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Structure of amino acids

» 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.

g/ mol

» Each a.a. has a carboxyl group, an amino group (except proline)
and distinctive side chain
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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
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> In amino acids, COOH has a pKa (about 2) lower than that of normal
) due to the presence of nitrogen which acts as
electron withdrawmg group
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alpha in all of amino acids

Structure of amino acids
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> They are classified as o, 3, y, etc. amino acids according the carbon

that bears the nitrogen.
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> Amino acids are devided into: essential and non-essential

The essential are lle, Leu, Lys, Met, Phe, Thr, Trp, His and Val. while
the rest can be synthesized in our bodies

Common to all az-amino

acids of proteins :
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for each amino
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1. Nonpolar amino acids
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> Include: Alanine, Glycine, Isaleucine,

Leucine, Methionine, Phenylalanine, Proline, |

Tryptophan, Valine

> Nonpolar amino acids share only in
hydrophobic interaction (No hydrogen or
lonic bonds) which stabilize the protein
structure
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» Determine the three dimensional shape and
their location in the cell. .. s yasses s s jsai oo

» Proline contains imino so it interrupts the a-
helices in globular proteins and contributes
to the formation of fibrous proteins
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Polar amino acids| Nonpolar amino

(m) cluster on
the surface of

soluble proteins.

Soluble protein

acids (O) cluster
on the surface of
membran

Cell

Membrane protein
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1. Nonpolar amino acids =«




2. Uncharged polar amino acids

> Include: Asparagine, Glutamine, Serine, Threonine, Tyrosine and
Cysteine st g (35 05550515 rienils rsaliolalls vl s Jass <

> form hydrogen bond with other polar aa s st sland o dms i buls, Jui

in cytosol

» Present outside of the proteins that function in agueous environment

and in interior of membrane associated Proteins. ., : pu ol o s
protein transportation elaally dadyall Sliggpdl J51s 0—99 iSle

> Cysteine has sulfhydryl group which can be oxidized to form a
dimer, Cystine (C-S-S-C)
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2. Uncharged polar amino acids

UNCHARGED POLAR SIDE CHAINS

COOM — pX, =22
‘HN (l: H
[ CH,
PR =91

C l
aromatic =

OM——pK,y = 10.1
Tyrosine

MN-CH
!
CH,

PG=108 G pK. =83

Cysteine




3. Acidic amino acids

> Include: aspartic acid, Glutamic acid cLealiglanll pa> oLyl a1 Jads <

» The side chain dissociate to COO" at physiological pH
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ACIDIC SIDE CHAINS
pK, = 2.1
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DK: - SH’”’N c H DK, - 9,7'—..“3" C H
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Aspartic acid Glutamatic acid




4. Basic amino acids
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> Include Histidine, Lysine and Argenine

> Side chain is protonated and generally has a positive charge at
physiological pH.
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BASIC SIDE CHAINS

pK,=18 Ky = ﬁ
pis = 9.2 l Py = 9.2 ‘ 90

| coom |
HWN-C - H MN-C-H ’H3N
CH, CH, CH,
€ ==CH CH, CH,
-mrq\c,-un CH, CH,
' H CH, N-—H
oKy = 6.0 N, *=— i, = 10.5 C=NH,*=— pKy= 125

NH, guanidine group
Histidine Lysine Arginine




Abbreviations and symbols of amino
aC I d S dggadll plasdl 39059 Ollazs |

Unique first letter:
Cysiene = Cyps=s © i
Histdnme s Hs = H
boleucine a o = [}
Mathioning = Mot = ™
Serne - Sor w s
Valine - Vel = v
Most commonly occurring
amino acids have priority:
Alaring « Moo= A
Qiycrw = Gys=s @
Leucine e Lawm L
Proing - Fro = P
Theeonne E e
Similar sounding names:

Argiine = Arg = R ["sfginine")
Anpaagined = Asn = N [contains N)
Aupatae = Asp = D ["asparDic”)
Gratamate = Gu = E ("glutEmate”)
Ghsamine = Gin = Q ["Q-tamine")
Prenyalane = Phe = F ("Ferylalanine™)
Tyrcsne = Tyr = ¥ "t¥rosine™)
Trpicohan = Trp = W (double ing in
1he moteciio)

