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BIDMGLECULES

There 15 a wide diversitty m iving organlsms i our blosphiere. Now a
question that artses tn our minds ts: Are all ving organtsms made of the
same chemicals, Le elements and eompounds? Yeu have learnt in
chemisiry how elemental analysls 1s performed. I we perform such an
analysls on a plant Ussue, antmal ssiie or a microblal paste, we ablain a
list of elements ltke carbon, hydrogen, oxygen and severad others and
their respective content peruntt mass of a tving tissue. If the same.analysis
lsperlormed on a plece ol caril's crust a8 an example of nop-tiving malier,
wroblatn a stmilar iist. What are (he differences between Lhe two Usis? In
absolute termns, np such diferences could be made out. All (he ¢lemenits
present in a sample of earth’s crusd are also present in a sample of living
ssue. However: a closer examination reveals thal the refattve abunidance
of carbon and hvdrogen wilh respect (o other elements 1s hiigher In any
living organism than in earth’s crusl [Table 9.1).

9.1 How 1o Axavyse Cuemicar CoMposimion?

We can comtinue asking in the same way, what type of organie compounds
are [oorud in ltving erganisms? How doess one go aboul inding the answer?
To gzl an answer, one has lo perform a chemical anatysts, We cin like any
itving Ussue (a vegelable o a plece of iver, elc j and grind 10 in mehloroacetic
acdd (CLCCOOH) ustng s mortar and a pestle, We oblatn & thiek storry. 10
we were (o sirain this through a cheesecloth or cotton wewould obtatn two
fracticns. Ome s called the Dllrate or more lechileally, (the acid-salubile
pool, and the second, the retentate or the acid-insoluble fractton. Scientis(s
have found thousands of organie compounds tn the acid-soluble poal.
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In Higher classes you will learn aboul bow
lo analyse a living (1ssue sample and |dentify a
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Tasre 9.1 A Comparison of Elements Present
in Non-living and Living Matter®

particular organic compound. It will sullice © Element % Eﬂﬂ" ol

say here that one exiracts the compoungds, then Earth's crust Human body
siibjecis the exiracl Lo varlous separallon Hydrogen [H} 0,14 05
technigues Uil one has separated a compound Cadbon (O] 0.08 185
from all olher compounds. In other words, one  Oagnien {(0) 166 65.0
jsolates and purtfies a compound. Analytical g:mi[g‘l} w?]r éjél_[c gg
techimgues. when applied (o mrg::lmpﬂun.d EVe | Sodinm (N 98 'n:?_.__

us an idea of the molecular farmnla and e gapdum (Ca) 26 1.5
probable structure of the compound. All the | Mugnesium (Mg 21 0.1
carbon compounds that we get from Wving | Stlcon (Si) 277 ncglinbile

fssues can be called ‘hiomolecules’. However

“ Adpptod from CNR- o, Dnderstanding Chansstry,

Untveraities Press Hydes o

living organlsms have ‘also pol lfnorganic i

elenents and eampounds (o them. How do we
know this? A slightly different bul destructive
experiment has o be done, Oine weighs a small
armount of a living Ussue (say a leal or Uver and
thts 15 called wet wedghit) and dry (L All Lhewaler,
evaporales, The remalning material gives dry
wetghl. Now il the tissue 1s futly burmt, afl the
carbon compounds are oxidised (o gaseous.

[orm |CO,,. waler vapour) and are renoved. Wlial l;mmnt
Is remaining is called “ash’. This ash contains Spinm.
morganic elements (Uke caletum, magnesium Putassiim
elc), Inorganic compounds ke sulphate, Caletum
phosphale, eic,. are alse seen n the acid-soluble Magnesiom
[raction. Therefore eclemienlal analysls gives Witer
elemental composition of living lissites 1o the Compourids

form of hydrogen. axygen. chiorine, carbomn ete.

while analysts for compounds gves an idea of

the Kind of organic [Flgure 9. 1) and norganic constiluents (Table ©9.2)
present In living Ussues, From a chiemistiry point of view, one can fdentify
functional groups ltke aldehydes, ketones, ammatic compounds, ete, Bal
from a biotogical point of view, we shall classify them info amino aclds,
nucleotde Bases, fally atids ele.

