BIOCHEMISTRY

INTRODUCTION



1. Definition voui i lie bckrisig? Chemb% of lfe (Shoky muciomleoles)
dScience concerned with chemical basis of life

] Science concerned with the chemical constituents of
living cells and with the reactions and‘processes that

they undergo _wdectles - chepisity (Cur})Othﬁe (ynorosaccloride
ik ol

2. The aim of biochemistry = < 71 oy (e o ks

Describe and explain, in molecular term, all chemical
process associated with living cells

Isolate the numerous molecules found in cells

Determine their structures—=+
_}emﬁwgﬂfk Ganchion

Analyse how they function<>)m;e.\n i



3. Knowledge of biochemistry is

essential to all life sciences.
pige,  reotiprhisd 18 B

e Physiology: overlap with biochemistry

. Immunology need biochemical techniques.<.- wwes
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e Pharmacology: drug nﬁw and interaction %+
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athology: inflammation, cell injury and cancer

e TOXiCOlOgY: POISONS - =t ks resp il

e microbiology: A9 e oesh = i
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4. Reciprocal relationship between biochemistry

& medicine has stimulated mutual advance
QMo 488 8N oss < NSy, A cLaDa N Lt Stk <64 <>
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(a) Biochemistry studies have illuminated many aspects of

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

N
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For example, knowledge of protein structures and function was
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_ necessary to elucidate the difference between normal and

“(sickle cell hemoglobin) =l e =l ol s
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5. Normal biochemical processes are the basis of health
Definitionof*healthi(WHQ) - [ =op) =i Besepl o)
> Vs > Qac S, :
“Complete physical, mental & social well-being and not
merely the absence of disease and infirmity”
AL hed pamzy)
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A strictly biochemical viewpoint about health: The situation
in which all of the many-thousands of intra-8-extra cellular
reactions that occur in the body are proceeding at the
rates commensurate with its maximal survival in the
physiological state
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6. Biochemical research has impact on nutrition and
preventive medicineB
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7. All diseases have a biochemical

basis
(1) Physical agent: PR ,émaxj
«&&umechamcal trauma, extremes of temperature,
sudden changes in atmospheric pressure, radlatlon electric
ShOek 441 i) ) ) o Y t\mé
(2) Chemical agents: lish s
drugs, certain toxic compounds, therapeutic drugD
(3) Biologic agents: "
Viruses, Bacteria, Fungi, Higher forms of p_a@

(4) Oxygen lack
u‘oL'q's‘x\<ﬁ
loss of blood supply, depletion of the oxygen-carrying
capacity of the blood, poisoning of the oxidative enzyme
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(4) Genetic disorders: <w.dcwpsil
Congenital, molecular
=i2ls O

(6) Immunology reaction

Anaphylaxis, Autoimmune disease
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(7) Nutritional imbalance: (25 sysh i)

Deficiencies, excesses

(8) Endocrine imbalances

hormonal deficiencies, excesses



8. Biochemical studies contribute to
dlagn05| Qprognosm & treatment)

U\Q)U)JL/[ \,D>Z 3\& B Yb\lk
Dlsease causes
SCUIVY wor by pal Deficiency of vitamin C
Rickets v ;L Deficiency of vitamin D
Arteriosclerosis Y Genetic, dietary,
el e environmental factors




Disease

causes

—
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Phenylketonuria

Mainly mutation in the gene
codingphenylalanine hydroxylase
Y 2 s0b <

Cystic fibrosis v (s <3}

Mutation in the gene coding the
(CETR)PFotein )i <ot o)
LQDSHC floasis Wonsmembiane conoluclonce

Cholera ~~ 1 ¢

exotoxin of ibrio cholera)
ST UIEES NG

Diabetes type I+ £
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genetic and environment factors

resulting in deficiency of insulin
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9. Many biochemical studies illuminate
disease mechanisms & disease inspire
biochemical research

Use

\;z\gq

Example

I N

(1) to reveal the
fundafenttal causes
&mechanisms of
diseases

Demonstration of the genetic
defects in (CF)

(2) to suggest fational
treatment of diseases

use of a diet low in phenylalanine
for the treatment-of
phenylketonuria

(3) to aSSISt in the
diagnosis of specific

dlseaseL e

use of the plasma enzyme CK-MB
in the diagnosis of(myocardial
infarction)~ (.ua%y)




