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Introduction

1.1 Biochemistry is a term introduced to distinguish the body of know-
ledge from the term Organic Chemistry. The name organic chemistry was
originally introduced to the branch of chemistry dealing with “organic” or
“organized” systems (i.e. living organisms), as distinct from the non-
living, unorganized inorganic chemistry. Organic chemistry has grown
beyond the scope of chemicals occurring only in living systems. Today it
encompasses all compounds of carbon, including many obtained only in
the laboratory, through synthetic chemical reactions. It became necessary
to distinguish the chemicals of living systems from those obtained purely
synthetically, even if they resembled in many respects, the biochemicals.
The term physiological chemistry was actually introduced, but has since
peen superseded by the term biochemistry (bios means life). From a
branch of chemistry, biochemistry has developed into & full and compre-
hensive branch of science itself, with close relationship to biology, chemistry,'
medicine, microbiology etc.

Biochemistry deals with the study of chemical substances and pro-

cesses involved in any living system, as also in simulated systems with

biochemicals, even in the absence of living cells. Biochemical processes
are similar to chemical processes (reactions) but take place under mild
conditions obtainable in living organisms. All the physico-chemical prin-
ciples that influence chemical reactions also influence the bicchemical
reactions, more or less in a similar manner. Biochemical reactions in
living cells cause the formation of new chemicals and bring change in the
energy status in such cells. These in turn are responsible for the various
physiological phenomena in living cells and tissues. In fact, it can be said
that the very nature of life is the result of biochemical processes. All
biochemicals are active in low concenirations. Most biochemical pro-
cesses are reversible and consist of several steps of reactions. '

For example, the conversion of glucose to carbondioxide and water
can be done in the laboratory by the addition of strong acid. Lot of heat
energy is generated in the process. in a living cell or tissue glucose can

l

priinkiahiiv Loy o JTRTENNERGY U AT s s T s

Scanned by CamScanner



A

p) (1.1) BIOCHEMISTRY
be converted to carbondioxide and water by a series of biochemicy]
reactions, all taking place under mild conditions of pH, temperature etc_
vielding energy needed for living organisms. Such a process is calleq
;ng.r:buffsn.‘ and the distinct series of steps a pathway. In different
organisms the metabolic pathways differ to a minor extent or to a large
extent. For example the end product of glucose metabolism in son‘;e
organisms may be ethyl alcohol or in others acetic acid etc. Thus there
may be different metabolic pathways operating in different organisms o
sometimes in the same organism under different conditions. Small changes
in pH, temperature, redox potential, ions and their concentration, water
etc. can cause profound changes in the course and extent of biochemica]
reaction. Normal working of a living cell is thus dependent on a delicate
balance of biochemical processes taking place inside it at any given time,
Any disturbance in the normal biochemical processes will result in an
undesirable change in the function of a cell or tissue. It can be said that
“health™ is a state in which normal biochemical processes are taking place
in a living organism and that “disease” is a state in which some biochemi-
cal process in a living organism has been disturbed or are abnormal.
Disturbances may be because a metabolic pathway is slowed down or
runs too fast. or diverted through an alternate pathway leading to an
abnormal end product, which may result in an abnormal physiology
(pathology), or may altogether be blocked. These are all responsible for
“disease™ conditions. A \nowledge of both “normal” and *“abnormal”
biochemical processes is necessary for a better understanding of living
organisms. Biochemistry therefore deals with both health and disease

conditions.

1.2 Brief Survey of Organic Chemistry

In order to understand biochemistry clearly, a sound knowledge of
organic chemistry is necessary. For the purpose of this book, only a brief
survey of organic chemistry will be included here, that is relevant to the
topics dealt with in this book.

Carbon, with its four valencies, is considered as having a tetrahedron
structure, the four atoms attached to carbon, occupying the four corners
(apex) of the tetrahedron. This structure is the result of sp* hybridization
of the four valency electrons of carbon, because all four bonds are equal
in all respects and indistinguishable from each other. When all four
comers are occupied by other atoms it gives rise to a saturated carbon.
The bond angles are equal to 109.5°. The atomic distances (bond lengths)
are different for different bonds. In this concept, the bond formed is by
sharing the two electrons, one donated by carbon and the other by the
atom forming the bond. This is a covalent bond.

B e e R — - TR
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INTRODUCTION (1.2) . 3

With di- and tri-valent atoms like oxygen, sulphur, nitrogen, phospho-
rous (which are commonly encountered in biochemicals) and of course
carbon, there will also be double and triple bonds in many compounds.
Some of these atoms have non-bonding electrons (unshared pair of elec-
trons) in the outer shell, (oxygen, sulphur, nitrogen etc). Such electrons
often enter into co-ordinated covalent bonds, particularly with metals,
allowing metals to become part of biochemicals. Such elements also form
hydrogen bonds, sharing a hydrogen between two such atoms. This is of
great significance in biopolymers.

