BIOCHEMISTRY

Introduction
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1. Definition
Science concerned with chemical basis of life
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Science concerned with the chemical constituents of
living cells and with the reactions and processes that they
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2. The aim of biochemistry
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Describe and explain, in molecular term, all chemical
process associated with living cells

Isolate the numerous molecules found in cells

Determine their structures et ok i

Analyse how they function 0
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3. Knowledge of biochemistry 1s essential to all
life sciences
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- Physiology: overlap with biochemistry
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- Immunology: need biochemical techniques -
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- Pharmacology: drug metabolism and interaction
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- pathology: inflammation, cell i Ml}ljury and cancer
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-Toxicology: poisons-
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- microbiology:
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(a) Biochemistry studies have flluminated many aspects of health &

(b) The study of various aspects of health & disease has opened up

new areas 0f b10ChemISiry  am s g s v i

For BXGHIE, knowledze of BrOtEiTISiFuCHreS GMnGHOR WA
necessary to elucidate the difference between normal and sickle cell




W o




. . : i i i .
5. Normal biochemical processes are the basis of health
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6. Biochemical research has impact on nutrition and preventive
MEAICTINE syt o soms s i
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7. All diseases have a biochemical basis
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(1) Physical agent:
mechanical trauma, extremes of temperature, o
sudden changes 1n atmospheric pressure, radiation, electric shock
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(2) Chemical agents: ~ sk
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ldrugs, certain toxic compounds, therapeutic drugs
(3) Biologic agents:- s

|Viruses, Bacteria, Fungi, Higher forr;gwg%mggzzﬁg‘s
(4) Oxygen lack - s

loss of blood supply, depletion of the oxygen-carrying capacity of
the blood, poisoning of the oxidative enzyme “&isaxis
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|Congenital, molecular
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}Anaphylaxis, Autoimmune disease
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Ihormonal deficiencies, excesses
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8. Biochemical studies contribute to diagnosis,
prognosis & treatment
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Disease
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Use Example

(Screening tests) gﬂ LIS Jand) & (TSH) 48,30 3330 Shaal) ¢iga gl sf p‘“ gi s Gl e‘-h-w‘
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THE MOLECULAR COMPOSITION OF
CELLS - »&=

o Jgs
Mostly Water: ~80% | e swsnosin s s
sl sl e
Of remainder weight: i
o . %50 :<lisig ylle
Lipids, fats: 10% 15 s i
Carbohydrates: 15%
L7~ Proteins: 50%
" #7 Nucleic Acids: 15%
Al dadudal) iy jal) o il gl
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Proteins are key macromolecules (play many structural and functional roles
IIl CCHS) (RNA 3 DNA) &g sill palaa¥)
. . . . a,:xu\dsui.,.:.n st e glaall ¢ 3% DNA psis Cus
Nucleic Acids (DNA, RNA; DNA stores hereditary information in cell
b b
At some level, chemical forces determine shape of molecules and shape

determines function. ...c.wics s s, .
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THE FORCES THAT GIVE THESE
MOLECULES THEIR PROPERTIES
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1. Covalent bond ot b 3
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emost important type of bonds otassshsrih
estrongest type of bond — strength ~ 80 g g ASnelclierepracs s ungl
kcal/mol P =

H—C—C—H
e A covalent bond is the sharing of a pan |
of electrons -..ccowswpinain

e There 1s free rotation about a single O ADouble line represents a Double Bond
covalent bond, but not about a doubleor  __ I
trlp]e bond. e s,
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eCovalent bonds also have a fixed angle.

eSome covalent bonds involve unequal
sharing of electrons. . s st m 0
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1. COVALENT BOND -
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e Some atoms hold onto electrons more tightly than
other atoms. The tendency to attract electrons is a
measure of electronegativity of an atom

o Oxygen is a more electronegative atom compared to hydrogen,
and thus an O-H bond is considered a polar bond. ™ &l

e Carbon and hydrogen have similar electronegatvities,
therefore, a C-H bond is considered nonpolar.
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2) HYDROGEN BONDS -
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Attraction between a sllight positive charge on a hydrogen atom and a
slight negative charge (N, O or F) on a nearby atom

Strength of bond ~ 5 kcal/mol (relatively weak) o< smesssssmiis

Strongest when the donor, the hydrogen and the acceptor are about
0.25 nm apart A A g e St ol 058
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Hydrogen bonds give order and structure to molecules

A single hydrogen bond is weak, however, most molecules are made
up Of many OGS A Baa) o) At g jasgd) Adagl
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Hydrogen bonds; leads to overall strength of molecule
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2) HYDROGEN BONDS

Properties of water are determined by hydrogen bonding
1nteraCthns e ) S A L) G s

Water is highly structured even when liquid. Formation of ice is due to
the lattice array of hydrogen bonds. —sssuwassimme s as
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Hydrogen bonds form between different regions of a protein

In an aqueous environment, these regions will from hydrogen bonds
with water molecules. These molecules adopt a more favorable
conformation when they interact with water. g ek giin o 5D )
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3) IONIC BONDS - -+~
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electrostatic interaction between two oppositely charged groups
in a molecule

Limiting cause of unequal sharing of electrons; one atom keeps
the eleCtron osewem s e ey b 2 2 ot

NaCl [INa+ + CI-
S NG (CI) ol 33 Jadiad  Alsial) p & Laa) Ala b

unequal sharing of electrons, Cl- keeps both electrons.