Use

Example

— @%\‘d{f stmulrhon hoore

C/DS(—’)

(4) To ac as screening
Ltests for the early dlagn05|5

of certain diseases
> UJ\I,D]

use of(measurement of blood
tyrosine or{fSHY in the neonatal.-,
diagnosis of(congenital  ~ e

hypothyroidism) 5
\{TQ)\%\ ’c'>(;9jx“ 0_,@ _D»PS<

—alowe amitolorsTeine

(5) To assist in monitoring
the progress of certain
disease L- \»&

use of the plasma enzyme (ALT)in
monitoring the progress of

(infectious hepatltlsy ~ orCifpembipiic
<olordl AS| AGW S | antiogel!

(6) To assist in asse\ésiﬁg
the response of diseases to
therapy s #s

use of measurement of blood (éEA)
in certain patients who have been

treated for @@ncer of the colonb
Ceh SNV
desall Colbynll Spiad) <




THE MOLECULAR COMPOSITION OF
CELLS - (s cql)

dMostly Water: ~80%

QOf remainder weight: zo%)
OLipids, fats: 10%
dCarbohydrates: 15%
dProteins: 50%
dNucleic Acids: 15%

L Proteins are key ecules (play many structural and
functional roles in cells) SHY Dol

dNucleic Acids (DNA, RNA; DNA(stores hereditary information in ceID

LAt some level, chemical forces determine of molecules and
shape determines{unction



most important type of bonds

strongest t?/pe of bond - strength ~
80 kcal/mo whol s Y covoledt kord % o A Single line represents a single

bond

A covalent bond is the sharmg S
of a pair of electrons |

There is free rotatlon\ibout a single

H H

covalent bond, but no
double or triple bond. s in sivle bowl ~E—Cc—H

Covalent bonds also have a fixed
angle’n— (o, 2a4))

Some covalent bonds involve
unequal sharing of electrons.

O A Double line represents a Double Bond
about a ”



1. COVALENT BOND

(dSome atoms hold onto electrons more tightly
than other atoms. The tendency to attract

electrons is a measure of el ty of
an atOm hﬂc GJDM ©€ Q\DW\ }O C(chr We e)écL@lt’
> He hioes elac#o?vx@uhvﬁrp I
Oxygen is a more elect gative atom compared to hydrog
and thus an C | is considered a |
dCarbon and hydrogen have similar electrone gatvities,

therefore, a C-H bond is considered lar.




2) HYDROGEN'BONDS .- .. 120 b § o 10F
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QAttraction between a slight positive charge on a hydrogen
anm and a slight negative charge (N, O or F) on a nearby
atom

dStrength of bond ~ 5 kcal/mol (relatively weak)

dStrongest when the donor, the hydrogen and the acceptor are
about™0.25 nm apart o

dHydrogen bonds«giverorder and structure to'molecules

A single hydrogen bond is weak, however, most molecules are
made up of many

dHydrogen bonds; leads to overall strength of molecule
=P




2) HYDROGEN BONDS

7\
dProperties of water are determined by wdregensbonding

Interactions.

dWater is highly structured even when liquid. Formation of ice is due
to the lattice array of hydrogen bonds.

Lo o e fenpetue the kool in wiler become e shoble <o fial
fle deails o alfoded 1, ot bltice arvay

dHydrogen bonds form between different regions of a protein

dIn an aqueous environment, these regions will from hydrogen
bonds with water molecules. These molecules'adopt-a-more

favorable conformation when they interact with water.
I I 1 Eof

— e mien - oqleois envi@nmen} formolion
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Qelectrostatic interaction between two oppositely charged
groups in a molecule

dLimiting cause of unequal sharing of electrons; one atom
keeps the electron Aol <lory He eecan

NaCl =>Nat + CI ~,
d unequal sharing of electrons, CI- keeps both electrons.

dStrength of ionic bond is about 3-7 kcal/mol;
strongest when the two atoms are about 0.28 nm

apart m—asbyelsh Bl Pse el
(o ad o ) e

1In solution this group becomes ionized, loses a
~—=(}" _
proton and becomes negatively charged



