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Structure of amino acids .. i
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Proteins are diverse in function but share common structural
feature of being linear polymers of a-amino acids (20 aa in nature)
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Amino acids are very small biomolecules with an average
molecular weight of about 135 daltons: 2/«
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They exist naturally in a zwitterion state where the carboxylic acid
moiety is ionized and the basic amino group is protonated

In amino acids, COOH has a pKa (about 2) lower than that of
normal carboxylic group (4-5) due to the presence of nitrogen which
acts as electron withdrawing group (2159 el sl S COOM % o
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Structure of amino acids

carbon that bears the nitrogen.
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They are classified as a, b, g, etc. amino acids according the
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Amino acids are devided into: essential and non-essential
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The essential are lle, Leu, Lys, Met, Phe, Thr, Trp, His and Val. while
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Common to all c-amino
acids of proteins

n our bodies

Side chain

is distinctive
for each amino
acid.

. | «-Carbon is
between the
carboxyl and the
amino groups.
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1. Nonpolar amino acids
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Include: Alanine, Glycine, Isoleucine,
Leucine, Methionine, Phenylalanine, Prol
Tryptophan, Valine
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Nonpolar amino acids share only in
hydrophobic interaction (No hydrogen or

ionic bonds) which stabilize the protein
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Determine the three dimensional shape
and their location in the cell.

?'

Proline contains imino so it interrupts the a-helices in globular proteins and contributes to the formation of fibrous prot
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1. Nonpolar amino acids
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2. Uncharged polar amino acids

In%lude: Asparagine, Glutamine, Serine, Threonine, Tyrosine and
Cysteine
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form hydrogen bond with other polar aa
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Present outside of the proteins that function in aqueous =
environment and in interior of membrane associated proteig&.
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Cysteine has sulfhydryl group which can be oxidized to form a
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2. Uncharged polar amino acids

UNCHARGED POLAR SIDE CHAINS
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3. Acidic amino acids > =«
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Include: aspartic acid, Glutamic acid
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The side chain dissociate to COO at physiological pH
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Include Histidine, Lysine and Argenine

10425 side chain 4
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Side chain is protonated and generally has a positive charge at

physiological pH. i -
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Abbreviations and symbols of amino
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Unique first letter
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+Cysteine > Cys —> C
*Histidine — His —> H
sIsoleucine — lle — |
*Methionine —> Met > M
*Serine > Ser —> S
*Valine — Val = V

Most commonly occurring amino acids
have priority

1iall A s SSYI alaayl
+Alanine — Ala — A
*Glycine — Gly —> G
sLeucine = Leu— L
*Proline — Pro — P
*Threonine = Thr > T

Similar sounding names

tlajuel o3 gl Lajled alead
*Arginine - Arg —> R
*Asparagine — Asn —> N
*Aspartic acid — Asp —> D
*Glutamic acid = Glu > E
*Glutamine - GIn —> Q
*Phenylalanine — Phe — F
*Tyrosine — Tyr =Y
*Tryptophan — Trp > W

Letter close to initial letter
*Aspartate / Asparagine —> Asx —> B
*Glutamate / Glutamine — GIx > Z
sLysine — Lys > K
*Undetermined amino acid — X

acids

BB unique first letter:

Cystiene = Cps=s C
Histidne = Hs = H
koleucine = b = |
Mothioring = Mot = M
Serw s« Serwm S
Valine « Vol = V

. Most commonly occurring

amlno acids have priority:

« Asn= A
C'rcino = Gy= a
Leucine = Llewwe L
Proine « Froms P
Theaoning a Th = T

. Similar sounding names:

Argrine = Arg = R ["sRginine™)
Aspaagine = Asn = N [contains N)
Aspatane = Asp = D ["ssparDic”)
Glutamate = Giu = E ("glutEmate”)
Ghutaming = 0in = Q ("G-tamine™)