Strength of ionic bond is about 3-7 kcal/mol; strongest
when the two atoms are about 0.28 nm apart >:72l2200m0s

L Fagili 0,28 s>

In solution this group becomes ionized, loses a proton and
becomes negatively charged ... ccow e,
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Charged atoms are held by a force called Coulomb/s lam:
F=qlqg2/ RI(R)

Force of attraction 1s proportional to the charges (q) of the two
groups and the distance (R) between them



4) VAN DER WAAL INTERACTION - -

Nonspecific attractive force that occurs when any two atoms
come in close range »= <~ =520,

Most favorable when atoms are 0.2-0.3 nm apart
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Transient polarity induced between atoms a nonpolar bond
leads to attraction with nearby atoms . s
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Very weak interaction

strength is ~1 kcal/mol. However the sum of many Van Der Walls
interactions leads to increased strength and stability . . ...
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4) VAN DER WAAL INTERACTION

e Example: A ligand interacting with its receptor 1s accomplished
by many noncovalent interactions such as Van Der Waal
Interactions o o e i) S8
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5) HYDROPHOBIC INTERACTIONS/
ENTROPY - osos
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Overall, a molecule is held together by many interactions. A
molecule forms a particular shape because it likes to adopt the
lowest energy state (minimize entropy) AR s e 203
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In adopting this shape, the alternative conformations are selected,
and the groups that cannot form hydrogen bonds with water (the
hydrophobic ones) tend to cluster on the inside of the molecule
(away from water). s
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Hydrophobic: (“‘water hating’’) uncharged, nonpolar molecules, don’t
interact with water

Hydrophilic: (“water loving”): charged or polar molecules; from
hydrogen bonds with water oy
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OTHER INTERACTIONS
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e Ionic-dipole ol s

e Dipole-dipole - =
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e The shape that biological macromolecules adopt 1s dependent
on a large number of molecular interactions.
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MACROMOLECULES - ...

e  Most biologically important macromolecules are polymers,
Called biOpOlymerS.mw@@ 2 gl L) 03 Lkl iy sl pline

.(Biopolymers) 4 g & jadl g3 andiy

e Biopolymers fall into three classes:
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. proteins, o j““é"
o polysaccharides (carbohydrates), and
. nucleic acids.



SUGARS, CARBOHYDRATES -
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The most abundant biological compounds
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Structurally related but have a different chemical properties

Involved 1n the storage and transport of energy (Starch,
Glycogen) BB i 0385 B A5

(O 5836 Ly

e As structural component (Cellulose in plants and Chitin in
animals) pergpases
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e Divided into: Monosaccharides , disaccharides and
Polysaccharides ...omuomws”™

(Disaccharides) & il Sue
(Polysaccharides) 333is Cly Sue



1) GENERAL FORMULA FOR A SUGAR
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In all sugars, n-1 of the carbons has a hydroxyl (OH) groﬁp and the C'-il carbon
has a carbonyl (C=0) group. The location of the carbonyl group and the
orientation of the hydroxyl groups determine the type of sugar.

If the carbonyl group is at the end (an aldehyde group) then it is an aldose (e.g.

glucose) Ry
.. o o, c (G385 )
If the carbonyl is in the middle (a ketone group) then it is a ketose (e.g.
fructose) ey e 1
(S5 S Jha) i puash andd (15008 S 6 A (g 5T (A Sl IS Sl (and — (O Ao sana)

Six carbon sugars are called hexoses (e.g. glucose) G
S (G2 Je) am:h.uzuéu_waussﬂ (S A el Sl
Five carbon sugars are called pentoses (e.g. ribose)
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Three carbon sugars are called trioses (e.g. glyceraldehyde)
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2) CONFORMATION OF SUGARS

il Sl &1 4 Jaaal

a)Monosaccharides wws s
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Glucose 1s more often found in a ring form in solution:

The Orientation of the OH group on the C-1 carbon can be either in the
alpha (below the plane of the ring) or beta (above the plane of the ring)
position
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Cydlizes in Solution
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SUGARS, CARBOHYDRATES

b)Disaccharides -~ *~

eDisaccharides consist of two Monosaccharides linked by a
covalent bond: e omen o s iy ci g s

eL.actose ( fOI'm) 0 O3S (lal %) JsESSl

LSS (4o1) Sy

o(Galactose ( 1->4) Glucose)

eThe enzyme lactase breaks down lactose to glucose and
galactose. Many adult individuals stop synthesizing lactase
enzyme. As a result a large percent of certain populations
becomes lactose-intolerant.
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SUGARS, CARBOHYDRATES

