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STRUCTURE OF PROTEINS

two sl AA 50 (e SiS) e oS Al L) L 4wa 5 high molecular weight asxic*
protein s¢d 2 ag lay G 50 (e Jil agt AAD) & seae QS o1 s ddal ) agin peptides
* Proteins have different levels of structural organization;, primary,
secondary, tertiary and quaternary

1. Primary Structure:
. Primary structure denotes the number and sequence of amino acids in

the protein At i s s ALl AA i o5 (e 3 le g Adaly

The primary structure is maintained by the covalent peptide bonds

g5 0e Jlsm an s lillle 5 1538 )5
Gly - Ala - Val (1) o5 il ol free Jlsw izy s linkd
Gly - Val - Ala (2)
. Both the tripeptides shown above contain the same amino acids; but

their sequence is altered. When the sequence is changed, the peptide is
also different

e S il
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oany oo lelai (ualide aa DA aguri i CaDUA) 4 lipidsdb ester linkd’™**
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) ) carbohydratesdJu
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* The 1ry structure does not give a specific
shape to the polypeptide chain

 The conformation of the protein molecule will
be described under 2ry, 3ry, and quaternary
structures

(Y1 DN i gl JSE)
e The term conformation is used in protein
chemistry to designate the over-all structure
and shape of the molecule
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2. Secondary Structure of Proteins (The most common structure)

A. AIPha he_hx Lina bonds G (Hg ol JSI elats . _
It is folding of the polypeptide chain, along its long axis,

into specific coiled structure, held together by hydrogen
bond

e The alpha-helix is the most common and stable
conformation for a polypeptide chain.

* |t consists of 3.6 amino acids per turn, stabilized by
hydrogen bonds between the carbonyl oxygen of one
amino acid and the amino hydrogen of the fourth amino
acid below (# 1 with # 5, and # 2 with # 6, etc.)

L 5 (0D amy Aol )l a5 A ) 53) H) Jilae amino acidd) smeas s ola S50 juay W
(3.6 AA) 0.6 AA sthree AA Ao s ik (turn) 4ada JS5 | ) il i) 5 (g ) 4l ddayl ) agin

e The side chains of amino acids (R groups) extend
outwards from the helix axis i) » js 2.0l o <4 R groupsd) s




The peptide chain is
folded in the form of a
right handed

(Anti clockwise) (clockwise) alpha-helix

Left-handed ¢ Right-handed
helix

helix
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Features of alpha helix

* The alpha helix is stabilized by the intra-chain hydrogen
bonds between the NH groups and C=0 groups
e S W S (intra-chain bond) L < polype;ptided‘ odil AAD) O O sS Adasl
bonds s _yalic 1 jba aal g peptide 2 ¥ ,two polypeptides

* As each peptide bond participates in the hydrogen bonding,
this gives maximum stability to alpha helix

 The R -groups of amino acids project outwards of the helix

* The R groups of some amino acids can disrupt the alpha
helical structure e.g. proline, tryptophan, histidine, lysine,
arginine, aspartic acid and glutamic acid, due to formation
of other types of bonds as ionic bonds or their ring
structures disturb the helical formation

AV Luall A ~laill g 5 gl GlILul 5] aglll




B. Beta-pleated sheet

The polypeptide chains in beta-pleated sheet is almost fully extended

* The chains line up side by side to form sheet and the side chains are above
or below the plane of the sheet al&il) Ll yums polypeptided) &xs chaind!

Adasl )l agi Wity 5 Goamy Cais Gedle two chainse 4dl ey s
* From 2 to 5 adjacent strands of polypeptides may combine and form these

structures - - e . . - - . T B
5 ) sla’ia five chains (r oS3 sladl Jddd.mﬁjofu.e).&\u.dgu&)

|t is stabilized by hydrogen bonds between NH and C=0 groups of
neighboring polypeptide segments (inter-chain hydrogen bond)
((intra <l alphadk)) inter-chain bond Yl 8 polypeptided) wxsil AAJ) G dda) HI) 43) La
* Adjacent strands in a sheet can run in the same direction with regard to

the amino and carboxy terminal ends of the polypeptide chain (parallel)
or in opposite direction (anti parallel beta sheet)

oany i agia i N/C terminusd) OS5 (e ia A two chainsd! W ¢S paralleld!
ary pSe N/CJ) A% 38y jlay caladly) () &4 anti paralleld)
(O 2ay S| i 5o & guia 5all)
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3. Tertiary Structure '~ "\ ) LS 2y L1 Cam 1 tertiaryd)

* |Is a description of the way the whole chain
(including the secondary structures) folds
itself into its final 3-dimensional shape.

Tertiary Protein Structure

-
g L
Alpha helix or beta 2N -
sheet is folded into a - e
specific 3-dimensional € el '
N X

shape

Shape is stabilized by
various interactions
among the R-groups
of the polypeptide
chain

. Primary structure

Quaternary structure




What holds a protein into its tertiary structure?

* Interactions between the side chains - the "R" groups

aein (any e (i je (AN 451 ol - ) lalia i 5 chaind! WS 51 Ay far AAJ) O bondsd) s
5mS Adlue Lgin (8 e adal 5 ) cil€ Il secondaryd) usSe e 35S ddli
» lonic interactions:
» These bonds are formed between oppositely charged groups of amino acid side
chains tertiaryd secondary ¢» chaind! Jsai bonds 4 53 (s ST A5

ionic bondsd! Lis s
» Some amino acids (such as aspartic acid and glutamic acid) contain an extra -
COOH group. Some amino acids (such as lysine) contain an extra -NH2 group.

tertiary Jdu sl L sebs Jaial @ i Ly anaal 65 S basic AA s acidic AA Ox OsSs

structure
» e.g. the epsilon-amino groups of lysine is positively charged and second (non-

alpha) carboxyl group of aspartic acid is negatively charged

e gl el La csla a1 s em "'sli"e Ay )l ()5S (58
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\)lqu u\.u.c- =L O hata Sl % | LM . . . z . iionic bond
Osidld | chaindl € T H GHe

iy Al ddlay) groupsdie
doa gall o) ALl atin i (S )

primary groupsd! (s T S
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> Hydrogen bonds

Notice that we are now talking about hydrogen bonds between side
groups - not between groups actually in the backbone of the chain.