Phemyalarine = Phe = F (“Ferrylslanine™

Tyrcsine = Tyr = ¥ [“t¥rosine™)

Trplephan = Trp = W (double ring in
he molecule)

3 Leter close to initial letter:

Aspartsteor = Asx = D {near A)
asparagine

Gluamateor = Gix = Z
glutamine

Lysine = Llysms K (nearl)
Undetermined = X

amino acld
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Abbreviations for the

Amino Acid | Abbreviation

Three |One

letter | letter
Alanine Ala A
Arginine Arg R
Asparagine |Asn  |N_
Asparticacid {Asp D
Cysteine Cys |C
Glycine Gy |6
Glutamine  |GIn__|Q
Glutamicacid |Glu _ |E
Histidine His _|H

ne I
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NONPOLAR AA SIDE CHAINS

e 9 amino acids

o Glycine-H~ = Adival Cn gede
(o 028 el 7
o Alanine, vallng,ueucme and jsoleucine (hydrocarbon) -CH

o Methione- W*YCH -CH,-S-CH,

o Proline- cyclic pyrrolidine

nonp D oo A = emakic,

o Phenylalanlne (phenyl) and tryptophan (indole)- aromatic

o Hydrophobic-tend to reside in core of protein chain
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Aliphatic hydrocarbons Aliphatic hydrocarbons
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liphatic hydrocarbons Aliphatic hydrocarbons
Leucine Isoleucine Phenylalanine
i hain of Ph lalaning
Phenyl (benzene ring).
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Tryptophan Methionine Proline




UNCHARGED POLAR AA SIDE CHAINS

6 amino acids
Serine, threonine, and tyrosine (hydroxyl) <OH (H bond)

Asparagine and glutamine- carbonyl and amide (H bond)
Tyrosine- aromatic/phenolic

Cysteine-thiol -SH

Cysteine can form disulfide bonds with another cysteine

Uncharged polar AA can form H bonds
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Hydrophilic- tend to reside on outer surface of a protein

UNCHARGED POLAR SIDE CHAINS
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CYSTEINE CAN FORM DISULFIDE BOND

o Cpteine anfoma |

|
(=0 NH
disulfide bond with |, |
| H=C=th=s tH- Gy
another cysteine | ek |
\H (=0
through oxidation of e |
, (ysteine g stene
the two thiol groups i ¥ i
ol
Importantfor | |
(=0 \H
protein folding | |
oystine  §-¢- (=5 =5={H=C~H
structure and J\a,\ﬁ., o |

CHARGED POLAR AA SIDE CHAINS- ACIDIC

® 2 amino acids

® Contain extra acidic groups

® Aspartic acid and glutamic acid

® The fully ionized forms are called aspartate and glutamate

o Negatively charged at physiological pH



ACIDIC SIDE CHAINS

pK1 = 21 \
Y H
CO CO0
N\\@ | |
pKy=9.8—="H;N-C-H pKg=9.7—="H;N-C —H
| |
?g) T ol — (,:Hz
C:l;@;x //C\ CH2
iy 0 OH-=—pK;=39 o
R 7\
0 O =<—pK,=43
Aspartic acid Glutamatic acid

CHARGED POLAR AA SIDE CHAINS- BASIC

® 3 amino acids

® Contain extra basic groups
o fstgel fhsnod S oo elan
® Lysine, arginine, histiding™ .+

o lysine and arginine are positively charged at physiological pH
o | Histidine

o tbQ e

o Free form is weakly basic and largely uncharged at physiologic
pH.

o When incorporated into a protein, R group can be either
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a~-Carboxyl group
(-COOH)

a~-Amino group
(-NH2)

Side chains
(R groups)
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(20 different ones)

