
a-amino, B-hydroxypropionic acid a-amino, B-hydroxybutyric acid

(|3H2 CH; - (|3H
OH OH

Amino acids with aliphatic side
chain containing sulphur atoms

1- Cysteine (Cys or C) 2- Methionine (Met or M)
o~amino, [-thiolpropionic acid a~amino, ymethylthiolbutyric acid

?Hz (':l'l: -~ CH: |
SH S-CH: B




Amino acids containing acidic
groups or their amides

1- Aspartic acid (4sp or D) 2-Asparagine (Asn or N)
a-aminosuccinic acid Amide of aspartic acid
CH;-COOH NH; H,O CH; - CO-NH;
3-Glutamic acid (Glu or E) 4- Glutamine (Gin or Q)
a-aminoglutaric acid Amide of glutamic acid

CH,- COOH NH; H,O CH, - CO-NH,

| |
CH, L.L. CH,




Amino acids with basic groups

NH,
1- Arginine (Arg or R) HN = c/ y B
& amino, &-guanidovaleric acid NN — CH; CH; - CH; -
® & ¥ B
2- Lysine (Lys or K) CH; - CH; - CH, - CH,
a, s-diaminocaproic acid |
NH;
3- Hydroxylysine |CH2 - ICH - CH; - CH; |
NH, OH ;

4- Histidine (His or H)
a-amino, B-imidazole propionic acid




Amino acids containing aromatic
rings

These are amino acids that contain an aromatic ring

1- Phenylalanine (Phe or F) 2- Tyrosine (Tyr or Y)
a-amino, P-phenylpropionic acid —P-hydroxyphenylalanine
CH,

OH
3- Tryptophan (Trp or W)
aramino, P-indole propionic acid @\ J CH; -
\ "
H




Imino acids: contain imino group

1- Proline (Pro or P) 2- Hydroxyproline
(2-Pyrrolidine, carboxylic acid)

HO

|

N.B. Heterocyclic amino acids are those containing rings other than phenyl ring and
they include tryptophan, histidine, proline and hydroxyproline.



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,
hvdroxyproline

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

** Note: Histidine is also a basic amino acid



< T CHs

.
N CH-NH5

COO™

N COOH
H

Histidine; His H
(imidazole group)



*+* Acidic amino acids and their amides:

* The acidic amino acids are monoamino-dicarboxylic acids

 Theyinclude Aspartic acid, Glutamic acid

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

COO CO0O COO COO

I + + + +
(IZH—NH3 CH-NH, o |CH-NH, o |CH-NH,
|

cI;H2 CH, B CH, B CH,
CO-NH, CH, COO™ Y CH,

Asparagine Glutamine Aspartic acid Glutamine acid
Asn; N Gin; Q Asp; D Gin; E




B- Acidic Amino Acids (monoamino-dicarboxylic acids
They include the following:

1- Aspartic acid 2- Glutamic acid
(lle — COO°
CH,

CH,-COO



*»*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

COO™ COO CcOO

Arginine; Arg; R Lysine; Lys; K
(Guanidium group)




A- Basic Amino Acids (diamino-monocarboxylic acids)

They include the following:
I- Lysine and hydroxylysine CH, - CH, - CH, - CH; -
NH;*
3

/NH,
+I‘iz]q =C

2- Arginine

3- Histidine




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
e Threonine
* Tryptophan
* Methionine
* Jleucine, 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)

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



Essential Amino Acid Mnemonic
Private Tim Hall => PVT TIM HALL

PV
e F = Phenty g
o V - Vaine
e 1 1hreorans
T.IL.M
e T -~ Tryptophan
. | ML T
o M - Methvwoome b
H.ALL.L.
- ~ HisDdng
. Lrgrer -
e L - Loewone
. LySTw
* Only essenbiad dunng ¢+ Ntreger Baance
«10 ESSENTIAL AMINO ACIDS
2
ryptoghar‘m/ @
Threonine T = >
Histidine_.
Valine - Va TRY THIS VIP MALL
Isoleucine -_’ _— -—

Phenylalanine - Ploe

:\\/le?hfomn‘e/ Met
rginine_~

Lysine ./ Juk

Leucine\{

—_—
—

&J doubtnut




NONESSENTIAL (Dispensable JAMINO 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, glvcine, 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)
e 2- Cysteine (contains SH group)

* 3- Asparagine and glutamine (contain amide group)



» Amino_acids having charged or_ionic _polar
side chains:

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

* lonization of the acidic groups (aspartic and glutamic
acids) = 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




- Basic Amino Acids
They include the following:
1- Lysine and hydroxylysine CH; - CH; - CH; - CH;
| +
NH;
NH,
2- Arginine 'HQN =

3- Histidine

1- Aspartic acid 2- Glutamic acid
(|:H2 - COO

CH,-CO0O’ %
== | ]




