Polypeptides and proteins
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Peptide bond . prear v it @ i e LT
is a chemical bond that is formed between two amino acids whenh the
carboxyl group of one molecule reacts with the amino group of the

other molecule, releasing a molecule of water (H20),

This is a dehydration synthesis reoction (also known as o. condensatio

reaction), and usuolly. occurs between amino: acids e o OO datio
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The resulting CO=NH' bond is Peptide Bona
called o peptide bond, and the H H H H

resulting molecule is on amide.

Di—peptides have two amino R -
acids, tri—peptides have »
three amino acids, and. o Dehydration |/
sequence of omino ocids eaction {7 WO
Linked by peptide bonds is
knownh os a polypeptide.

Polypeptides ond proteins are T T, c
chains of amino ocids held ¥ | ~ OH
together by peptide bonds Arting R and H R Canosy
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Sequences of amino ocids in o C~sH
polypeptide are read from Alanine (&) Glycme (©) Cysteine (C)

the amino terminal end to the
carboxy—terminal end.
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A polypeptide chain consists of a constant backbone (black) ond. variable
e s geic e 07 7 e side chains ‘R (green), st (1t g A A

RUIS OWF ¢ 5o e LL




Gly Phe Leu
Carboxyl

terminal residue G tcrminal residue




Charocteristics of the peptide bond:
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1. It is a covalent bond. O .
2. Stl"ong bond- Pa”’)/mj palcw H > Mf’“ﬁ,ﬁ? ‘ )
3. Peptide bond is uncharged but polar H
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4, lack of rotation around.: the bond:! The
peptide bond hos a partiol double—bond
choracter— that is; itgis shortet; than
single bond ond. is  therefore rigid and
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5.Trons configuration: The
peptide bond. is geherally o
trons bond. (instead of cis). Q
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Trons' form 'is' strongly. fovoured | l

because of steric clashes' that occur trans H Cls

in  the cis' form _ ) C“'wl
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Proteins are composed of ohe or more than one of polypeptide o
o oY " ° amvn acid 2o uune" s _Av ‘r'/“ic(i’ifi‘\“
chains containing hundreds of amino acids. i add o i £ 2 Ao a2
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Eoch protein hos its own unique amino acid sequence that is specified
by the nucleotide sequence of the gene encoding this protein.

Protein builds, maintains, and replaces the tissues in your body.
Your muscles, your organs, and. your immune systemare made up mostly of
protein,
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7 Your bod.y’ uses! the protein you eat! tol make! Lots! of; specialized! protein
= = molecules’ that” have! specific jobs:  Forinstance;  your body’ uses! protein

to make hemoglobin, the port of red’ blood cells that carries oxygen to
every. part of your body.

Proteins are the chief actors within the cell, said to be carrying out
the duties specified by the information encoded in genes g w
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Proteins Biomedical Importance

1- They provide immune protection, antibodies search out foreigh
invoders,
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2— They function as catalysts: enzymes catalyse reactions that
generate energy, synthesize ond. degrode biomolecules, replicate
ond. transcribe genes, etc. o

3- They tronsport and. store other molecules such as Hoemoglobin
tranNSpPorts oxygen,

4— They provide mechanical support, the internal protein hetwork
“cytoskeleton”, maintains cellular shape and physical integrity.
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5- They generate movement, octin and myosin filaments form the
contractile machinery of muscle.

6— They work as receptors that enable cells to sense and respond to
hormones and. other environmental cues.



Structure—function relationship in proteins

1, The function of a protein is directly dependent on its three dimensional
structure,
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2. Proteins contain o wide range of funcuonaL groups. These! functional

groups: accounts: for  the broad. spectrum of protein: function; For
instance; ther chemical:r reactivity: associated: with: theser groups:is
essential to the function of enzymes.
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'Proteins can interact with one another and with other biological
macromolecules to form complex assemblies, Example, replication of DNA,
the tranhsmission of signals within cells, and mony other essential

processes. .
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f}}) ome proteins are quite rigid, whereas others disploy Limited flexibility.

" Rigid. units can function os structural elements or in connective tissue.
Ports of proteins with Limited flexibility may act as to assembly

proteins with ohe another and with other molecules into complex units,
and to the tranhsmission of information within and between cells.
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Protein structure = e iy PP simare e o

Four levels of protein structure: -« Lo,
ﬂ o Primary structure (Amino acid sequence) ——> &l }re probting
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Secondary structure Q-helix, B-sheet, turhs 7 <
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Tertiary structure: Three—dimensionol structure formed by assembly
of secondary structures

!

ééﬁ\/oQuaternary structure: formed by more than ohe polypeptide chains
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1= Primary structure of proteins
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The primary. structure is the sequence of residues (amino acids) in the

polypeptide chain. et i
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By convention; the primary’ structure’ of ‘a’ protein is' reported’ starting Y
from! the! amino=terminol" (N)"end ' to! the' carboxy=terminal (C)iend.  viseri o o
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2= Secondary: structure of proteins’t 2 T s o
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Secondory structure is a Local reguLarLy occurting structure in proteins
and. is mainly formed through hydrogen bonds between backbone atoms.
<
There are two major types of stable secondaory structures:
Alpha. helices and beta—sheeg. Alpha—helices ond beto—sheets are
preferably Located ot the core of the protein, whereas Loops prefer to

reside in outer regions. -
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structuyé elements. Proline and gLycﬁe’fm sometimes known aos “helix
breakers" because they disrupt the regularity of the a helical
backbone' conformation; however, both have unusual conformational
abilities and are commonly found in turns.