) Letter close to initial letter:
Aspartatecr = Asx = [0 {near A)
asparagne
Gutamateor = Gix = 2
glutamine
I.Ylh. - lv‘ - K ‘mu
Undetermined = x

amino acld
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Optical properties of amino acids

> With the exception of glycine, the a-carbon of all aa’'s is optically
active (chiral)
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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

L oSl W Olugopdl (8 Bagrgall &l ol gaax <
> D- amino acids are found in some antibiotics and in bacterial cell
walls
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Optical properties of amino acids

Polarizing Angle of
filter rotation of
_ . plane of
Unpolarized ! polarization
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polarized light _
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axis Analyzer !
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Acidic and basic properties of amino acids

> Amino acids can act as buffers i gam OlabiiaS ags o due¥l plan ) Sa <

> The guantitative relationship is described by Henderson-
Hasselbalch equation: Sl iy y 120 olinay eS| 8Vl b

pH = piKy + log i




Titration curve for alanine s~
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Isoelectric point (pl)

At Its Isoelectric pH (pl), an Amino Acid Bears No Net Charge
ddlo i gl uea¥l pasdl Jasy ¥ (pl) L)l Jolad] ddatis e <

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

a5l3eS)l goluciall g ol Lils e pKa @ o luall oo L5 ilsesl Jlesd] dlass gl Lle iyl Joladl dati ol

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 ex:2.23.99.0 ex :1.86.0,9.2

p| = (pKal + pKaZ)/Z =6.02 ‘um.ukwéﬂl (2.2 +3.9)/2

(6+9.2)/2

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
aspartic acid is

pl = (pKal +pKa2)2 SRS
(209 + 396)/ 2 - 302 s9lucza égﬂ."qubvl;pKa{Qﬁé&e 25l

PH dagd Jlaall Lo Lle agosdl il
12 sl aasd



Application on buffer effect

m BICAR

B - - <

- [HCO, ]
® pH=pK+log [A,CO;]
@® Anincrease in bicarbonate ion
causes the pH to rise.

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

H,CO3

-

BONATE AS A BUFFER
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@ At the pH of the stomach (1.5), a
drug like aspirin (weak acid,

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

i

N
i

NI

LUMEN OF
STOMACH

pK = 3.5) will be lar protonated
(COOH) and, thus, uncharged. ‘

NESES-SROVI | CRU RS
95%0 (1.5) 8azall
el L2 olgs

pK=‘LWL)&Q>)
| 55 2> J B4 (3.5

»& (JWbe (coOH)
oot

Il 4_)9.53[_),&_:
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oo gl ple IS
& godiall Ol sl

Ll samally Claadl



Olord) dex gloudl dxanil

Biological importance of proteins

Proteins are essential component of membranes.  coew b jsse otss,

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

OMzuaS Jasi ol sl clad ye dalusin slge 85 Loyl el Olidgy elas

All enzymes are protein in nature. e iessy ol gas

All antibodies (|mmunoqlobullns) are protein in nature, play an
Important role in the bodies’ defensive mechanisms.

el 3 g Bl ST 8 laga 1395 ealiy dgrnsdny daday (dacliall Olidasslall) sslaall plundl geax
Some hormones are proteins in nature e.g. insulin, glucagon, and
growth hormone.

90l 590309 o Beladly (gl Jio lgunpdny ddon Oligasyl s

Hemoglobin carries oxygen in the blood and myoglobin stores O,
in muscles. Both are proteins in nature. ol 8 oSSl S ool 5ned)

ol 8 oS 350 arolessalls
aangday Soy LaMs




10.

