CHAPTER AT A GLANCE

After reading this chapter the learner would be able to understand and |
appreciate the followings:

Structure of amino acids |
Classification of amino acids |
Physical, electrical and chemical properties of amino acids. \
Derivatives of standard amino acids
Non-standard amino acids |
Biological functions of amino acids |

080000

» Amino Acids are the basic structural units (monomers) of proteins. Although
over 300 different amino acids are known to occur in cells and tissues, only
20 of them universally occur in the proteins of all forms of life. These 20
amino acids are called protein amino acids or stander amino acids or magic
20. The others are called non-standard or non-protein amino acids.

Asparagine was the 1st amino acid discovered and isolated from protein of
Asparagus in 1806 and the last of the 20 amino acids to be discovered was
threonine.

In recent years twonew amino acids have been added to this list namely
selenocysteine and pyrrolysine. Both are directly incorporated into proteins
during translation. Interestingly they are coded by stop codons; stop codon
UGA can code for selenocysteine, while pyrrolysine can be coded by stop
codon UAG. Selenocysteine is an unusual amino acid containing trace element
selenium in place of sulfur atom of cysteine. Selenocysteine is usually found

in the active sites of certain enzymes (selenoproteins), e.g. glutathione

peroxidase, glycine reductase, thioredoxin reductase etc.
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Fig. 8.1 Basic structure of standard amino acids

3 Out of 20 standard amino acids nineteen are a-amino acids andproline is the
exceptional a-imino acid having imino group (-NH-). In proline, the R-group
is bonded to both the nitrogen and a-carbon atom, resulting in a cyclc
structure. Thus, proline has a secondary rather than primary amino gréup.

4. El}e R-group can 'be hydrogen (in ‘glycine), a methyl group (in alanine|

ydroxyl rpethyl (in serine) or an aliphatic group or an aromatic group 0ré
heterocyclic group.

5. No ’ : .
menclature - The standard amino acids have been assigned three letter
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and G is the symbgf e letter symbols, e.g., for Glycine, Gly is the abbreviai®
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Classification of Amino Acids Based on their incorporation in prot;ins.
Based on incorporation of amino acids in protein, they are classified into two
grOuPs :
(i) Proteogenic amino acid.
(ii) Non-proteogenic amino acid.
i (i) Pr.oteogenic amino acid : The amino acids which are used for synthesis of
i protein are called proteogenic or proteinogenic amino acids. Again they are
of two types.
(a) Major amino acids (b) Rare amino acids.
(a) Major amino acid_s : The major amino acids are involved in synthesis of
vast number of proteins. They are 20 in numbers listed below.
(b) Rare amino acids : are the derivatives of the 20 major amino acids. E.g. (i)
Hydroxyproline, (i) hydroxylsine, (iii) aminocitric acid, (iv) aspargine (v)
‘ glutamine.
(ii) Non-pr.oteogenic amino acid : The amino acids which are not
incorporated into the proteins or not participate in protein synthesis are called
g non-proteogenic amino acids. They occur in cells either in a free state as
metabolites or as part of non-protein compounds. Example - ornithine,
citrulline, y aminobutric acid, P-alanine, pantothenic acid, thyroxine and many

others.

9 Classification Based on the structure of side chain : On the basis of the
nature of their side chain, amino acid classified into following categories.
A. Aliphatic amino acids :
. Monoamino monocarboxylic acids :
- Simple amino acids : Glycine, Alanine (Fig. 8.2).
_ Branched chain amino acids : Valine, Leucine, Isoleucine (Fig. 8.3).
- Hydroxy amino acids : Serine, Threonine (Fig. 8.4).

Sulfur-containing amino acids : Cysteine, Methionine (Fig. 8.5).

Amino acids with amide group : Asparagine, Glutamine (Fig 8.6).

E

E
b. Monoamino dicarboxylic acids : Aspartic acid, Glutamic acid (Fig. 8.7).
c. Dibasic monocarboxylic acids : Lysine, Arginine (Fig. 8.8).

(1)
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B. Aromatic amino acids : Phenylalanine. Tyrosine (Fig.n 8.‘9)‘. I
C. Heterocyclic amino acids : Tryptophan (Fig. 8.10). Histidine (Fig. 8.11).

D. Imino acid : Proline (Fig. 8.11).

- Derived amino acids : -
a. Derived amino acids found in proteins : After the syn.thes;s. 0 gpig)e::ci
some of the amino acids are modified, €8 hydroxy proline (Fig. .
hydroxy lysine are important components 0

| ' e is importa
of glutamic acid residues of proteins 15 imp
ns and in histones, a

f collagen. Gamma carboxylation
nt for clotting process (Fig.
: mino acids are extensively
8.12). In ribosomal protei
Methylated and acetylated.

‘_—#
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b. Derived amino acids not seen in proteins : (Non-proteins f
Some derived amino acids are seen free in cells, e.g. Omithine (0
Citrulline, Homocysteine. These are produced during the metabolis
acids. Thyroxine may be considered as derived from tyrosine,

¢. Non-alpha amino acids : Gamma amino butyric acid (GABA) i
lVed

acid. Beta alanine, where amino group is in beta positi
. ot o
acid (vatimin) and coenzyme A, /18 3

g
Fig. 8.1,
™ of amip,,

from glutamic
constituent of pantothenic
Special Groups in Amino Acids :
In the figures, special groups are boxed. Arginine contains guanidiniyg,
(guanidine) group; Phenylalanine (benzene); Tyrosine (phenol); Tryptophan
(indole); Histidine (imidazole); and Proline (pyrrolidine) (Table 3.1). Proline

has a secondary amino group, and hence it is an imino acid.

r-.- N
‘;00' coo” co0™
coo™ coo™ CH-NH; CH-NH} -
L] e ol
lH—NH: : -NH, ?H—CH, H, 1:¢u'
H
Glycine Alanine ; ¢ o
Gly; G Ala; A valine Leucine iscleucing
Val; V Leu; L ™
Fig. 8.2 : Simple amino acids Fig.8.3: Branched chain amino acids
= |
<l:oo‘ clzoo e . I t
3 - CH-NH, |
CH-NH, CH-NH} Vidhiios” =
H, i |
He(H o] ) &
CHy SCHa
Serine; Ser; S Threonine; Thr; T Cysteine; Cys; C M
Fig. 8.4 : Hydroxy amino acids Fig. 8.5 : Sulfur-containing amino acids
/
?00' cI:oo' coo |
“ | *
CH-NH] cl:H-NH; @ | CH-NHy .
|
CHy i B CHy b I“‘
CO-NH, CH, 1 CHy |
u

Asparagine; Asn; N Glutamine; Gin; Q Aspariic acid; Asp; D Glutamie acid; GY: 1

Fig. 8.6 : Amino acids with amide groups Fig. 8.7 : Dicarboxylic aming acids

e —
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Fig. 8.9 Aromatic amino acids

-lCH’
U ?MH;

Ccoo”

Fig. 8.10 Tryptophan (Trp) (W) with indole group

[_‘—_7 .
Fig. 8.8 Dibasic amino acids
a COO™ z coo”
P | f | 3 oH
I '____]__ CHy E-— : B cI:H-NH, (I:H-—NH,
| 1
l !HN . CH-NHy ‘N*A"'COO y CH, H, . coo™
coo~ H, H-COO™ CH, at

|Histigine: His: H (imidazole group) Proline; Pro; P (Pyrolidine group C00~ CH,~NH,"
‘ Gamma carboxy o .

Fig. 8.11 Histidine and proline glutamic acid Omithine yaroxy pro

(3)

Fig. 8.12 Some derived amino acids

Classification based on the polarity of the side chain.

On the basis of polarity of the R groups, amino acids are of following types -

.. Amino acids having non-polar (hydrophobic) side chains: These amino acids

are hydrophobic (water repellant) and lipophilic. They include, proline,
aromaticamino acids (phenylalanine and tryptophane) and aliphatic amino
acids (alanine, valine, leucine, isoleucine and methionine). The parts of protein

made up of these amino acids will be hydrophobic in nature and occupy the

interior of protein.

Amino acids having uncharged or non-ionic polar side chains (hydrophilic):
This group includes amino acids having R group as (a) hydrogen group (-H)
as in serine and threonine, (¢)

group as in glycine, (b) hydroxyl group (-OH)
s in

sulf-hydryl group (-SH) as in cysteine, (d) amide group (-CO-NH2) a

asparagine and glutamine.
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g charged or ionic polar side chains (hydrophilic).

~vely charged R group, e.g. Aspartj, acig
i

ince it has a weakly ioniSab]
¢

C. Amino acids havin
dic amino acids: They have

a. Aci |
mic acid. Tyrosine is mildly acid s

and Gluta
phenolic hydroxyl group.
b. Basic amino acids: They have +vely charged R group, e.g. Lysine, Afginine
and Histidine.

(4) Classification based on Reaction in solution.

On the basis of the chemical reaction in the solution amino acids are classif;s

into three groups : |

(i) Neutral amino acids : These amino acids do not contain any amino group or |
carboxyl group in the sidé chain or R are called neutral amino acid. Ther
contain one carboxyl group and one amino group. Example - cystine, cysteine
glycine, alanine, serine, theonine, valine, leucine, isoleucine, phenylalanine
tyrosine, methionine, thyroxin, tryptophan, proline, hydroxyproline efc

(ii) Acidic amino acids : These amino acids contain additional carboxylic grouf*
in the side chain. Example - Aspartic acid, glutamic acid, aminocitric acid

etc.

. . ” . " . - in
(iii) Basic amino acids : These amino acids contain an additional amine group

the side chain. Example - Lysine, arginine, histidine, etc.
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(b) p-amino acid : The second carbon atom from the acid group is called P-carbon

“tom. When the amino group is attached to tl_le B-f:arbon atom, the amino
~cid is called P-amino acid. Example - Prop1onic Acid.

(c) y-amino acid : The third carbon atom from the acid group is caleld y-carbon

“tom. When the amino group is attached to the y-carbon atom the amino
acid is called y-amino acid.

(6) Classification based on Metabolic fate.
Based on their metabolic fate, amino acids are classified into following three
types:

(a) Ketogenic amino acids: Leucinean

d lysineis purely ketogenic because 1t
converted to ketone bodies.

(b) Both ketogenic and glucogenic amino acids: Lysine, iSOIeuqﬁ;{
p{xenylalgmne, tyrosine and tryptophan are 5 amino acids that are partl of
glﬁgoger}lg and partially ketogenic. They are precursors for the Synthewese
Errl({x(w)zeadcsi (;v:ll glsl fat. During metabolism, part of the carbon skeleton of t};nto

w1l 1 ;

( S pathw:;ter ketogenic pathway and the other part ents

¢) Glucogenic amin ids:
g]m’ogeni( as the 0 scldsi All the
of glucose or gl

arely

remaining 14 amino acids are patioﬂ

y enter only to glucogeni 5
‘ nic for the
L S et ycogen. (Table-8.1). g -
-8.1: Classification of amino

. . ()

(e T — acids based on their metabolic fat
oth glucog o P e —

(lamino acid k*) ]b]l?wbcmt and Glucogenic

2 ——— ) ;L‘lt_)rz?'cmc (Samino acids) (14 amin d )

Leucine v 0 acids

—— | Lysine TR -

1%\0_1€u;i§n‘eﬁ‘\\\ Glycine, Alanine, Valine

'.\‘—_-/

henylalanine Methioni :
€thionine, Asparagine,

S O Glutamme

R g T i —
Trypiophan |- ~SPartic acid, Glutamic acid
— | Arginine, Histidine, Proline |
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Classification of Amino Acigs =

. 1 ; h "
’ » tryptophan and threonine s

giological importance of Essential amino acids:

1.

"

e

(%)

These amino acids required for maintaining N-equilibrium in man

Normal g.I'OWth and optimal health will not occur, if one such amino acid is
deficient in the diet.

~ Quantity and proportion of essential amino acids determine the biological

value (nutritive value) of proteins.

Non-essential or Dispensable amino acids: These amino acids can be
synthesized in animal body and may not be supplied in the diet. For example-
alanine, arginine, tyrosine, asparagin, glutamine, proline, etc. In plants all the
amino acid are non-essential.

Semi-essential amino acids: These amino acids are synthesized at a slower
rate than their requirement in the body, e.g. arginine and histidine. Growing
individuals require them in food. Arginine and histidine are essentglly
required in the diet of children, teenagers, pre.gna.m.t women and lactation
mother. But they are not essential for the adult individual.

TABLE-8.2: Essential Amino Acids.
. Valine 6. Lysine
7. Tryptophan
8. Threonine
9. Histidine (Semi-essential)
10. Arginine (Semi-essential)

Non-essentlal Amino Acids.