Charged atoms are held by a force called Coulombys lam:

F=glg2 RIR)

Force of attraction 18 proportional to the charges (g) of the two
groups and the distance (B) betmeen them




L e bpe ¢

Dlondon Forces 3~ belyeen any bwo alons ond Mdecies.
@ Tncuced o?fdcn\e inbeYoiction
@) OK\‘P)\e - Of\'pole Wkl hon 3+ behwean hyo ﬂJOW rolecitlos 2

Nonspecific attractive force that occurs when anysiwe
atoms come in close range
EESARIR

AMost favorable when atoms are 0:2=0.3 nmrapart

dTransient polarity induced between atoms a nonpolar
bond leads to attraction with nearby atoms

QVery weak interaction

dstrength is ~1 kcal/mol. However the sumrof"many*Van Der
Waal interactions leads to increased strength and stability



4) VAN DER WAAL INTERACTION
NSNS > o) )2 éw\és Mjé—%);<]

L) 3\l Uiyl o]

LExample: A ligand interacting with its receptor is
accomplished by many noncovalent ini tions such as
Van Der Waal interactions
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QOverall, 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)

dIn 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). ===

dHydrophobic: (“water hating”) uncharged, nonpolar molecules,
don’t interact with water

OHydrophilic: (“water loving”): charged or polar molecules;
from hydrogen bonds with water
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QIonic-dipole J@INHJ e o oml ol nlaes

QDipole-dipole [ (L5 beuen b ploc weake

dThe shape that biological macromolecules adopt is

dependent on a large number of molecular interactions.
Lmdé hon ore. Wleecion



Most biologically important macromolecules are
polymers, called biopolymers.

dBiopolymers fall into three classes:
dproteins,
dpolysaccharides (carbohydrates), and
dnucleic acids.



dThe most abundant biological compounds

QStructurally related but have a different chemlcal>
properties Sg\sed 25 4G]G8 Hali3 N 2 SR <

QInvolved in the storage and transport of energy (Starch;
Glycogen)

QAs structural component (Celluloserinsplants and«Chitin
in animals)

dDivided into:dMonosaccharides , disaccharides and
Polysaccharides



1) GENERAL FORMULA FOR A SUGAR
(M;‘@\a“;\%f@b;

d (CH20)n e.g. Glucose C6H1206

QIn all sugars, n-1 of the carbons has a throxyI (OH) group and the C-
1 carbon has a carbonyl (C=0) group. The locationioRtheicarbony!
group and the orientation of the hydroxyl groups determine the type
Of sugar. what i< 7]

QIf the carbonyl group is at the end (an-aldehyde group) then it is an
aldose (e.qg. dl ucoseg)

QIf the carbonyl is in the middie«(aketone'group) then it is acketose
(e.q. fructose\S

dSix carbon sugars are called hexoses (e.guglucose)
dFive carbon sugars are called pentoses (e.garibose)
dThree carbon sugars are called trioses (e.g. glyceraldehyde)

(gvcm: s%dur) é- _il;_ _%_E_DH



2)CONFORMATION OF SUGARS - ( %)

a)Monosaccharides P
dGlucose is more often found in a ring form jn solution

o =

QOThe Orientation of the OH group on the C-1 carbon can be either in
the &lpha (below the plane of the ring) or [eta (dbove the plane of

the ring) position

Carbon &

Cydlizes in Scluton CH,OH
g CiH il H H H Carbon & H
2
\ - _l — — I_I —[:II—I )Cﬂfbilﬂé HH 1 Carbon 1
AT : o
H

OH H OH H u op  bostion

Carbon = Carbos 9




SUGARS, CARBOHYDRATES

BDISHGEERES ~ =7 for 7

L Disaccharides consist of two Monosaccharides linked
by a covalent bond:

OLactose:(:form) corpoert far ?>
Q(Galactose ( 1-> 4) Glucose) <

dThe 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 Iactose-
Intolerant.

(G («pcib%gwaﬁ Pty ESYE
CH,CH CH,OH
OH O H o OH
HH 5 o HH Iﬁ
H I | | u

oﬁ(@@ OH o on (B of (o)



SUGARS, CARBOHYDRATES

E)PGlySaceharides — -

dPolysaccharides consist of many monosaccharide units
(usually glucose monomers) linked together to form long
chains.