* For example, the amino acid serine contains an -OH group in the side
chain. You could have a hydrogen bond set up between two serine
residues in different parts of a folded chain.

* For example, the amide group of glutamine and asparagine,

residue fom serine
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»Disulfide bond (S-S): between 2 cysteine

- : : (pem s Y)Y laa 4y 8 bondd) s
residues, forming cystine S

interaction & 438l & S bond 43 5iSa o

» The hydrophobic bond: between the non
polar hydrophobic side chains of neutral

branched chain amino acids as valine

peaii yual hydrophobic 2 U hydrocarbon chainsd! 43 Wlaw s

e g A Ll ) ) e e s slall e e llie ey xa . _
No chemical electronic bond

methyl ag U branched chain AAJL &) SiST iy | (s

e Jsa | smaath (S groups

Atom 1 Atom 2

> Van der Waals interactions: These
weak interactions also contribute “ “
to the stability of proteins

Atoms are polar ddttt

oppositely chargedd! <l LY/ 4 Jmujj‘ o= bonds o34 L
oﬁ\jhue@)ﬁumwm\hﬁj \jﬂ)Lj\j.Us;\jJM




Hydrophobic
interactions

CHZ’S;S.PCHz
Disulfide bridge

lonic bond

Types of side chain interactions Overall 3D shape (3° Structure)

Tertiary Structure



= i polypeptide chains 8 (e 5 ke
4.Quaternary Structure structuresd's bondsd) JS&l JS 4 ing (=la 5
O LB (Sae G I
 Some globular proteins are composed of 2 or more polypeptide
chains; each is called a subunit or monomer

* These proteins are called oligomeric proteins. An example is
hemoglobin, which is composed of 4 polypeptide chains (it is a
tetramer)

(Tetra = 4 chains)

* Each of these subunits has its 1ry, 2ry and tertiary structures

 The quaternary structure describes the spatial relationships
between the separate subunits.

 The forces stabilizing the quaternary structure are similar to those
described for the tertiary structure

G (primaryd) ) Gexse duduiy AAJ) e Ak Alide Ui L & g sall (adll Jslal Cuila
) alpha/beta e 5 o2 5 (e JS& AR ¢ chaind) (A5 48 jhay ey as 1 sk 1 adjacent AAJ!
aeddh s distant AAJ) Om bl sy (claxy Basas (558 Ly ALuLu) sl JDA (s (secondaryd)
Oe Cntiiline il o S5 (5 58l (g0 g i) (s Ly cpaay (tertiaryd) W) 3D structure ) s3A s
(quaternaryd s\») 4 polypeptides (= ¢S4 Al hemoglobind! ¢, AAJ



Tertiary Structure Quaternary Structure
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Alpha chains
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A Chain
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Cy srSer-Leu-Tyr-GIn-Leu- GIu-Asn-Tyr\CyswAsn
\1/ \BA7L/ 8 9 10\11

quaternary J s s
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Amino acid substitutions
8 9 10 of Achain
Ala- Ser- Val (Bovine)

Thr- Ser- lle (Human)
Thr- Ser- Ile (Pig)

Ala- Gly- Val (Sheep)
Thr- Gly- lle (Horse)

\30/

Amino acid composition at
30th amino acid in B chain
Thr (Human)

Ala (Bovine)

Ala (Pig)

Insulin

pro- JS& e o5< pancreasd) (e gaals insulind! W
C sl) connecting peptide 4aul &l & O sSs s insulin
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Conformational classification:
according to the protein conformation

(Extended)
1- Fibrous proteins: They consist of polypeptide chains that are arranged in a parallel
form along a single axis yield long fibers or sheets. e.g. collagen, elastin and a-keratin.

lI- Globular Proteins: They are tightly folded into compact spherical or globular shapes.

e.g. most of enzymes, hemoglobin, many hormones, immunoglobulins and plasma
proteins.

agilds 5 e coulily (pme JSE 4l) ) 5 protein JS

Fibrous protein (Collagen)
Globular protein (Myoglobin)




proteind! 43 =) De natu rEd PrOtEi ns

(3D shaped) 2a4

* If a protein unfolds and loses its three-
dimensional shape i.e: destruction of the
organization (2ry, 3ry and 4ry structures), it also
loses its function
La oSl ey ) ZUs% LeSY  primaryd! 1ae W structuresd) JS eSS 31 b e o4

* Caused by shifts in pH (strong acids or alkalis)or
temperature, or exposure to X-ray or UV rays

* A common property of denatured proteins,
however, is the loss of biological activity—e.g.,
the ability to act as enzymes or hormones.

sl 3 5 (reversible 0sS: (Sae Gall (asy) irreversible ¢S Sl Glal) alasa 8
agiallad | sy Le (lie e dain (5 3k agl) ()5S0 4y 5oV 5 LS yall el liie addnda o) oy )



Read from book

* Chaperones © Jisms oS el o 7 CSIL i 3 J a5

 Protein conformation and role in disease:
— Prions
— Alzheimer’s disease
— Beta-thalassemia
e Slsn shas e insulin casai Ly ol L *3 bl Aty @l aal J1gud ol g

gdie Jamy = ) 39 g i ol A8 Calisall AAD) (0 paldli 5 Y 8 anall Al 25
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