1
2. Isoleucine

3. Phenylalanine
4. Methionine

5

. Leucine
TABLE-8.3: List of

7. Glycine
1. Alanine s Hydroxyproline
2. Asparagine 9. Hydroxy lysine
3. Aspartic acid 10, Proline
4. Cysteine 1. Serine
D G}l,utamic acid 12_ Tyrosine
6. Glutamine_/'
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;(d‘) Conditionally essential amino acids: T'hese amino -a|c1ds. are normy
t become essential during times of physiological stres, e

nonessential, bu iti
se conditions, a person may Joge th
:

case of moderate to chronic illness. In the ' .
enough nonessential amino acids and thus Fequi

ability to manufacture a
ty be taken in food. Some of the conditionally esseny,

supplementation or to ; :
amino acids are: glycine, arginine, cysteine, glutamic acid, tyrosine a4

proline.

PROPERTIES OF AMINO ACIDS

A. PHYSICAL PROPERTIES
1. Texture: Amino acids are colourless, crystalline solids vary from slender needles
(tyrosine) to thick hexagonal plates (cysteine). :
2. Solubility: Most of the amino acids are usually soluble in water, dilute acids
and bases. They are slightly soluble in alcohol and insoluble in organic solvents

like ether.
3. Melting Point: Amino acids are generally melt at higher temperafure

(generally above 2000C) anfd often result in decomposition.

4. Taste: Amino acids may be sweet (Gly, Ala& Val), tasteless (Leu &
Tyr) or bitter (Arg & Ile).

5. Abs).or.ption of UV radiation: Aromatic amino acids like tryptophan, tyrosine;
histidine and phenylalanine absorb UV-light.

6. Optical Properties: All amino acids except glycine are optically active i.e. they
can lrotate the plane polarized light. As a result they exist in two optical jsomers
Le, I (- o
Le- (=) forms and or d (+) forms, Most naturally occurring amino acids 2
th;;mn.o acids .due to the presence of one asymmetric a-carbon atom B.ut
Larb:)m'ne and isoleucine are the amino acids having two chiral (as_vmmetrlc
; )p aturps each. Hence, they exist in 4 optical isomers.

CQSN;I,ZTI:(.ldb are rare in nature, but are found in small peptides of bacterl.a]
mammals c;];d [(;‘”al.n dljtibiotjcs, Recently two free D-amino acids found

7. Zwitter i “serine in fore brain and D-aspartate in brain and PN

v & €r 1ons gr dipolar ions:

“ybrid "

I'he name Zwitter is de

rived from the Geérman word which means

Ewitter ion (,
118 a hybrid : » o o
ou ybrid mole >
foups. [ Neutral solution (pH = 7“0‘;ltau)r.1tammg POsES in;ginandy
. * ;& ~1 (0] ’
d-drllil]u rou PO aino aLIdS are Pre bothC
group (- NH,") is protonated and the a-car xy!

-C( g . & .
e 3?)- T'his is due to shifting of the proton from car
‘ the self-molecule at normal pH of cellular leve™
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Cheﬂ‘llstry 2 /!-u%;-b.!“l17 -
O
I OH~ Il H* fl)
R—CliH—C—O"——H—CH—'C—O'——' H—CIZH‘—C—OH
NH; *NH, *NH3
Negative ion Zwitter jon Positive ion

g. ELECTRICAL PROPERTIES

1. Amphoteric nature or ampholytes:

Amino acids (zwitterions) are ampholytes (amphoteric electrolytes) i.e. they
act as both acid (proton donor) and base (proton acceptor). In acidic solution (e.g.
pH = 1), only the a-amino group is ionized and the amino acids carry positive
charge and migrate towards cathode. But in alkaline solution (e.g. pH = 11), only
the a-carboxylic group is ionized, so the amino acids carry negative charges and
move towards anode.

2. Isoelectric point or isoelectric pH : The pH at which an amino acid bears
1o net electric charge (i.e. exist in form of zwitter ion and there is no anion or
cation) is called isoelectric point or pl. The pl can be calculated as the midpoint
between pK, and pK, values.

]
pl =5(pKl +pK,)

3. pK values: All amino acids possess at least two weakly acidic functional
sroups. However, ~-COOH is several thousand times stronger acid than -NH.". The
PK value is the pH at which these acidic groups are half dissociated. The pK of -
COOH group and -NH ," group are respectively pK, and pK,. In all the 20 standard
irg:ilno acids, the value of pK, varies from 1.8 - 2.9 and the pK, value varies from
.84 - 10.78.

€. CHEMICAL PROPERTIES

Amino acids contain three groups, viz., NH,, COOH and R-group. Hence,
ey show three types of reactions. Of these, reactions of NH,, COOH group are
common to all amino acids, whereas the reactions of the R-group are specific
and are different for different amino acids.

! Chemical properties of amino acids due to -COOH group:

(a) Decarboxylation and amine formation: The amino agids”will undergo
decarboxylation (loss CO,) to form the correspondmg. amines” when heated
in presence of barium hydroxide. Thus important amines are produced from

amino acids.

* Histidine — Histamine + CO,
Tyrosine — Tyramine + CO,
Tryptophan —» Tryptamine + CO,
Lysine — Cadaverine + CO,

Glutamic acid —» Gamma Amino Butyric Acid (GABA) + CO,

Scanned with CamScanner



.

-

118 Fundamentals of Biochemistry & Microbig,

3 : ;l - j.»n with Alkalies (Salt formation): Amino acids react with alkalie
(b) R:_‘EM,, I.,,E; Its”. In the process, the carboxyl group of amino acids cap, re| the
A m‘ oalls - h 8 b I t COO_ ‘ ease a
g H* ion with the formation of Carboxylate ( ) ions. These may },
neutralized by cations like Na* and Ca* to form Salts. Y be
¢ o

| R— GH— COO(H_+ HO|Na—> A= GH=COONa + H0

| i

| AHQ NH,

t Glutamic Acid MSG

For example, glutamic acid reacts with NaOH to form monosodium glutama,
(MSG), which is the sodium salt of glutamic acid, is one of the most abundant nop,.
essential amino acids found naturally in tomatoes, cheese and other food |
is extensively used as a flavor enhancing agent in the preparation of Chinese
food, soups, canned vegetables and processed meats.

(c) Reaction with Alcohols (Esterification): The -COOH groups of amino acids
react with alcohols to form “Esters”. The esters are volatile and can be
separated easily and identified by gas chromatography.

S (e i Acid catalyst
R—?H_COOLH_‘:,EQ_I —02H5 e = R—-CI:H—COO—C2H5+ Ho0
NH» NH>
Ethyl ester
of amino acid

(d) Reaction with Amines:

n—cle—co',_é'H'IFc‘, HBECH <=k R TH = DOt SRS Hg0
NH, e NH,
Amino acid Amide Water

Amino acid reacts with Amines to form “Amides”.
II. Chemical properties of amino acids due to -NH, group:

(a) Reaction with Mineral acids (Salt formation): When the amino acids are
treated with mineral acids (like HCI), it forms “Acid Salts”.

i : : ;i . ~ules
(b) Reaction with Formaldehyde: When the amino acid reacts with two molecul€

: " ’ . ] 4 - th\’
of Formaldehyde it forms “N-dimethylol derivative” (Hydroxy mel‘ubk
derivative). This reaction is done in two steps. These derivatives are ins¢
in water and resistant to attack by microorganisms.
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R— CH— COOH

H R— CH — COO
NHH o 0 C< ’ \ "
N-monomethylol
derivative
R— CH — COOH H R— GH — COOH
N —CHeOH ¢S g
s 2
CH,OH
N-dimethylol
derivative

(c) Reaction with Benzaldehyde:

When the amino acid reacts with benzaldehyde, it gives “Schiff’s base”.

R— CH — COOH R— CH — COOH
——— —p
NIH, + OjHC— CgHs + H0O
o W 0 N = HC— CgHs
Schiff's base

(d) Reaction with Nitrous acid (Van slyke reaction):

Amino acids react with nitrous acid (HNO,) to produce the corresponding
o-hydroxyl acids” with the liberation of N,. The imino acids proline and
hydroxyproline do not respond to this reaction.

R— CH — COOH R— CH— COOH
NH [H_+ HOl =N =0 OH
Amino acid Nitrous acid a-hydroxy acid

(e) Reaction with Sanger’s reagent:

”l-flouro-2,4-dinitrobenzene” is called Sanger’s reagent (FDN}B). In mildly
alkaline solution, -NH2 group of a-amino acids react with Sanger s r?agent. to
produce Yellow colored derivative, DNP-amino acid (Dinitrophenyl amino acid).

With the help of this reaction, Frederick Sanger (1953) determined the amino
acld sequence of insulin.

R— clzu — COOH

R — COOH
NH{H_+ F e
Amino acid NO>
id

NO, DNB-amino ack Hydrogen
FDNB (yellow) Soorkh
(Sanger's reagent)
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e ry Mlcrob|o|ogy
(f) Reactio
Dansyl chlor

When the amino a 4
derivative”.D

o with pDansyl Chloride:

ide means “1-Dimethylaminonapthaline-5-sulphonyl chlorige~
cid reacts with dansyl chloride reagent, it gives a ”FlOUTescen{
ansyl chloride is widely used to modify amino acids.

ansvll . : : -
Da:if'icauv protein sequencing and amino acid analysis.
spe Y, s
N(CHa)a N(CH)
H-—]}H-‘()OOH*' ——p R— CH— COOH “ + HCI
___________ ' |
NHIH o 9,025 NH . 30,
saminosdd Dansy! chioride Dansyl derivative

(g) Reaction with acylating agents (Acylation):
When the amino acids react with acetyl chloride and acid anhydride (Pthalic
anhydride) in alkaline medium it gives “pthaloyl amino acid”.

R— CH— COOH R— CH~— COOH
f o it — + HCl
NHTH_+ Cl; OC.CH3 NH — OC.CHg
Acetyl chloride
R— CH — COOH A=t —=E00N
o) o
o !
neg 37 — + 10
G’ c
i I
o) 0
Phthalic anhydride Phthaloylamino acid

[II. Reaction shared by both -NH, & -COOH groups:

a. Dehydration reaction (peptide bond formation) : The peptide or amide
bond (CO-NH) is a covalent linkage formed by removal of one water molecule
between the a-amino group of one amino acid and the a-carboxyl group of another
amino acid. When two amino acids are joined by peptide bond it is known 2%
dipeptide, and each amino acid unit is known as amino acid residue.

The peptide group is rigid and planner, while the peptide bond
double bond character with no rotational freedom. A peptide is a mo
consists of two or more amino acid residues, e.g., dipeptide (2 amino acid re

has p’dfti"’l
lecule that
S idues)

Scanned with CamScanner

L

4



_ ino Acids

chemistry of AminG . 121

ripeptide (3 amin© acid residue) etc. A polypeptide usuall
.dues. The backbone. of the polypeptide includes the r

res on atoms and peptide bonds while the side chain

carb b )
responsible for functioning of the p.rotem. A polypeptide with more than 100
esidues is generally called a protein. A protein may consist of one or more

PolvPePtide- A peptidfe is a polar molecule starting with the amino terminus (N-
ferﬁﬂinus) and ends with the carboxy terminus (C-terminus).

y contains 20-4000
epeating sequence of g-
s of different amino acids

C—terminus
(a) H H H O H
Foron o P, N e = HiN—C—C—N—-C—C + H0
HaN fIJ o 3 | & | tE S
Ry R2 R4 H Rz
Peptide
Rigid, planar peptide units bond
_A_T \ Dipeptide
H H| O H |O H O
e ol |l |l
i oY —
R1 H 7R2 H| Rs
/
Free rotation about C,~N
and C, — C bonds
Fig. 8.5 (a) Formation of a peptide bond, (b) Peptide units within a polypeptide

b. Ninhydrin reaction (Oxidative deamination):
Step1: Ninhydrin (= triketohydrindene hydrate) is a powerful oxidizing agent
and causes oxidative decarboxylation of a-amino acids producing CO,, NH, and
inaldehyde with one less carbon atom than the parent amino acid.

@)
g
\C/oH + R—CH-— COOrH-:
N S
c o
(o} -amino acid
Triketohydrindene hydrate a
(Ninhydrin)
O
¢ i
\C/OH + R—CH + COz + NHy
~
H
C /
il
0 Aldehyde
Hygrindantin
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ndantin) then reacts with the lberg
Blue-colored Ruheumann’s COmpﬁed
ex

122 0

Step2 : The reduced ninhydrin (hydri
NH, and a mole of ninhydrin, forming
(diketohydrin).

