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Proteins - Many Structures,
Many Functions

1.Proteins are macromolecules (MW-6000-
several hundred thousands)

2.A polypeptide is a polymer of amino
acids connected to a specific sequence

2. A protein’s function depends on its
specific conformation
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Introduction

« Abundant in living organisms —40-70% of the dry weight of
living cells

* Proteins are instrumental in about everything that an
organism does.
— structural support,
— storage
— transport of other substances
— Intercellular signaling
— movement
— defense against foreign substances

— Proteins are the main enzymes in a cell and regulate
metabolism by selectively accelerating chemical
reactions.

« Humans have thousands of different proteins, each with
their own structure and function.
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Proteins

* Proteins are the most structurally complex
molecules known.

— Each type of protein has a complex three-
dimensional shape or conformation.

* All protein polymers are constructed from the same
set of 20 monomers, called amino acids.

e There are about 300 amino acids occur in nature.
Only 20 of them occur in proteins.

* Polymers of proteins are called polypeptides.
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Proteins

A protein consists of one or more
polypeptides folded and colled into a
specific conformation(phenomenon of
structural arrangement)

* A polypeptide Is a polymer of amino acids
connected In a specific sequence
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\Structure of amino acids:

« Building blocks of proteins-alpha AA
AA are organic compounds with an Amino group(
-H,N or -HN) and
a Carboxylic acid group O
|

-C-OH
* Thus they have properties of both acids and bases
« Side group R gives unique characteristics

R
|
H,N—C —COOH -
9] H
| %{: fE—NH
H HD/ ] ‘\H
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GAMMA CARBON ATOM
C-C—C-C- C-C-C-C—CO,H

BETA C ARBON ATOM ALPHA CARBON ATOM
Side
H R chain
«-Carbon L 4
C(h'.
+./ N\
H3N COO~
Amino  Carboxyl Ball-and-stick
group group model

Amino acids are
tetrahedral structures
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AA are optically active and occur in two isomeric
forms; L and D forms ;

L -AA are found in proteins and D-AA are rare In
nature ;

D-AA are only found in cell walls of some
microbes and antibiotics

H H
H;N—é—COUH HOOC—J:—NH;

L-amino acid p-amino acid
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e Structure of amino acids:

-Each amino acid has 4 different groups
attached to a- carbon ( which 1s C-atom
next to COOH).

-These 4 groups are : amino group,
COOH group,

Hydrogen atom and side Chain (R)

- Differences in R groups produce the 21
different

amino acids.
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Chemical structure

of 21AA
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. Amino acids are joined together when a
dehydration reaction removes a hydroxyl group from the
carboxyl end of one amino acid and a hydrogen from the
amino group of another.

« The resulting covalent bond is called a peptide bond.

OH OH -
Peptide
o OH SH > Side
?H '~|‘"*H | Peptide chains
CHy CHs CH, CHy CHybond cH, |
| ' | e
Back-
{=N—C—C-Y N—C—C— OH H—N—C—C—0H NN T fbone
SRS T Wdne hd
H O H O 0 .
\ f }
(a) \ Amino end Carboxyl end
\ H.0 (N-terminus) (C-terminus)

(b)
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Proteins -structure

* Repeating the process over and over creates a
long polypeptide chain.

— At one end is an amino acid with a free amino
group the (the N-terminus) and at the other is
an amino acid with a free carboxyl group the
(the C-terminus).

* The repeated sequence (N-C-C) is the polypeptide
backbone.

* Attached to the backbone are the various R
groups.

 Polypeptides range Iin size from a few monomers
to thousands. Proteins By YKS 12



Proteins

* The twentyone different R groups may be
as simple as a hydrogen atom (as in the
amino acid glutamine) to a carbon
skeleton with various functional groups
attached.

* The physical and chemical characteristics
of the R group determine the unique
characteristics of a particular amino acid.
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One group of amino acids has hydrophobic
R groups.

H

H H H H
s | P | p | A A
H3N’—(|:—C/ HsN‘—?—Cf HaN‘—C’:—Cf HN—C—C HaN‘—(|:—C/
§ow CH, | & ot L in k5 H,C—CH o
CH, CH CH
i .
3 v CH,
Glycine (Gly)  Alanine (Ala) Valine (Val) Leucine (Leu) Isoleucine (lle)
Nonpolar
i H p " j. " p " p
HN*—C—C HN*~C—C HN*—C—C HN—C—C
. I O Ll b
H, H, CH H,C  CH,

| 5 Nl
CH, - CH,
| NH

S J—

Methionine (Met) Phenylalanine (Phe) Tryptophan (Trp) Proline (Pro)
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* The last group of amino acids includes those with
functional groups that are charged (ionized) at

cellular pH.

« Some R groups are bases, others are acids.

