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AMINO Acids
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Importance of Amino Acids

In addition to their primary function as « Amino acids and their derivatives participate

components of protein, amino acids have several in cellular functions: the biosynthesis of
other biological roles. porphyrins, purines, pyrimidines, and urea (e.g.
ornithine and citrulline are intermediates In

= Act as chemical messengers: glycine, urea biosynthesis).
glutamate, ~amino butyric acid (GABA, a

« Hormones: Thyroxine (a tyrosine derivative)

derivative of glutamate), and indole acetic acid (a tryptophan derivative
= Neurotransmitters: serotonin and melatonin found in plants).
(derivatives of tryptophan)  Phenylalanine and tyrosine serve as precursors

of epinephrine, norepinephrine, and DOPA
(dihydroxyphenylalanine)

/
Occurrence

« Amino acids and peptides are present in humans, animals, tissues, blood,
microorganisms and plants.
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The Nature of Amino Acids

Each amino acid has at least two functional groups: an amino group ( NH2) and
a carboxyl group ( COOH). The amino acids found in proteins are called alpha
(a) amino acids because the amino group is attached to the first or (a) carbon
atom adjacent to the carboxyl group. The beta (B) position is the next adjacent
carbon, the gamma (y) position the next, and so on. The following formula

represents an a—amino acid:
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Classification of amino acids
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Essential Amino Acids

Isoleucine Lysine

Histidine Phenylalanine
I eucine Tryptophan

Methionine Threonine
Valine

Essential Amino Acids - List



Physical properties of Amino Acids

»Soluble in polar solvents (water & ethanol)

neir melting point is above 200 C°

The aromatic amino acids (Trp, Tyr, His & Phe)
absorb ultraviolet light




D-Amino Acids and L-Amino Acids

= All amino acids, except R nasal
. cx-Carbon
glycine, have at least one |
asymmetric carbon atom. El N —— € —— OOy
. . |
» Alfhough some D-amino acids i
: nngre, only L-amino e
acids’occur in proteins.
Mirror
\
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D and L forms of Amino Acid (Eg. Alanine)



Amphoterism

Amino acids are amphofteric (or amphiprotic); thatis, they can react eitheras an =
acid or as a base.
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t Its Isoelectric pH (pl), an Amino Acid Bears No Net Charge

® /witterions are one example of an isoelectric species—the form of a molecule
that has an equal number of positive and negative charges and thus is
electrically neutral.

®» The Isoelectric pH, also called the pl, is the pH midway between pKa values for
the ionizations on either side of the isoelectric species.
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Alanine
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Rare Amino Acids or Unusual Amino Acids

modification: Examples
1. Ornithine, citrulline and arginino succinic acid 2. g-alanine 3. Taurine
4. y-aminobutyric (GABA) acid 5. Mono- and di-iodotyrosine 6. Pantothenic acid

7. Homoseri&e 8. Histamine 9. Serotonin 10. Penicillamine
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Epinephrine Ornithine

= Rare amino acids are biochemically important. They created through a postsynthetic
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mation of Polypeptides

®» |f we react two glycine molecules, so that a molecule of water is
eliminated, we form a compound containing the amide structure,
also called the peptide linkage, or peptide bond.
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Structure of the pentapeptide
serylglycyltyrosinylalanylleucine, or
Ser-Gly-Tyr-Ala-Leu.

A tetrapeptide with two ionizable R groups.
Alanylglutamylglycylllysine, or
Ala-Glu-Gly-Lys




tides Undergo Characteristic Chemical
actions

®» Peptide bonds can be hydrolyzed by boiling with either strong acid
(typically 6 M HCI) or base to yield the constituent amino acids.

» Peptide bonds can also be hydrolyzed by certain enzymes
called proteases. Proteolytic (protein-cleaving) enzymes are found
in all cells and tissues, where they degrade unneeded or damaged
pro/’rgr;és or aid in the digestion of food.
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Aspartame, the Sweet Peptide

Aspartame

IDEEEEECTS

- Decreased vision
- Headaches, migraine
- Epileptic seizures
- Severe depression
- Irritability
- Phobias
- Severe PMS

- Hyperactivity in children

.

Multiple Sclerosis (MS)

- Chronic Fatigue Syndrome

- Fibromyalgia

k7 - Birth defects, including mental

retardation

Natural News
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e Small Polypeptides Have Biological Activity
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Some naturally occurring peptides

(@) Braadykinin, a hormone like peptide
that inhibits inflammatory reactions.

(b) Oxytocin, formed by the posterior
prturtary gland. The shaded portion is a
residue  of glycinamide (H,N-CH.,-
CONH,).

(c) Thyrotropinreleasing factor, formed
by the hypothalamus.

(d) Two enkephalins, brain peptides that
affect the perception of pain.

(e) Gramicidin S, an antibiotic produced
by the bacterium Bacillus breuis. The
arrows Indicate the direction from the
amino toward the carboxyl end of each
residue. The peptide has no termini
because it is circular. Orn Is the symbol
for omithine, an amino acid that
generally does not occur In proteins.
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The biochemistry importance:

* Biochemistry covers a range of scientific disciplines, including
genetics, microbiology, forensics, plant science and medicine.
Because of its breadth, biochemistry is very important and advances
in this field of science over the past 100 years have been staggering.
It’s a very exciting time to be part of this fascinating area of study.

* Provide new ideas and experiments to understand how life works
e Support our understanding of health and disease

* Contribute innovative information to the technology revolution



Biochemistry Definition

Biochemistry

<
«

Genetic Diseases Sickle Cell Anemia Atherosclerosis Diabetés Mellites

Medicine



Population

Organism

Organ System

Ecosystem

AT

Ecosystems are made up of biotic (living) and

abiotic (nonliving) things. .,ﬂ R e
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Cardiac or striated involuntary muscle tissue

* biotic: The prefix ( ) means not, so
abiotic means not living.
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rough endoplasmic reticulum ribosomes

lysosome A
mitochondrion

vacuole smooth endoplasmice

reticulum

vesicle

nucleolus

chromatin

Golgi apparatus

nuclear membr"’ ' i cytoplasm

cell membrane
microtubules

centrioles




— A.Structure of the plasma membrane
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Ribosome

Amino acid

Ribosome
large
subunit

.

mNRA

Ribosome
small
subunit
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Muclearpomes Muc kolus
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6) Endoplasmic Reticulum (ER)

* The endoplasmic reticulum (ER)
is a network of membranous
tubules within the cell consisting
of smooth endoplasmic reticulum
(SER), which lacks ribosomes, and
rough endoplasmic reticulum
(RER), which is studded with
ribosomes.

7) The Golgi apparatus

* The Golgi complex is involved in
modifying proteins produced in
the RER and in sorting and
distributing these proteins to the
lysosomes, secretory vesicles, or
the plasma membrane.

— A. Fouoghaendoplasmic reticdum and Golgl apparatos

Morpholkeg ical

structures
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Lysosome - animal

Lysosome contains Food vacuole fuses
active hydrolytic with lysosome
enzymes

Lysosome \
Plasma mem branes

Food vacuole

Hydrolytic
enzymes digest
food particles

9
Digestion

Phagocytosis
Lysosome digesting food

http://apbio-werle. wikispaces.com/Cell+and+Cell+Transport+%28Ch+6-7 %29

PEROXISOMES

Peroxisomes —are single
membrane cellular
organelle,also called
microbodies

Catalase and peroxidase:

the enzymes of
peroxizomes destroy
unwanted peroxides & other
free radicals

Perosrsom
Rociomas
Mitocondria




{ Molecular Composition of cell
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* Importance of Carbohydrate

e Occurrence

Definition

* Nomenclature of CHO

Classification

Monosaccharides

* Physical Characters of Monosaccharides
* The main chemical reactions of CHO

- Sugar derivatives

- Oligosaccharides

- Polysaccharides



Importance of Carbohydrate

They are the major source of energy to human beings

They act as storehouses of chemical energy (starch, glycogen)
Are components of supportive structure

They are component of many biological structure and molecules

YIogs YN =

Derivatives of CHO involved in :drugs, as vitamins , Anit- freeze
glycoprotein.