-y, - C
C r—-=- H-‘!L-'_'t'O.l /
~ IS o ) —
~ NoA_mH G

I o
Hydrindantin

(

0
Ninhydrin Ammonia
0o
l

I !

\C= N-—C/ D + 3H,0
c/ §C
H

@]

I

o 0

Diketohydﬁndylidene-diketohydrindamine
(Ruheman's purple)

This reaction is very sensitive reaction and it is used for qualitative and
quantitative estimation of amino acid and imino acid identification.When Amino
acids (or) Imino acid reacts with Ninhydrin molecule it gives Color. When it gives
Purple color (Rhumann’s Complex) -the Unknown sample is Amino acids (Which
have primary amine - (NH,) or it is gives Yellow color - the Unknown sample is
Imino acid (-NH-).

c. Reaction with Edman’s reagent :

E(Iiman’s reagent is “phenylisothiocyanate”. When amino acids react with
EQman s reagent it gives “phenyl thiohydantoic acid” finally it turns into a “ Pheny!
thiohydantoin (PTH)-amino acid” (Edman’s derivative).

Pahr Edmgn deyised this technique of Edman degradation to sequentiﬂ“,"
remove one amino acid at a time from the amino end of a peptide

IV. Chemical properties due to Side chains (R groups)

R=— CH — COOI
N A=CH=—CO'OH
NHH & N Cetls .
— .Hd
Amino acid Pheny! isothiocyanate NH " SC =N — CgHs
(Edman reagent) Phenyl thiohydantole acid

H*; Nitromethane

R—CH-—CO
+ H0O
NH—SC — N — CgHs
Phenyl thichydantoin Water
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chemistry of Amino Acids
DERIVATIVES OF STANDARD AMINO ACIDS

Some polypeptides chain unusya] . ,
derived by the post transcriptional modificati il
The rare amino acids are not coded by D

1. N-formylmethionine. It is the 1st am;

tissue.

3. y-carboxyglutamic acid found as a consti
prothrombin.

4. Cystine. The sulfhydryl groups (-SH)
a cystine residue having disulfide bon
in extracellular proteins.

. Acetylation: The N- termini when acetylated, makes the proteins more
resistance to degradation.

6. Phosphorylation: Phsophoserine, phosphothreionine and phosphotyrosine are
formed by the phosphorylation of their ~-OH group.
NON-PROTEIN AMINO ACIDS
Over 150 modified amino acids are known that are not components of proteins.
A few examples are as follows:
(a) D-amino acids present in the peptides of bacterial cell wall are defensive in
nature as they are not hydrolyzed by peptidases.
(b) Ornithine and citrulline, participate in Urea cycle.
(c) y-aminobutyric acid (GABA) is a neurotransmitter derived from
decarboxylation of glutamate.
(d) Dopamine is also a neurotransmitter derived from tyrosine.
(e) Thyroxin, a thyroid hormone, is a product of tyrosine: |
(f) Histamine is a decarboxylation product of histiding. Itisa \{asodllztor, Cal;ls.ei
allergic response, powerful stimulant of gastric secretion and constric
bronchial smooth muscles.
(8) Azaserine, valinomycin, atif\bqn:y(:
the useful components of antibiotics.
(h) Cycloserine, alzlerivative of serine is an anti-tuberculous drug.
BIOLOGICAL SIGNIFICANCE OF AMINO ACIDS

-ami ids are polymerized to form

R ins: Only L- L-amino acids : ‘

(1) g:ol:d'mg tl;]lod(}i gf)&rgf’;ﬁino ac);ds 1nd non-L-amino acids found in nature.
eins, thoug

i buffers in solutions,
: - { ing amphoteric, act as duy
(2) ?lqltz_gicalhbuffers_,: f:;;\{m’?hagd;obse; bgy donating H* ions as pH increases and
esisting changes in pH.

accepting H* as pH decreases.

tuent of blood clotting factor

of two cysteine resides oxidized to form
d (-5-S-). Cystine residues mostly found

S ) |

n D, gramicidin S and tyrocidine are
, -
Azaserine acts as an anti-cancer drugs.
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o ' amide derivative:
12 e: Asparagine and glutamine aref ik es OfaSPartic
3) Nitrogen Hoks acid. They serve as storage O nitrogen.
Cc y

and glutami
ands or
1ains toge .
active site of enzymes where it causes making

acid Kinks in Polypeptide chains.

4) Proline forms b ther by forming disulfide bonds.

5) Cysteine links cl
6) Histidine found in the

sreaking of bonds. .
:}‘;‘d lr;“‘aﬁcbri“gs of Phe, Tyr and Trp help in electron transfer.
7) earo

) Formation of glucose: Some amino acids form glucose by losing amino groy,
8) For p.

9) Formation other compounds: | |
(i) tyrosine produces the hormones thyroxin and adrenaline and the si;

pigment melanin, (ii) glycine forms heme, an.d
(iii) tryptophan produces vitamin nicotinamide and planF hormone Indole
Acetic acid (IAA). The coenzyme A, a vitamin pantothenic acid, coenzyme
glutathione and alkaloids are some other compounds formed by amino acid:
10) Antibiotics: The non-protein amino acids are useful compounds of antibiotics
e.g. Azaserine, valinomycin etc.
11) Genetic defects: Inborn errors in the metabolism of amino acids cause several
disorders e.g. Phenylketonuria.

h

12) L-amino acids and their derivatives help in nerve transmission, cell grow
and biosynthesis of porphynine, purines, pyrimidines and Urea.

L. Very Short Answer Type Questions (1 Mark)

1. How many amino acids universally occur in the proteins of all forms of life’
Ans. 20 standard amino acids.
2. Name the first and the last discovered amino acids out of 20 standard ones

~ Ans.Asparagine - the first amino acid discovered; Threonine - the last amin®
acid discovered.

3. Name the two newly discovered amino acids.

Ans. Selenocysteine and pyrrolysine are two newly discovered amino acids that

are cotranslationally inserted into proteins and known as 21st and 22nd amino acids
in the genetic code.

4. Which amino acids can absorb UV light ?

Ans.Tryptophan and tyrosine, and to a ve

a . absorb
UV light. ry lesser extent phenylalanine,

5. Name two sulfur containing amino acids,

Ans. Cysteine (with sulfhydryl group)
are the two sulfur containing amino acids.

- wzd
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CHAPTER | 9

CHEMISTRY OF PROTEINS

CHAPTER AT A GLANCE

After reading this chapter the learner would be able to understand and
appreciate the followings:

2 Protein and polypeptide chain

0 Biological significance of proteins
a Protein structure

2 Bonds stabilizing protein structure
o Levels of organization in proteins
a
Q
0
a

!

|
|
' Ramachandran Plot

Denaturation and renaturation of proteins
Classification of proteins

Simple and Conjugate proteins

|9 Properties of proteins

John J. Berzelius (1838) first coined the term ‘protein’ (Gr. proteos = ot the
first rank or primary) to stress the importance of this class .ut> poly mers Proteins
are the most abundant (10%-15%) organic constituents of a living cell. Collagen is
the most abundant Prot'éin in the animal world and RuBisCO is the most abundant
Protein in the whole biosphere.

BIOLOGICAL SIGNIFICANCE OF PROTEINS

@ ride weral groups
. . : . 1 +ale proteins are divide d into several g ps.
With respect to their biologi al role,

. - > ; nes,
They are structural proteins, enzymes, MRS t
X A TO ns ewc.
Teceptors, contractile proteins, storage prote

STRUCTURE OF PROTEINS

Proteins are the macromole _ vy
; 1
each of which is a rnixed P()lyn]er of a-amill
Peptide bonds.

(l"nlwlﬁ\‘l'l(‘l\, detence pl'\\tt.‘in\,
(See [able 9.1)

-ules composed of one or more polypeptide chains,
L A | 1 ) 4
acid residues joined end-to-end by
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Ww/ Component of connective tissues,

128 B
Table 9.
Siructural | Collagen
Keratin
Elastin
Viral coat proteins
Enzymes | Trypsin
Ribulose bispho-
sphatecarboxylase
Glutamine
synthestase
Hormones | Insulin
Glucagon ACTH
Respiration| Haemoglobin
Pigment Myoglobin
Transport | Serum albumin
Protective | Antibodies
Fibrinogen
Thrombin
Contractile | Myosin
Actin
Storage Ovalbumin
Casein
Toxins Snake vesom
Diptheria toxin

1 : Types of Prot

fpundamentals of Biochemistry & Microbiologv

eins, Examples of Functions,

Occurrence / Function

——

Gkin, feathers, nails, hair, horn.

Flastic connective tissue (ligaments).

'Wraps up' nuclei acid of virus
Catalyses hydrolysis of protein
Catalyses carboxylation (addition of CO,) of ribulose

bisphosphate photosynthesis.

Catalyses synthesis of the amino acid glutamine from,
glutamic acid ammonia

Help to regulate glucose metaboolism.

Stimulates growth and activity of the adrenal cortex

Transports O, in vertebrate blood

Stores O, in muscles.

Transport of fatty acids and lipids in blood.
Form complexes with foreign proteins.
Forms fibrin in blood clotting.

Involved in blood clotting mechanism.
Moving filaments in myefibrils of muscle.
Stationary filaments in myefibrils of muscle.

Egg white protein
Milk protein

Enzymes

Toxin made by diptheria bacteria. #_,J’

On the basis of number of polypeptide chain, proteins can be monomeric

multimeric.

myog
(ii)

lobin.

The oligomeric or multimeric

or

Monomeric protein consists of single polypeptide chain, e.g., lysozyme

protein consists of 2 or more polypeptide chains

each ich is . "
of 240f0vlvh1th tl.bdca“Ld a protomere or subunit. For example, Rubisco L‘L\l151.>t5
polypeptides, hemoglobin (Hb) is a tetrameric consists of two a-chains

and two -

etlc.

Each ¥
ach polypeptide is a polymer of amino acids. The left end of the polype

chains, immunoglobulins consists of 2 L-chains and 2 H-chai™®

ptid€

has first ami i .
mino iy
acid with free g-amino group which is referred to as N-termind

(amino terminal) end and th
group which is called as C

.

e right end has last amino acid with free a-carboXy'

-terminal (carboxyl terminal) end.
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peptide chain is synthesized on the ribosome as a linear sequence of
Just after the synthesis, the newly synthesized (nascent) polypeptide

c three dimensional shape called conformation. The conformation
al activity is called native

A poly
amino acids.

folds into a specifi
adopted by polypeptide to perform the biologic

conformation.
Previously, it was thought that proteins fold spontaneously to attain their

native states. Recent studies revealed that chaperone proteins accelerate the folding
rocess of nascent polypeptides into their native conformations. The deficiencies
of chaperone proteins cause diseases due to incorrect folding of proteins. For
example, in Alzheimer disease the amyloid plaques develop due to protein clumping
in brain cells.
BONDS STABILIZING PROTEIN STRUCTURE
Proteins are the polymers of amino acids. Amino acids are joined together by
special type of covalent bond (peptide bond) to form linear structures called
polypeptides. The polypeptides are then folded into specific structures to form the
functional conformation of the protein. The folding of proteins into specific shapes
and conformations are assisted and stabilized by many types of bonds in them.
Some of them are strong bonds whereas others are weak interactions. Important
types of bonds involved in stabilizing protein structure and conformation are as

follows:

A. Covalent bonds
1. Peptide bonds
2. Disulfide bonds
3. Desmosine bridges

B. Non-covalent bonds
1. Hydrogen bonds
2. Tonic or electrostatic bonds or salt bridges
3. Vander Walls forces(= London dispersion forces)
4

. Hydrophobic interactions
1. Peptide bond (= amide bond). The primary s
by peptide bonds. Peptide bond or amide bond (CO-NH

by removal of one water molecule between the carboxylic group o
and the amino group of another amino acid. When two amino acids are joined by

peptide bond it is called dipeptide, and each amino acid unit is known as amino
acid residue.

Peptide bond is a strong covalent bond with high bond dissociation energy.
Peptide bond formation is catalyzed by the enzyme peptidyltransferase during the
translation process of protein synthesis. Peptidyltransferase is a ribozyme; it is a
part of the ribosomal RNA (rRNA) of large subunit of ribosomes. In prokaryotes
the 235 fRNA and in eukaryotes the 285 rRNA acts as the peptidyltransferase

enzyme,

tructure of protein is stabilized
) is a covalent bond formed
p of one amino acid
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The peptide group (CO-NH) is rigid and planner. In fhe late 1930, Ling
Pauling and Robert Corey from their X-ray cryst.allography studies of severy amjy,
acids and dipeptides suggested that the peptide group has a rigid and Plang,.
structure, and the peptide bond (carbon-nitrogen bond) has partial (~40%) doupy,
bond character.