Amine actds are organic compounds containing an amino group and
an acidic group #s substtnents on the same carbon Le, the a-carbon.
ience, they are called a-amino acids, They are substituted methanes. There
are [our subsdinent groups acoupying the oo valenicy postiions. These
are hydrogen, carboxyl group, amino group and a variable group
destgnaled as R group. Based on the nature of R group there are many
amino aclds, However, those which occur tn protetns are only of (wenty

Tasie 9.2 A List of Representative Inorganic
Constituents of Living Tissues

Formuls

Na~

K-

Ca™

M~

o

NaClL CaCo,,
PO . 50
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types. The R group W these proleinacesns aming acids cotld be a hydrogen
(the amino ackd is called glyeine), a methy! group [alamne), hydmoxy methyl
(serine), ele. Three of the twenty are shown in Flgure 9.1,

The chemical and physical properiies of aminn aclds are essentially
ol the ammo. carboxyl and the R lunctional groups. Based on numberof
aming and carboxyl groups. there are acldie |eg ., glutamic ackd)], Basie
flystiee) ad neutral fvaling) amine acids. 51:11&:1['1'_'.',' there are aramatle
ammo acids (yrosine, phenylalaning, trypltophanj. A paricular property
of amino acids is the 1onizable nature of -NH,, and ~-COOH groups. Hence
11 solutions of different pll. the structure of amino actds changes.

(14 R R
. i " I : I 5
HN=CH=COOF = HN=U{H—000 —— HN—CH=000
Y 5] (8]
B 15 called zwitteriondc form.

Liplds are generaily water tnsolubje. They could be stmple fatty acids,
A fatiy actd has a carboxy! group attached to an R group. The R group
could be a methyl {-CH;). or ethyl =C,H.) or lugher number of -CH,
groups (1 carbon lo 189 carbons). For example. palmitc actd has 16
carbons tncluding carboxyl carbon. Arachidonle actd has 20 earbon
atoms tneluding the carboXyl carbon. Fatty actds could be saturated
(withoul double bond) or unssturated (with one or more C=C double
hands), Another stmple Iipid 1= glyeerol which s tibvdrogy propane. Many
Itptids have both glyeerol and fatly actds. Here the fatty aoids are found
esterfled with glyeerol. They can be then monoglyeerides, digiveerides

-and (riglycerides. These are also called fats and ofls based on melting

potnl. Mis hiave lower melling potnl leg., gingelly oll) and hende rematn
as oll inwinters. Can you ldentify a &l from the markel? Some lipids
have phusphorous and a phosphorylated organte compound m them.
These are phospholipids. They are found in cell membrane. Lecithin is
one exarnple. Some Ussues especially the neuaral Ussues have Iipids with

quore complex stiuctures,

Living organisms have a8 number of carbon compounds in which
heterocyrlic rings can be found. Some of these are nitrogen bases —
adentne, guanine, cytosine, uract!, and thymtne. When found attached to
a sugar. they are called pucleosides. I a phosphate group 18 also found
estertfled to the sugarthey are called nucleotides. Adenosinie. guanosine,
Lhymidine, urtdine and cytidine are nucleostdes. Adenylic actd. (hymidylic
actd, gmanylic actd, undvite actd amd cytidytic actd ane nucleotides. Nuclele
actds lke DNA and BNA consist of nucleotides only. DNA and RNA fmction
as genetle malerial.