Definition

e Carbohydrates (CHO) are generally defined as polyhydroxy aldehydes
or polyhydroxy ketones or substances that yield these compounds
when hydrolyzed.

* General formula : ChH2nOn / Cn(H20)n

e The ratio of carbon to water is one in most of CHO, hence the name
carbo : hydrate = (1:1)






Classification of Carbohydrates

Monosaccharides

carbohydrate that cannot
be hydrolyzed to simpler
carbohydrate units

Aldoses Ketoses

3C - Trioses
4C — Tetrosis
5C - Pentosis
6C — Hexosis
7C - Heptoses

Oligosaccharides

yield 2-10 molecules of the
same or different
monosaccharide units when

Polysaccharides

Are macromolecular substances that
can be hydrolyzed to yield more
than 10 molecules of the same or

\hyd rolyzed different monosaccharides
Disaccharides Trisaccharides Tetrasaccharides Homo- : Hetero-.
polysaccharides polysaccharides
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Figure 11-2

Biochemistry, Sixth Edition
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Figure 11-3
Biochemistry, Sixth Edition
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Physical Characters of Monosaccharides

1- Monosaccharides are colorless, crystalline
solids.

2- Asymmetric carbon: When four different
atoms or functional groups are bonded to a
carbon atom, the molecule formed is
asymmetric, and the carbon atom is called an
asymmetric carbon atom or chiral carbon

0 0 | 0 0
| g | |
H—C H—C H—C H—C
2l ol - o
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Br

chiral
Has 4 differnt atoms

nonded to the cathon

CH; CH;
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ir (‘ngCHgCHg
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Does not have 4 different  Has 4 differnt groups
atoms ot groupsbonded  botded to the cathon
to the catbon (2 hydrogens)
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Physical Characters of Monosaccharides




/ EHU IL'Hllil
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D-Glucose D-Mannose

Epimers

Physical Characters of Monosaccharides

* Differences in the configuration of —OH on 2¢9, 3 & 4t carbon atoms

" CHO 'CHO )

H=C—0H H=C=0H
Ho—C—H 4o —C—H
H=(—0H  HO—C—H
H=C—0H H=C—OH
' CH,OH "CH,OH

\ -blucose o-Galactose)




Physical Characters of Monosaccharides

Enantiomers

* Their structure are mirror images of each other

* D & L sugars depending on the position on penultimate carbon atom (next to the last)

"CH,OH
L-Glucose

eft criented
- 0OH

o

"EHO N\
|
» |4
H —"C— OH
'|I|
HO —C*—H
| .
H—'C — OH

iy

H —C —CH

I

L

'::H_E_I:IH '\.l(
-Gl

D-Glucose right oriented
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Physical Characters of Monosaccharides
Optical Activity

* Compound having asymmetric carbon can rotate the beam of the
plane polarized light and are said to be optically active

/m When plane polarized light passes through a
solution containing a single chiral compound,

the chiral compound causes the plane of
vibration to rotate.

m Polarimeter

+15° 0 —15°

2 - ill-o- o700~

sodium monochromator polarizing sample cell analyvzing  detector
\ lamp filter filter filter /




Physical Characters of Monosaccharides

4- Ring structure

* aldehydes and ketones react with alcohols to form hemiacetals & hemiketals
respectively

* Open chain (Fischer Projection) of D-glucose is so reactive that almost all
molecules quickly rearrange their bonds to form new structure




Physical Characters of Monosaccharides
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£ OH H OH
a-o-Glucopyranose B-o-Glucopyranose
Figure 7-6
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H._ Freeman and Company




Physical Characters of Monosaccharides
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Physical Characters of Monosaccharides

TcH.0oH
CH,OH
& CH>OH 1CH20H o CH>OH
e N s
HO . —_——— H HO
H OH_ ¢ ’|
C | y I
H 4] |3 ¢ ¢ OH
OH H OH H
H o
-- o-D-Fructofuranose
6
CH>OH (hemiketal of D-fructosc)
up on down on Haworth projection

the ring :+ the ring

D-Fructose
Fischer projection




Physical Characters of Monosaccharides

5- Mutarotation

H%D

H-O H——0H
- " HO——H
H——0OH - "
H=—1—0H
CH20H

a-D-glucose equilibrated p-D-glucose

C_H O solution i CH_O
[cc]=+52.7

[c]=+112" [2]=+19"




Some important monosaccharides

1- Glucose

* Glucose is known as dextrose, blood sugaror grape sugar.
* It is a component of the disaccharides:

*is the monomer of the polysaccharides:

* Glucose is carried by the bloodstream to all body parts.

* Glucose is found in the urine of those who have diabetes mellitus
(sugar diabetes).

glycosuria.
Glycemic Index

* It is a scale that compares the blood sugar response from eating
CHO with response evoked by glucose.

-

Gloved harnd hddirg anirdraverous (IV)

dop bag cordanang 0.15% potassium
chloride (zaline) and 59 shicose.

(e Pt & doqa Famdeticinnc 4 vt Libary Fhok oo hnal .



Some important monosaccharides

2- Galactose
e Galactose is also an aldohexose

e occurs, along with glucose, in lactose and in many oligo-
and polysaccharides

* Galactose is synthesized in the mammary glands to
make the lactose of milk.

. =
Galactosemia %
* infants is born with a genetic defect, that the child - §
unable to utilize the galactose, When the enzyme =
galactose-1-phosphate uridinyltransferase is defective, — :
however, the disorder is called galactosemia o

lactozo mtolorant.




Some important monosaccharides

Fructose

* Fructose, also known as /evulose, is a ketohexose that occurs in fruit juices, honey,
* and, along with glucose, as a constituent of sucrose.

* Fructose is the major constituent of the polysaccharide

Ribose

* D-ribose & D-2-deoxyribose are most interesting pentoses, because their relationship to nucleic acids (genetic material) &
genetic codes

* Ribose in RNA (Ribonucleic Acid)

* D-2-deoxyribose in DNA (Deoxy Ribonucleic Acid)

* It is a constituent of coenzyme A (CoA) and second messenger (cCAMP/cyclic adenosine monophosphate)

5- Arabinose and xylose occur in some plants as polysaccharides called pentosans. They are found in grains, fruits, and legumes.

* Pentosans are used in the baking industry to increase water holding capacity of the flour in effect slowing down the rate of time
it takes the bread to go stale.



1- Oxidation reactions (Reducing power ability):

Generally all free monosaccharaides have free aldehyde or ketone group are

capable of being oxidized. After being oxidized, they cause the reduction of other

substances and so known as reducing sugar.