Is

@Pept‘vde bond

® H
©) 2
Hydrogen —¢

bond

Disulfide
6 bridge

Hydrophobic
exclusion

Van der Waals

g
B :
] attraction

: “. ™ ‘ oA

Fig. 9.1 Different bonds stabilizing protein structure

e—

TABLE - 9.2 Various bonds contributing to protein structure.

Bonds in Proteins
]

Covalent bonds 1. Hydrogen bon —— e el

Peptide bond 2 Peptide bond FTHydrophobic 1. Hydroé):obu |

e 2 D'[)S“'S'"de 2 Hyd?oogng: bonds 2 HYdtr)(;);f’“ bon®
on - _ 2n ot

3.lonic bonds 3.lonic bon |b|s |

4. Vander Walls 4. Vander W2 |

force force - i

5. Di-sulphide 5. Di-sulpn'™

N Ronde ko~
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2. Disulfide bonds. Some proteins contain disulfide bonds. Disulfide bond
isa covalent bond forme':d from two sulfhydryl groups (-SH) of twolcysteine residues
ina protein. The resulting disulfide is called cystine residue. Thé cysteine (Cys or
C, a sulfur containing amino acid) contain a highly reactive sulfhydryl group (-

gH) in its side chain (R group). The sulfhydryl is highly polar and highly reactive.
1f two molecules of cysteine line up alongside each »

other, the neighboringsulfhydryl groups can be H H H HO
oxidized. This reaction results in the formation of ——fh—(‘:—(':-— —rlz——é—(":—
a permanent covalent connection between two #H, éHz
cysteine residues called disulfide bond(-S-S-). SH .

A disulfide bond may be formed between the B 9‘!'
cysteine residues of the same polypeptide chain or (I:Hz IHz
different polypeptide chain of a functional protein. —"I‘—?—i—' N
Intracellular proteins usually lack disulfide bonds, B X " ©
whereas extracellular proteins often contain - c‘::“: . fcv;t'inelﬁd
several. Disulfide bo.nds stabilize the tertiary t;gr.\d‘(-s-%mln?irlt?eguﬁlg;dry?
structures of the protein. groups (-SH) of two_cysteim?

3. Desmosine bridges. Desmosine cross link i thig;%dulgt gL i

is formed by four lysine groups combine around

the pyridinium nucleus with exposed carboxyl groups. It is found in elastin; they

are formed of lysyl oxidase.

4. Hydrogen bonds. A hydrogen atom norm
a covalently bonded hydrogen atom form an
bond is a weak electrostatic

) and a hydrogen

ally forms a covalent bond with

only one atom at a time. However,
additional bond called hydrogen bond. Hydrogen

attraction between an electronegative atom (the acceptor atom
er atom (the donoratom such as Oxygen, Nitrogen

t molecules of their close vicinity. The hydrogen
(A):

atom covalently bonded to anoth
or Fluorine) of same or differen
atom is closer to the donor (D) than to the acceptor

peH+A == D-H—A

The covalent bond between the donor and the hy drogenl d~tm;\lﬂn~lll:5t b;" dliP‘OIaF:
and due to high electronegativity, donor atom (O and N) at.tr-itttot 1;;0:?‘;; etftmﬁ
of h)'drogen more towards it. Thus the hydrogen atom attaix]Ll etta 1rt;a1 -4 gftisvz
bartial positive charge called &6* whereas the Qonor atmtn rWﬁltOi (OXP; g _(8: o
“harge called &, Consequently, the neighboting a'ccfploct:ons attrayct the 8* charge
OF itrogen atom of _NH, group) having nonbonding ele

of h,\’drogen atom.
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groupTl;(fe eex;zlll;ealer}gth of.po.lypeptide chain contains CO and NH groups. Th,
bt 4. 1 nt“:jm acid 1s.hydr0gen bonded t? the NH group of the aminO
o gl ‘ua.e four residues ahead in the linear sequence (Fig.9.8)_ Thun
in chain CO and NH groups are hydrogen bonded. The secong ¥
structures (alpha helix and beta plates) are stabilized by the formation of hyd "
bonds. S
Besidues with polar R groups generally occur on the surface of globuyl,
proteins, where they form hydrogen bonds primarily to water molecules. Elsewhere
the aminoacyl residues of the backbone form hydrogen bonds with one another
In fact, side chains of 11 of the 20 basic amino acids also can participate ir
hydrogen bonding. According to their hydrogen bonding potentialities, they can

be grouped as follows:

« The side chain of tryptophan and arginine €
only. (Fig.9.3)

e The side chains of asparagine, glutamine,
hydrogen—bond donors and acceptors.

e The hydrogen—bonding capabilities of lysine,
tyrosine and histidine vary with pH. These groups can
a;nd donors over a certain range of pH, and as acceptors or donors

an serve as hydrogen bond donors
serine, and threonine can serve as

aspartic and glutamic acids

serve as both acceptors

(hi1t not
\L L& LEUR

poth) at other pH values. (Fig.9.3).
— H [
R-—N H |
, /C N,
H—N H

N
| “H |

H

Hydrogen donor group Hydrogen donor groups
of wyptophan of arginine

Can serve as a

- Can serve 8s a
hydrogen acceplor

hydrogen scceplor
Protonated form

O . 0
V4 Vi p
r—CH;’C “CH;“C\/ of aspartic of
N—H O— H¢— Can serve as 8 glutamic 3¢}
H/ ] hydrogen donor
Can serve as a 0.
hydrogen donor CH C/;J \ - jonized form
Asparagine or gl i P TR an serve as a of aspartic or
glutamine 0 _ / hydrogen acceptor glut-mic acid

Fig. 9.3 Hydr -
ogen-bonding groups of s i
everal side chains in proteiu
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Hydrogen bonds are very weak bonds. Hydrogen bonds have only 1/20 the
strength of a covalent bond. Hydrogen bonds are strongest, when the three atoms
(the donor, the hydrogen atom and the acceptor) all lie in a straight line. Occurrence
of hydrogen bonds in high frequency makes a considerable contribution towards
the molecular stability of proteins. Hydrogen bonds are involved in stabilizing
the secondary, tertiary and quaternary structures of proteins.

5. Ionic bonds or electrostatic interactions or salt bonds. It is a chemical
bond formed between the 2 ions of opposite charges. In proteins, ionic bonds are
formed between the ionized acidic or basic groups of amino acids. The R groups of
certain amino acids contain additional acidic (-COO-) or basic (-NH,*) groups. These
R groups can ionize to produce charged groups at certain pH. Acidic R groups will
be negatively chargedsince they release H* ions. Basic R groups will be +vely charged
since they accept the H* ions from the medium. After the ionization of the side
chain (R groups) as mentioned above, the amino acids in the protein chain can
attract or repel each other based on their charges. The attraction of oppositely
charged R groups results in the formation of ionic bonds. Since polar residues also
participate in ionic interactions, the presence of salts such as KCl can significantly

decrease ionic interactions between surface residues.

Ionic bonds are weak bonds and they are very fragile in an aqueous medium.
Even a change in pH may breakdown the ionic bonds. This is the reason for the
denaturation of proteins in the acidic or basic medium. Tertiary and quaternary
structures of proteins are stabilized by ionic bonds.

6. Van der Waals interactions (= London dispersion forces). These are weak
forces or attractions between atoms due to oppositely polarized electron clouds.
When two atoms approach one another closely, they create a nonspecific, weak
attractive force that produces a van der Waals interaction, named after a Dutch
physicist Johannes Dideric van der Waals (1837-1923). All types of molecules,
both polar and nonpolar, exhibit van der Walls interaction. Attraction decreases
rapidly with increasing distance and is effective only when atoms are quite close
to one another. However, if atoms get too close together that their electron orbitals

overlap, they become repelled by the negative charges in their outer electron shells.

The distance at which attractive force is maximal and the repulsive force is
minimal is termed the van der Waals contact distance. Each type of atom has a
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g i Bl Waals conta-e .
haracteristic van der Waals radius at which it is 1 van der Waals contact with
charac !

ther atoms. The optimum contact distance between the two atoms is the Sy
othe :

of their van der Waals radit.

7. Hydrophobic interactions. The force that causes :‘le htyd:_’Ph(l’tjiC‘ mO%eculés
or non-polar portions of molecules to aggr.egate rather t anh ob.ls'sot\ e m' W at‘er %5
called the hydrophobic bond or, more precisely, the hydrophobic in erachqn. This
is not a separate bonding force; rather, it is the result of the energy required
insert a non-polar molecule into water. A nonpolar molecule Cafmot form hydrogen
bonds with water, so it distorts the usual water structure, forcing water to make
cage of bonds around it, but not with it. Conversely, nonpolar molecgle.; bond
together comfortably through van der Walls interactions. The result is a very

powerful tendency for hydrophobic molecules to bond together and not dissolve in
water.

Some R groups in the amino acids are nonpolar, e.g. alanine, valineleucine
isoleucine and methionine. The nonpolar R groups are hydrophobic and they i

to stay away from water. In a long polypeptide chain, there may be many such

nonpolar amino acids which may be adjacent to each other or separated by pola
R groups. In an aqueous environment (

I
|
l

inside the cell) the linear polypeptide wil
fold into such a shape that the hydrophobic amino acids come in close confact

with each other and tend to orient towards the inner side of the protein and the)
try to exclude the water due to its hydrophobicity.

chain of a globular protein will fold into a
environment. The hydrophilic residyes forma s

The hydrophilic shell makes the protein solubl

By this method, the peptid®
spherical shape in the aqueous

hell over the hydrophobic moieties.

€ in aqueous medium.
Although hydrophobic interactions do n

. . ot form true S » are of great
importance in the formation of terti L Dands ey are b

ary and quatern: . : '
LEVELS OF PROTEIN STRUCTURE {uaternary structures.

Variation in number
of a protein. There are
They are: Primary,
Recent studies rey

and order of

amino
four leve

l acids sequence reflect the structur®
s of protein structur
Secondary, Terti

ary and Quatern
itional leye

al organization of proteln>
ary levels of protein structurt:

's of protein organization i.e. Supe’
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Levels of organization of proteins bonds involved
gtr:ane:lrj\r;e 68, ——88;——88;—88,—a8g—————— peptide
Disulfide bond i
aa, aay
secondary
aa; aa, aag
structure q hydrogen
- — .
a-helix
covalent
ionic
: ’ hydrogen
tertiary (- h :
structure ydrophobic
\UUbU\ a-helix
covalent
ionic
quaternary hydrogen
structure hydrophobic
(where applicable) van der waal's
forces
subunit *A” subunit “B"
R LSS
Fig. 9.4 Diagrammatic representation of the four levels of forces involved in
generating protein conformation.

A. Primary Structure (1° structure):

_ Primary structure of a protein refers to the sequence of amino acid residues
of its polypeptide chain(s) which read in N-terminus — C- terminus direction. It is
the Ist level of organization of protein determined by the codons of mRNA or
Cl§tron of DNA. The 10 structure is stabilized by the peptide bonds as well as and
disulfide bonds between cysteine residues, if there are any.

Frederick Sanger (1953) first determined the 1° structure of bovine insulin.
Insulin consists of two chains, a- chain (21 amino acids long) and B-chain (30
amino acids long), joined together by two disulfide bonds (Fig.9.5). Now, thet
structure of a polypeptide is determined by an automated device called spinning
cup sequenator, developed by PehrEdman and Geoffrey Begg.
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e i

; Asn-Tyr-Cys-Asn
3:3372'-’ Val-Glu-Gln-Cis-Crs-Ala-Sor-Val-CLS-Sef-LOU'TY"cf's"'Leu‘G'u ilids g 21
3 10
i &

— 0

s
: ‘ Val-Cys-Gly-Glu-Arg-Gly-Phe-Phe-Tyr-ThrPro .
%hcg-a\;gkAsn-Gln-His{eu-Cys-GIy-Ser-H|s-Leu-Val-Glu-Ala-L:su-TY"L’“ val éV’ 44 v 25 it
‘ '0 iy \
|

Fig. 9.5 The primary structure of bovine insulin. Note the intrachain and interchain disulfide borid 'i”Kages\J

Importance of Primary structure
The amino acid sequences of proteins are imp
1. Amino acid sequences specify the conformation of proteins.
2. The knowledge of protein’s amino acid sequence is essential
understanding of its mechanism of action.

ortant for several reasons:

»»»»»»

1IN ot

structures of proteins are uncovering the rules that govern the folding o
polypeptide chains.