OH COOH fr‘ﬂﬂﬂ
H=C—=NH, H—=(C~=NH, H-— ?_NH'
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Figure 9.1 Magrammalic representation of small meleoular welght organic
compounds [n fving tissoes
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Tasie 9.3 Some Secondary Metabolites

IMgmenis

Alkailoids
Tﬁpﬂlﬂdm
Fssentinl aily
Toxing
{actins
Dirugs
Polymenie
subsiinre=

0.2 Pumary axo Seconpary MetasouTes

The mosi exclting sspect of chemistey deals with ssaldtng Wousands of
compounds, small and big, from living organtsms, delermining ther
simuctire and U possible synthesising them.,

If one were (o make a lisi of biomolecules, such a list would have
thousands of organic compounds including amino aclds, sayars, efc.
For reasons thal are given Insectinn 9. 10, we can call these blomolecules
as ‘melabolites’. In animal tssues, one nolices the presence of all such
categories of compounds shown in Floure 9,1, These are called primary
mietabolites. However. when one analvses plant, fungal and microbial cefls.
cine wonld see thousands of compounds other Lhan these called primary
metabolites, e.g. alkalowds, avonoids, mibber, essential olls, antbiotics,
coloured plements. scents, pums. spices. These
are calied secondary metabaelltes [Table 9.3).

Carolenpids, Anthocynmins: While primary mctabolites have identifiable

Lot functions and play known roles in normal
Morphine. Codetne. et physioiogtal processes, we do not zt the moment.
Maonoterpeins, Diferpenis cle. undersiand the role or funclions of all the
Limncmn prass il olo. 1 secondary metabaolites” in host organisms.
Abrin, Ricin . 'However, many of them are useful o humian
TR welfare (¢.g. Tubber, drugs, splees, scents and
Viihhastin, ettt Telt plemenis), Some secondary meiabolites have

ecological imporiance. [n the laler chaplers and
years you will learn more aboul this.

3.3 BiomMacROMOLECULES

There 1s one fealure commmon (o all those compounds found tn the acld
soluble pool. They have molecular weights mnging from 18 o amund
800 dalions (Da) approxtmately.

The actd Insoluble fraciion, has only four ypes of orggnic compounds
L.e.. protetns, nuclele acids, polvsaccharides and ipids. These classes of
compounds with the exceplion of lipids, have moleculsr welghis in the
range of ten thousand daltons and above. For this very reason.
biomolecules, Le,. chemileal compounds found in Iving ergatiisms are of
two types. One, those which have molecular weighis less than one
thousand dalton and are usually referred (o as micromolecules or simply
homaolecules while those which are found in the actd iInsoluble fraction
are called macromolerules or biomacromolecules.

The maolecitles in the insoluble fractlion with the excepion of Iiplds
are polymeric substances. Then why do lptds, whose molecular welghis
do nol exceed 800 Da. come under actd msoluble fraction, Le.,
macromoelecular fraction? Lipids are indeed small motecular welghi
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compounds and are presenl nol only as such bulalso
arranged tiio structures Dke cell membrane and other
miembranes. When we grind a Ussue, we are dismupting
the cell structure. Cell membrane and other
membrancs are broken nlo pleces, and lorm vesicles
which are nol waler soluble. Therefire, these
membrane fragments in the form of vesicles get
separated alang with the actd inscluble pool and hence
i the macromolecular fraction. Liplds are nol sirictly
macromolécules,

The actd soluble ponl represents roughly the
cytoplasmic composition, The macromolecules from
cyloplasmand arganelles become the acld insoluble
[ratlen. Togelher they represent e enline cliemleal
compaosilion of iiving Ussues or arganisms,

In summary I we represent the chemical
composition of iiving (issue from abundance point of
view and arrange (hem class-wise, we observe that
water Is the most abundant chemiteal n living
organisms (Table 9.4).

9.4 Provuns

Proteins are polypeptides. They are {inear chains of
aniliio -acids lnked by pepllde bonds as shown In
Figure 9.3,

Each protein Is a polymer of amino acids. As there
are 20 iypes of amino acids {e.g.. alanine, cysieine,
proline. tryplophan. lysine. ele.). a prolein 1s a
heteropolymer and nol a homopolymer. A
hamopalymer has anly one type of monamer repeating
i mumiber of tmes, This infommation about the mmiinn
acid conlend is important as later in your nuirition
lessons, you will learn thal cerialn anitno aclds are
essenttal for our heallli and they have to be supplied
through our diel. Hende, diclary proteins are the
satiroe of essential amino aclds. Therefore, amino actds
can be essential or non-essential. The latter are those
wihitch oo body can make, while wie el vssential smino
ackds through our diet /food. Proteins camy oul many
functions In lwing organisms, some ransport
muirienis acress cell membrane, some fight infections
organlsms, some are honmones, same are elgymes,
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Tanre 9.4 Average Composition of Cells