A) Several qualitative tests are used to detect the presence of reducing sugars

Q
RCH + cu?*

citrate or
tartrate buffer

(|
> RCO™ + Cu, 0

Precipitates
as a red solid




B) Oxidation by Bromine: Example
Bromine water CHO COOH
" dehvd aldehyde acid
oxidizes aldehyde, - o [
O H O OH| H OH H——OH
but not ketone C C
| Br, | HO——H B, HO——H
or alcohol. (CHOH), 775>  (CHOH), Ho'
| - | OH > H——OH
CH,OH CH,OH
aldose aldonic acid H——0OH H——OH
(glyconic acid)
CH,OH CH,OH
glucose gluconic acid




C) Oxidation by Nitric Acid:

Nitric acid oxidizes both the aldehyde and the terminal alcohol.

aldehyde | CHO

alcohol | CH,OH

aldose

HNO,

(CHOH), —

acid

acid

(glycaric acid)

COOH
(CHOH),
COOH

aldaric acid

Example
CHO COOH
H——O0OH H——O0OH
HO——H HNo, HO——H

R

H——0OH H——0OH
H——0H H——OH
CH,OH COOH
glucose glucaric acid

Chametrip iborbed ghuves,




D) Osazone formation:

Phenylhydrazine in acetic acid, when boiled with reducing sugars, forms
osazones. Both C1 and C2 react with phenylhydrazine.

Eh-\~ Bs. TS .
Needle shaped glucosazone crystals  Galactosazone crystals as viewed under
as viewed under the microscope the microscope(Rhombic plates)

Sl _ e

Sun flower shaped Maltosazone crystals as Powder puff/hedge hog shaped

viewed under the microscopes ..., ror ea-Crystals. of lactose as viewed under the
microscope

(=0 C=N—NHP
CHOH  excess H,N—NH—Ph C=N—NHPh
ciom] M (CHOH),

: 2

aldose 0sazone

Ccion C=N—NHPh
(=0 exces HN=NH—Ph C=N—NHPh
ciom] " [(chom
CH,OH CH,OH

ketose 0sazone




2- Reduction to alditols:

The carbonyl group of a monosaccharide can be reduced to hydroxyl
group by a variety of reducing agents, including NaBH4 and H2/Ni.

CHO CH, OH
H—0H H—0H
HO—H Ni HO—H
H=-0H * H2—> H—1-0H
H—O0H H—O0H
CH,OH CH,OH
D-Glucose D-Glucitol

(D-Sorbitol)

"\Z° CH,OH
H—G—OH
HO—C—H no(‘m
H—#—OH —_— H(FG!
H—C—0H HCOH
H50H CH,OH

D-glucose
D-Sorbitol

HyOH
-0
HO—C—H

FD?H

H—G—0H = HCOR

H=—C—0H
o

D-fructose

HCOK
CH, OH

D-Mannitol




3- Dehydration:

* The test reagent dehydrates pentoses to
form furfural and dehydrates hexoses to
form 5-hydroxymethyl furfural.

* The furfurals further react with
a-naphthol present in the test reagent

to produce a purple product

He =2
H—é—DH ﬁ
O CH, OH
H—%I—DH H,50, H ““w::f x}‘c"’f k
H—C—0OH 3 Hz 0 ;t::—c{;
H—I|:—DH H H
CH,OH
o
H“‘D ) 'ﬁ
H—C—0UH N L
H, S0, C
H—C—0OH W/
H—C—CH v H

CH,OH




Sugar Derivatives

Sugar . Acidic .
8 Amino sugar Glycosides
alcohol sugar

Deoxy Sugar
sugar phosphate




Sugar Derivatives

Deoxy sugar
* Deoxy ribose * Fucose * Rhamnose

/

HOHC - A

LDeoxy-:Ribose

- |
Ol O

(t-Rhamnose (Rha)

O

(tFucose (Fue)

Sugar alcohol

* Sorbitol * Glycerol

Sugar phosphate
*G-1-P *F-1,6-P *G-6-P
2-
0PO; CHOH w000,
CHzo OH DHO i g 0, 1
HO OH H
CH OH=={ OO, HO 0L
OH OPO/| Ok i OH

* Galactitol * mannitol

CH,OH CH,OH
H C OH HO—C—H CH,OH
HO C H HO C H H-C - OH
H C  OH H C OH HO C H
H C OH H C OH H C OH
CH,OH CH,OH CH,OH
-Glucitol n-Mannitol n-Xylitol

(sorbitol)

CH,OH

0 O
" . » o H C OH

H /| . OH

CH,OH 8 H H-C OH

OH H
H—C—OH HO § 0 H H—C—OH
CH,OH H OH CH,OH
-Glyeerol myodnositol n-Ribitol




Sugar Derivatives

Amino sugar
* Galactose amine * Glucose amine
* N-acetyl-glucose amine * Sialic acid

Acidic sugar
* Gluconic acid * Glucouoronic acid
* Ascorbic acid

H
H—CH H—CH HO—H H=——0H
H—CH H—TCH H—70CH H—790
CH,CH CH,OH CH,CH CHOH

D-Glucosamne  D-Mannosamine  D-Galactosamine N-Acetyl-D-glucosaming

CHOH CHOH
o .f/'__litl . H
|/ QH H \|
JHL’/DH ;
H (E H M—C— CH

|
H

o-D-olucosamine c-D-Alacetvlolucosamine

OO LML
—I—A—ﬂ—l -—.—"I.—-"J-—|
HO —-‘:l.—H H —:I —H
—I—i_lﬁ—i_l—| —:—:I—-CI—I
H—G—OH C—OH

lf“l:l-a‘ oH 'I ooH

D-glucohic add De-glucuronic and

T o

CH O
HOH,C - q

HO OH
Ascorbic Acid

Glycosides
NH,
N Sy Lactose
9
<N /) ChoH CH;OH’
N 0, 0. OH
[\ OH
O

Adenosme

N-Glycosidic linkage

0- Glycosidic linkage




Oligosaccharides

* Consist of (2-10) monomers (monosaccharides) * Combine by O-glycosidic bond

Disaccharides
* Consist of 2 monosaccharides

Other oligosaccharides

* Consist of more than 2 monosaccharides

| -

Important disaccharides Uncommon disaccharides - Raffinose (trisaccharides) which found
| - Isomaltose in glycogen & amylopectin peas & beans. (Gala+G+F)
| | | - Cellobiose in cellulose - Stachyose & verbascose (tetra
- - - - Terhalose in insect hemo lymph saccharides), which found in soya bean. (2
Gala+G+F)
CHOH CH>OH CHOH

HOH>C
= = i B o g HO = B ° g
H
gH a 1" RH w1 2 e - OH H -
HO o CHL>OH " =] OoH
= oH OH H H OoH

(o -D-Glucopyranosyl-(1 — 2)-B-p-fructofuranose (B-p-Galactopyranosyl-(1 — 4)-o-p-glucopyranose

(oc-p-Glucopyranosyl-(1 — 4)-oc-p-glucopyranose

Figure 11-11
Biochemistry, Sixth Edition
= 2007 W_H_Freeman and Compary

Lactose

CHL>OH

Malftose




Oligosaccharides

* Consist of (2-10) monomers (monosaccharides) * Combine by O-glycosidic bond

Disaccharides
* Consist of 2 monosaccharides

Other oligosaccharides

* Consist of more than 2 monosaccharides

| -

Important disaccharides Uncommon disaccharides - Raffinose (trisaccharides) which found
| - Isomaltose in glycogen & amylopectin peas & beans. (Gala+G+F)
| | | - Cellobiose in cellulose - Stachyose & verbascose (tetra
- - - - Terhalose in insect hemo lymph saccharides), which found in soya bean. (2
Gala+G+F)
CHOH CH>OH CHOH

HOH>C
= = i B o g HO = B ° g
H
gH a 1" RH w1 2 e - OH H -
HO o CHL>OH " =] OoH
= oH OH H H OoH

(o -D-Glucopyranosyl-(1 — 2)-B-p-fructofuranose (B-p-Galactopyranosyl-(1 — 4)-o-p-glucopyranose

(oc-p-Glucopyranosyl-(1 — 4)-oc-p-glucopyranose

Figure 11-11
Biochemistry, Sixth Edition
= 2007 W_H_Freeman and Compary

Lactose

CHL>OH

Malftose




Disaccharides:

* The two important disaccharides found in the free
state in nature are sucrose and lactose (C12H22011).