Deprotonited (CO0") Protonated (NH3') grouped as [:
at physiologic pH al physiologic pH
He
Nonpolar Uncharged polar Acidic Basic
side chains side chains side chains side chains
Alanine Asparagine Aspartic acid Arginine
Glycine Cysteine Glutamic acid Histidine* E
Isoleucine Glutamine Lysine
Leucine Serine ST =
Methionine Threonine characterized by characterized by
Phenylalanine Tyrosine ‘
Proline -
Tryptophan Side chain dissociates | Side chain is pro-
| Valine | to -COO0™ at :m';“& "
e siologic pH
phy » positive charge
| at ptvy;iologic pH
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On the outside of proteins that function in an agueous environment
and in the interior of membrane-associated proleins

In the interior of proteins that function

in an aqueous environment and on

the surface of proteins (such as membrane
proteins) that interact with lipids

In proteins, most
«-CO0™ and
«-NH3" of amino
acids are
combined through
peptide bonds.

Therefore, these
groups are not
available for
chemical reaction.

>

pH
Thus, the chemical
nature of the side how the
chain determines 'm' :
the role that the into ni: :;'3:.
amino acid plays conformation.

in a protein,
particlhiérly . . .
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Optical properties of amino acids
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With the exception of glycine, the a-carbon of all aa’s is optlcally

active (chiral)
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L-form
D-for
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a.a. Exist in two forms, L and D, which are mirror images
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All amino acids found in proteins are of the L-configuration

D- amino acids |
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Optical properties of amino acids
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14 o83 Angle of rotation saws = a1l yas sia Analyzer Jf Ly ush oill g3l
U s 2 A Gly38

L, OlgallEaglhRsaai (e

F 1 Lyyeans Uaiis S, OIS 131 3dy20

e = 9eall 5l 13] (+) dextrorotatory :ds g3 suaad

levorotatory (=) stuss =5l 5la 13]
03555 31 Al 9185 Byal Lgoladieal (Say

- Angle of
Pol
ﬁl?e?nzmg rotation of

plane of
polarization

Rotated '/’/

polarized light

Unpolarized
light

-

; /
Light i
source Vv

! Polarized Optically active

Polarizer light soiion

axis

Analyzer



Al (alaad Laclal) g Aucaalal) (al gil)

Acidic and basic properties of amino acids

buffers S Jiidi ,uih Akuad) palaaly)

PH 1 s p ghi 1 iny Pi)\sgis@@\s_‘»b\\ﬁ,\su\
> Amino acids can act as buffers
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Titration curve for alanine
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ez e | goalectric point (pl)

b detge Isoelectric \p}‘s(\;l_sj&.\g\ PAERNC
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At Its Isoelectric pH (pl), an Amino Acid Bears No Net Charge

pl i
pKa ¢ad O pail 0580 A pH 4ad 2
QA JS) sy g

The isoelectric pH is calculated as the pH midway between pKa
values on either side of the isoelectric species.

Crlo (g2 pis
Example: alanine has only two dissociating groups, pKa (R-COOH)

is 2.35 and pKa (R-NH3+) is 9.69. The isoelectric pH (pl) of alanine
is

pl = (pKa1 + pKa2)/2 = 6.02
Jalaiall JC&I Gl sa AN pKa e (a pl oy s(Aspartic acid ) <ie gaxal) Basmia (alaadd

For polyfunctional acids, pl is also the pH midway between the pKa
values on either side of the isoionic species. For example, the pl for
4o aspartic acid is
pl = (pKa1 + pKa2)/2
(2.09 + 3.96)/ 2 = 3.02
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W pplication on buffer effect oo
L'«‘nc' Peids pH = pKa W! ¢5<5 :(buffering) adiii 3,8 leje
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ONATE AS A BUFFER [ onve assomerion
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= 2= —~
= [Drug™]
o pH= pK + log [Drug-H]

,
m BICARB
{ ' ‘ qm;;;\

: - [HCOx] | w=e
. pH - pK + log [HzCOa] Az .’ﬁf;ﬁ'ﬁz‘

@ At the pH of stomach (1.5), a
drug like a%”g#& (weak acid,
pK = 3.5) will be largely protonated
(COOH) and, thus, uncharged.