TABLE 1.1 Hydrocarbon Residues (R)

Open Chain Cyclic
Saturated (alkyl) : Cycloalkyl (saturated) :
CnH(2n+1) CnH(2n)
Straight chain Branched chain
CHz- methyl (CHgz)2-CH- isopropyl ~ CsHyo- cyclopentyl
CoHs- ethyl C,Hs-CH(CH3)- sec. butyl CgHio- cyclohexyl
CsHz- propyl (CH3)3-CH- tert. butyl C;H44- cycloheptyl
CsHg- butyl C,oHs-CH(CH3)-CH,- amyl
CisH3zqi- pentadecyl (CHj);-CH-CH,-CH,- isopentyl
C,gHa7- octadecyvl Aryl :
CgHs- phenyl
Aralkyl :

CgHs.CH>- benzyl
CgHs.CH,.CH,- phenethyl

Unsaturated : (alkenyl)
CH,=CH- vinyl: CH;=CH-CH,- allyl

When a carbon bond carries carbon-hydrogen residues (organic hydro-
carbon residues) they are simply designated as R group, which may be
alkyl (meaning an open-chain hydrocarbon residue) or aryl (meaning
aromatic hydrocarbon system) or arakyl or cycloalkyl. The smallest of
these groups is CH; or methyl. As the size of the ‘R’ group increases, the
‘R’ group becomes less and less polar until it becomes completely non-
polar. The more polar groups have a greater affinity for water (/ivdrophilic)
and the less polar groups have greater affinity for lipid type of systems
and repel water (lipophilic or hydrophobic). By varying the size of the
‘R” groups, the solubility of a compound in aqueous and lipid systems can
be controlled. Most biochemicals are characterized by these properties,
facilitating their transport and storage in the body.
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4 (1.2) BIOCHEMISTRY

As in organic compounds functional groups are guite common in
biochemicals. The more frequently found functional groups are: hydroxyl
(-OH), oxo (C=0 and -CHO). carboxyl (-COOH), amino (-NH,), thiol
(-SH). Less frequently groups like nitro (-NO,), cvano (-C=N) are found.
Other functional groups, particularly derivatives of the above (like -OCHs-.
-NCH,, -SCHj;, -CONH; ctc.) are ofien encountered in biochemicals. -

All these functional groups exhibit their usual properties. For example
the hydroxyl functions are easily esterified by both organic acids and
inorganic (mineral) acids like phosphoric and sulphuric acids. Similarly
acylated amino-groups are found in many biochemicals. Several organic
acids can be converted to their anhydrides in course of some processes.
Inorganic phosphoric acid anhydride (pyrophosphoric acid) and its organic
acid mixed anhydride are very active in many biochemical molecules.

TABLE 1.2 Functional Groups

Hydroxy Compounds
Alcohols : R-CH;0H (primary) Polyhydroxy compounds
R'-CHOH-R? (secondary)
R!-CHOH-CHOH-CHOH-CHOH-R?

Rz\ R'-CHOH-CHOH-CHOH-CH,;0H
R'—C-OH (tertiary)
x
RJ
Glycols : CH;OH R-CHOH Phenols
CH;OH CH;OH CGHE—OH fAI'—OH)
(Ar = aryl)

Oxo Compounds

Aldehydes : R-CHO Ketones : R'-CO-R?
CsHs—CHO Ar-CO-R!
Ar-CHO Ar—-CO-Ar
Carboxyl Compounds
Monocarboxylic Dicarboxylic Tricarboxylic
Fatty acids : R-COOH COOH COOH COOH
Aromatic acids - Ar-COOH | : |
CszHs-COOH COOH (CH3), CH-COOH

I
COOH (cin),,

COOH

. continued
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TABLE 12 Functional Groups jcontinued)

Amino Compounds

Opern cham Cychic (saturated)*® Cyvelic (unsaturated)?
R-NH: {(primany) CiHg=NH CiHi=NH
R'-NH-R? (secondary) CHa=-N-R' CsHyN
R'~{+—R: (tertiary) CeHyo—-NH
R3 CeHyo=N-R?

* These are heterocyclics
Sulphur Compounds
Thiols (mercaptans ) : R-SH: Sulphides : R'-S-R*, R'-S-S-R*
Esters

R'-CH,-O-CO-R? (primary alcohol & monocarboxvlic acid); R'-CHp~S-CO-R?