4. Sequence comparison of analogous proteins from the same individual, from
members of the same species, and from members of related species, have

S it

yielded important insights into how protein functions and have indicated
evolutionary relationships among the proteins and the organisms that produce
them.
< ﬁ?gn?nic;itzzq:? fice Anulyies have important clinical applications because
o yrotein Thustseases are caused by mutation leading to amino acid change
P . sequence determination ig part of valuable diagnostic tests
for many diseases, able diagnostic tesk
Prediction of conformation : :
] | from amino aciq sequence
In late 1930s, Pauling and Core de
amino acid residues are separated 1, Y3 }monstrated th
Co. They also demonstrated | y 3 cov
A or 0.132 nr o e that the pe
: n), which is p

| at the a-carbon of adjacent
ptidagnt bonds, arranged as Co - C - N -
eC - : "

N bond is somewhat shorter (1.32

N sing A
single bond (1.42 A) and a C = N double

bond (1.27 A). This indj
» Hidicated a regop
- an aahd
between the carbopy | OXygen and amidCe Or partial sharing of two pair of electrons
g h

eptide groups (¢ nitrog F
:tom of%arbf,);;]( ;;:;UN, H) are Jje i n Singl:);lc;l;’il fg. 9.6). The four atoms of the
P and the hydrogen atom o’fl?thCh a way that the oxygen
€ amino groy Iways$
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bonds. The backbone of a polypeptide chain can thus be
rigid planes, with consecutive planes sharing
Ca(Fig.9.6).The rigid peptide bonds restrict the
for a polypeptide chain.

pictured as a series of
a common point of rotation at
range of possible conformations

;;;;;

terminus
-—

(c) M-Cg Ca-C ©C-N

Fig. 8.6 (a) Partial double bond character of peptide bond due to resonance, (b) The three covalent bonds repeat
n the polypeptide backbone, (c) Fully extended conformation of a polypeptide chain showing the standard dimersions
(in angstrom, A) and dihedral angles (¢ and v)

|
|
|
|
|
|
|

Peptide conformation is defined by three dihedral angles (also called torsion
angles) called ¢(phi), y (psi), and @ (omega), reflecting rotation about each of the
three repeating bonds in the peptide back bone. A dihedral angle is the angle at
the intersection of two planes. The phi angle (¢) refers to rotations about the N -
Casingle bonds of the main chain; psi angle (o) refers to rotations about the Ca- C
single bonds. In a fully stretched-out polypeptide chain, ¢ = © =180° In principle,
¢ and y can have any value between -180° and +180", but many values are
prohibited by steric interference between atoms in the polypeptide backbone and
amino acid side chains. The conformation in which both ¢ and y are 0”is prohibited
for this reason.

Ramachandran Plot

When all phi and psi angles are specified, the con-fm‘nmtiml of the main cvhain
or backbone of a polypeptide can be c()nlpletol_\’ defined. G.N. Ramacham.iran_
(1963) recognized that a residue in a po[ypeptide chain can.not have any p‘d‘l.I]: ]xit
values of ¢ and . Due to steric hindrance, certain combinations are not possible.

- rio : 1" 1“
The possible allowed ranges of ¢ and vy angles can be predicted and \l;url‘ldlj:;

n as a
When y angle is plotted versus ¢ anglewhich iscommonly known as Ramac

—
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plot. Ramachandran plot il |
that are permitted in a peptide

lustrate the combinations of phi and psi dihed, S,
p s

back bone and those that are not permitteq du,

to

steric constraints. )
Left-handed
8 C0||a|99n a helix
helix "
Antiparallel ( (nol o?served )
Tl B sheet 180
Paralleol\*
T r sheet\‘
>
Right-handed
a helix
180 0 e
d(degrees)
Fig. 9.7 A Ramachandran plot.
The screened regions show allowed values of f and y for
L-alamine resideus. Additional conformation accessible
to glycine (dotted regions) because it has a very small side chain.

B. Secondary (2°) structure:

A protein’s secondary structure (2° structure) refers to the local spatia
arrangement of backbone atoms in a selected segment of polypeptide chain with
considering the conformations of side chains or its relationship to other segments
The type of 20 structure of a polypeptide depends upon its amino acid composition
In 1951, Linus Pauling and Robert Corey

proposed two common types of secondary
structures called,a-helix (alpha helix) and g-
pleated sheet(beta pleated sheet). The a-helix
formation is favoured by alanine, leucine,
glutamate and methionine residues, whereas
3-sheet is favoured by valine, isoleucine and
tyrosine residues. A third type of secondary :

structure known as triple helix is found in LM
collagen.

..‘.. :
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H O H H H O
|l | o« L 1
—N—C~C—P—fo~N7C—CTNTCWC—
| a a
Ro H Rs R4 H BRs
T Mydogenbond
(B)
R
R R
R 2
R R
R R
(C)
C c
- AV b
N
(D)
i i ini -heli -helix showing a-carbon

Fig. 9.8 The folding of the polypeptide chain into an hellx: (A) Model of . _
atoms (c,) along the polypeptide backbone; (B) in the a-helix, the CO group of resndye nis hydxjo.gen
bonded to the NH group of residue (n + 4); (C) Cross-sectional view of a—helix.showmg the p05|taon§| of
side chains (R groups) on the outside of the helix; (D) Representation of a-helices by cylinder or col
in topology diagram.

(i) a- Helix : The backbone atoms of a polypeptide chain tightly co.iled in a
right-handed (clockwise) manner to form many rod-like structures a.t mtervfxls
called a-helices. For example, the single polypeptide chain of m_voglol'ﬂm contains
8 helices. On the outside of helix the side chains extend outward ina hglmal marm.er_
The length of each helix usually varies from 1.7-4.0nm. In an a-helix, "’6 amm‘o
acid residues present per turn covering a distance (pitch) of 0.54 nim (5.4A).. Th_ef:
helix is stabilized by hydrogen bonds between the CO group ot. one a.mmg éul;
with the NH group of fourth amino acid away. Thus all the main cha¥n§ | ::rs
NH groups are hydrogen bonded. Glycine and proline are often called helix brea
because of their inability to form hydrogen bonds.

Scanned with CamScanner



B _

140 Fundamentals of Biochemistry & Microbio|°gy

Two or more a-helices may entangle to form helical c.ab-les or helica] COileg
coils as found in keratin in hair, myosin and tropomyosin in muscle, fiby, i
blood clots and epidermin in skin. .

(ii) B- pleated sheet: About 2-15 polypeptide chains com; toget}?etr to form,
-pleated sheet. The - pleated sheet is stabilized by hydr:l)ginetoirsl OSf 2etv'veen CO.
and NH groups in different polypeptide chains. R-pleate s. e | ypes - |

Parallel 8-sheet - Adjacent chains run in the same direction e.g. R-keratip

Antiparallel R-sheet - Adjacent chains own in opposite direction e.g. sl
fibroin.

Antiplarallel and parallel f-sheets

(A) it

<— Antiparallel —— «—— Parallel —
Fig. 9.9 [i-pleated sheet, A Antiparall

L B. Protein topology

el stands separated by tumns, parallel strands by helix.
diagram showing f-sheets as arrows.

(iii) Triple helix : Callagen, th
’ € most abundant X ) bod,v’
exhibits elongated tripe protein in human

helical Structure, A
polypeptide chains that WIap around one 4 gen molecule consists 0
form triple-helix (Fig, 9,10

nother in a right-handed fashion to
- The triple heljcq
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formed between the three polypeptide chains. Collagen is rich in proline, hydroxy-
proline, lysine and hydroxy-lysine residues. The hydroxy-proline residues play
an important role in stabilizing the triple-helical structure of collagen molecule by
providing additional hydrogen bondings, whereas hydroxy-lysine and lysine
residues are responsible for covalent cross-linking between adjacent colalgen
molecules. The neighbouring collagen molecules associate through the covalent
cross-linking to form collagen fibres (fibrils). This cross-linking is necessary for high

tensile strength of collagen fibres.

Three polypeptide chains

Fig. 9.9 10 Triple-helix of collagen

Super secondary structures: Two or more secondary structures often
aggregate to from a complex structural unit called supersecondary structure or
motif. Some common motifs are as follows (Fig.9.11).

" c N rz ¢ C
a-HELIX p—Sheet 4 AN
‘ . |
L \ |
TURN x J T
HELIX-TURN-HELIX e
MOTIF ah?

o NOTIF B-SANDWITCH

Fig. 9.11 Some supersecondary structures in proteins topology diagrams

Biological significance of secondary structure of proteins
3 kD), deposited in brains of patients

p-amyloid proteins (molecular weight 4.
d sheet fibrils which

with Alzheimer's disease, are composed of twisted p-pleate
are identical to that of silk fibroin. Alzheimer's disease is a neuropsy
frequency seen at old age.

Brittle bone syndrome (also known as osteogenesis imperfacta), an

' i 1 isted
Inherited collagen disease, is characterized by abnormal fragility of bones, twl

chiatric disorder
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, Lig syndrome resul
spine (humpback) and delayed wound healing: Thie 8y SWIES from

defective formation (maturation) of collagen
ay have multiple

fibres (Type-1 collagen). The infan,
fractures and do not suryiy
,’(j.

! born with osteogenesis imperfecta m )
In scurvy (vitamin C deficiency), the cmss—linklng an.d ma:u\rdtmn ()vf (;()Il.r'lg)ph,

necessary for high tensile strength and proper functm.mr‘lg = F”””"‘“V" tissyec
d dentine, 15 impaired (see ( hapte,

and for development of bone matrix an

Vitamins).

C. Tertiary (3°) Structures: .
Protein tertiary structure refers to the intramolecular folding of a5 .

polypeptide chain thereby forming a compac |
shape (either globular or fibrous). In case of a largepolypeptide, that consis.

t more than ~200 residues form two or more globular units called domains. (A dop;.

t 3-D structure which has a spe.ir.

is a compact, globular, structurally independent unit that connects with other 51

unit by peptide backbone).
The 3° structure is stabilized by hydrogen bonds, ionic bonds, hydrophobi

interactions, Vander Walls force, and London dispersion forces and disulfide bond:

if present.

D. Quaternary (4°) structure:
It is the fourth level of structural organization exhibited only in oligomert

proteins. A protein’s quaternary structure refers to the spatial arrangement of ifs
polypeptide subunits or protomers. In a 4° structure the subunits may or may
be identical, and stabilized by non-covalent bonds. For example, haemoglobin (Hb
is an oligomeric protein with four subunits called o,83,.

If the protein consists of identical units, it is said to have a homogeneow
quanternary structure e.g. the isozymes H, and M, of lactic dehydrogenase (LDH)
and the enzyme phosphorylase. If the units are dissimilar, the protc

have a heterogeneous quaternary structure e.g. haemoglobin whic

d to

ts o

vin 15 Sal
h consls
two a chains and J chains.
The primary structure of a polypeptide determines the secont ertia!

and quaternary structure of a protein. Primary and secondary structt

jary, t l

res are fittes
ond

1imensi®

vi\“

upto higher level tertiary and quaternary structures of a three= |
’ : ; . N ,““.Cx;n
arrangement of amino acids in space. The tertiary and quaternary struc

most protein their functional properties.
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-
(a) Primary structure (b) Secondary structure (c) Tertiary structure (d) Quaternary structure
e C o N e R groups
* H e O ® Haeme group
Fig. 9.12 Primary, secondary, tertiary and quaternary structures of haemaglobin

DENATURATION AND RENATURATION OF PROTEINS
Protein Denaturation:

All proteins have a unique three-dimensional structure (tertiary or quaternary
structure) and are biologically active (or functional) in their native conformation.
The phenomenon of a loss of three-dimensional structure (i.e. native conformation
of protein) sufficient to cause loss of biological function is called protein
denaturation. Any partial unfolding or change in 3-D structure and function that
brings a native state of a protein into distorted or random coil is called denaturation.
But, the separation of subunits in a 4° structure in called dissociation. Demmption_
occurs due to partial or complete unfolding (i.e. uncoiling) and diforganimtmn. of
secondary, tertiary and quaternary structures of pmte.ins'. Protein denatumtwn
does not involve loss of primary structure, i.e. denaturation 1s not tu‘c‘ompa.med. by
breaking of peptide bonds. Protein denaturation results from disruption of mﬂamly
non-covalent bonds that are responsible for stabilizing all the four levels of structural
organization of protein molecule.

Characteristics of Protein denaturation: -
1. Protein denaturation results in loss of biological activity
antigenic property etc.)
2. Loss of solubility. A denatured protein be
it was originally soluble.

3. Denaturation alters physical pr‘opert
mobility, viscosity, surface tension, etc.

(e.g. catalytic activity,
comes insoluble in solution in which

ies of proteins such as electrophoretic
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Denatured proteins cannot be crystallized.

144

5. The .VlSCOSlty of denatured protein (solution) increases while ijtg Surf
tension decreases. ‘

6. Denaturation is an irreversible process and most of the protein
denatured cannot revert back to their native conformation.