! @® Anincrease in bicarbonate ion

: causes the pH to rise. s

® Pulmonary obstruction causes an
increase in carbon dioxide and
causes the pH to fall.

@® Uncharged drugs generally cross
membranes more rapidly than
charged molecules.

:(1.5) sl pH sice

CO; + H;0 = HyCO3 = H* + HCOy"

\ = = o

(HOO,) ciig ol il a3 1o [EUTARE JJ - K = 3.5 s (aan) G pal) Jia sl g0

& pHGER s 0 (COOH) s riia QI b 5
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Biological importance of protelns

A5 LY i e il (380 i i gl
Proteins are essential component of membranes.

A pLa e ARMAAN) ) gal) JUS) aiie

1S s LAl ity

(receptors) <uiiuwa S Jard gle

Plasma membrane proteins regulate the transfer of various
substances across the cell membrane or act as recepftors.

Winnh A clifi p (b clay3Y) e

All enzymes are protein in nature.

1@y » & (Immunoglobulins) 5auaall abual) e
pead) (B gLl il (B Laga 150 calliy

All antibodies (immunoglobulins) are protein in nature, play an
important role in the bodies’ defensive mechanisms.

Some hormones are proteins in nature e.g. insulin, glucagon,
and growth hormone s iy b s gl pary

sl Ggan GsalSslal) Gl pudy)

Hemoglobin carries oxygen in the blood and myoglobin stores
O2 in muscles. Both are proteins in nature.  .osmos.

cedlzandl A sl 0380 Gmsle saall g
il g o Laadls g



Biological importance of proteins

1Al g Addh g \gd i g ) lany
Ailasl) of gall La glia Alal) Jaad AN Keratins Jie

J?r“’)‘/ W Collagen Elastin :Jiadas)a 4k g\l s AT cilisiy
Some proteins are protective e.g. keratlns make the skin
resistant to chemicals. Others have supportive functions e.g.
collagen and elastin.

s By A o) said Apanf 3 (s A V}A\}J U35 Agiaal) alaad)
Creatine Hen

Amino acids are converted to other substances of great
physiologic importance e.g. creatine, heme, histamine, serotonin,
purines and pyrimidings. . oes4d 5543 it

Uy )u,CQH}.A- Mibregen

Species Actin s Myosin W& (4 5353 sa i) clisi A
i

«Slanl)

Actin and myosin are contractile proteins found in muscle cells
and are responsible for muscular contraction.

‘m-a\
TR e g e Yy vl bt

Plasma proteins can carry: |IpIdS formlng lipoprotein complexes;
hormones (e.g. thyr6id and sterdid hormones) and minerals (e.g.
calcium and copper). i s

(Lipoprotein complexes (»s55) Gsaalle
(B g i) 5 A8 1) 33500 g j Jia) S 3 sgdle

AL 25y 8l Donis B &b

(oAladll g p gl Jia) (alaalle
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Structure of proteins

2 gl S Al il gsa ) 22 g
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H H H H

> The are four levels of protein structures: —N-C—C-N-C
H O

(o) b Tl Galaal) Juuded () S ) € ,5'
Primary structure: the amino acid sequence of
proteins. ®%}\g
a-helix B-sheets :dads — (Gl cus ll) ‘»'K?N——

Secondary structure: a-helices and B-sheets. °\\

Lol ¥ ASIEL S (AN s ) 2 /

Tertiary structure: the three dimensional
structure of protein

Quaternary structure: arrangement of
po I ype ptl d e S u b u n ItS w22 g (polypeptide subunits) &g ) cian gl Gusi 5 — (bl Gus )