R\" (thio-ester)
/\_ CH-O-CO-RY (secondary alcohol & monocarboxylic acid)
R? CyHy~0O-S0O,-0OH
R'-CH,-0O-PO-(OH)> (phosphoric acid cster) (phenol sulphuric
CsHs—O-CO-R' (phenolic ester) acid ester)
Anhydrides
R'-CH-CO R'-CO-0O-CO-R? (mixed organic)
1 :O (intramolecular) ;
R?-CH-CO , R'-CO-0O-PO-(OH); (mixed organic-

phosphoric)

Compounds having amino-groups are basic. Similarly compounds
with carboxyl groups are acidic. Many biochemicals are responsible for
maintaining acidic or basic reaction in a medium (pH) by virtue of such
functionz! groups in their molecules. Similarly polarity is regulated by
the presence or absence of polar functional groups like -OH and -COOH
or by protonaticn of amino-groups to yield ions like NH;*. The hydroxy
compounds undergo dehydration to yield unsaturated molecules. This and
its reverse reaction (hydration of double bonds) are quite frequent In
blochemical reactions. Oxidation, dehydrogenation and hydrolysis reac-
tions are also well known among biochemical processes. Most such
reactions are like the ones encountered in organic chemistry, with similar
mechanisms of addition and substitution. Table 1.3 summarises some of
the typical reactions occuring in biochemical systems.
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/
FABLE 1.3 Reaction Types 7

lonization (Dissociation)
R'-COOH + H:0 - R'-COO" + Hy0* (carboxylic acid)

R'-NH; + H;0 — o R'™NHy' + OH™ (protonation)

R-O—p(}*-{OH): + H:O ——p R'-O—p(OH);v-O' + H;\O'
(phosphoryl comp.)

Dehydration and Hydration
R'-CH;-CHOH-R? -—» R'-CH=CH-R? + H,0
H.0
R'-CH=CH-R? — —>» R!'-CHOH-CH,-R?
Oxidation
R'-CH,;OH —-» R'-CHO (dchydrogenation)
R'-CHO ——» R'-COOH (oaygenation)
R'-CHOH-R? —» R'-CO-R? (dchydrogenation)
R'-CH=CH-R? —» R'-CHO + R*-CHO (oxidative cleavage)

Reduction
R'-CHO —» R'-CH,OH (hydrogenation)

R'-CO-R? ——» R'-CHOH-R? (hydrogenation)
Hydrolysis

H;0
+ R'-COOH + R?=OH (hydration)

R'-CO-0O-R? (ester)

Many organic compounds exhibit different types of isomerism : posi-
tion isomers, optical isomers, geometric isomers are all encountered among
biochemicals.

TABLE 1.4 Different Types of Isomers

Position lsomers

CH~O-CO-R! (lzu,—on
CHOMH CH-O-CO-R!
: f

CH,OH CH,OM

Glycerol-1-cster Glycerol-2-ester

: c'mmmn'{/
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INTRODUCTION (1.2)

TABLE 1.4 Different Types of Isomcers (continued)

Stercoisomers
Optical 1somers (enantiomers)

COOH COOH
HO—([}—-H H—(li‘,-OH
CHs CH,
I.-Lactic acid D-Lactic acid
COOH ?OOH COOH COOH
H- clz-NH,, HyN=C—H H—(::-NH, H,N- C::—H
HO-C-H H-C-OH H—(}:—OH HO-C-H
cHy s e "
(n (1) (1) (V)
D(+) Threonine I.(=)Threonine D-allo-Threonine  L-allo-Threonine

I & Hand U & 1V are enantiomer pairs However, T& L 1T & L T & TV
and [T & IV are diastercomers (not mirror images)

Geometriceal Isomers

= H.C CH. (O
H LOOH e, o «(OH)
C
I Il
C
c /
VAN N
H~  “CcooH HC,  CHOH)
Maleic acid (crs) cis-Diethy Istilboestrol
H\ P COOH H,C, /C‘H‘(OH) (4-Hydroxy phenyl)
, C
I I
/C N 7 c N
HOOC H (OHH C, CH,
Fumarie acud (rrans) rrans-Dicthyistilboestrol

These play o very important role in hiving systems, because they
distinguish the somers very sharply i processing. This imparts a high
degree of specificuy for the bhochemical reactions unlike in some organic
reactions  An oanteresting and imporant aspect s that a specific isomer

o T T T Y N U DA e 1 <7 AT T
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8 (1.2) BIOCHEMISTRY

alone is bio-synthesized in living systems, a situation that is very difficuly
to achieve in the laboratory,