Component "Ihul'llll‘intnl
celiuiar mass
I Waler L F0a0
Profcin 10-15
| Carbohydrales 3
Lipids 2
Nucleie nekls 57
|

Tamze 9.5 Some Protelns and thelr

Functions
Protain Functions
Collagen Ioteroelular ground
substande
Trypsin Euayme
Dibmualiee Hommone
Antibody  Flthis mfcctlous agots
Receptor Bensory receplion
Ismell, taste, hormors:,
ehes )
GLUT-4 Enitbles glucase
GrEnsport
tnlo ol
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cte. (Table 9.5). Collagen 18 the most abundant protetn 1 antmal world
and Ribulose bisphosphate Carboxviase-Oxysenase (RuBisCO) 15 the
most abundant protetn in the whole of the Mosphere,

9.5 PovvsaccHARIDES

The actd nsoluble pellel also lias polysaccharides |carboliydrales) as
another class of macromolecules. Polysaccharides are long chains of
sugars. They are threads (iterally a cotton thread) conlatning different

monosaccharides as buflding blocks: For example, cellulose 1s a
polvmeno polysacchande consisting of only one (vpe of monosaccharide
Le., glucose. Cellulose s a homopaelymer. Starch 18 a vadand of this bul
present as a store house of energy in planl (ssues. Antmals have another
vartant called glycogen. Inulin ts a polymer of fructose. in a
polysaccharide chatn {say glycogen). the right end is called the reducing
end and the lefl end 1s called e non-reductng end. Tt has branches as
shown 1o the form of a carleon [Figure 9.2). Siarch forms helieal

secondary stmictures. In et starch can hold |, molecules in the helteal
pertion. The starch-1, 1s blue in colour. Cellulose does ot contatn
complex heltees and henee cannol hold 1.

['Hxﬂﬂ % F]{’UH
M )

Hi il t‘.IH

@ e .e.

Figure 9.2 Dihpgmmmatle representation of a portion ol gycagen
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Planl cell walls are made of cellulose. Papermade from plant pulp
and colton ffbre 15 celliloste, There are more complex polysaccharides
i nature. They have as bullding blocks, amino-sugars and chemteally
modified sugars (e.g., glucosamine, N-acelyl galactosamine, ete.).
Exoskeletons of arthropods, lor example, have a complex
polysaccharide called chitlin, These camplex polysacchandes are mosily
hamapolymers.

8.6 Nuciwe Acis

The other ype of macromolecule that one would find i the acid
Insoluble fraciion of any Uving issne s the nudse &aodd. Theése are
polvnucleatides. Together with polvsaccharides and polvpeplides these
comprise the true macromolecular fraction of any living (1ssue or cell
For nueleic acids, the bullding block is a nuclestide. A nucieotide has
three chemieally distinet components. One is a heterocyelie componnd.
the second Is a monogaccharide and the third a phosphoric acid or
phosphate.

As you notice in Figare 9.1, the heterocyelic compounds in muclelc
aclds are e nitrogenous bases narmed adenine, guanine, uractl,
cyiosine, and ithymine, Adenine and Cuanine ape subsilluled purines
while thie rest are substituted pyrimidines. The skelelal hetemevelle ring
15 called as purine and pyrimidine respecttvely. The sugar found in
polynucleotides 1s either ribose [a monosaccharide peniose] or 2
deoxyribose. A nuclele acid containing deoxyribose s called
demayribonuclele actd (DNA) while that which contains nibose is called
ribonuclele actd (RNA),