SHditc
it b snple Vil

> The folding of the protein ranges from simple

|

|

seconti ) aivin $obg 4 ‘
fickue i

combinations of a -helices and B-sheets forming NN

helices and B-sheets

polypept

small motifs to the complex folding of polypeptide 7o

e
s i b 4 s (dOMaing)

ing small motifs to the complex folding of

o o Ry S8 5 o0 s o 2l

A S s i



Classification of proteins -

(S sl i)
sl paen 15 Ga il e (g giad lagy

Oligopeptides: Peptides with fewer than 15 residues e.g.,
gonadotropin-releasing hormone [GnRH] contains 10 residues '~

EMINE

(i) e

il G2 50 () 15 G Q38T Sy

Polypeptides: Peptides consisting of 15 to 50 residues e.g.,
adrenocorticotropin hormone consists of 39 residues.-

(<l )

Sl gaen 50 (e ST e o giad aiy iy

Protein: polypeptide that contains more than 50 amino acid
residues e.g., parathyroid hormong contains 84 residues - . ,..%,

e 12
—
H % C O
H )kr\ L/
> N .
J\ A e AN
;wm Ak H?N O(V h \) N CO;’H
st \/ H = pueacien B S
¥ ppde day
o~ )\ s s
ul.\l m« \,\r, pephile Lidage Le-As

Hi¢” CHy ™= =
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W= 1. Primary strucure

The amino acid sequence of proteins

Ol (b Aiaall Galea) ol s

Mlfelins> !
Genetic diseases occurs due to defect in the

amino acid sequence leading to improper folding

. . . T ppal (Saa A gl Jay)?é“:ﬁ
and impairment of function. w7
O g A—MEJ u-;‘i:;i’d‘er

In proteins, amino acids are joined covalently by

e Ol A5V s A

Formation of the
peptide bond

H

ik c . . . A~ 3
s , peptide bonds, which are amide linkages between B L
the a-carboxyl group of one amino acid, and the s
a-amino group of another. e S etrese | V| entorpepe
haaiad) A0 w\umm(ldjl::::di:: & Hsc-CHs H| H
(hydrolysis) gbiai (e AT H\Mu-anlinl‘)aﬂwj' *H;N-C—HC—-N |- C—-COO”
fwv 3 e 3,0 )a cila gl 5) 5B 5l (s I A gha 5 (sl -Js H lo CHS
The peptide bond of the protein can be AR
hydrolyzed by prolonged exposure to acid or base Peptide bond

at high temprature or enzymatically .




2. Secondary structure - oss s

w&'\* >3 A
Ao \W&(\f\ Velicss ;« & Bkt

Hydrogen bonds between chains

The secondary structure of
protein is stabilized by hydrogen

y v
bondin O iomosme ity s i 50 8.0 N A structure

Folding of the protein to:

Polypeptide chains
almost fully extended

a-helix:
108G e 58 (s gnall 130 (B (Gig ) G :“) v\

a-helix (4 033t Parallel: oLa3¥l i o yuuad Jeudleal.
B-pleated sheets (4xshall Uy zilda) Antiparallel: ({3l ,iSi) (ruslatio nAlaSl (o3 el duastaadl
¢ &

B-pleated sheats: can be
parallel or antiparallel

B-turns: paandl e (5 53a3 Gy (gl s ods Sols (53
il o8 (KinK) Sl caseas 5311 (Proline) g s cssss !
AGlycine) (st (oiasy | (aandl o] BLAYL

» £ B-turns: usually at the surface
%" of the protein, contains usually &
proline which causes a kink the structure in additi




1INV

-— W

3. Tertiary structure - oo ==

gl A DN JSEN ga (ANEN qus 3
.(folding of domains — <¥laall k)

The tertiary structure is the three dimensional structure of
proteins (folding of the domains) 5 b

Taaall Sl Al (5 ghe
gy state) AiSas Al JBi ) Juaile

The protein tends to fold correctly with a low energy state.