Biological importance of proteins

Some proteins are protective e.g. keratins make the skin resistant
to chemicals. Others have supportive functions e.g. collagen and

elastin. a3 LasS) sl gall Laglia Aladl Jasy g3l (il S (20 8589 Dledgyd] oy
oetaddlg aexdoSl Yoo dacls @ilbg oy3T Oy g5 Ly

Amino acids are converted to other substances of great
physiologic importance e.g. creatine, heme, histamine, serotonin,
purines and pyrimidines. Lo By g mnl 15 eyt Slge | dread] landl Jomas
I Olussayyddle Sluyodly (b giosdly ualiug@ly pudly (lysdl

Actin_and myosin are contractile proteins found in muscle cells

and are responsible for muscular contraction. &2t ek sy psil
Y OMasll bis u_g 339>90

el pldil e dghun
Plasma proteins can carry: lipids forming lipoprotein complexes;
hormones (e.g. thyroid and steroid hormones) and minerals (e.qg.
calcium and copper).

Ol JKad Al el Jass ;j LayMdl Slgigyd (Sas -
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Structure of proteins
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The are four levels of protein structures:

b gy Aol plas Yl Y 1a ¥l dedl

Primary structure: the amino acid sequence of
proteins. ey pilaog Wl b3l saygilal decl
Secondary structure: a-helices and B-sheets.
Tertiary structure: the three dimensional structure
of protein oyl slall A3 gl sl dgel
Quaternary structure: arrangement of polypeptide
subunits

deedll il Olasg i tdae bl ddl

The folding of the protein ranges from simple
combinations of a -helices and 3-sheets forming
small motifs to the complex folding of polypeptide
domains of multifunctional proteins. -

H H H H

\ . : Pri
—n-c-c-v-c- (R

- |

=

S'mcﬂl’@
6

a5 gll Baseza Sliig sl aprall Sl stnall Ll ] 8yso Blal (S0 4l Ly pilaog W obgils oo dasma SLSH e pissdl b zoly



Classification of proteins

» Oligopeptides: Peptides with fewer than 15 residues e.g.,

gonadotropin-releasing hormone [GNRH] contains 10 residues

dpgal plaxl 10 Lle go> (GNRH) dalwlid] sasll dg>50 3| (ysa30 (Jlall Joras Jle el

» Polypeptides: Peptides consisting of 15 to

Laas 15 o0 BT Lle g Olsgzy Bydall Sl

50 residues e.g.,

adrenocorticotropin hormone consists of 39 residues..! 15 v» oss Sl el Sl <

lgzgal Loa> 39 0 01582y Sl 328 a9

> Protein: polypeptide that contains more than 50 amino acid residues

e.g., parathyroid hormone contains 84 residues

50 oo 33581 Lle gom dxtg duse 1oy

ch —x O)
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peptide bond = covelant bond 1 _ P r| m ary Stru cure
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» The amino acid sequence of proteins

> Genetic diseases occurs due to defect in the
amino acid sequence leading to improper folding

and impairment of function. s i ws 2alel oLl S
Sl gode lae el ol Ll
Ayl B Masls pmo sk b

> In proteins, amino acids are joined covalently by
peptide bonds, which are amide linkages between
the a-carboxyl group of one amino acid, and the

a-amino group of another.
et &agal Juloy o9 disgng buloy Laalud dugadl (olasl by (Oligasdl L3 {
231 el (e Wl giea¥l deganag sty el (pasd Wl LS Sl degana

> The peptide bond of the protein can be hydrolyzed
by prolonged exposure to acid or base at high

temperature or enzymatically. s oot sl 2l Jlos e,
} Bacldll of aasl) Jolaall oyl Gisbo
Lyl ol ddle Byl days B

Formation of the

peptide bond
CH,
| HiC-CH -
‘HN-C—=C00~  'HyN-C-COO

1 Free amino | Free carboxyl
end of peptide |‘ end of peptide }!

\ H3 ﬁ
\\] HC-CH[ H| M ‘
‘HsN-CHC—-N|C-COO ‘

H lg CH
5— 3

/ Valylalanine
jv Peptide bond




2. Secondary structure

The secondary structure of
protein is stabilized by hydrogen

drasadl balal G o NI < structure

Folding of the protein to:

= B
H Hydrogen bonds between chains
| =
R-C-H o/
| | Cap n-N
L c,o_
HC-R n-C-M -
Py
0 - Mogg
M c
J »

a-helix;

Polypeptide chains
almost fully extended
QR

B-pleated sheats: can be parallel

or antiparallel of oSy sshall g wlaall 2
sl Balaza ol dyjlgze (oS

B-turns: usually at the surface of
the protein, contains usually
proline which causes a kink the

structure in addition to glycine.
ool Je ke gog rmiondl mhu e 5% Lo Bale 1l Ollasiyl 3
el I d8LaYl &l 2 ool coug A
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3. Tertiary structure

(el b)) Sliggyd) slell £33 &l Lo 4l du]
The tertiary structure is the three dimensional structure of proteins
(folding of the domains) e Bl o g gyt 0 ol I iopd Luas
The protein tends to fold correctly with a low energy state.