0.7 Smmucnire oF PrRoTENS

Protelns: as mentioned earlier, are heterppolymers coninlning sirings

of amino actds. Structure of molecules means diferent (hings In
different conlexts. In thorgamte chemisiry, the siructure tnvariably
refers to the molecular formuliae (e.g, NaCl, MgClL, etc.), Organte
chemists always write a two dimenstonal view of the molecules while
representing the struciure of the molecules (e.g.. benzene.
naphithalene, ete.). Physicisis conpure ap the three dimenstonal views
of molecular structures while blologtsts describe the protetn structiire
dl four levels. The sequence of amino aclds Le. the postilionssl

mformmation in a proieln — which is the first amino acid, which is

second. and so on —1s called (the primary structure (Fligure 9.3 a) of
f proleti. A proieln Is imagined as a line. ie lefl end représenied by
the first amino acid and the right end represented by the lasi amino
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(1) Primury

Figure 8.3 Vorious levels of Trobei Sboiclore

acld. The [rsi amino acld Is also
called as N-lerminal amino acld. The
last amino acld 1s called the C-
terminal amino acid, A prolein
Lhread does ol exist hiroughoul as
an exiended rlgld rod. The thread 1s
folded tn the form of & hellx (stmilar
lo a Tevolving statrease]. OF course,
only some portlons of the protein
Lhread are arranged tn the form of a
heltx. In proteins, only right handed
hellces are observed. Other reglons
of the protein thread are folded into
Hyirogen olier [orms W whial is called the
Haulphide  bond secondary structure (Flg. 9.3 b). In
addiiton, Lhe long protein chain 1s
also folded vpon tself ke a hollow
woolen ball, giving rise Lo the
tertlary structura [Fig. 9.3 o). This
gives usa S-dimensional view of a
protein, Tertiary strogture is
ahsolutely necessary for the many
blological aclivilles ol prolalins.

oome profeins are an assembly of more than one poelypepiide or
subunits. The manner inwhich these individual folded polypeptides
or subuntls are arrangsd with respect Lo each other [e.g. Unear string
of spheres, spheres arranged one upon each other in the form of a
cube or plateele,) 1s the architecture of a protetn otherwise called
the guaternary structure of a protein (Fig 9.3 d). Adult human
haemoglobin consisis of 4 subunils. Two of tliese are 1dentical 1o
each other. Hence, two subunis of a tvpe and two subunits of p
tvpe Logether consttule the human haemoglobin (Hh).

98 EnxzvuEs

Almost all crugymes are proleins. There are some nucleie actds that behave
ke enzymes. These are called ribozymes. One can depict an engyme by a
line diagram. An enzvme like any profein has a primary stroeture, Le.,
amino acld sequence of the protein. An enzyme like any protein has the
secondary and the terttary structure. When you look at & terfiany stracture
(Flgure £.8 ] you will nodce thal the backbone of the protein chatn folds
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typon sell, the chaln orss-crosses (lsell and hence, many orevices or
pockets are made. One such pockel 1s the active site’. An active sile of an
eryme s 1 creviee or pocket into which the substrate fits. Thus enzyvmes,
through thetractive siie. catalyse reactions at a high rate. Enyme catalysis
dilfer rom orpanle calalysis In many wavs, bul ofic niajor dillcrence
nestds menilon. Inarsanic calalysis work efficiently al hilgh lesnpermiures
and high pressures, while enzvmes get damaged at high temperatures
{say above 40°C). However, enzymes tsolaled from organtsims who normally
live under extremely high [emperatures (eg. ol venls and sulplos
springs), are stable and retaln their calalylle power even al high
lemperaturss (upto 80°-90°C). Thermal stability is thus an tmpartani
quality of such emzymes solated from thermopilic organisms.

9. 8.1 Chemical Reactions

How dowe understand Lhese etzvmes? Let us first understand a chemieal
reaciion. Chemiteal compounds undergo (wo types of changes, A phiysical
change stimply refers to @ change in shape withoul breaking of bonds.
This 1s a physical process. Another physteal process isa change in state
of matter: when ice melts into waler, or when water becomes 8 VRPOUL.
These are also physical processes. However, when bonds are broken and
new bonds are fommed dunng transformation. this will be called a chemical
reaction. For example:

Ba(OH),+ H,50, — BaS0, +2H,0

is an tnorganic chermdeal reactton. Stmilarly, hydrolysts of starch into
glucese 18 an organic chemieal reaction. Rale of a physical or chemieal
process refers Lo Lthe amount of product formed per untl ime. [Lcan be
apresyed as:

)

Rale can also be called velocity IF Lhie direction Is spectfied. Rales of physical
and chemical processes are Influenced by temperature among other
factors. A general mile of thammb 15 thal mle doibles or decreases by half
for every 10°C change in etther direction. Calalysed reactions proceed at
ralesvastly higher (han that of uncatalysed ones, When eniavme catalysed
reactions are ohserved, the e would be vastly higher than the same
but uneatalysed reaction. For example

Crartionie anlwilnce

Co, + O s 11,00,
carbon dioxide waler carbonic acld
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I the absence of any enzyme Lhils reaction s very slow, witll aboul
200 molecules of H CO, being formed tn an hour. However, by using the
etzyvine present within the oyloplasm called carbonic anhividase, the
reaciion speeds dramatically with about 600,000 molecules betng formed
every second. The enzvine has aceelerated the reaction rale by about 10
milliom tmes. The power ol enzyimes s inctedible indeed!

There are thousands of types of enymes each catalysing a unique
chemical ar metabolic repeton. A muliisiep chemdeal reaction. when each
of e steps s catalvsed by (e same enzyme complex or different ereymes.
Is called a metabolic pathway,. For example,

Glucose — 2 Pyruvie actd
CHLO, +0,— 9CH, 0,+20,0

is aciually a melabolic pathway in which glucose becommes pyruvic acid
through ten different enzyme catalysed metabolic reactions. When you
sindy resplration tn Chapter 12 you will stndy Lhese reactons. Al this

slage yvou should know that Uis very metabolle pathway with one or two

addittonal reactions gives rise (o a varely of metabolic end products. In
our skeletal muscle, under anasrobie conditions, lactic actd 1s formed.
Under normal actobie condittons, pyruvicactd s formed. In yeast, during
lermeniation, the same pathway leaids o the production of eihanol
(alcohol). Hence. in different contitions different products are posstble.

9.8.2 How do Enzymes bring about such High Rates of
Chemical Converslons?

Tounderstami this we should study enzymies a lllUe more. We have already
wnderstond the tdea olan ‘acttve stie’, The chemitcal ormetabolic converston
refers Lo areaction. The chemical which is converted o a product 1s
called s substmte’. Hence envymes. Le. prolelns with three dimensional
structures including an ‘active site’, conver! a substrale (5) mto a product
(P}, Symbolicaity, this can be depleted as:
5 =P

It is now undersiond that the substrate 'S’ has to bind the cnzyme at
Iis ‘active site” witlitn a given cledl or pockel. The subsirate has Lo diffuse
lowards e active slle’, There s thus an oblligaiory formailon of an 'ES°
complex. E stands for enzvme. This complex formalion 1s a transtent
phenomenon. During the siate where subsiraie 1s bound (o the enzyme
active siie, a new strmucture of the subsirale ealled transttion state strcture
Is formed. Very soon. aiter Wie expected bond breakine /making is
completed, the product 1s released from the active sile. In other worsds,
the structure of snbstrate gets transformed mito the structure of product(s).
The pathway of this transformation must go throngh the so-called
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trarsiton siale structare. There could be many
more allered structural sialss’ between the stable
substrate and the product. Impiicit In this
stalement is the fact that all other intormediate
struclural states are unstable. Stabilily 1s

molecnle or the stmcture. Henee, whien we look ®

i
something relaied (o energy siatus of the 2

al this pletortally thiugh a graph it Jooks ke £f=—= —— - T\ |

ten

something as in Flguare 9.4,
The y-axis represents the polential Eﬂerg.r &
conlenl The x-axis repressils the progression
aof the struclural transformation or stales
throngh ihe ‘transitton state”. You would notice
e Lhings. The energy level dillerence betaeen

Saml P. IU'F 158l 8 lowes level ian 'S, Lhe réactlon
ts an exothermic reaction, One necd nol supply
energy (by heating) in arder (o lorm the product.
However, whiether 1l 18 an exoltliermic or spontancous reaction of wn
chidothermile or efergy requirtng reaction. the S Has to go hrough amach
hieher energy state or transtiion state, The difference tn mngrmﬁmmmmt
af S from that of this transiton staie ts called ‘setivation energy’.