Interactions stabilizing the tertiary structure: «===~==
ocodad bad

Disulfide bond' in presence of |(Cysteine which forms a covalent

_{ bond (-S-S-) cuncmos
w (-8-8-) dparluai Ayl ) — .
Hydrophobic interactions ~ - 2550k

Hydrogen bonding -» =, .0

lonic interactiol
Y

,Z\Qw@%&x‘@m




Ww\ﬁ?ﬁﬁw‘miﬁ 4. Quaternary structure - csss eeu s

o £ Syt 2Ly .
9)\05 DAPJ ()‘;*fj > = PR Y

> The polypeptide can be one domain (monomer), dimer, trimer
depends on the number of subunits.

Fos 10D} 205 cam s

> A specialized group of proteins (called chaperones) are required
for the proper folding of the protein. — cupeme seioas s

el gaal) Gl Jal ¢ &y g e
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%ﬁngenaturation of the proteins

Unfolding of protein: occurs due to different factors:
Urea

Extreme pH and temperature

Denaturation (%
.(Unfolding) s s 6 38 —
Organic solvents g a5
4 el clbygdall i pkia pH sl Adle 5l cila s

VYV

\

Leads to loss of secondary and tertiary structure and
hence, loss of function. o

A g (5 35 S S oy
Ol il g o8 M g0

Most of proteins can‘t refold upon removal of the

denaturant (|rreverS|bIe denaturatlon)
b 2 S g3l a1l

Gtaual) Jaladl &) ) S sl (5 g @ S Lae

é.w(s/ 4.))\,,\, Z.pjuL, .(Irreversible denaturation) «Ss & gl ¢S cllile
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Diseases related to

denaturation of proteins

Alzheimer disease:

Interaction of the infectious
PrP molecule with a normal
PrP causes the normal form
to fold into the infectious form.

%
&\

Non-infectious PrP
(contalns a-helix)

Normal proteins,after abnormal chemical processing,
take on a unique conformational state that leads to
the formation of neurotoxic amyloid protein
assemblies consisting of B-pleated sheets.*—

>

(ol b2 e)

&\& /A.n.u’n)a: Al Aadlae day Ladal) i g lle
ik 105 Gus 55 23k

Glae M Aalu b ghal Cilaaad (385 ) 350

B-pleated sheets J$& Ao 05 Slaaadll slae

In Transmissable Spongiform Encephalopathy 5

(Mad cow disease):

The infective agent is an altered version of a normal
prion protein that acts as a “template” for converting
normal protein to the pathogenic conformation.

Qb i)t ©

15 ) Jalalle
Prion protein 4au! (b (i 5 O Aliea Adade
g ke

(template) <l S Jasze
ol JSEN ) () () e

klnfectlous PrP
(contains B-sheets)

Infecﬂous PrP
(contalns B-sheets)

These two molecules dissociate,
and convert two additional non- |
infectious PrP molecules to the
infectious form

L 4
Non-infectious PrP
(contains a-helix)

<
Non-infectious PrP
(contains a-helix)

This results in an exponential

increase of the infectious form.
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Biosynthesis of protein

LU A IO i gl el S A0 alaty ) cilaslaalle
L0800 5153 31 DNA ) a5 (5 5hda 0585

The information that tells a cell how to build the proteins it needs to
survive is coded in the structure of the DNA in the nucleus of that

_,.».nNA_,.eldm

cell. sty e
.Thymme [UESS 20 = duisa¥) Gabeal) 330 5 4 = I gl 5l 30
B cytosine (C) - s gisles
@ Guanine (6) - (il 5¢ REiR
AéaJm.\_,.-T "L\ (Saa 5458 64 Waxe s Codon: swubwﬁﬁumxmuﬁwuﬁwﬂu‘uﬂﬂ\

Because there are onIy four nucleotides and there are 20 amino
acids that must be coded. the nucleotides are grouped in threes,
however, there are 64 possible triplets, or codons  *=