7. Increase in ionizable and sulfhydryl groups of proteins, which is due ¢, |
of hydrogen and disulfide bonds.

8. Denatured protein is more easily digested. This is due to increased exp, .
of peptide bonds to enzymes.

2L

Denaturation often leads to protein precipitation or coagulation .
consequence of protein aggregate formation as exposed hydrophobic surf

associate. The aggregates are often highly distorted and precipitated frop;

~ their solutions due to loss of solubility. The process of protein precipitation
isoelectric pH (pl) is known as flocculation and the protein precipita:
obtained is called flocculum.

Agents of Denaturation

Proteins are denatured by variety of conditions such as high temperature
variation in pH and ionic concentrations; addition of detergents etc. Variou:
physical and chemical agents cause protein denaturation.

Physical agents: Heat, X-rays, UV rays, high pressure and violent shaking

Chemical agents: Acids, alkalies, organic solvents, urea, detergents (sodium
dodecyl sulfate), heavy metals (Pb, Hg, Cd, Cu etc.), trichloroacetic acid, picric
acid, salicylate, guanidine hydrochloride, phosphotungstic acid etc.

Types of Denaturation

Denaturation can be two types: irreversible denaturation and reversible
dgnaturation (= renaturation). Many proteins undergo irreversible denaturation
For example, albumin cannot be re-natured by removing the physical agent. II
reversible denaturation, denatured proteins are re-natured when the physical agent

is removed.Rlbonuclease is a good example of reversible denaturation.
Protein Renaturation:

When the.norr'nal condition is established smaller denatured proteins refold
sPOntaneously Into its native conformation. This is called renaturation but larger

rotein can rarel.y renaturate (fold spontaneously) to its native state.Certain globular
proteins (Hb,' rlbopuclease etc.) denatured by heat, extreme pH or denaturing
reagents regain their native structure and biological functions when the denaturing
agent is removed. For example, immunoglobulin chains are denatured when treated
with urea. When urea is removed by dialysis,

taloes e : the subunits are reassociated and
piological activity of Immunoglobulin is regained et
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Renaturation pr?CESS was first of al] demonstrate s
(1931) for hemOSIObln a‘nd by Christian Aﬂfin\qer;:tti by Anson and Mirsky
Anfinseq's exPE?rlment ‘flrst demonstrated that t'h(- ’( ')5()5') fpr ribonuclease
polypeptlde ch.am CO‘ntam all the information r(.qm”lf:nnrm acid sequence of 5
native, three-dimensional conformation. d to fold the chain into jts

.. removal of
) merca
mercaptoethanol “ and T,t::h: "
urea !

dialysis

Dsant i

denatured ribonuclease native ribonuciease
(enzymatically inactive) (enzymatically active)

native ribonuclease
(enzymatically active)

Fig. 9.13 Summary of the Anfinsen establishing that denatured proteins may refold spontaneously
™ backinto their active conformation.

CLASSIFICATION OF PROTEINS

Proteins have been classified into several ways, but none of them are found
satisfactory. The broader classification of proteins is given below:
A. Classification based on composition and solubility
Classification based on functions
Classification based on shape and size
Classification based on nutritional value

Classification Based on Composition and Solubility | g
\ of proteins. According Ic

oups \\'lth many

B.

C.

D.
A.

It | lassificatior
this Clgéssi;?ceatrir:)c;st ;?;Tg;r??lzr:ngﬁalss};?iidc into three major gr
Subgmups: :
* Simple proteins
* Conjugated or complex proteins
* Derived proteins
Simple proteins |
aminzhe-y are composed of o'nly amlrll;e
: acids. The simple proteins have
Tous protein and Globular proteins.

acids and on hydrolysis yield only

jivided into two main subgroups:
nc
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(a) Fibrous proteins: These proteins are elongated fiber-like Structy,
present in animals only. They are also known as scleroproteing. They
insoluble in all common solvents like water, dilute acid, alkali, orgap;c. H()]i .(ml
and neutral salt solution. Most of the fibrous proteins resist digf-‘Stintr:?\
proteolytic enzymes. Some of the fibrous proteins are as follows - !

(1) Keratins : These proteins are present in exoskeletal structures like hairs, nail
hooves, horns, claws, etc. of mammals. Human hairs and nails Contaip (;
keratin rich in cysteine (about 14%). B-keratins are present in si|k. Spide.
web, etc. and are deficient in cysteine.

(ii) Collagens : Collagens are fibrous proteins present in connective tissye, like
bones, cartilage, teeth, etc. Collagen is rich in proline, hydroxyproline, lygiﬁe
and hydroxylysine and deficient in essential amino acid tryptophan. ¢ ollagens

yield gelatin on strong boiling with acid-water. Gelatin lacks try ptophan
Gelatin is a water-soluble protein and can easily be digested. Collagen ang
gelatin are digested by enzyme collagenase and gelatinase, respectively iy
GIT.

(i) Ossein : It is present in bones and cartilage. Ossein is the organic matrix
(composed of mainly collagens) of bones and cartilage left behind when thei;
mineral salts are dissolved in dilute acids.

(iv) Elastins : These proteins are present in yellow elastic fibrous tissues of
tendons, blood vessels, uterine muscles, skin, bladder and elastic ligaments.
Elastins are digested by enzyme elastase in small intestine.

(v) Spongin : It is present in sponges. Spongin is a type of collagen like protein
that forms the fibrous skeleton of sponges, a kind of animals belonging to
phylum Porifera.

(vi) Fibroin : It is present in silk fibres. Fibroin is rich in glycine, alanine and
resine (about 85% of the total amino acids). Silk is a natural proteinous
substance produced by insects known as Bombyx mori (silk worms).

Biological Significance of Fibrous Proteins:

e o-Keratins are constituents of exoskeletal structures such as hairs, nails.
hooves, horns, claws and epidermal layer of skin

In in human body. It has structural and

membranes, etc. A nymp 3 h, skin, tendons, blood vessels, basement
e i er of diseases, known as collagen diseases, result
ect in co]lagen synthesis and maturation

tS. |

IS)ue'proteins with rubber-like-propt‘f“"””
» HUring Prégnancy, large quantity of elasti
es the uterine muscles more stretchable.
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(b)

(i)

(i)

(iii)

(iv)

(v)

(vi)

(vii)

Globular proteins: These proteins are spherical or oval in shape and
soluble in various solvents. They are further classified into fol]owing
subgroups on the basis of their solubility -

Albumins: They are soluble in water and coagulated by heat. These proteins
are present in both animals and plants, e.g. lactalbumin (of milk), egg albumin
or ovalbumin (of egg white), plasma albumin, legumelin (of legumes), leucosin
(of cereals), etc. Albumins have low amount of glycine.

Globulins: These are insoluble in water but soluble in dilute salt solutions.
They are also coagulated by heat and can be precipitated from their solution
by half saturation with ammonium sulfate. They are present in animals and
piants, e.g. ovaglobulin (of egg yolk), lactoglobulin (of milk), serum globulins
(e.g. immunoglobulins, ceruloplasmin, plasminogen, transferrin, C-reactive
protein etc.), ferritin, legumin (of peas), amandin (of almonds) etc.

Protamines: They are soluble in water, dilute acids and alkalies. They are not
coagulated by heating. They are rich in basic amino acids arginine and lysine,
and so are strongly basic. They do not contain cysteine, tryptophane and
tyrosine. Protamines are found in association with nucleic acids in sperms,
e.g. salmine (of salmon sperm), clupeine (of herring sperm), scrombine (of
mackerel sperm) etc. When mixed with insulin, protamines increase the
duration of insulin action. Protamine zinc insulinate is a common commercial
preparation of insulin. Protamines have isoelectric pH 7.4.

Histones: They are soluble in water, dilute acids and alkalies, but insoluble
in dilute ammonia water. Like protamines, histones are rich in basic amino
acids arginine and histidine. They are not readily coagulated by heat. Like
protamine, histones are found in salt combination with nucleic acids. Histones
help in packaging of nuclear DNA in eukaryotic cells.

Prolamines: They are soluble in 70-80% ethanol, but insoluble in water and
absolute alcohol. They are rich in proline, but deficient in lysine. Prolamines
are plant proteins mainly found in cereals, e.g. hordein (from barley), avenin
(from oat), gliadin (from wheat), zein (from maize), secalin (from rye) etc.
Glutelins: These are water insoluble, but easily soluble in dilute acids and
alkalies. They are heat coagulable. Glutelins are plant proteins, e.g. glutenin
(from wheat) and oryzenin (from rice) etc.

Lectins: They are proteins / glycoproteins, which have at least one non-
catalytic domain that exhibits reversible binding to specific monosaccharides
or oligosaccharides. They can bind to carbohydrate moieties on the surface of
eryshrocytes and agglutinate the erythrocytes. They are found in plant tissues,
animals and micro-organisms.
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Biological Significance of some Globular Proteins:
* Gliadin and glutenin, plant proteins present in wheat, cause coeliac djg,,,

in genetically predisposed inviduals.
e Plasma albumin maintains electrolyte and water balance in body. Dec;,
in plasma albumin is seen in nephrotic syndrome, liver disease, Kwashio|,

etc. and leads to oedema.
« Immunoglobins - IgA, IgD, IgM, IgE and IgG are y-globulins are respong;,
for humoral immune response. Immunoglobulins are also called antibOdie;
« Ceruloplasmin along with transferrin plays an important role in irorl
absorption and transport. Ferritin serves to store iron.
« Haemoglobin transports oXygen from lungs to various tissues and serves ,

ICF buffer in RBCs.
~ « Egg albumin is a storage pretien.

~* Protamines and histones are cons
- 2. Conjugated proteins
~ Theyare composed of protein conjugated with some non-protein moiety called
rosthetic group. The prosthetic groups may be carbohydrate, nucleic acid, lipid,
FAD, retinol etc. On hydrolysis, conjugated proteins yield amino acids and
yrotein moiety. Conjugated proteins are following types:
(a) Glycoproteins: These are the proteins attached to carbohydrates (prosthetic
- group). Hydroxyl groups of serine or threonine and amide groups of asparagine
| lutamine form linkages with carbohydrate residues. Blood group
ances, complements, plasma albumins, ovalbumins, ?-globulins, Castle’s
sic factor, etc. are the examples of glycoproteins. When carbohydrate
tent is more than 10% of the molecule, the viscosity is correspondingly
sased; they are sometimes called mucoproteins.

flucoproteins: Mucoproteins are composed of simple proteins and
- carbohydrates such as hyaluronic acid, chondroitin, etc. Mucin (of saliva
- ang ‘g_as'h'ic juice), a-ovomucoid and B-ovomucoid (of see white), pregnanediol
(from human pregnancy urine), gonadotropic hormones (e.g. FSH, hCG, 1 H),
oroso-mucoid, etc. are the examples of mucoproteins. Tendomucoid,
osseomu.coid and chondroproteins are mucoproteins present in tendons, bones
and cartilage, respectively. Mucin and oroso-mucoid contain approximatel."
15% and 40% carbohydrate, respectively.

(c) :\‘:‘eoptmte'ins : Nucleoproteins are composed of basic proteins (e.g. histones
Nuds(r)gi:tmmes and nucleic acids (DNA and RNA) as prosthetic group:
i s ones and. nucleoprotamines are the examples of N ucleoproteins
Ribosomes aprree:s:‘tpm fje”f nuclei and are chief constituent of chromat™

osed of ribonucleoproteins (RNA - Gynthesis
. o . ynthe:
of Nucleoproteins increases during cell divisiofw R~

tituents of chromatin.
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ins : Chromoproteins are coloured proteins and are composed
teins combined with coloured prosthetic group. The examples

Cchemi
(d) Chromoprote

of simple pro

of various chromoproteins are given below.

(i) Haemoglobin : It is composed of heme (prosthetic group) and globin
(protein moiety). Hb, a heme-protein, is a respiratory protein present
in RBCs. Hb is red in colour. Myoglobin (in red muscles), helicorubin
(in mollusks) and chlorocruorin (in marine worms) are some other
examples of coloured heme-proteins.

(ii) Cytochromes : Cytochromes (heme-proteins) are electron carrier proteins
composed of heme (prosthetic group) and protein moiety. Cytochromes
are componentes of mitochondrial electron transport chain. Catalase and
peroxidase are also heme containing conjugated proteins and catalyze
decomposition of H,0,.

(iii) Rhodopsin : It is composed of retinal (prosthetic group) and opsin (protein
moiety). Rhodopsin is a visual pigment present in rod cells of retina of
eyes and participates in vision in dim light. Rhodopsin is purple in colour,
hence also named visual purple.