Enzymes eventually bring down this encrgy bamier making the
transition ol 'S Lo 'Prmoere easy,

9.8.3 Nature of Enzyme Actlon

Each enzyme [E} has a substmte (5) binding site In its molecule so thal a
highly reactive enzyme-substrate complex (ES) ts produced. This
complex {5 short-itved and dissoctates inlo s product(s) P and the
trchanged ensyme with an thilennediaie formation of the enzyme-product
complex {EP).

The formation of e ES complex 15 essentsl for catalysis.

E+5S ES » EP » E+P
The catalylic cycle of an enzyme action can be descrthed In the ollowing
steps:

1. First, the substrate binds (o the acttve stte of the enzyme, fitttng

into theactive stie.

2. The binding of the substraie mduoes the enzyme Lo aller its shape,
fitttng more Uehily around the substrale.

3. The acitve site of the enzyme. now in close proxtmity of the
subsirale breaks (he chemteal bends ol the substrate and the
new eizyme- product complex is formed.

Propress of reaction:
Flgure 9.4 Concepl of aetivatlon encngy
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Transzition state
A
Activation energy
without enzyme
__Activation
energy with edzyme
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Frgduct (1)
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4. The engymie releases the products of the reaction and the ree
enyie 1s reardy to bind o another molecule of the substrate and
run through the catalylie eycle once agamm,

9.8.4 Factors Affecting Enzryme Activity

The activity ol an enzyme can be affected by a change tn the conditions
which can alter the tertlary structure of the protetn. These Include

temperature. pH, change in substrate concentration or bimding of specilic
chemicals that regnlste lis activity.

Temperature and pH

Enzymes. generally function in a narrow mange of temperature and pH
(Fumre 9.5). Each enzyme shows iis highest activiiy at & particular
temperalure and pH called the opltiiom lemperature and oplimum pH.
Activity declines both below and above the opltmum value. Low
temperature preserves (he engyme In o temporly inactive stale whereas
high temperature destroys enzymatic aclivity because proteins are
denatured by heat.

Concentration of Substrate

With the tnorease in subsatrate concentration, the velocity of the enzymatic
reaction rises al rsi. The reacton ultmsalely reaclics a maxtmum velocily
[V, which is nol exceeded by any further tise in cancentration of the
substrate. This is because the enyme molecules are fewer than the
subsirate molecules and afier saaratiom of these molecules, there are no
free enzvime moleécules to bind with the additonal substrate molecules
(Figur=9.5),

Thie activity of an enzyme 1s also sensitive (o the presence of spectfic
chemicals thal bind w the enzyme, When the binding of the chemical

e . e e ——— e, f—
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P
Velacity of reuction (V)
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¥

Terpariiure K., [T

Figure 8.5 Effcet of change in = fu] pIT (b) Tempersture und (c) Conoentraiion of

substrate on enzyme potivily
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shnits oll exsymie sclivity, Lhe process s called inhibition and the chemiteal
Is called an inhibitor.

When the mmhibitor closely resembies the substrate in its motecular
struciure and tnhtbits the activity of the enzyme. it is known as
competitive Inhibitor. Due Lo li= close stmctiral stiitiarity with the
substrate, Uie (nlilbllor compeies with the subsieaie for the substmie-
binding site of the enzyme. Consequently, the substmate cammol bind and
as a resuli, the enzyme pction declines, e.g.. inhibition of succinic
dehwdrogenase by malonate which clesely resembles the subsirale
stccingie n structure. Such competitive infubilors are oflen used n the

conbrol of bacteral pathogens,

9.8.5 Classification and Nomenclature of Enzymes

Thousands of ereymees have been discovered., 1solated and studied. Mest
ol these etvmes have been classifled into different groups based on the
type of reactlons Lthey calalyse. Enrymes are divided inlo 6 classes each
with 4-13 subelasses and pamed accordingly by a four-digil number.