By’ contrast, the large aromatic’ residues &(;cryptophon,
tyrosine and phenylalonine)’ prefer to adopt B-strand conformations



a-helix e »
The alpha. helix (a-helix)is a right—haonded coiled or spiral conformation,
in which every backbone N—Hgroup donates a he'drogen bond to the

bockbone C=0' group of the amino ocid four residues earlier
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| | Side chains of
| amino acids

The right—handed a-helix is one of the ” —— T /ﬂ%‘ extend outward
moSt commohn Second.ai‘)’ structures hydrogen R h B
while the left handed a-helix, is |

rarely found in nhature.
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Q-helix — * 0= —
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In the alpho. helix, the polypeptide chain is coiled J!fg /
nghtLy in the fashion of a spring.

The “backbone” of the peptide forms the mner part

of the coil while the side chains extend outward > @
P
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The helix is stabilized by
hydrogen bonds between the N-H
of one amino acid and the C=0
on the 4th amino acid awoy from
it, One “turn" of the coil
requires 3.6 amino acid units.




Amino—acid propensities

Different omino—ocid sequences have different propensities for forming
a-helical structure.

Methionine, alonine, Leucine, uncharged glutamate, ond Lysine all have
high helix—forming propensities, whereas proline and glycine have poor
helix—forming propensities. cﬁcg‘jﬁi‘/
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Proline either breaks or kinks a helix, both because it cannot donate
an amide—hydrogen bond (having no amide hydrogen), and also because
its side chain interferes sterically with the bockbone of the

preceding turh — inside a helix, this forces a bend. of about 30° in

. n
the helix axis.
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Large humbers of charged omino acids (for example, glutomate,
aspartate;yhistidine;Lysine;sorrarginine) also disrupt the helix
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amino. acids! with! bulky side’ chains; such as’ tryptophon; coninterfere  with
formation of the a-helix if they are present in Lorge numbers.
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B-sheet

The B sheet (also B-pleated sheet) is less common than the a-helix.

C._,t;

Beto. sheets consist of beta. strand.s connected. Laterally by at Leost two
(or three backbone hydrogenr bonds;r formingargenerally twisted,
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A beta strand is a stretch of poLypep'ade chain typically 3 to 10.amino
acids Long with backbone in on almost fully extended conformation.
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The majority of B stronds are armnged D feibone
ad jacent to other strands and. form an § \M&Ybi\? \ b S
extensive hydrogen bond hetwork with gz o Py

their neighbors in which the N=H groups in 3:%10\ (g
the backbone of one strand establish W?/m Nis i sl
hydrogen bondswith the C=0 groups in =09 4 . =
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the backbone of the ad_jacent strands.

In the fully extended B strond, o Tb\

successive side chains point straight up, :

then straight down, then straight up, etc.
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('Porallel: Adjacent polypeptide
chains running in the some
direction
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Antiparallel: when the
ad_jacent polypeptide chains
run in opposite direction
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Aturnis an element of secondary structure in proteins where the
polypeptide chain reverses its overall direction

A tumn is a structurol motif where the C%atoms of two residues .
separated by few (usuaLLy | to 5) peptide bondsare in close approach (<

< A), while the correspohding residues do not form a regular secondary
structure element such as analpha helix or beta. sheet.

Tight turhs

are classified according to the separation between the two end residues:
A— In onAlpha=turh the end residues are separated by fourpeptide! bonds

B— In a'Beta—turh or Beta—bend (thermosticommoniform) by.three bonds /ﬁ
C- In a.Gammo—turn, by twobonds 3 pewdls @ NEW
D— In aDelta—turh, bylone bond

E- In am:tumn, by five bonds n -\
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B-Bends
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Often found at sites where the ‘ borel
peptide chain changes direction. ’
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B- Bends are stabilized by the @ @ L
formation of. hydrogen®and. By R W gl A
having a distance of less than gy
7A between the Caatoms of | N D)
residues ohe and. four P W\ e 2

N )/\67)) S == L o D
@3

B-bends are generally composed By — ol )

of four omino acids, ohe of which B oy WRRIEACERS

may. be proline that couses a. " : =N A)° eeds)

kink" in the polypeptide chain, ;ﬁi;;f;g;;jj et
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_.u\Glycine, the omino ocid with the smallest R—group, is also frequently

found in B-bends.



Super secondary structures (also called motifs)
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Supgfﬁeml:bJ secondary. structures ore combinations of alpha—helices and beta—
structures connected through Loops.

These folding patzf(e/tfﬁs are stabilized through the same kind of Llinkages
thon the tertiary level. Sometimes the term ‘motif” is used to describe
these super secohdary structures.
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These structures can be relatively. ) AT
simples, os alpho—alpha (two alpha . AIL o 4
helices linked by a loop), Beta—Beta | A il _>,‘
(two beto—strands Llinked by a. Loop), g»fiﬁﬂ\ ‘ o’ f EOA g &Y
Beto—alpha—Beto. (Beta—strand. Linked . "' Y 2L DL\
to an alpha helix that is also Linked V¥ S 5
to other beta strand, by Loops) or R . 4 ( |
more complexes structures, Like the S ) \) a \’3\ )
beta—barrel, a-helin < Ree=S\ )
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Beta—barrel motif