> MansCiphos o> Erundebion

DNA only stores the genetic information, while RNA is responS|bIe
of its translation to protein o

DNA:
a5 5 ) o ghnall oy A5 Adiali g
RNA:
O ol i slaal 038 dan i 08 Jpess




Biosynthesis of protein
1. Transcription G

IDNA ) (o 525 gall ila glral) 3 i il La b
DNA U z 52 5al) sl sa yiua 5 50 iy

Before the information in DNA can be decoded, a small portion of
the DNA double helix must be uncoiled -

RNA {udes grieat e
DNA ) Sl 532y Alaa  g<le

.RNA polymerase a3 aladiuly &ld go

A strand of RNA is then synthesized that is a complementary copy
of one strand of the DNA using RNA polymerase. XA o

DNA I 2 s sal) (Cpail) T J (demiduse) U pladied) sl
RNA uses U where T would be found in DNA and base pairing_
occurs between two chains that run in opposite directions. The RNA

complement of this DNA should therefore be written as follows.
3" T-A-C-A-A-G-C-A-G-T-T-G-G-T-C-G-T-G... 5" DNA
5" A-U-G-U-U-C-G-U-C-A-A-C-C-A-G-C-A-C... 3" mRNA

Since this RNA strand contains the message that was coded in the
DNA, it is called messenger RNA, or mRNA.

DNA ) 5 el Al o 5 6505 5l RNA ) Auidas ) Ly
.Messenger RNA (mRNA) (saud —
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Biosynthesis of protein
P /5 end 4
2

I

. Translation

Codons

. cpsm sl e basi y mRNA
A B L) ) ’ :
SR BB R il <« i) Galasy) e Juadead ) Dl R i o llin g

The messenger RNA now binds to a ribosome, where the
message is translated into a sequence of amino acids.

The amino acids that are incorporated into the protein being
synthesized are carried by relatively small RNA molecules known as

transfer RNA, or tRNA.

There are at least 60

.Transfe|

tRNAs,

1Ol eSS B JA N Llaa) palaal)
b e RNA <l s Aol 53 Lglaa alye
r RNA (tRNA) acde

which differ slightly in their structures,

in each cell. At one end of each tRNA is a specific sequence of three
nucleotides that can bind to the messenger RNA. At the other end is

a specific amino acid.

each three-nucleotide segment of the messenger RNA molecule

gcodes for the incorporation of a particular amino acid.

:MRNA (Ao Clasi g€ i 3 JS

A gyl Abaad) ) cima Asal Gaas ALSY S5 —

Aga g (Baa g

tRNA O & 58 60 &) oo

LS i (b Dlh i

1 g5 tRNA s JSe

43) jha) aaf 8 1A 58 gl GG (e Jualedie
mRNA g b —

3 (Al pasa —: AV RN g
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e BlOSYNtheSIs Of protein

JS e O 1Y (Met) Osisizn rma¥) Gaaall Sa s 15 AAUG (D

(4 N-terminal <ihll die G gl (aany oy UNAY 038 (8 (g
2301 3 L&) aa ¢y gafisall Jaladl (RNA £ Ja Bl any i) Saae Aludud)

2. Translation i<

igfall WGy 015 o3y Laie (Dipeptide) ) (A5 035 M 5550
. >5\’(M|-<A Cg’AO"‘/

>

AU tRNA (e 25294l (Aad) pasad) (N tRNA dy) 04

The signal to start making a/polypeptide chain in simple,
prokaryotic cells is the triplet AUG, which codes for the amino acid
methionine (Met). The synthesis of every protein in these cells
therefore starts with a Met residue at the N-terminal end of the
polypeptide chain. After the tRNA that carries Met binds to the start
signal on the messenger RNA, a tRNA carrying the second amino
acid binds to the next codon. A dipeptide is synthesized when the
Met residue is transferred from the first tRNA to the amino acid on
the second tRNA.