Interactions stabilizing the tertiary Structure: ..z c.s i o
Disulfide bond: in presence of Cysteine which forms a covalent

\
bond (-S-S-)
i~ ; Ol 3929 (B any Sl SUS dayly ]
Hydrophobic interactions (6.6 foaales Toul) 29 o0
Hydrogen bonding wlall daylS clelas 2
. : dezoyien ulsy 3
lonic Interactions dosdl oMlelis ¢

domain has a functions
motif has no function




4. Quaternary structure

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

ol B of ((egiga) 1ixlg Blas aezedl ayae Sy o Sy
e yall Olasgll sae e sazey cUig L5V

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

Oldgydl e daasiin degasa J| il sl
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Denaturation of the proteins

dalzsea Jalge oo Sasy gyl ISa
> Unfolding of protein: occurs due to different factors:
» Urea e
> Extreme PH and temperature  «sse® &b fase fose &
> Organic solvents R

> Leads to loss of secondary and tertiary structure and
hence, loss of function. P T

> Most of proteins can't refold upon removal of the
denaturant (irreversible denaturation)

most

al3) wie Jall Bsle] Sliggpdl @hnal oSay
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Diseases related to
denaturation of proteins

> Alzheimer disease:

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.

saglaill oo
S 6385 Bagyd Eyga Al il 1t E5La Sl dadlaall say dpmdall Oligaydl S5
gl lg wlie e o658 wlae dolu Luaggleol dugioy Oloand oSy

> 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.

(_).{LJ‘ o9 ub).a) 5 é.&sm” u_x&,_uil ;C«_La_x.\l JMJ_C_I u_e
JA&..)' é.’&.\l v_su.‘.b.\l 09%)4” SH9s e oo e o é.&sm” JAl&.”
uoym” u;gi,g]l o-” o_v_‘.JaH u,u_g),Jl J;g_xJ "JB" S

Interaction of the Infectious
PrP molecule with a normal
PrP causes the normal form

to fold into the Infectious form.

WY
\.,,'.;‘

Non-infectious PrP
(contains «-helix) N

rmu:%m PrP
(contains {-sheets)

o ./—)

(contains fi-sheets)
i |

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

Infectious form.

Non-Infactious PrP
(contains a-helix) (contains a-helix)

5 2 P : -)
E \B\ &G

This results in an exponential

increase of the infectious form.
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Biosynthesis of protein

» 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

cell. el i bl Slegionall sl sy Bl 5 ol Olaslaall s
g3l el 8155 (5 DNA gasdl oasdl &y (8 Lol a8 e
> Because there are only 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

&LgasS of (diSas 455 64 M (el gag (LSW B OluSadSall gand loybas o Lol Laas 20 s OlagsdSes dayyl sgagl I3k <

» DNA only stores the genetic information, while RNA is responsible of
Its translation to protein

dSlyoll Slagleall DNA égg}” sl o35y
RNA 3ol gosdl (aasdl 165y laxy Jasd
seion Sl ey e Yghue



Biosynthesis of protein
=11, Transcription

Before the information in DNA can be decoded, a small portion of
the DNA double helix must be uncoiled . s s o sal clagta 5,65 s 15 <
994l Jaasdll Zoajall LJolll o o e cld oy

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

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.

eSlaza ol (8 ol edidis o selg8ll G181 Sasa g (gogdl (el 8 (T) puasldl a0y e (U) Juwlyod! (RNA) ol gosdl (el pasiug
Al ol Lo gosill aadl 130 (RNA) Lotsll o3l (aasdl JaSa LS Cons cellid

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.