Qe.g. starch, glycogen, cellulose

OPolysaccharides are used as a form of storagelofenergy
and also forsstructural roles:

LStarch is an unranked polymer-of Glucose (11=>4)
linkage pesee L nonber=of Yoord (| —4)

Cellulose - plays an important structural role in plants;
one of the most abundant molecules on earth. it is an
unbranched polymer of glucose in ( 1->4) linkage.




contoin (Cool)+ ]/\'_’] ohecarion

dfatty acid by adding a carboxyl'group:(COOH):group«tora
hydrocarbon

A S 208 s lgo e
dA fatty acid is an amphipathic_molecule: contains both
hydrophobic and hydrophilic portions

L, ity Worer™ L by k™
> livucen ole

dThree fatty acids and one glycerol molecule can be
combined in a dehydration synthesis to from a lipid (a

triglyceride). B e oy oo ol o fem e



LIFigIVEEridEs are major storage forms of fatty acids inside cells

ANANS T _(!:I; *\ >

3 Fatty Acids

AANANANAT T
Tracylglycerol (trigylceride)



dA subgroup of lipids that-play a key-role in cell structure.
Phospholipids are formed by combining @wo fatty"acids and a
phosphate group

O
hydrophobic, uncharged region — D—]E!— O

O — hydrophilic, charged
Eroup



PHOSPHOLIPIDS

dThe phospholipid can also be represented as:

QIn solution, phospholipids will assemble to form micelles.
e n ST Sae Joke =
A\ <5 plosphljoid
N> kgd@ol/u‘{ic heod P il
> hyflophebic Wils fom istle




PHOSPHOLIPIDS

OPhospholipids form a lipidibilayer in-an-aqueous solution. A typical
cell is enclosed by a plasma membrane, which is made up of a
phospholipid bilayer

dThe hydrophobic interior of the plasma membrane is impermeable
to charged or polar molecule Lo s
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Qhave many functions in the cell
Ostructural and functional roles

105 different kinds of proteins made in eukaryotic cells
sl Zes= s S

dProteins are polymers of building blocks known as'amino
acids

L20-different amino acids and so can make 20n combinations

of proteins length n— n=lengfh

el 1f =2 wlalote e dDOSS“H& cafbinatin ‘¢
20" _ 20 %90 = Y00 comblughion



AMINO ACIDS & PEPTIDE BONDS

_ lhe ehly et beheen amito ocld.

R group (side chain) varies among the 20 different amino acids. 20
different amino acids make up all proteins

(Io-20) myoners
{q;

QPeptides_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 second amino acid

whelk s wean He pﬂefh?

QA long polypeptide made up of many amino acids is called a
protein. Each protein has a specific order of amino acids and
adopts a particular shape — which is determined by the sequence of
amino acids

g H ©
Group H w7 ﬁ._ mH  Carboxgl Group
i thon
1 aipha Carb
E

Side Chain



LEVELS OF PROTEIN STRUCTURE

(oﬁ\WW@ /secoMqB ond jveﬁ”Jrl‘o»B tiche —> ohe chaiv

bt Quo\jreﬁ\af_m SictnE —> e H\O\V\ ole choln

(L) PFIMAFYISERUCEURE - ... 1) o) \es 153
The linear sequence of amino acids (e.g. NH3+..met-cys-leu-lys-

gu;C00%) gl o padd S0

C‘/jﬁ; The llocal arrangemenﬁ of amino acids that are close together in the
- linear chain|to form structures that includeshelices =pleéateéaisheets

and random coils and loops.

d@' s 2l i
#y» (Spatial arrangng:gﬁ\ of amino acids that are far aFart in the linear
- polypeptide chain\tesform thefull"3-dimensional*(folded) structure of

e protein. Also includes disulfide bonds = e

Interaction of more than one polypeptide chain; association between
different proteins to form complexes Such®as dimers, trHmers)
tetramers
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Litiear Polypephde Fold
. 5 N Full folded 3D
@Fﬁm@ shincure \f Struchire
g
Hemoglobin

(oligotmeric a Consits of 4 polyp[eptde
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