(iv) Flavoproteins : These proteins contain FAD and FMN as prosthetic group
and are yellow in colour. For example, succinate dehydrogenase, a
flavoenzyme, is composed of FAD (prosthetic group) and apoprotein
(protein moiety). FAD and FMN are coenzyme forms of vitamin B,
(riboflavin), which is yellow in colour.

(¢) Phosphoproteins : These proteins are compsed of phosphoric acid (prosthetic
group) and protein moiety. Casein (of milk) and ovovitellin (of egg yolk)
are the two well-established examples of phosphoproteins. These proteins
contain about 1% phosphorus.

(f) Metalloproteins : These proteins contain metal ions as prosthetic group.
Carbonic anhydrase (with Zn), ceruloplasmin (with Cu), transferrin (with
Fe), ferritin (with Fe), glutathione peroxidase (with Se), superoxide
dismutase (with Zn and Mo), etc. are the examples of metalloproteins. Metal
ions are structural as well as functional part of these proteins.

(8) Lipoproteins : Lipoproteins are composed of apoproteins and lipids
(prosthetic group). On the basis of their density (ratio of proteins and lipids),
lipoproteins have been sub-classified in chylomicrons, very low density
]?Poproteins (VLDL). Low density lipoprotéins (LDL) and high density
lipoproteins (HDL).
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Biological Significance of Conjugated Proteins
d for oral lubrication, Whicp, -
1S

3.

Mucin (a mucoprotein) of saliva is require R
necessary for mastication, clear speech and functioning of soft ora] tissyq
against each other. S
gested to be an indicator of acute inflammgy;,

and chondroproteins an:

of tendons, bones and
artlq

Plasma oroso-mucoid is sug
omucoid, osseomucond

Mucoproteins like tend
important constituents of the ground substance
cartilage, respectively.
Cytochromes take part in mitochondrial electron transport during oxidatiy,
phosphorylation.
Haemoglobin takes part in oxygen transport in blood and is main ICF buyffe,
of RBCs.
n oxidation-reduction reactions,

Flavoenzymes (flavoproteins) participate i
good source of phosphorus.

Milk protein casein is a storage protein and
Ceruloplasmin, transferrin and ferritin (all metalloproteins) participate in iron

absorption, transport and storage.
port lipids. Estimation of serum VLDL, LDL and

Lipoproteins serve to trans
hypertension and

HDL has diagnostic importance in coronary heart disease,

atherosclerosis.
Metalloenzymes - peroxidase, catalase and superoxide dismutase are

important enzymes of antioxidant defence system and protect the cell from

oxidative damage.
Intrinsic factor, a glycoprotein, produced by gastric parietal cell is required

for intestinal absorption of vitamin B,,.

Derived proteins
They do not exist in nature. They are derived from the denaturation or

degradat:ion Zf naturlal or nativ.e proteins. The primary derived proteins include

dem;.ture tCam‘mfﬁzgttllleated proteins that are produced by agents such as heat, acids,
etc., 1 k. S |

alkalies secondary derived proteins are the hydrolytic products of

oteins. Progressive hydrolysi :
L ydrolysis of proteins results in smaller and smaller chains:

Protein — Pe€Ptones — peptides — amino acids

B.

QN R

Classification Based on Functions
Catalytic proteins, €.8. enzymes, |
Structural proteins, €.g. collagen, elasti
Contractile proteins, e.g. myosin: actinm-

I'ransport protej
ens, e.g. '
g haemoglobln, myoglobin, albumin, t ferri
y , transterrin.
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5. Regulatory proteins or hormones, e.g. ACTH, insulin, growth hormone.

6. Genetic proteins, e.g. histones.

7. Protective proteins, e.g. immunoglobulins, interferons, clotting factors

C.

Classification Based on Shape :

Globular Proteins : They are spherical or oval in shape. They are easily soluble
e.g. albumins, globulins and protamines. ’ '
Fibrous Proteins : The molecules are elongated or needle shaped. Their
solubility is minimum. They resist digestion. Collagen, elastin and keratins
are examples.

Classification Based on Nutritional Value :

Nutritionally Rich Proteins : They are also called as complete proteins or
first class proteins. They contain all the essential amino acids in the required
proportion. On supplying these proteins in the diet, children will grow
satisfactorily. A good example is casein of milk.

Incomplete Proteins : They lack one essential amino acid. They cannot
promote body growth in children; but may be able to sustain the body weight
in adults. Proteins from pulses are deficient in methionine, while proteins
of cereals lack in lysine. If both of them are combined in the diet, adequate
growth may be obtained.

Poor Proteins : They lack in many essential amino acids and a diet based on
these proteins will not even sustain the original body weight. Zein from corn

lacks tryptophan and lysine.

Classification of proteins
e I ! 1
On the basis of On the basis of On the basis of On the basis of
composition and nutritive value of shape and size function of
solubility of proteins proteins of proteins proteins
‘ ' ! ; Structural proteins
Simpl ' Derived Fibrous
imple Conjugated Derive L. Complete proteins Catalytic proteins
proteins  proteins  proteins proteins L Hormonal proteins
Defense proteins
Fibrous Primary — Partially Globular  yransport proteins
prowng derived complete proteins  gi0d clotting proteins
proteins proteins Storage proteins
Globular Secondary Carrier proteins
proteins derived — Incomplete Receptor proteins
proteins proteins Signal transduction proteins
[ T I | I | Buffer proteins
i leoproteins
. Phospho-  Metallo- Lipo-  Nuc
:l::'e?o' Glyco/muco- C?rgz& protel‘:\s proteins proteins Contractile proteins
ns proteins pro Antifreeze proteins
Fig. 9.14 Summary of classification of proteins
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5.7 Immunoglobulins : Structure and function

tibodies, the antigen
Anﬂ: a different amlr?o acb(ljndlng glycoproteins are synthesized exclusively by B-cells and in billions of forms, each
wi Id sequence and a dlfferent anttgen binding site. Collectlvely called /mmunog/obu//ns (Ig),

i P

plasma cells.
_,—-——“’_—

5,7.1 Basic structure of antibody molecule

The simplest antibodies are Y- shaped molecules with two identical.antigen-binding sites, one at the tip of each arm__
of the X Bgﬁgy_s'eoqf their two antigen-binding sites, they are described as bivalent.

Antibody has a common structm’/g,o lypeptide chains. It is a heterodimer and consists of two identical light (L)
chains (each containing abou% 220 amino acidgl residues, about 25000 MW) and two identical heavy ‘HTC hains
each usu'_aﬂy containing about{440 amino acids residues, about 50,000 MW) Each nght chain is bound to heawy
chain by disulfide bridges and other non-covalent Imhgses Thus, antlbodz is a dimer of H—L chain.

All species studied have the two major classes of light chains: x and 1. Any one individual of a species produces both
types of light chain. However, in any one |mmunoglobulm molecule, the light chains are always either both or both

e e = e

ﬁ‘rle_vsl_'mop_egfgach While there are two ty types of light chams the |mmunoglobu||ns . of wrtually all species ‘have
been shown to consist of five different types of heavy chains- o, v, 6, e and L. These five different types of heavy
!N L —

chams are called /so@The heavy-chains of a given antibody molecule determine the class of that antrbooy

IgM (p), 1gG (), I9A (o), 19D (3) or IgE (s) Each class can have either k or A light chains. Any individual of a species
makes all heavy chains, but in any one antibody molecule both heavy chains are identical. Thus an antibody
molecule of the IgG class cot could have the structure KZ‘YZ with two identical x light chains and two identical y heavy
chains. Alternatlvely, it could have the structure A2y2 wnth two identical 2 light chains and two identical y heavy

/
chains.

I

Immunoglobulin heavy chain isotypes

Isotype Heavy chain

IgM H

IgD 5

I9G Y

IgA o

IgE £

W in the amino- -acid sequences | of the o and the y heavy chains led to further classification of the
heavy chains into subclasses. In humans, there are two subclasses of & heavy chains (o, and o,) and four subclasses
of y heavy chains ( TR S — gt

Both light and heavy chams have a varuable sequen e at thelr N- termlngl__t_e_nds‘but a constant sequence at their

it re ion C about 110 ‘amino_aci long and a variable region
€ terminal ends. Light chains_have & a constant region (C,) dgl long

(V /\) of the same. size. The_ variable region (Vy) of the heavy chains (at their N-terminus) is also about. 110 amino

¢ the heavy- _chain constant region (Ch) is about three to four times longer (330 or 440 amino acids);

e
dCIds 'd‘ n the class. It is the N-terminal ends of the light and ‘heavy chains that come together to forf™ kne
depending 0 5

antigen- bmdngg.stte

p e sma;
vy chains is for the most part restncted to thre ining
. . e |ementar[tv determ

ant.
. e relatively ngéj‘l‘
~—ocsig L . | ______‘.___.ﬂlﬂﬂm  called CDR m—. THE
. 3 v, or V,, amino terminus these r o R and CD
Proceeding from either the vy
|e of the CDRs. — 4

Scanned with CamScanner




lmmunologY

b structure . _
dated the basic structure of the Ig molecule but their approaches were different. Porter

tment with the enzyme WQL@E@.‘?_(EEPC@W mass 150,000Da) int,
size. Two of these fragments were found of equal size, each of molecular mass

lled Fab fragm:n‘t—s'"(-fi'amg'r;éawa‘nvﬁge_nﬁ binding) because they had Ag binding activity. Fab fragments
3’5&0,0_-3 B, d to be univalent, possessing one binding site each and being in every way identical to each other. The
e?\t of?w_afégﬁférv@ﬁ 50000 called the Fc fragment (fragmgntﬂstallizable). It cannot bind antigen,

peduction of A
porter and gdelman eluci
found that proteolytic trea
three fragments of about ¢ equal

arec
third fragm e 5 e : -
At 3but the Same time, Edelman discovered that when y-_gl_ggﬂjf_)ﬁlé-"f_?EFQQS‘VEIY reduced by treatment with
mercaptoethanol, the [."10.'59.{!.‘3 fell apart into four chains: t\fvo _|dent<|c_arl light ‘c_h‘ams _wuth a_ molecular mass of about

el W—ouh—t‘;_z_z,Q.Q.Q.Qa each. ‘rAhg_‘_l_‘avrggTolecule_s were designated heavy (H) chains

33,000Da each and two others, of abo .
and the smaller ones, light (L) chains. On the basis of these results,__£h~e rs_’i_:rL.J»cturg of immunoglobulin molecules
P ——————————————— r——_— RS- . =

was proposed.

Disulfide
bonds L chain

H chain — Fc

Papain digestion Pepsin digestion )

Fab Fab
2 _ '
o c,'(" AN 5
jg S-S
5-S
&
Fc Fc fragments

Figure 5.12 Prototype structure of IgG, showing chain structure and interchain disulfide bonds. The fragments

?"Ot:licid by various treatments are also indicated. Light (L) chains are depicted in gray and heavy (H) chains
in black,

?;gt::; rl ‘_e::af:d‘e" Nisonoff used pepsin to digest the Ig. It generated a single 100,000 MW fragment composed of

- l ' 3 r - > . il -

e :gffﬂf."tf. and designated F(ab"),. Unlike Fab-fragments, F(ab’), fragment was able to precipitate
: c fragment was not recovered from pepsin digesti i ¢ ‘ i iple

< e R REDE. 0 Itiple

e e SFOVETEQ TrOM pepsin digestion, because it had been digested into multiF

—————

Immunoglobulins domains

o extended.,

hen folded into @
s of

tertiary structure of compact globulal dom ns by continuat
ot 4 ; . ains, whi ted t nei s mai .
7 i i ; l I ich are connected to elghbo g domai inuat! t
f “‘ f e nip o A ES. ae.E,i.e..p, p.,e...a_tu-.dev. 5','_&.@:53' ina”y: t,“e g!ODUIa| domains of adjE C 14 igh
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Antigen

binding site Antigen

N _a® binding site
\0 N /

o ’
A
O g
- -
= Fc receptor/ \ \\
‘y’( complement s O
') binding site
v 2
N Ex .
.-\A‘ \

E 1

Figure 5.13 Schematic diagram of structure of immunoglobulins.

quaternary structure forming functional domains that enable the molecule to
umber of other biological effector functions. Both light
h about 110 amino acids long and each éont'a‘iﬂning one
qepender‘\»tly"tq form é&nﬂbact functional units called

polypeptide chains interact in the
specifically bind antigen and at the same time, perform an
M’E&Tﬁ;“a%‘@@bbf repeating segments—eac
intrachain disulfide bond. These repeating se'g‘rnlen.t-s 'fal_d in
immunoglobulin (1) domains. A‘I_iaﬂt-chéin consists of one variable (V) and one constant (C,) domain. Similarly

heavy chain consi one variable (V) and three or foqg_cgq_‘sft_a_n’tlgul_dgm;_ins. Most heavy chains have three
constant domains (C, 1, C42, and C;3), but those of(IgM and IgE lantibodies have four (Cy1, Cy2, €3 and C.4). V,
and C, domains of light chain pair with the variagliqgjg_gndﬁrst constant (C,1) domain of the heavy chain to form
the antigen-binding region.