* Unlike sucrose and lactose, several other important
disaccharides are derived directly from
polysaccharides by hydrolysis. For example, maltose,
isomaltose, and cellobiose are formed when specific
polysaccharides are hydrolyzed.

* Upon hydrolysis, disaccharides yield two
monosaccharide molecules. The hydrolysis is
catalyzed by hydrogen ions (acids), usually at elevated
temperatures, or by certain enzymes

’ QHQQO t HQO

Slicrose

CofpOn + B0 —

Maltose

’ 2H2201 t HQO

Lactose

CBHnOa + CorlioO;

metase Cluosa  Fructoee

CaHnOa + CorlioO;

UMAAE Clicose  Glucose

CaH 05 + Cifti05

% Cleose  Galactose

Lactose intolerance: The enzyme lactase is present in the small intestine of infants and
allows them to easily digest lactose from their milk diet. Unfortunately, as people mature
their intestines often stop producing the lactase enzyme, and they lose the ability to digest
lactose. Instead, this sugar is metabolized by common bacteria that live in the large intestine.
The gas and intestinal discomfort that results is termed milk or lactose intolerance and is a

condition that afflicts many adults.




Invert sugar:

Sucrose is known as invert sugar because sucrose is dextrorotatory with specific rotation
+62.52. On hydrolysis by an enzyme sucrose (invertase); it gives a mixture of glucose &
fructose. This mixture exhibits a net specific rotation of — 19.82. This phenomenon by
which dextrorotatory sugar is converted to levorotatory sugar is known as invert sugar.

* Invert sugar has less tendency to crystallize than sucrose, and it has greater sweetening power than an
equivalent amount of sucrose.

H+

CizH22011 + H20O > CpgH1205 + CgH11205
Sucrose D-glucose D-fructose
[l =+6B.5° ([l =453 [l = _g2°

Invert Sugar
[c]lo = (+53°) — (—92°) = _3g°



Polysaccharides

Heteropolysaccharides
Homopolysaccharides HEY

Mucopolysaccharides, Glycoaminoglycan
(Homoglycan) ( POty Y glycan)
* They made up from different types of
monosaccharides besides other chemical

compounds

* They made up from one type of
monosaccharides

Starch Glycogen Cellulose Dextran Inulin Agar Chitin




Homopolysaccharides

Starch *(a-D-glucose)
* Amylose a(1->4)
* Amylopectin a(1->4) & a(1->6)

Glycogen *(a-D-glucose)

* Amylopectin

* More branched

Cellulose *(B-D-glucose)

* Linear B(1->4)
* unbranched

Dextran *(a-D-glucose)
* a(1-56) & a(1->3)

* used as plasma substitute

iGH,GH GHOH CHEH CHCH
P ’/x—o —
. _.|'~. oH .'3-|:- aH I:~|'-. 4 ;'..:}
il Il'lll i Cirl 0H
B a41-4|Lnkege
CHyoH
&“ | -

S i I:l-..-'-'-_'- ey
T ﬁ:. kit o
.I(;'_.:. 3 | i1 iz
_-:\im ?ﬂ ::|| \L:-i i :-l-'ll.'-l :."H >—

e o an

mylies

Sy IOEOL

Highly branched - = = o O asctran
glycogen molecule . " o 1
v - = HzaOH —H 1
FERE N o e e e 1-GFD-gl ucos =
H S () H OH =
OH
Glucose -~ % ' 3 oH o
N | Branching oH L oH i
monomer / o Lo
/ H OHO occurs here o
CH,OH / CHOH (;N’ CH,OH o O
{ oH
u A O/ w . O 1 H . O " w x O M LS Di H:l ;?I
S 7 oH
9 QH 3 e el 5 9 o'" z o ai b s L 1-30-D-glu cose CH=2 a
H OH H OH " OH " oH e
| o
OoH
Glycogen | i
CHUH Coo000cPPCC00000c0

Cellulose

CH20H

Amylopectin

Starch

Cellulose (fiber)




Inulin
(B-D-fructose)

Homopolysaccharides

Inulin

HO

H
<
C

Agar

(sulphate galactose)

Agar r ol

CH,OH | CHyOH Il ®

| GI : G : ‘ I"\Vll"f
H H H
" T | o

. {1 {

\\ ' 4 ﬁ": H i H: b Ea
' . .
4! IG ID

H 1 1 H r
- -

Chitin

(N-acetyl glucosamine)




-

Polysaccharides

N

Homopolysaccharides

Heteropolysaccharides

(Mucopolysaccharides, Glycoaminoglycan)

* They made up from different types of monosaccharides besides other chemical compounds

GLYCOSOAMINOGLYCANS (GAG) acid polysacch., form matrix to hold protein component of skin, connect.
tissue, extracellular matrix.

CH50504
HYALURONIC GHZOH OH : O3 0—
ACID H O o
4 H H 1 4 H H 1

Coo b coo H

OH H
B o B CHONDROITIN-
AT N9 M 1 H NH  G.SULFATE
OH HJ ¢=0 OH H =0
H CHs H CH;

H OH H OH
D-glucuronate N-acetyl-D-glucosamine D-glucuronate N-acetyl-D-galactosamine-
water soluble, in synovial flui; B-sulfate
backbaone for attachment protein, and GAG's
DERMATAN GHZ0H
HEPARIN SULFATE . S0 v 0 0o—
coo CH,0805 H ! H 1 1
H 0 O_H }
OH  H] < " oo O G iH
¢ \ OH H =0
( - ]
- - CH
H 080, H  NHSO, N on 3
D-glucuronate- N-sulfro-D-glucosamine- L-iduronate N-acetyl-D-galactosamine=

2-sulfate B-sulfate 4-sulfate

N-acetyl-D-glucosamine sulphate

Mucopolysaccharides Composition Importance

1. Hyaluronic acid D-glucuronic acid Occurs in synovial fluids, vitreous humor of the
N-acetyl-D-glucosamine eye & lubricating fluid of joints.

2. Chondroitin sulphate D-glucuronic acid Component of cartilage tendons & skin

connective tissues)

3. Dermatan sulphate

L-iduronic acid
N-acetyl-D-glucosamine sulphate

Component of cartilage tendons & skin
connective tissues)

4, Keratan sulphate

D-galactose
N-acetyl-D-glucosamine sulphate

Component of cartilage & cornea

5. Heparin sulphate

D-iduronic acid sulphated)
N-acetyl-D-glucosamine sulphate

Present in most cells especially in liver, lungs &
arterial walls.




* Typically, they contain from 4 to 17 monosaccharide
units consisting primarily of relatively few
monosaccharides, the most common of which are:
D-galactose, D-mannose, L-fucose,
N-acetyl-D-glucosamine,

and N-acetyl-D-galactosamine.

* L-Fucose is a 6-deoxyaldohexose.

CHO
Hi——H

b Lnnmedans B R

bees his —OH zroup
fonfokfnie ., BT OH
Fedarpmpdin.

e
" mlharihan ~CH{H
(:I.Hsf

Llwes

Eagof blood showire blood Hpo.