3 byadall Ayl Lle gory (RNA) 3ol gosdl pasdl o bayyadl lia o lay
(MRNA) Jsw)l g3sasll goodl (el awd 4318 (DNA) ool (2l




Biosynthesis of protein
-2 2, Translation

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

el ol il o didis J Al @238 co> pgwsayll G3(MRNA) Jows)l ghoas)l gogdl aasdl by

» The amino acids that are incorporated into the protein being
synthesized are carried by relatively small RNA molecules known as
transfer RNA, or tRNA. RNA Ol dhaulsy giaall ool L zash Ll dadl olasyl Jaosd

- (tRNA) J5W1 gl sosdl (aasl pusly byaf s By

» There are at least 60 tRNAs, which differ slightly in their structures,
in each cell. At one end of each tRNA is a specific sequence of th three

nucleotides that can bind to the messenger RNA. At the other end is
a specific amino acid. P axsr Al U5 B ez B U A5 ARNA cgi> 60 oo Jazd o sy
byl asay GladedSed W o sasa Judud tRNA NS Js Q_g)b Ao
saoma gal aas 331 Bl (5 sz sy Jsull gisrll gosidll aanll
» each three-nucleotide segment of the messenger RNA molecule

codes for the incorporation of a particular amino acid.

ol goadl (aaxdl 2 g3 (o 23> IS
3 o ool (mRNA) Joasl
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Biosynthesis of protein- - oo

Al 8Ll bswnall Jasy cUI(ERNA) 8L ghomll go0dl
G99 as> l/-wy (MRNA) Jowl g3aail goadl yaasll e

2. Translation = mmi e
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Sl 8L gy

» 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.

» 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
tnpep“de w2axl) JaloJl (tRNA) JUI 300l gosdl jaasdl tadyg ipawgayll e (3 (MRNA) Jow ! gisal gogdl (aasdl Jazg
el B c3aal cosdl jaasdl i e sg>gall rea¥l aasdl ) szl S5 Jad @F  JUl 00580l (0al8) el el
gzl U5 o5
» This sequence of steps continues until one of three codons is
encountered: UAA, UGA, or UAG. These codons give the signal for
terminating the sy syntheS|s of the polypeptide chain, and the chain is

Tl 90530 ol d8slas i Glglasdl e dlududl 03 <
cleaved from the last tRNA residue el ol oo ven s Ui o D] st

tRNA Ll 35T e dadudl Lady waerdl dlule




Biosynthesis of protein
2. Translation

» The sequence of DNA described in this section would produce the
following sequence of amino acids.

lia b Bgosall ool sl Julus e i
¥l plas Yl e JUII Sl @

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

» 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. 3 iyl s 1 s Coys 635520 oo spied 10
IS e o8 el sie gy Blgall dlay LM
Al \glSian 5 dsl sarall le o Dl

» ltis often necessary to clip off this Met after the polypeptide has

been synthesized to give a protein with a different N-terminal amino
acid

lia dl3] gro0adl o 555 Lo Wle <
ooy elhaey sordl esiad eyl gl
el Byall 8 ilasea _pol e



Biosynthesis of protein .
3. Post-translational modification

» Modifications to the polypeptide often have to be made before an
active protein is formed 15 ey o655 I8 aiedl s e s sl s o Bl

» Example:

» Insulin consists of two polypeptide 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
; - o Saall o dpsball AWl e S 4505 balgy cubase sl ae o prladis oy gl (oSt <
prOteln Sledl 5Faxdl gral gamad Aol @ oy ol susly Judludl o0

» The palypeptide chain that is synthesized contains a total of 81 =t

amino acids. Lol Ui 81 a0 o e lgnsts gty 1 sl e Ao goons <

» 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

Chalﬂ as marker of insulin insulin has 51 amino acid
(>N
2 839290 (douddl 8 8ug gall ety Sl S baulgy guar <
Laa> 30 oo Judad g lasdl sie gyl puad auy  dadudl sia
C ode sl ayae dludw baia o wl

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

ot xSl LS baylgy elld (08 lay By A oLl
e ySIl JLS daylys A20-B199 A7-B7 Jeedbd]

Al A6-ATT dududl J51s




Tertiary and quaternary structure of insulin