The(y, § and a-heavy chainsxontain an extended p

eptide sequence between the C,1 and C,;2 domains that has no

d the(hinge regiomis rich infproline and Cysteine residues and
P AT o

homology with the other domains. This region, callg v
is flexible, giving(1gG, 1aD and ﬂe’xibil'n’t\/“_Egt_i/yggnghg_gwq Fab arms of the Y-shaped antibody molecule. The
from/ 10 to more than 60 amino acid residues in different isotypes.

hinae region varies in Im

Immunoglobulin can be expressed either as secretedjmmunoglo_bu!in or as membrane bound immunoglobulin. The
carbox |-terminal domain in secreted immunoglopg‘vir}_ .aoﬁers from memErane-Bouna immunoglobulin. Secreted
immunoglobulin_has a hydrophilic amino_acid_sequence at the carboxyl-termi In membrane-bound
immungﬂlobulin= tEE EE'Ro"!' ;g;minal domain contains three regions: An extracellular hzdroehilic spacer sequence,
a hzdrophoblc ”ansmﬁmhriﬂﬁ sequence and a short cxtoelasmic tail.

5.7.2 Different classes of immunoglobulin

In mammals, there are five classes of antibodies, 1gA, 1gD, IgE, 1gG, and IgM, each with its own class of heavy
chain-o, 8, e, v, and y respectively. In addition, there are a number of subclasses of 1gG and IgA immunoglobulins;

for example, there are four human IgG subclasses (IgG1, 19G2, 1gG3, and 1gG4), having vy, Yo, ¥ and v, heavy
chains, respectively. Each class (and subclass riable

) has the characteristic properties of its own. Except for their vardaor

465
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regions, all the immung lobulin

i 0 in their amino acid sequences, b
wo o . Only

SXISts between classes (e. . 1gG and IgA).
IgG - i

19G |
is thelmost abundant i in Serum cofstituting: ahe 0%)of the total serum Ig. There are four human IgG
subclasses d|st|nguashed by

: differences in y-chain sequence and n ered according to their decreasmg average
erum concentratuons IgGl 1gG2, 1gG3 and I§G4 EXC ' ubclass, which has a rapid turnover, with

\_a h:“f life 2 of 7 days, the half- life of IgG is approximately 23 da WhICh is the longest. half-life.of allimmunoglobuiin
S0 ypes.

| The 19G isotype (except for subclass 19G the on im lobulin that can pass through the
a i bling the mother to tra y.to the fetus
placenta, enabli Mot nsfer her immunity to ;

IgM

—— ————————————————

is the first class of antibod: made by a developing B-cell)It accounts ogs 100/2 of the total serum Ig. IgM is also

.f_outnd on the surface of mature B-cells together with IgD where it serves as an antigen-specific B-cell recep tor
SBCR) Monomeric IgM, with a molecular weight of 180,000 is expressed as a membrane- bounfantnbody ow

R

-B&"? IgM is secreted by plasma cells as a pentameric molecule, composed of five such units, each of Nmm

i i ds bet f‘m:. F
CO-nSIStISI_ of two light and two heavy chains, all joined together by addltlonal disulfide bonds between ir
ortions and by a pol i in the B-cell or

lasma cell. **n

half-lifs o: the IgM molecule is approxumately 5 days: o
’ g e RS ..  — J e ——
IgM is the ' lobulin class produced in a primary re pd it is also the first Ig to be

t than IgG in activating complement. Complement activati ~:
requires two F- regions in close proximity, and th ntameric structure of a single molecule of I Mfuiﬁlls this requirement

Figure 5.14 IgM forms pentamer where five immunoglobulins are covalently linked together with disulfide
each monomer has two antlgen blnd?g"s‘lfés E"béntamerlc IgM has 10 bmdlng sites. A
polpwm (Jplm[]g) chaln j_ks the heavy chains of [ngnmnerlc units of DOJmerlc IgM The linkage
“is by disulfide bonds between =chain.and the carboxyl-terminal cysteines of IgM heavy chams
A —

IgA s .
IaA constituteé é 0_150/2f the total 1g in serum. It is the predominant Ig class in external secretions such as breast
and mucu nchial

milk S20Ee=e s Jiouninany and dlustwe facts. The IgA class of immunoglobulins
contains ! two___ypclasses IgAI ‘93%2 and 19A, 57%) . - e Ll

serum is redommantly monomeric. he IgA of external secretions retory [ " vy
tetramer with 3 J-chain polypeptide and a polypeptide chain called etory-component. Secreted 19A 15,

transported through epithelial cel intothe intestinal lumen (a process known .-(m“ an IgA specific FC.
fied <

i e

v
~—
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receptor called the oly-Ig receptor. It is an integral membrane glycoprotein. The secreted, dimeric IgA containing

“the J-chain binds to thg_'poly-lg receptor on mucosal epithelial cells, This complex is endocytosed into the epithelial
c’eﬁd’a&ivew t@ﬁpgf&gﬂ in vesicles to the.,th_i_ﬂé_"S_g[f’qgg.wl:lere the poly-Ig recepwt(;‘rwi;}zé_'te‘élhzti;c’gﬁll'y‘ .dieia.;/ie_d,g
/‘i‘{stransmembrane and cytoplasmic domains_a:g_]eft a_tgg_ched t(')‘_r_tiie:ﬂe_{)'itl’_l_e‘lri.a‘l‘Eg_lLQDg .t—he exgr;;ggILq@LQggﬁ_qig of
the receptor, which carries the IgA, molecule, is released into the intestinal lumen. The soluble IgAzassociated

component of the receptor_is called the

e daily production ofecreto IgA is the maximu amona ofRer Tasit is the major immunoglobulin found in the

“colostrum of milk in Qu ing mothers»and it may provide the.ngonate with a major source of protection again
athogens during the first few we er birtl o 4+
: = ‘
Al
N

Secretory
\ . component /
/N
i [ N

Jchain 1§ K)o

pAYY

Figure 5.15 IgA (dimer). It is composed of at least two monomeric IgA molecules, covalently linked
through the J-chain and secretory component.

IgE
It mediates the immediate hypersensitivity reactions that are responsible for the symptoms of hay fever, asthma,

ives and anaghxlactic shock. IgE binds to Fi rece‘Etor's on the membranes of blood basophils énﬁ tissue mast cellse
Cross-linkage of receptor-bound IgE molecules by anti lergen) induces de ranulation of basophils and mast
cells: as a result a variety of harmacologically active mediators iving rise to allergic manifestations. IgE mediate

il
degranulation is necessary_:Q;.arLtl—,na,;asitic_ defense.
oo AR T i

It constitute @

mature B-cells. It is thou
identified for IgD.

Igb

of the total Ig in serum. IgD together with Ig ) aior membrane bound 1g expressed by

t to function in the activation of B-cells by Ag. No biological effector function has been

Table 5.6 Characteristics of different antibody classes.

19G IgA IgM IgDh IgE

Molecular weight (x 107) 150 150, 400 900 2180 190
*Y” units/molecule 1 1-2 5 1 S
Percentage of total Ig in blood ~80 10-15 5-1_0 <1 <1
Crosses Placenta ; y B L,
Enters secretions - - i 3 J
Agglutinates particles T + LB B = -
Allergic reactions + i - - ++++
Activate complement L ® b F ~
| Half e (days) : e trar T35 ~55 5 <218 ~2

Additional protein subunit - Jand S ] . -

Binds to m hils + - . g -
{Ends = m::o;r;asge/neutrop : " ; ; /I"i
‘lL“'“mne carbohydrate 3 7 7-10 12 v j, B
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5.7.3 “Action of antibody

In addition to binding antigen, antibodies participate in a broad range of effector functions—that will result in
removal of the antigens and death of the pathogens. Because these effector functions result from interactions
between heavy- chaln _constant regions and other serum_proteins or cell-membrane receptors, not all classes of

antib
ntibodies have the similar functional propertles Some major antibody mediated effector functions are given
below,

Opsonization

Opsomzatlon is the process by which microorganisms or other foreign particles are coated with antibody and/or
complement and thus prepared for recognition and ingestion by ‘phagocytic cells. Opsonizing antibodies, IgG, bind

to F . receptors on the surface of macrophages & and neutrog__ls This binding provides the phagocyte a method to

capture antigens.

Toxin/viral neutralization

Some Gram positive and negative bacteria produce extracellular toxins that contribute to their pathogenic effects.

Immunity against such toxin_depends on the production of SpeCIflC antibodies that inactivate the toxms “This

process is called toxin neutralization. Once neutralized in- complex is_eith le fo attach to
——— e ————

receptor sites on host target cells and is unable to enter the cell, or it is ingested by macrophages. An antibody

capable of of neutralizing a toxin is called antitoxiny Similarly, antibody like ap bind to some
vsrusgs durmg their ex;mgg”mg; phase and inactivate them. This antibody medlated vural inactivation is called viral

neutralization. Viral neutralization prevents a viral infection due to the inability of the virus to bind to and enter its
target cell.

Activation of complement

Complement is a set of plasma proteins that can be activated either by binding to certain pathogens or by binding
to the antibody. Complement activation is often described as a series of cascading enzymatic events, leading to the
generation of specific complement components that cause opsonization and phagocytosis of infectious agents as

well as direct lysis of the invading organisms. IgM and most IgG subclasses SIEG{; IQGZL IgG3') can activate the

complement system.

S

Immune complex formation

The interaction of antigen with antibodies may result in a variety of consequences, lncludmg precnpntatlon and
agglutination. Precipitation results from the interaction of a soluble antibody with a soluble anti tigen: to form an
insoluble complex. Antibodies that thus aggregate soluble antigens are called precipitins.

—_— e e A

'm reactions of antibody with a multivalent antigen that is particulate (i.e. an insoluble particle) results in the
cross-linking of the various antigen particles by the antibodies. This cross-linking eventually results in the clumping
or agglutination of the antigen particles by the antibodies.

Antibody dependent cell-mediated cytotoxicity

The function of (NK cellis to destroy malignant cells and cells infected with mlqoorggnnsms They recognize their
targets with the help of binding with antibodies. They can bind to antibodies that coat infected or Infected or malignant cells;

thus the antibody bridges the two cell types. This process is called Antibody-De endent Cell-mediated gytotoxlol:y
A CC) and can result in the death of the target cell,

7.4 Antigenic determinants on immunoglobulins

since antibodies are glycoproteins, they can themselves function as potent lmmunogens to induce an antibody

response. (The antigenic determinan i lin ies which are
racteristic portions of the molecule‘) 3}

located at character

.
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Isotype

An antibody class is determined by the constant region sequence of the heavy chain. The five human isotypes,

deS|g_a_t_eg__Ig§__1_9_Q¢_lg_E_g_l&G and IgM, exhibit structural and functional differences. Isotypic determinants are

onstant region determmants that collectively define each heavy-chain class and sub- class within a species, Each

.sotype is encoded by a separate onstant-region gene, and all members of a species carry the same constant-

&< \nherit different constant-region genes and therefore express different iso .
ies i nother s ecses, the isotype determinants will be

=3

IgG (Human) IgA (Human)

Figure 5.16 Isotype - an antibody class that is determined by the constant-region sequence of the heavy chain.

Allotype

It is based on genetic differences among individuals. It depends on the existence o( I/eI/c forms\of the same gene.
These alleles encode minor amino-acid differences, called allotypic de inants, that occur in some but not all
members of a sgecnes As a result of allotype, a heavy or light cham constltuent of any in |mmunoglobulm can be

present in some members of a species and absent in others. ThIS situation contrasts wuth that t of lmmunog|obu||n
classes or subclasses, which are present in all members of a species.

Y

IgG1 (Human A) IgG1 (Human B)

Figure 5.17 Allotype - alternative allelic forms of the same isotype.

Idiotype

an function not only as _an
. The |d|otzelc ds‘gw&si are generated by the

ions. Each individual antlgemc ggtg;mmans gf the variable

A ’ﬁf/‘

1gG1 (Human A) IgG_l (Human A)
against antigen X against antigen y

The unique amino-acid sequence of the variable
antigen-binding site but al a set of antigenic de
conformation of the he d light-chain variable r
region is referred to as a

Figure 5,18 Idiotype - a set of antigenic determinants (idiotopes) characterizing a unique antibody.
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