Loy MIniLFhooerdo

0]
@
O
¢ Fuc J

o 0
GalNAc cal 0
0 a
0
Fuc

(=)

o]
0]
Gal Gal
0 a
0]
Fuc

(=)

0

)
GIeNAC M—g—

0

GIcNAC M—g—

0

o 0
GIeNAC M—g—

TYPE QO

TYPE A

TYPE B




Cancer cells, like other cells, carry specific coded information on their surfaces
(carbohydrate antigens) that are released into the blood. Ideally, this release can
provide advance warning that a hidden cancer is growing. Furthermore, knowing
the identity of the carbohydrate can point toward the tissue in which the cancer
may be hiding. Scientists have identified a number of different carbohydrate
antigens (CA) associated with cancer: CA 15-3 for breast cancer; CA 19-9 for
pancreatic cancer; PSA, EPCA-2.22, and EPCA- 2.19 for prostate cancer; and CA 125
and HE-4 for cervical cancer. Unfortunately, each of these antigens

is not absolutely specific for one cancer. So, a high level of one of these antigens in
the blood could signal cancer but also could signal something else.
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Biological roles of Lipids
Occurrence

Definition
Nomenclature of Lipids

Classification



Importance of Lipids

1. They serve as thermal insulator against cold (Fat under skin ).

2. Fat serve as a source of energy for man like carbohydrates.

3. Fat is an ideal form for storing energy in the human body compared to carbohydrates and proteins.
4. Lipids are structural components of cell membrane and nervous tissue.

5. Some lipids serve as precursors for the synthesis of complex molecules. For example,

acetyl-CoA is used for the synthesis of cholesterol.

6. Lipoproteins, which are complexes of lipids and proteins are involved in the transport of lipids in the blood
and components of cell membrane.

of lipids in the blood and components of cell membrane.

7. Some lipids serve as hormones and fat soluble vitamins are lipids.
8. Fats are essential for the absorption of fat soluble vitamins.

9. Fats serve as surfactants by reducing surface tension.

10. Lipids also serve as anti-cancer






0

||
CH,0—H + HO—C—(CHy)s—CH,

0

0

Glycerol 3

||
CH,0—H + HO—C—(CHy),—CH,

Stearic acid
molecules

0

|
CHy—0—C—(CHy),—CHj

0

|| |
CHO—H + HO—C—(CHy) —CH; —> CH—0—C—(CHy),—CH; + 3H,0

0

|
CH—0—C—(CHy),—CH,

Glyceryl tristearate
(tristearin, a fat)

CH,: OH
CH-:OH +
CH,;+ OH

HO-C--R

HO-C-R —»

HO+-C--R

Glycerine  +

o}

|
CH;-0-C--R
0

CH--0--C--R +3H20




Esters of alcohol }

Alcohols
4 “
Unsaturated Saturated
* Chlorophyl II * Glycerol
* Lycophyl * Cetyl alcohol
L * Myricyl alcohol

A

N

a Fatty Acids N
Saturated Unsaturated
Monounsaturated Polyunsaturated
¥ ¥
Omega-6 Omega-3
¥ v
Lauric acid Oleic acid Linoleic acid  Linolenic acid
Myristic acid (Omega-9) CLA EPA
Palmitic acid GLA DHA
\Stearic acid Arachidonic Acid
@

Ho)k/\/\/\/\/\/\/\




{ Nomenclature of Lipids Delta (A) & Omega (w) systems

{ Saturated SAFA

Stearic Acid

LAVAVAVAVAVAVAVAVA
180 COOH

‘ Unsaturated MUFA, PUFA, HUFA

OMEGA-3 AND OMEGA-6 FATTY ACIDS

u%;f%&#’iww
y — 18
-0 i 9 Ly

(&) 18:1(A%) els-9-Octadecenoic acid

o
0 2 X 4 5 & F 8B 91061

%, 1
o 7 6 5 4 3 2 1
EI ol

1213 14 15 16 17 18 1% 20

(b) 20:5{A%811.1%17)} Eicosapentaenoic acid (EPA),
an omega-3 fatty acid

Fiogramn B2 i

HOY\/\/\/\—/\— Methyl
end

O

Alpha-linolenic acid (ALA, C18:3
Ho\”/\/\—/\ SN —
3

O

Elcosapentaenolc acld (EPA, C20:5(omega-§> alia.

3
O
Docosahexaenoic acid (DHA, C22:6

HO\Q/\/\/\/\_

Linoleic acid (LA, C18:2<omega—6§)
o

Arachldonlic acld (AA, C20:4(omega-6§?




Geometric Isomerization

13

CH CH

3 3
Trans Form
(elaidic acid)
10 - H _ H
Cis Form E ﬁ
(oleic acid) C C
\ /
g9 H H

1
COOH COOH




LIPIDS

l

SIMPLE LIPIDS

or

HOMOLIPIDS

‘

Fats and oils
(Triglycerides)
Simple
triglycerides
Mixed
triglycerides

'

Waxes
Sperm whale wax

Beeswax

Carnauba wax

l

l

COMPOUND LIPIDS DERIVED LIPIDS
or
HETEROLIPIDS Cholesterol
| Coprostanol |
Cholestanol l ¢
l l Ergosterol v
Phospholipids Glycolipids Steroids Terpenes Carotenoids
(Phosphatids) (Cerebrosides)
Phosphoglycerides Kerasin C29,C28,C27 Monoterpenes Lycopene
Lecithins steroids
Cephalins Phrenosin Sesquiterpenes Carotenes
Plasmalogens C 24 steroids
Nervon Diterpenes Xanthophylls
Phosphoinositides C21,C19,CI8 .
(Phosphatidyl Oxynervon steroids Triterpenes
Inositols)
Tetraterpenes
Phosphosphingosides
(Sphingomyelins) Polyterpenes




Simple lipids

Ve ~ Neutral Fats & Oils

* They are esters of glycerol with three fatty acids, example

Triglycerides (TG)
* They are non-polar (hydrophobic)

.

* Usually fats come from animal sources and contain more

SAFA

* Oils come from plant sources and contain more USFA

* Fats--- large proportion of SAFA----High m.p.----solid state

* Oils--- large proportion of USFA-----low m.p.----Liquid

state
Ll LF Ll
| | |
CH,—0OH CH,—O—L—R, CH,—DO—C R, CH,—O—L—R
il | Ll
| |
CH (| CHl il I 0 C R, CH 0O —L—R
| | o
|
CH, — 0 CH, 08l CH, O CHl O LR
GlycéErol ooy lycéride iglyceEridae ITriglycéEride

nqure 4 @ Glycerin s

Waxes

¥ They are esters of long chain FA (C14-C36) with long
chain monohydroxy alcohol (C16-C36)

* Secreted by cutaneous gland in human
* Secreted by preen gland in birds

* They served as fuel storage form (plankton)

* Exp: Myricyl palmitate ------ Bees waxes
Cetyl palmitate --------- Sperm whale waxes
Hexacosanyl palmitate --------- Epicuticular waxes
\Myicyl Cerotate ------ Carnauba waxes







Glycerophospholipids (phosphoglycerides)

o
[ |
CH;— O— C—(CH,),,CH, CH;— O— C—(CH,),,CH,
| ? Nonpolar | o
CH— O— C—(CH,),,CH, | "y acids CH— O—C—(CH,),,CH,
| T | T
CH;— O—P—O—CH,CH,N(CH,); polar CH;—O—P—O—CH,CH,NH,
I _ L I ] I 3 N . 3
o Choline o Ethanolamine
A lecithin A cephalin
Timberlake, General, Organic. and Biological Chemistry. Copyright © P E Inc.. g as Benjamin C: gs