Organic compounds with ring systems are very weli known, These
are the aromatic (benzenoid and polynuclear aromatics), alicylic (cyclo-
hexane and related fused systems e.g. steroids) and heterocyelic systems,
with oxygen and nitrogen hetero atoms more f{requently and sulphur
hetero atoms occasionally,  There are a wide variety of such systems
found in living organisms, Some of the systems are prominent among
proteins, carbohydrates and hormones, Numerous and varied heterocyclic
systems have been discovered among secondary metabolites of plants, lilke
alkaloids, fNlavonoids, saponins ete. and of micro-orgunisms of plants, like
antibiotics. Most of these are biosynthesized by appropriate cyclisation
reactions.

(IIAI{I 1.1 Hetrocyelic Systems

°©’ Q m> [‘r-m) // rz»

Furan  Tetrahydrofuran  Pyrrole Pyrrolidine — Thiophene
: 3 .
“N- MNH H B
AN Y )
N 4 N 1
70 1R13! 1)
Oxezole Isoxuzole Imidazole  Imidazolidine — Thinzole
A 4
A~ e T
st i TS TN
/
Pyridine Piperidine Indole
7 A 5 4
LN 2Ny ay
ii I .:‘_.” fll | 6 i! I .
/ 1N 71 J
THH, Y ”/’ ’ n 2
Putine Pendine Pyrimidine

1.3 Brief Survey of Physico-Chemical Vrinciples

Biochemical processes are very well regulated by achieving physico-che micil
conditions, within cells, tissues, Nluids, membranes ete, [efore attempting, 19

R ——— ——
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INTRODUCTION (1,3.1) 9

understand and apprecizte biochemistry, it will be worthwhile to consult
comprehensive bools on physical chemistry for a thorough understanding,
Here, only a very brief outline of some of these will be given, with a view to
drawing attention to them,

1.32.1 lopization

When an electron of an outer-shell (vzlency shell) of an atom is
transferred to another atom forming a compound, an electro-valent bond
results, In solution, the two atoms separate as electrically charged par-
ticles, one as a cotion, vith loss of electron and the other as anion with
gain of clectron.  This phenomenon called jonization or dissociation
operates in most biological systems also, Such compounds are known as
clectrolytes,  When dissociation is complete or 100% (i.e. every molecule
is dissociated), the compound is termed a strong electrolyte,  Most in-
organic salts, acids and bases of organic compounds dissociate only partially
and are called weak electrolyies,

NaCl ——5 Na' + I (strong electrolyte, 100% dissociation)
NHOH === NH;' + Ol (weal electrolyte, partial dissociation)
HyPOy == HPO, + I’

CHLCOON == CH,CO0 + |’

Water, whicli is the medium for these dissociation phenomenis, itself s
a weak clectrolyte, In | itre of pure water, which is approzimately equal
10 555 moles, only 1,0 7 107 moles of hydrogen jon and an equal
amount of hiydrozyl jon are found, The ion product of water is equal 1o
I 2 10" (e, the product of the jonic concentrations expressed in moles
per litre), ‘This dissociation is a reversihle rezction,

H,0 &=={'+ Ol
14 1,0 &= H;0°

Therefore it reaches cquilibrium, when the value is 1% 7 10 ' The
cquilibrium can be easily disturbed by incresse in cither of the jons, 1 or
O, When strang acid s dissolved in o water, it contributes hydrogen
jons, which force reversal of donization of water. Usually the H oassoci-
ates with water piving rise to hydroniam jon, 11,0 Sunilarly the bases
vhich caontribute O gons force reversal and dissociation of  water 15
sunpressed. Howeyer, weak electrolytes will dissociste 1o 8 limited extent
and the final reaction of the medium s dependent on the 1 or O
concentration, 11 the 1 concentration is expressed as negative logarithm,
then the term ph s applied. Pure water has a pll of 70 Weak acids will

i
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10 (1.3.1) BIOCHEMISTRY

contribute H™ reducing the pH.  The lower the pH. the stronger the acid,
Similarly the higher the pil the stronger the base.  Compounds which
dissolve in water, but do not contribute H™ or OH" ions. are termed
neutral. Most sugars, alcohols, aldehydes, Ketones are neutral compounds.
Acids are considered as proton donors or acceptors of a pair of clectrons.