A 980 pa (Val — (i) S a) Gaaad) Jaag GIE ERNA 65> B g cpsmgm ) J31a mRNA s dlld sy

.(Tripeptide) &l A5 UsSa (I (RNA 31138 o 353 gal) el (aaall ) aill AU &S ol o

The mRNA now moves through the ribosome, and a tRNA carrying
the third amino acid (Val) binds to the next codon. The dipeptide is
then transferred to the amino acid on this third tRNA to form a
tripeptide.

S ﬁopcd] C_Qém@

This sequence of steps continues until one of three codons is
encountered: UAA, UGA, or UAG. These codons give the signal for
terminating the synthesis of the polypeptide chain, and the chain is
cleaved from the last tRNA residue ) i 18 0 ) ) G oy S 0 i

UAA 3 UGA s UAG.
RINA #5531 08 il Al o Wiy g il 5035 Alualod) g gl 51 (o i 2550 034



Biosynthesis of protein
2. Translation

The sequence of DNA described in this section would produce the
following sequence of amino acids. 0 e g 1 550 DA

Met — Phe — Val — Asn — GIn — His — ...

Met-Phe-Val-Asn-GIn-His-...

aany Wgaiea oL 1 31 gil) Ay USIAD) B il g pall e Ui Uiy o 8 g pudally Cacad i) 00 Alealud) oa

Al g5 ) g B el paea Jgi b ggiaall 06 i g ) JS gl 0815 ((Met) O ginall

This polypeptide is not necessarily an active protein. All proteins in
prokaryotic cells start with Met when synthesized, but not all proteins
have Met first in their active form.

It is often necessary to clip off this Met after the polypeptide has
been synthesized to give a protein with a different N-terminal amino

5
aC|d e JuaiS) amy (o pfall s () A1) gl (e (155 e S
el paaa o g ging g e Jgmaall dld g i) Byse Aludud)

N-terminal <kl xic Cilidia



Biosynthesis of protein .. . ...
3. Post-translational modification

Modifications to the polypeptide often have to be made before an
active protein is formed S B o e 1

il (g 0380 La g8

Example: o i oo g et s s g

Insulin consists of two ponpeptlde chains connected by
disulfide linkages. In theory, it would be possible to make these
chains one at a time and then try to assemble them to make the
final protein e s e

The polypeptide chain that is synthesized contains a total of 81
amino acids.

All of the disulfide bonds that will be present in insulin are
present in this chain. The protein is made when a sequence of
30 amino acids is clipped out of the middle of this polypeptide

vl

h 1 o mutey” . o . ) ) ol
C aln Aol 038 (2 Sl 5393 94 0585 Gl g (A B 52 50 (98 (Al ) (A Bl g ) e wedin s5) G Qo

LAfil) Base Aladead) 038 Ciuatia (ha Uial Uaas 30 ¢ (1380 Jeuidet (a5 Ladie ¢yl gead¥) (9 (385 o
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(5 il) (il paai (A o) s
Primary structure of human insulin

Chains A and B, including the interchain disulfide bonds A7 B7 and
A20-B19 and intrachain disulfide bond A6-A11 ..oy

AL G i)y a3 e Glieabead) (S Ja 55 B Al g A Al (e 3itd) e gibealan cha (385 lpuady)
M\Qﬁ@av,.g(‘\ps7)wrg7PQJL‘,;,“Y\MUAM\‘_,HQJ@M\Mv SRRy rvge]

A 4‘ Al e A Aadaad) (g i elld ) ALYL B (A20-B19) Aesdead) (319 6 (sal) gy A Aledaal) (320 o35 (i)
g pa ko) g0 o3 Alualuall A1 (SN il e Jaxi (AG-ATT) 11 a9 6 ady Coina¥) Cdaand) ci Al cy 8 A

) ATl g5 Ol i granaal] S ) lo Blial




Tertiary and quaternary structure of insulin