Ester Linkage

I
0

R,—C—0—C—H (I)I

Ether Linkage
1CH,—0—CH=CH—R,
|

|
3CH,—~0 — P—0—|X

|
OH

Plasmalogen Backbone i’!
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il

__*

30”"900‘"0 group
Sphingomyelin ?H
Fatty acid group (l:=0
R

v

o

/7

cu,-(cuz),,-cn-cn-cnou-cn-cn,.op-ocn,-cnfxc
H3

Choline group

dihvdrosphingosine
CI-IJ{CHZ}“CHCHCH;DH

HO WH2

sphingosine
CH(CH.);»2CH=CHCHCHCH,OH

[ I
HO NH,




| Compound lipids

~ Phospholipids

Phosphoglycerides J ‘ Phosphoinositides J

l Phosphosphingosides

-

Sphingosine unit
| |
CH 4(CH ;) ,CH«CHCH~—0OH
O
R
CH—NH—C —R

CH ,OH
HO 9. LO—CH,

OH

OH

J

Sugar unit

Farty acid
unit

Sulfated

0
Glucose ||
CH,— 0—C = =
H H | L Fatty Acid Residues
?H —0-—C i
||
HO 0—CH, 0

Sulfolipid

)\ www.easyhiulugycia@u/ |




[

= H L0 ", — .!;I- — ) —
. CH , — O — -:Q — T, R\__ j —
I | = FPhospholipase &
BR.—C —0 — CH "J:'I : CE1 .
HE—G—P_G'_EHl_EHg_ﬁ—C‘[—[3
| T el -
1 H 'ﬁ
Le=cithim ':I:HE_':'_C_R'
H —O — ¢H 'ZIZi . _CH 3
H.—O —p—0O —CH ;—TH > M —CH
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Steroids

* Containing Cyclo-pentane-perhydro-phenanthrene (CPPP)

* -OH attachment ---sterols  * It classifies depending on side chain length into.
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Dietary Fat and Cholesterol

1.
2.
3.
4.

What are essential fatty acids?

What are brown & white fats?

LDL

m Low Density Lipoprotein.
What it does: Takes cholesterol from the
liver to the rest of the
body.

Effect on the risk for Jglf:4y
heart disease: amounts increase risk.

What are Omega-3 & Omega-6 Fatty Acids

How is blood cholesterol transported by the body?

Characteristics of HDL and LDL blood cholesterol carriers.

HDL

High Density Lipoprotein.

Primarily takes
cholesterol from body
tissue back to liver.

High amounts reduce risk.

“Good” cholesterol.

Nutrition Facts

Serving Size 5 Crackers (16g)
Servings Per Container  About 14

Amount Per Serving

Calories 80 Calories from Fat 35
Eaemmam st e an s e ey
% Daily Value*

Total Fat 4g 6%
Saturated Fat 0.5¢ 3%
Trans Fat Og

Polyunsaturated Fat 2g

Monounsaturated Fat 1¢g
Cholesterol Omg 0%
Sodium 150mg 6%
Total Carbohydrate 10g 3%




Terpenes

Mono-terpens &
Sesqui-terpenes

Di-terpenes

Tri-terpenes

Poly-terpenes

CEE
1
CEHEI, — C — CH — C¥I_

* Fragrances found in
plants

* Myrcene ---- oil of bay
* Geraniol--- rose oil

* Limonene --- lemone
oil

* Menthol ---peppermint
oil

* Found in resins
& balsams

* From Pine
wood

* Vitamin A
* Abietic acid

* Sapietic acid

*(Squalene)
the main
constituent of
shark liver oil

* Saponin

*Found in
latex of many
tropical plants

* Rubber
made of 500-
5000 isoprene
units

e Terpenes are derived from the union of five carbon (C.) isoprene

units (it can decompose at high temperature to give isoprene)

HLC ==+ H
=

CH =CH,

refered @ bapreaci &

e Terpenes are classified by the number of C.units

Monoterpenes (two C.units) , Sequiterpenes (three C.units), and

Diterpenes ( four C;units).

Larger terpenes include

triterpenes (30 carbons), tetraterpenes

(40 carbons), and Polyterpenes ([C;], carbons, where n=8)

S —
L

Hemiterpenes|Ca)

MDHDtErFIEHES[E'm ] S'tEFDinE[E'1EI '15,2'1,2-'1,2?]

l
ey Bievmvonmes

Sesql.literpEHES [C15) Triterpenies [C30 |

Oiterpenes [C20] Carctenoids [C40]

Fig.1 Biosynthetic Pathway of Terpene Sheletons



Chemical structure of some terpenes
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Carotenoids

Carotenes Xanthophwylls

2 ™

B-

Cryptoxanthin Luteinm Zeaxanmnthim

oa-Carotemnee

CAROTENOIDS




Prostaglandins:

753
g .

EI-MCO[H-'
WQZ\M/\/
ff 17 19 prostanoic acid

The prostaglandins

Prostaglandins (PGs)
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PGs can have influences on many
body functions such as:

Respiration

Blood pressure

Gl secretions

Inflammation

Reproductive Systems

Most PGs regulate cells by the
production of cAMP.

Play roles in the treatment of various
conditions including high blood
pressure, ulcers, and asthma.

Aspirin cause their effects by altering
the functions of PGs in the body.



The main chemical reactions of Lipids

1- Hydrolysis (chemically and enzymatically)

O HC—OH
[l = e H,C—OH
HG— 00— O
- s
9 o = o HC—O—C—R
HE— O~~~ 2 = ﬁ 2> o
lipase — 6 T lipase
‘ ﬁ H,C O—C—R H,C — OH
H,C—O— C—R"
’ Diglyceride Monoglyceride
Triglyceride -
O * 5
4 /
R R'—C
OH e

Fatty acid Fatty acid OH




The main chemical reactions of Lipids

2-Saponification: the preparation of soaps

0

I
H2C_O"C"_’(CH2)1OCH3
i
HC_O—C"'(CH2)100H3
ﬁ
H,0—0—C —(CHs)1,CHs

NaOH

>

H,0
heat

HzC—OH

HC—0OH + 3 CHy(CH,) oCOONa"

HzC_OH




The main chemical reactions of Lipids

3- Hydrogenation of oils
-HC=CH-+H, — -H,C-CH,-

4- Halogenation

-HC=CH- + Br, — -HBrC-CHBI-



The main chemical reactions of Lipids

5- Oxidation of — meeersermese

Homolvsis

A-B » 1"

fats and olls

R-H+ 1" » R+ I-H

Factors Affecting Autoxidation
Propagation

1. Energy in the form of heat ) y
and light 2. Catalysts (Metal) R+ O, > ROO
3. Double bonds 4. Enzymes

ROO® + R-H » ROOH +R°*

5. Chemical oxidants 6.

Termninabion
Oxygen content and types of

oxygen 7. Natural ROO" + ROO" » ROOR + O,
antioxidants . £

RO + R » R-O-R

ROO™ -+ R: » Stable product

R+ R" » R-R (dimers)



The main chemical reactions of Lipids

Rancidity

1- Hydrolytic rancidity
2- Oxidative rancidity

Prevention of rancidity

1- Addition of antioxidants to fats and oils specialty the natural antioxidant
tochopherol (vitamin E).

2- Also, avoid exposure of fats to light, moisture and high temperature.
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* NUCLEOTIDES

e Chemical nature of
nucleotides

e Hydrolysis of nucleotides
produce nitrogen bases, sugars
and phosphate.