1.3.2 Acids and Bases

Most organic acids are carboxylic acids. If they have only ‘R’ groups
(alkyl. aryl etc.) their dissociation is usually low and becomes less and
less as the *R" group size increases (i.e. becomes less polar).  Many
organic acids found in living systems, are substituted, i.e. have other
functional groups. If the functional groups are polar (like -OH) or
electron withdrawing (like C=0. -NO,, -CI etc.), the acids are usually
stronger. with a lower pKa value. Thus citric acid, tartaric acid, malic
acid. pyruvic acid are all stronger than acetic acid. Many biochemicals
carry inorganic polvbasic acids like phosphoric acid in their molecules.
For example glvcero-phosphoric acid is a strong acid compared to other
organic acids.

oreanic bases contain amino-groups and their substituted deri-
vaiives. ?\'Etrc: nous compounds. including heterocyclics. are basic. unless
compensated by the presence of acidic functions or electron-withdrawing
roups in their close vicinity within the molecule. Bases are proton
ccepiors or donors of electron pair.  Accordingly many organic bases
man '-,.n.a,.::‘: 11.:'11791)1 on acce ﬂmcr a proton {promn tion). In this man-

Since wazter 1s 2 wezk elecirolvie. its dissociation is infiuenced by
\

- P — - man A =% A awesell S ‘_ -~
other electroivies. weak and sirong. Actually water is participating in the
= o ELEEE N N L LSty 1 Th e biamArmeac g I )
ISSOCIZNION reaciion 01 e cieCiroivie. 1is pecomes ominent. when a
) e - L. - A m = - . | £ 1. % 3 " ~
£2i 07 weaN 2010 and 2 sSrong Dase {or sall of weak base ang sirong acid)
B . 4 - o T = ~le 4 m~s b~ fa i -} S : i+
s dissolhved mmowater. The salt dissociates fully thus : (e.e. sodiem acetate
. =
N AZTEOUS IRSGmMm )
s
1 N s s N a avTa
CH.COONz2 —— CH.CCO - Na
1y A - -
H-O = H - OH
SIS ~23c 3] 1S 3 WY 2crd 2rd hac 1 A .o i he
SINCT XTI X3 s a 2N 3Cd and nas a qissociauon constant, ine
. e o8 1 amd CH.COO | [ L I1¢s
o ons of H 2and LHA00 will immeds ..:._.\ compme o \ old undisse-
- . m e AT = e A
- -’-.-‘.‘:. LTI 2000

H « CH.CON)Y —> 11 7w
H CH.COO0 = CH.COOH

B —
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INTRODUCTION (1.3.4) I

This results in lowering of H' and CH,COO" jons in the system
leaving a slight excess of O or a basic pH (above 7.0). Actually water
has brought about a decomposition of sodium acetate to yield acetic acid
and sodium hydroxide to a small extent. Therefore hydrolysis has taken
place. In general, salts of this type (formed from weak and strong
partners) undergo hydrolysis ecasily, changing the pH of the medium,
depending on concentration of salt and undissociated weak partner (acid
or base) and the pH of the weak acid or weak base. To this system, if a
small amount of H' or OH™ are added in the form of another acid or base,
immediately the system tries to fix the H* or OH-, as the case may be. In
the process, the concentration of the original salt/acid or salt/base is not

changed as also the dissociation constant. The result is therefore practi-
cally no change in pH.

'1
|
!
|
|
|
1
|
I
|
l
|
|
!
I
1
|
i
I
r
|

-
} CH;.COO.Na —> CH;.COO~ + Na“ l
| | :
: CH;.COOH =— CH,;.COO~ +H" |
|
|

|
} H,O — OH- + H~ |
e e L SE R e N e M o Wk SO A N 1

I I

external source of OH™ or H-

Within narrow limits, change in pH is resisted by this system, which is
termed a buffer. Such buffer systems play a very important role in
biochemical processes. Besides the numerous simple organic acids and

bases found in cells and tissues, many proteins and peptides also act as
buffer svstems in the body.

Organic acids found in the body are tound both in undissociated form
as well as salts. More often. thev are accompanied by cations (like Na'.
K™ etc.). Thus they may be considered as salts of corresponding strong
bases. For this reason, in biochemistry, acids are always designated as
salts (e.g. acerate, citrate, malate, pyruvate etc. rather than as acetic acid.
citric acid. malic acid, pyruvic acid ete)). To a limited extent these also
form buffers in their own systems.