Acidic Basic
H H H H
S a a a a
HN*—C—C HN*— ? ¢ HN*— ? cL HN— ? c\o N —C—C
H, ch, & ¢, & CH, Hy O
Electrically é J‘.H AH éH NH
charged N 2 2 ik )
¢ 0 c CH, CH, NH?*
AN é |
°c 0 H NH
NH,* E=MHR+
|
NH,
Aspartic acid (Asp) Glutamic acid (Glu) Lysine (Lys) Arginine (Arg) Histidine (His)
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Classification of proteins

dBased on their functions , chemical
nature and solubility

JdFunctional classification

1. Structural proteins —Keratin of hair
and collagen

2. Enzyme or catalytic proteins -
Hexokinase , pepsin

3.Transport proteins —Haemoglobin and
Sserum alburgriogins By YKS 16



4. Hormonal proteins —Insulin
5. Contractile proteins

Storage proteins
EXx: Nucleoproteins

Defense proteins-snake venom

Others are:Immunoglobulins proteins,
Receptor proteins
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A protein’s function depends on its
specific conformation

« Sequence of AA determines a proteins primary
structure,

A functional proteins consists of one or more
polypeptides that have been precisely twisted,
folded, and colled into a unique shape.

e |tis the order of amino acids that determines
what the three-dimensional conformation will be.
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Structural proteins

» Conformation means structure
» Specific conformation dictates Its
function and binding strength
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Conformation

A protein’s specific conformation determines
Its function:

The function depends on its ability to recognize
and bind to some other molecule.

i. Antibodies bind to particular foreign
substances that fit their binding sites

i. AEnzyme recognize and bind to specific
substrates, facilitating a chemical reaction

ii. Neurotransmitters pass signals from one cell
to another by binding to receptor sites on
proteins in the membrane of the receiving cell
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Levels of Protein Structure

1. Primary structure
2. Secondary structure

3. Tertiary structure
> are used to organize the folding within a
single polypeptide.
4. Quarternary structure arises when two or
more polypeptides join to form a protein.
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Primary structure

* A slight change in primary structure
affects a protein’s conformation and ability

to function

Ex:In individuals with sickle cell disease,
abnormal hemoglobins, oxygen-carrying
proteins, develop because of a single amino
acid substitution

Abnormal hemoglobins crystallize, deforming
the red blood cells and leading to clogs In
tiny blood vessels
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(a) Normal red blood cells and the primary  (b) Sickled red blood cells and the primary
structure of normal hemoglobin structure of sickle-cell hemoglobin
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Secondary Structure

The secondary structure of a protein results from
hydrogen bonds at regular intervals along the
polypeptide backbone

Typical shapes
that develop from
secondary structure
are colls (an alpha
helix) or folds

9
(beta pleated R
Cc \
CRE o
i OEy . | ¥ )
T e c“p“z*\\c,c“p%:u\ccﬂ’;‘ !
sheets) g v N
n . -
[ ] (o] /C\ 2 . . * . . . . .
,é,’fgc ?1 0 W 0 “ 0 W % ‘,}
C a0, . Hydro o w&c—‘ﬂ’c GN‘Q(;/N'G w\c*ﬂ W Sc
’I‘ C~ c 0 ydrogen I “ W n
H oN.i ) bonds N’* ) n u 3 W 3
. 0 \ .« . . pt
p) C
°] N- ,C\ ’ 0 N 0 \‘ 0
N
/‘(‘: e ‘ c\n\’cQN\ c“’cQN\ ONP\Q“\ CN’CQW
. (4 “ (4 “ (v n 9 c/ “ Q
Proteins By YKL, 25
H

o Helix B Pleated sheet



Structural properties of silk - beta pleated sheets
Numerous hydrogen bonds: silk fiber stronger than steel
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Tertiary structure

Tertiary structure is determined by a variety of
Interactions among R groups and between R
groups and the polypeptide backbone.

-These interactions
Include hydrogen
bonds among polar
and/or charged
areas, ionic bonds
between charged
R groups, and
hydrophobic
Interactions and
van der Waals
Interactions among
hydrophobic R
groups.

Hydrogen
bond

Hydrophobic interactions

(clustering of hydrophobic
| groups away from water)
and van der Waals
/CH

interactions

Polypeptide
backbone

—CH,—5—-5—CH,—
Disulfide bridge

O

[
—CH,—CH,—CH,—CH,—NH;* =0—C—CH,—

lonic bond
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While these three interactions are relatively weak,
disulfide bridges, strong covalent bonds that form
between the sulfhydryl groups (SH) of cysteine monomers,

Hydrogen
bond

stabilize the structure.

Hydrophobic interactions

(clustering of hydrophobic
I groups away from water)
&n and van der Waals

é:H s interactions
| 2 H,C CH, Polypeptide
(@] Hsc\\ /CH:; backbone
H CH
: |
C=—0H
| — CH,—S—S—CH,—
CH, Disulfide bridge
Q

|
—CH,—CH,—CH,— CHz—NH3+ —O-C—CH,—
lonic bond
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Quarternary structure

Quarternary structure
results from the
aggregation of two or
more polypeptide subunits

— Collagen is a fibrous
protein of three
polypeptides that are
supercoiled like a rope. @/

- This provides the
structural strength fc |/
their role in \ '\
connective tissue. (a) Collagen (b) Hemoglobin

— Hemoglobin is a
globular protein
with two COpi€sroteins By YKS
of two kinds
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(a) Primary
structure

(b) Secondary structure

(c) Tertiary structure
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(d) Quaternary structure
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Conformation of protein

A protein’s conformation can change in response
to the physical and chemical conditions.

Changes in pH, salt concentration, temperature,
or other factors can unravel or denature a
protein.

— These forces disrupt the hydrogen bonds, ionic
bonds, and disulfide bridges that maintain the
protein’s shape.

Some proteins can return to their functional
shape after denaturation, but others cannot,
especially in the crowded environment of the
cell.

— Usually denaturation is permanent
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