» Nitrogenous bases.
Nucleotides contain two types
of nitrogenous bases. They are
purine bases and pyrimidine
bases.

Purine or
pyrimidine

base
O
Phosphate O—P-—0O C H:_,-O = B
O *K H H' Pentose
H \ H
OH OH
(&)
H
H -
y (.‘ . — (f) -~ — N
= 4 S N 7\
Na — s§H ! ®] ‘scH
L 2 8 A BC2 - *C. v
HC ~G 'CH - “N
N H
Pyrimidine Purine

(b)



Purine bases

PURINES

Guanine (G)

Adenine (A)



Pyrimidine bases

HNZ 4 :CH
é2 BgH
O/ \I%I/
H
Uracil (U)

PYRIMIDINES
O
|

C
m?n{ d\s(lf—CH3
C2 6
7 \I{'/CH

2

H
Thymine (T)

Cytosine (C)



Physicochemical properties of purine and
pyrimidine bases

* They are soluble in water. Uric acid and xanthine tend to crystalize at
physiological pH at high concentration.

* They absorb light in UV region at 260 nm. This property is used for
detection and quantitation of nucleotides.

* They are capable of forming hydrogen bonds.



Unusual or minor purine and pyrimidine bases

O CHs O H O Ch
H3C HsC H
3 \N N 3 \N N \ N
A A 2 A
o 'T' N 0 hlj N o 'T N
CH; CH; CHs
Caffeine Theophylline Theobromine




Nucleosides

Nucleosides are derivatives of purines and pyrimidines that have a sugar linked to

a ring nitrogen.

OH OH
Adenosina

- 1 -
M
HO .
KDK
OH  OH OH OH OH OH
Cytidina Guanosine Uridine

The sugar is linked to the heterocyclic base via a -IN-glycosidic bond, almost alwavs to
N-1 of a pyrimidine or to N-9 of a purine.



Nomenclature Of Nucleosides

Adenine ___Adenosine | ___A____

| Deoxyadenosine dA
m Guanosine G
_ Deoxyguanosine dG
Cytidine C
_ Deoxycytidine dC
Thymidine T
_ Deoxythymidine dT
m Uridine U
Cytidine C
_ Deoxycytidine dC




Nucleotides
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Nomenclature Of Nucleotides

Table 14.2 Nomenclature of nucleotides

Name Alternate name Abbreviation
Adenosine monophosphate Adenylic acid AMP
Deoxy adenosine monophosphate Deoxyadenylic acid dAMP
Guanosine monophosphate Guanylic acid GMP
Deoxy guanosine monophosphate Deoxy guanylic acid dGMP
Cytidine monophosphate Cytidylic acid CMP
Deoxy cytidine monophosphate Deoxy cytidylic acid dCMP
Deoxy thymidine monophosphate Deoxy thymidylic acid dTMP
Uridine monophosphate Uridylic acid UMP
Inosine monophosphate Inosinic acid IMP
Orotidine monophospahate Orotidylic acid OMP




Nucleoside di and triphosphates

Table 14.3 Some nucleoside di and triphosphates

Name of diphosphate Abbreviation | Name of triphosphate | Abbreviation
Adenosine diphosphate ADP Adenosine triphosphate ATP
Deoxy Adenosine dADP Deoxy Adenosine dATP
diphosphate triphosphate
Guanosine diphosphate GDP Guanosine triphosphate | GTP
Deoxy Guanosine dGDP Deoxy Guanosine dGTP
diphosphate triphosphate
Cytidine diphosphate CDP Cytidine triphosphate CTP
Deoxy Cytidine dCDP Deoxy Cytidine dCTP
diphosphate triphosphate
Thymidine diphosphate TDP Thymidine triphosphate TTP
Deoxy Thymidine dTDP Deoxy Thymidine dTTP
diphosphate triphosphate
Uridine diphosphate UDP Uridine triphosphate UTP




Dinucleotides

Structure of a dinucleotide

The 3" C of one
Nnucleotide is linked
to the 5" C of the
next nucleotide in a
phosphodiester
linkage.
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Examples of dinucleotides as :
Nicotinamide adenosine dinucleotide (NAD)

NH o

<, AL 2

HO OH

Nnicotinamide adenine dinucleotide



Nicotinamide adenosine dinucleotide phosphate (NADP)
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Flavin adenosine dinucleotide (FAD)

FAD—>FADH?2
Flavin Adenine Dinucleotide

@ i
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Coenzyme A (CoA)

B-mercaptoethylamine pantothenate
0 0 ?H ?Ha
| I
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H H H CH,
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Adenine nucleotides and their functions

* 1. ATP is energy currency of cell. In mammalian cells.

e 2. Oxidative phosphorylation of respiratory chain requires ADP. ADP is a
high energy compound.

* 3. Several hormones exerts their action through cyclic AMP or cAMP.

* 4. Adenine nucleotides are constituents of FAD and NAD+, NADP+ (Fig.
14.6), coenzyme

* A and vitamin B12 co-enzyme.

* 5. Diadenosine triphosphate and diadenosine poly phosphate are
neurotransmitters and

e affect platelet aggregation and blood pressure.
* 6. ATP is required for protein biosynthesis.



Synthetic purine and pyrimidine analogs

O O

N
HO o HO\’ 9
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S-lodo-2"-deoxyuridine S-Fluorouracil 6-Azauridine 8-Azaguanine
SH SH
/6 N /6 N
N N
> >

6-Mercaptopurine 6-Thioguanine



Purine analogs

* These have structural similarities to purines.

* They inhibit the enzymes involved in the metabolism of purine
nucleotides.

* Allopurinol:

* Inhibits xanthine oxidase & used in the treatment of
hyperuricemia (gout).

* 6-mercaptopurine:

* It inhibits purine nucleotide synthesis & used as an anticancer
drug.

* Metabolic intermediates:
* These are formed during metabolism of nucleotides

* E.g. hypoxanthine, xanthine & uric acid.



Synthetic Nucleotide analogs & Chemotherapy

Synthetic analogs of purines, pyrimidines, nucleosides,
and nucleotides altered 1n either the heterocyclic ring or

the sugar moiety.

1. The purine analog allopurinol, used 1 treatment of

hyperuricemia and gout.
2. Cytarabine 1s used in chemotherapy of cancer.
3. Azathioprine 1s employed during organ transplantation

to suppress iImmunologic rejection.



Nucleic acids

* OCCURRENCE
* Medical And Biological Importance
* Nucleic acid structure



Occurrence

* Two types of nucleic acids are present in all mammalian cells
including humans.

* They are DNA-deoxy ribonucleic acid and RNA ribonucleic acid.
* DNA is present in nucleus and mitochondria.

* RNA is present in nucleus and cytoplasm.

* Nucleic acids are also present in bacteria, viruses and plants.



Medical And Biological Importance

1. Nucleic acids serve as genetic material of living organisms including
humans.

2. Nucleic acids are involved in the storage, transfer and expression of
genetic information.

3. Nucleic acids contain all the necessary information required for the
formation of individual or organism.

4. Nucleic acids determines physical fitness of an individual to life.
5. Some nucleic acids acts as enzymes and coenzymes.



Impact of the Human Genome Project

on Biochemistry, Biology, & Medicine

Initially unanticipated rapid progress in the late 1990s in
sequencing the human genome led in mid-2000 to the
announcement that over 90% of the genome had been
sequenced. This effort was headed by the International Human
Genome Sequencing Consortium and by Celera Genomics, a
private company. Except for a few gaps, the sequence of the
entire human genome was completed in 2003, just 50 years
after the description of the double-helical nature of DNA by
Watson and Crick. The implications for biochemistry, medicine,
and indeed for all of biology, are virtually unlimited.