1.3.4 Oxidation Reduction

Many biochemical processes are described as oxidation-reduction reac-
tions. These reactions are essential to living systems, because ultimately
all energy is generated by oxidative process. Oxidation consists ot intro-
duction of oxygen in addition to whatever was already present (oxygenation).
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2 (1.3.4) BIOCHEMISTREY
R.CHO — R.COOH
R.CH;.CH;.COOH — B.CO.CH, COOH
P.CH;.CH,.COOH — 2.CHOH.CH, COOH

Oxidation alsa consists of remaval of hiydrogens (dehydrogenation)
ECH;.CH;.OH — BR.CH..CHO

L""‘"

H
2.CH; CH;.COOH —— B.CH=CH.CONH

Oridation zlso occurs when zn electran is withdrewn from zn ziom or
g
|73 7

NG —— ENG-

Fizvine adenme Smuclestide (FAD) - H, — FADH
NEAD -H, — MNADH - B

NADY - H: —> NADPH - i

Cyviochrome{F2" " ") —> (CviochromeAFe %

- - bow iS2ide™"1§ - F

YT e e ————————
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INTRODUCTION (1 3.4)

In the zbove examples zlso, the reducing agent
oxidised product azre not shown., The following
fuller description of oxidztion reduction process ;

alcohaol

CH:.CH;.OH = NAD"

dehydrogenase

In

A b nls | " - = <
A whole chzin 6f rezcit

el
Ll S
-

N
Feo:r e e
1T Ci~—Cid

Q
ii‘
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Proteins and Amino Acids

2.1 Introduction

The name protein is derived from the Greek word proteios, meaning
the first (and foremost). Proteins are a class of chemicals, which occupy
the foremost position among biological chemicals. 1t is also believed that
origin of life was made possible because of amino-acids, which are the
building blocks of all proteins.

Proteins have two major functions in all living cells or tissues or
organs : (1) structural and (2) dynamic. Structural proteins have rigid,
usually fibrous form and support the physical framework of living beings,
e.g. connective tissue, cell membrane, muscle fibre etc. Dynamic proteins
are responsible for all active life processes like biochemical reactions
(metabolism), control of body functions, protection of cells and tissues
against foreign organisms, transport of other chemicals, maintenance of
favourable physico-chemical conditions like osmotic pressure, viscosity
etc. Examples of proteins involved in these dynamic functions include
enzymes, hormones, antibodies, hemoproteins, serum proteins etc. Earli-
est studies on proteins were conducted on egg white, blood fibrin and silk
fibre. Based upon these studies, proteins were classified as (a) albumins,
which are soluble in water and salt solutions; e.g. egg white; (&) globu-
lins, which are sparingly soluble in water but soluble in salt solutions; e.g.
serum proteins; (c) prolamines, which are insoluble in water (found in
wheat, barley etc; (d) glutelins, which dissolve in acids or alkalis (wheat
and rice) (e) scleroproteins (also known as albuminoids), which are in-
soluble and are structural proteins (e.g. hair, nails). Protamins and
histones are two other classes, which are soluble in water but are not
coagulated.

Proteins have a high molecular weight. Most proteins are amorphous
solids, but a few have been crystallized. On breakdown (usually hydroly-
sis) they yield a mixture of amino-acids. A protein usually yields about a
dozen or less of amino-acids, which by repeating themselves in some
order, build up a protein molecule. Thus proteins are biological polymers

14
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PROTEINS AND AMINO ACIDS (2.2) |5

(hio-polymers) of high molecular weight formed from amino-acid units,
Proteins, chemically linked with units other than amino-acids arc called
conjugated (or complex) proteins,  Examples of conjugated proteins
glycoproteins (containing also sugar residues), lipoproteins (containing,
lipids) and nucleoproteins (containing nucleic acids). There are thousands
of proteins in living organisms, cach chemically different from another
depending on the source and function.  [For example albumin obtained
from epg differs from serum albumin. But all proteins are made up of not
more than two dozen amino-acids. A study of amino-acids is therefore
necessary to understand the chemistry and properties of proteins.

Table 2.1 Classification of Proteins

Class Characteristics Examples

Simple Proteins : Made up of only a-amino-acids

(a) Albumins Soluble in water & dilute cgp albumin
clectrolyte solutions serum albumin
(b) Globulins Sparingly soluble in water serum globulins

but soluble in dilute
electrolyte solutions

(c¢) Prolamines Insoluble in water; soluble seed proteins
in 70% aicohol
(d) Glutelins Soluble only in acidic or wheat gluten
alkaline media
(e) Scleroproteins Insoluble in aqueous media hair, nails
(Albuminoids) (structural proteins)
(f) Protamines Highly basic sperm proteins
(g) Histones Less basic than protamines thymus gland proteins
Complex or Conju- Contain also other compounds
gated Proteins and/or metals
(a) Glycoproteins Sugar residues are present blood group proteins
(b) Lipoproteins Lipids are present egg yolk
(c) Nucleoproteins Nucleic acids are present virus proteins
(d) Metalloproteins  Metal ions are present cytochromes, myoglobin