¢) Polysaccharides - ==~ e i O i e 53
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ePolysaccharides consist of many monosaccharide units (usually
glucose monomers) linked together to form long chains.
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ec.g. starch, glycogen, cellulose s oms

ePolysaccharides are used as a form of storage of energy and also
for structural 101es. «. s e s

(A1) Bl 55838 a £ 1 il s sa LA

.+ “eStarch 1s an unranked polymer of Glucose ( 1-> 4) linkage

eCellulose — plays an important structural role in plants; one of
the most abundant molecules on earth. i1t 1s an unbranched
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biopolymers ¢~ s¢
macromolecules 0

fatty acid by adding a carboxyl group (COOH) group to a
hydrocarbon = coomsssemis s s

A fatty acid 1s an amphipathic_molecule: contains both
hydrophobic and hydrophilic portions s mmmm s s a s

(Hydrophobic) stall o \S ¢ 5ae
.(Hydrophilic) stall ciaa ¢ 52 g0

Three fatty acids and one glycerol molecule can be
combined in a dehydration synthesis to from a lipid (a
triglyceride).  mswosmomoins,

Dehydration synthesis) stall g 3 Jolii J3& (e
(Triglyceride) 4 il (G (R (g8
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Triglycerides are major storage forms of fatty acids inside cells

ANANSTF 0
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1 Glycerol Bo
3 Fatty Acads
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Tracylglycerol (trigylceride)



PHOSPHOLIPIDS -+
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A subgroup of lipids that play a key role in cell structure. Phospholipids
are formed by combining two fatty acids and a phosphate group
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hydrophobic, uncharged region CH..: QO
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hydrophilic, charged
group



PHOSPHOLIPIDS

o The phospholipid can also be represented as: v s - s

hydrophilic head

AAAAL)

hydrophobic

tails

(Micelles) cSbiall (350 st shondl) gani (Jstaal 3

o In solution, phospholipids will assemble to form micelles.

Hydrophobic center,
hydrophilic exterior



PHOSPHOLIPIDS
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Phospholipids form a lipid bilayer in an aqueous solution. A typical cell is
enclosed by a plasma membrane, which is made up of a phospholipid
bilayer

The hydrophobic interior of the plasma membrane is impermeable to

charged or polar molecule = » e
Agkal) 5f A5 gadiall il sall

<~ Hydrophilic exterior (interacts with aqueous
environment)
Hidsophilidintenior of lipid Hilayey
&ggggggg\/ Hydrophxhc cxtenor interacts with aqueous
environment)

Cytoplastm




PROTEINS - -
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have many functions in the cell

structural and functional roles

105 different kinds of proteins made in eukaryotic cells
Proteins are polymers of building blocks known as amino acids

20 different amino acids and so can make 20n combinations of
proteins length n
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AMINO ACIDS & PEPTIDE BONDS
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R group (side chain) varies among the 20 different amino acids. 20
different amino acids make up all proteins

Peptides_are oligomers of amino acids formed: via a dehydration reaction
when the carboxyl group of one peptide is linked to the amino group of a
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A long polypeptide made up of many amino acids 1s called a protem Each
protein has a specific order of amino acids and adopts a particular shape —
which i1s determined by the sequence of amMinNO ACIAS s s o s oe sesita s s e s
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LEVELS OF PROTEIN STRUCTURE

(Primary Structure) ¢1s¥) cuS i)

(1) Primary Structure sl i el

(NH," ... met—cys-leu-lys—glu ... COO :Jix) )\JO

Cop
The linear sequence of amino acids (e.g. NH3+..met- -Cys- leu lys-glu...COO-) )

(2) SECONAATY SEIUCTUIE 5008 oomim s s i n i i s o i

Al gdiad) Clilal) g ALY (B-pleated sheets) &3 shall Uy giliall (g-helix) Wi ¢s5iad

The local arrangement of amino acids that are close together in the linear chain
to form structures that include -helices, -pleated sheets and random coils and
loops.

(Tertiary Structure) u.de\ [Egi]
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(3) Tertiary Structure ~ i g 4 81 58 o g

(Disulfide bonds) <y SH Al Jayl g5 Ul Jad g

Spatial arrangement of amino acids that are far apart in the linear polypeptide
chain to form the full 3-dimensional (folded) structure of the protein. Also
includes|disulfide bonds | -+ 395 Rl oo 8 5125 01

(4) Quaternary structure

Interaction of more than one polypeptide chain; association between different

proteins to form complexes such as dimers, trimers, tetramers 0
» @"\r\f’:(}\ m@’mroﬁﬂ,&q' Q)b}l]\t (Quaternary Structure) S cuS 3
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