For example, the ability to isolate and sequence a gene and to
investigate its structure and function by sequencing and “gene
knockout” experiments have revealed previously unknown
genes and their products, and new insights have been gained
concerning human evolution and procedures for identifying
disease-related genes.

- Major advances in biochemistry and understanding

human health and disease continue to be made by mutation of
the genomes of model organisms such as yeast and of eukaryotes
such as the fruit fly Drosophila melanogaster and the round
worm Caenorhabditis elegans. Each organism has a short generation
time and can be genetically manipulated to provide

insight into the functions of individual genes. These advances
can potentially be translated into approaches that help humans
by providing clues to curing human diseases such as cancer

and Alzheimer disease.

- New “-omics” fields have

blossomed, each of which focuses on comprehensive study of
the structures and functions of the molecules with which each

is concerned. Definitions of these -omics fields mentioned

below appear in the Glossary of this chapter. The products of
genes (RNA molecules and proteins) are being studied using

the techniques of transcriptomics and proteomics. A spectacular
example of the speed of progress in transcriptomics

is the explosion of knowledge about small RNA molecules as
regulators of gene activity.

- Other -omics fields include glycomics,

lipidomics, metabolomics, nutrigenomics, and pharmacogenomics.
- To keep pace with the information generated,

bioinformatics has received much attention. Other related

fields to which the impetus from the HGP has carried over are
biotechnology, bioengineering, biophysics, and bioethics.

- Nanotechnology is an active area, which, for example, may
provide novel methods of diagnosis and treatment for cancer
and other disorders.

- Stem cell biology is at the center of much

current research.

- Gene therapy has yet to deliver the promise

that it appears to offer, but it seems probable that ultimately
will occur



Transcriptomics Proteomics Glycomics Lipidomics

Metabolomics \ / Nutngenomics

Phamnacogenomics €—— Bioinformatics
HGP

// {(Genomics) )
Biocengineering Biotechnology

Stem cell biology
Gene therapy
Nanotechnology

Molecular diagnostics Systems biology Synthetic biology

FIGURE 1-2 The Human Genome Project (HGP) has influenced many
disciplines and areas of research. Biochemistry is not listed since it predates com-
mencement of the HGP, but disciplines such as bioinformatics, genomics, glycomics,
lipidomics, metabolomics, molecular diagnostics, proteomics, and transcriptomics
are nhevertheless active areas of biochemical research.
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Nucleic acid structure

* Primary structure of nucleic acids
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Structure of DNA

Organism %A %G %C %T A/T G/C %GC %AT
| dX174 24.023.321.531.20.77 1.08 44.8 55.2
CHARGAFF'S RULE :
Maize 26.8 22.8 23.2 27.2 0.99 0.98 46.1 54.0
Erwin Chargaff proposed two rules which are called
Chargaff's rule- Octopus 33.217.6 17.6 31.6 1.05 1.00 35.2 64.8
o First: in any double stranded DNA the number of G Chicken 28.0 22.0 21.6 28.4 0.99 1.02 43.7 56.4
residues are equal to C residues and A are equal to
o Second the composition of DNA varies from one Human 29.3 20.7 20.0 30.0 0.98 1.04 40.7 59.3
species to another.
Thus- Grasshopper 29.3 20.5 20.7 29.3 1.00 0.99 41.2 58.6
¢ MG=CiT Sea Urchin 32.8 17.7 17.3 32.1 1.02 1.02 35.0 64.9
» A-T base pairs = C-G base pairs.
+ A<T &C=G Wheat 27.322.722.827.1 1.01 1.00 45.5 54.4
« A+T/C+G= constant for a species, varies from species
s 0 Yeast 31.3 18.7 17.1 32.9 0.95 1.09 35.8 64.4
E. coli 24.7 26.0 25.7 23.6 1.05 1.01 51.7 48.3




The secondary structure of DNA

— A. DMA: structure
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FUNCTIONS OF DNA:

« It is the genetic material, therefore responsible for carrying
all the hereditary information.

« It has property of replication essential for passing genetic
information from one cell to its daughters or from one
generation to next.

« Crossing over produces recombination

« Changes 1n sequence and no. of nucleotides causes
Mutation which 1s responsible for all wvariations and
formation of new species.

« It controls all the metabolic reaction of cells through RNASs
and RN A directed synthesis of proteins.



Nucleic acids

B form - The most common
conformation for DNA.

A form - common for RNA because of
different sugar pucker. Deeper minor
groove, shallow major groove.

A form is favored in conditions of low
water.

Z form - narrow, deep minor groove.
Major groove hardly existent. Can
form for some DNA sequences;
requires alternating syn and anti base
configurations.

36 base pairs
Backbone - blue;
Bases- gray




B.A and Z DNA

B form - The most common 36 base pairs
conformation for DNA. Baikbone - blis:
A form - common for RNA Bases- gray '
because of different sugar
pucker. Deeper minor groove,
shallow major groove

A form is favored in conditions
of low water.

Z form - narrow, deep minor
groove. Major groove hardly
existent. Can form for some
DNA sequences: requires
alternating syn and anti base
configurations.

A form B form




Eukaryotic DNA

Short region of Ve Ve Ve Ve ¢ I
DNA double helix 7 RV LT QUL LT 4 nm

“Beads on a string”
form of chromatin

30 nm chromatin
fibre of packed =
nucleosomes

Section of )
chromosome in an
extended form

Condensed section = T
of chromosome 7IO nm

Entire mitotic
chromosome 1,400 nm




Denaturation of DNA

¢ Denaturation: disruption of 2°
structure

— most commonly by heat

denaturation (melting- the heat t
denaturation of DNA) T 55 DNA

— as strands separate, absorbance T f‘_

At the nitrogenous bases

at 260 nm increases
— increase is called hyperchromicity-

the wavelength of absorption does not change but
the amount of light absorbed increases

— midpoint of transition (melting) |
curve = T, T scona j:

Azen (AU)
|

|
|

— the higher the % G-C, the higher T |
theTm 1 & 1 § T T T T 71

|
< " . . 10 30 Sl 70 30 110
— Renaturation/annealing is possible Temperatura (°C)

on slow cooling
>* Principal use in PCR




Ribonucleic acids (RNAs)

Three Types of RNA

Messenger RNA
Carries instructions for

= ! ' polypeptide synthesis
M essenger R NA (m R NA) u - l L‘.L-"' u frompnuc:eus tyo ribosomes
- Carries information from DNA in in the cytoplasm.

the nucleus to ribosomes in the
cytoplasm | .

> o Ribosome
R. Lﬁd -
- Ribosomal RNA (rRNA) (A RbosomalRNA
- - - orms an important part o
- Combines with protein to form t‘;‘f;\.\ 5, both subunits of the
ribosomes o O ribosome.
Amino acid
- Transfer RNA (tRNA)
- Transfers amino acids to o boiophists AR
ribosomes to help build proteins REOEcnE S Wi

them 10 the coded mRNA
message.






Nucleotide

Building block or monomeric unit of Nucleic Acids
The major constituent of nucleotides are

d

l l I

1.Nitrogenous Base: 2. Pentose sugar 3. Phosphate .
| l
l' | | 1
+a) Purine Base *b) Pyrimidine Base Ribose sugar deoxyribose sugar
(Adenine/Guanin o( Cytosine/Thymine (in RNA) (in DNA)
e) /*Uracil)
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