(e) Chromoproteins  Coloured organic compounds hemoglobin
are associated

2.2 Amino Acids

Chemistry and classification : All amino-acids contain at least one
amino group and at least one carboxyl group in the molecule. Both the

ik
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ami .
wh}“}‘: group and carboxyl group are attached to the same carbon atom, to
ich another organic residue is attached. The general structure is :

—~ NH,
R -CH
“NCOOH

As the amino group is attached to the carbon alpha to the carboxyl
group, T.hese. are also known as alpha-amino-acids. Organic acids may
have an amino group anywhere in the molecule and called amino acids
(e.g. Paraa_mmobenzoic acid, PABA can be called an amino acid or
gamma-amino butyric acid, GABA, can also be called an amino-acid).
But proteins are built up entirely from a-amino acids, without exception.

Different amino-acids differ from each other only in the nature of R
group (organic residue) in the above general structure. All the known a-
amino acids are shown in the table below, with additional information

about them.
TABLE 2.2 Alpha-Amino Acids

No. Name Structure Chemical Abbreviated
Name Name
1. Glycine IvH, = CH,— COOH 2-Amino-acetic acid Gly
- NH2
2. L-Alanine CHz—CH L-2-Aminc-propionic Ala
B CCOOH acid
CH NH
3. L-Valine 3Nchi-cn” © L-2-Amino-iso- val
CHsx < N COOH valeric acid
CHs _~NH ]
4. L-Leucine SeH - CH, - CH 2 L-2-Amino-4-methyl- Leu
CHs NcooH valeric acid
C Hs\ f‘“'lz
5. i-Isoleucine : ~CH -CH/ L-2-Amino-3-mcthyl- [leu
Cris ™ COOH valeric acid
NH e ‘
6. L-Serin¢c HO - CHZ—CH/ . [-2-Amino-3-hydroxy-  5S¢r
“SCOOH propionic acid
CA13 ~NH2 . =
7. L-Threonine SCH-CH 1-2-Amino-3-hydroxy-  Thr
' HO~ ~~COOH butyric acid
continued
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No. Name Structure Chemical Abbrerafed
Name Name
: —~NHz ) C
8. L-Cysteine HS -CH,-CH L-2-Amino-mercapto- ys
"N COOH  propionic acid
NH
S-CH,-cH] -
™ COOH
9. L-Cystine Cys-S-S-Cys
NH
S-CHy-cH]
™~ COOH
_~NH
10. L-Methionine COOH L-2-Amino-4-methyl- Met
thiobutyric acid
NH .
11. L-Aspartic ~ HOOC - CH, 7CH/ . L-2-Amino-succinic Asp
acid S COOH. acid
~NH;
HOOC - CH,=CH,~CH
12. L-Glutamic "N COOH L-2-Amino-glutaric Glu
acid acid
~NH,
H,N - CHp= CH, ~CH,= CHp=CH
13. L-Lysine “NCOOH L-2.6-Diamino-caproic  Lys
acid
NHZ / NHZ
~
C-NH-CH,-CH -CH,-CH
aNZ 2 72 7% N cooH
14. L-Argininc L-2-Amino-5-guanidino- Arg
' valeric acid
NH
15. L-Phenyl- CHz-CH/ ¢ L-2-Amino-3-phenyl- Phe
- -sl'minc’ “NCOOH  propionic acid
16, L-Tyrosine _-NH, L-2-Amino-3-(4-hydro- Tyr
T T Ho CH,- CH xyphenyl)-propionic acid
™~ COOH
His

N
</ n\ ~NHz  L-2-Amino-3-(S-imida-)
1'% L-Histidine CH.-CH’ 2 <2-Amino-3-(¢

NH zolyl)-propionic acid

-
-

“\COOH

...continued

—
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No. Name Structure Chemical Abbreviated
Name Name
18. L-Proline . L-Pyrrolidine-2-carb- Pro
nNH  COCH oxylic acid
19. L-Hydroxy NH L-Pyrrolidine-4- Hypro
proline HO {)\COOH zi'ic(ijrox}'-}carbox}'hc
20. L-Tryptophan L-2-Amino-3- Trp
han —~ NH 3'-indolyl)-propionic
? CH,-CH 2 (aci(; YF PP
O ﬂ S COOH
NH

Two of the zbove amino-acids also occur in their amide forms in many
proteins, where the extra carboxylic group is converted to carboxamide thus :

. _ NH,
21. L-Asparagine 4 N -CO-CH,-CH Asn
SCOOH
NH
- ~ ‘2
22.L-Glutamine H,N -CO-CH,-CH,-CH Gln
™ COO0H

In addition to the above, hydroxylysine has been obtained from
gelatin. From some marine animals and corals, di-iodotyrosine and even
dibromotyrosine have been obtained. From the above table a few facts
can be observed :

(1) Glycine is the simplest of a-amino-acids having no organic resi-
due (i.e. R = H). This is also the only u-amino-acid which is optically
inactive.

(2) All other amino-acids correspond to L-series, i.c they are
stereochiemically related to L-glyceraldehyde or L-lactic acid.

H 20 H\c4o HON .20 HO~ 20

H-é-OH HO-rll‘-H HO-(::-H HZM-(::—H

CH,, OH CH,OH CHy CHy
D-Glyceraldehyde L-Glyceraldehyde L.-Lactic acid L-Alanine

However, it must be remembered that the optical rotation actually

measured may be dextro or levo depending on other factors in the mol-
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ecule. For example L-alanine is dextro-rotatory whereas L-phenylalanine
is levo-rotatory.

(3) The first 14 amino-acids in the table (and their derivaiives 20 and
21) can be classified as aliphatic a-amino-acids. Phe and Tyr may be
classified as aromatic c-amino-acids. His, Pro and Trp may be described
as heterocyclic a-amino acids.

(4) The amino-acids Cys and Met can be described as sulphur con-
taining amino-acids.

(5) Ser, Thr and Tyr may be described as hydroxylated amino-acids.

(6) Most amino-acids are described as mono-amino-monocarboxylic
acids. Lysine is a diamino-monocarboxylic acid, making it more basic.
Arg, His and Trp also are more basic because of more basic groups in
their molecules. Asp and Glu are dicarboxylic monoamino-acids and are
more acidic. Asn and Gln are neutral because of conversion of the extra
carboxyl group to its neutral amide form.

(7) Proline is unique in that its ad-amino-group is part of a heterocyiic
ring.

(8) Cystine is a dimer of cysteine (note the spelling!). It is usually
formed by oxidation of cysteine molecules.

TABLE 2.3 Classification of Amino-Acids

Class Examples
Aliphatic Amino Acids (no ring system)

Mono-amino-monocarboxylic acids glycine, alanine, valine
(no other functional groups) leucine, isoleucine
Hydroxy-mono-amino-monocarboxylic acids serine, threonine
Sulphur containing amino-acids cysteine, (cystine)*
Mono-amino dicarboxylic acids (acidic) aspartic, glutamic
Basic amino-acids lysine, arginine
Amido amino-acids (ncutral) asparagine*, glutaminc®

Aromatic & Heterocyclic Amino Acids
Aromatic amino-acids phenylalanine, tyrosine

Heterocyclic amino-acids proline, hydroxyproline
histidine, tryptophan

*These are derived amino-acids
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2.3 Properties of Amino Acids

(1) Most a-amino acids are fairly to sparingly soluble in pure water,
undergoing feeble ionisation. In dilute acids or alkalis they dissolve with
greater ionisation :

+
NH - NH & _~NH,
777 L gyt B R-cH

R-CH
~coo- “\COOH S COOH

Amino acid dissociation

In neutral solutions a-amino-acids exist as amphoteric species, known
as witterion.

Zwitterion

As seen above, in basic medium the protonation of the NH; group is
suppressed and in acidic medium ionisation of the COOH group is sup-
pressed. If the pH is carefully adjusted, ionisation and protonation can
both be suppressed and neutral amino-acid will result. The solubility of
the unionised unprotonated amino-acid is least and it may get precipitated.
This is called iso-electric pH. As proteins are made up of a-amino-acid
units, they also behave similarly in this respect (i.e. protonation, ionisation
and precipitation at iso-electric pH).

(2) All a-amino acids form amide bonds, in which the a-amino group
of one reacts with the a-carboxyl group of another amino-acid.

JNH——CO\
R, — CH CH=R, or H,N-CH-CO'>NHf-CH - COOH
Qi NH C

/
COOH H,N R, R,
Peptide bond

This amide bond is responsible for building up of chains of amino-
acids which are present in proteins and peptides. The bond is known as
the pepride bond. Note that in the above new compound (called a
dipeptide) formed from two amino-acids, one amino and onc carboxyl
group are still available for further reactions, just as in a single amino-
acid. Peptide molecules are known as dipeptides, tripeptides, tetrapeptides,
polypeptides etc. depending on the number of amino-acids in them and
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