Ozldoreductases/dehydrogenases: Enzyvmés which catalyse
oxtdorediiciion between two subsirales S and S eg,

S reduced + 5 oxidised —— S exadised + 5 redueed.
Transferases; Enzymes calalysing a iransfer of a2 group, G [other than
hydrogen) between a palrol substrmte Sand S e.g..

S-G+§ —— S+5-G
Hydrolases: Enzymes catalysing hydrolysis ol esler. ether, peptide,
glveastdie, C-C, C-halide or P-Nbonds.

Lyases: Enzvimes thal calalyse removal of groups from substrates by
mechantsms olhier than hydrolysts leaving double bonds.

E:—l —3>X-Y+LC=C
Isomerases: Includes all enzvmes calalvsing inter-conversion of oplical.
Feometric or posttonal 1somiers.
Ligases: Enzymes catalysing Lhe Unking logethier of 2 compounds, e.g..
emrynies which calalyse fotming of C-0, C-5, C-N, P-0 ete. bonds.
9.8.6 Co-factors

Enzymes are composed of one or several polypeptide chams. However.
there are a number of cases in whilch non-juolsin consilivents called co-

factors are bound to the the emzyme (0 make the eneyme catalytically
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active In thess Instances. (he protetn portion of the enzymes is called the
apoenzvine. Three kinds of colactors may be Idenitfied: prosthetc groups,
co-rnzymes and melal fons,

Mrosihetic groups are orgatlc compounds and are distingshied from
othier cofactors tn that they are tghtly bound (o the apormzyme, For
exampie, In peroxidase and catalase, which catalyze the breakdown of
hydrogen peroxde o waler and oxygen, haem s the prestheiic group
and (L 1s a part of the aclive sile of the enzyme,

Co-enzymes are also organle compounds but thelr associallon with
Lhe apoensgmie s only transient. usually occurring during the courseof
calalysis. Furthenmare, co-engymes serve as co-factors o a number of
different envyme calalyzed reactions. The essential chemieal componenis
of many cocnzymes are vitamins, ¢.g., cocnzyme nicotinam{de adenine
dinucletillde (NAD) and NADP conlaln the vilamiin fikactiy,

A number of enymes require metal Jons for thelr activity which form
coordination bonds with side chains al the aclive site and at Lhe same
ume form one or more cordimaton bonds with thesubstrate, e.g. zine Is
a rafactor for the proteolyiic enzyme carboxypeplidase.

Catalytic activity is lost when (he co-factor is removed from the amyme
whilch testifies that they play a cruclal role in the catalvtic activityof the

ETLVTIIE.

SUMMARY

Although there 15 a bewtlderng diversity of living organisms, their chemical
composition and melabolle reactions appear o be remarkably similar. The
clemental composiiton of ving Bssues and non-lUving matler appear also Lo be
stmilar when analysed qualitatively. However, a closer examinatlon reveals that
the relattve abundance of carbon. hydrogen and oxyeen is higlier tn Iving sysiemns
when compared W inantmate matter. The most abundant chemical tn lving
organisms 1s waler: There are thousands of small moleculas welght (<1000 Da)
blomiolecules. Amine aclds. monosaccharide and disaccharide supgars, [atly acids:
giveerol. nuclealldes, nueleosides and nitrogen bases are some of the organie
compounds seen in living organtsms. There are 20 Lypes of amino acids and 5
tvpes of nuelentides. Fals and o1ls are glycenides in which fatty acids are estertfited
to ghveerol. Phospholipids contain. tn additton. a phiosphorylated nitrogenous
compound.

Only three types of macromoelecules. Le.. proteins, nuocleic ackds and
polysacchiandes are Tound n living systems. Lipids, becanse of thetr assoclatlon
with membranes separate i the macromolecular fraction. Blomacromolecules
are polymers. They are made of butlding blocks which are different. Proteins
are heteropolymers made of amino actds. Nuclele actds [RNA and DNA) are
composed ol nucleotides. Biomacromolecules liave a hierarchy of stractures—
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primary, secondary, lerttary and goalernary. Nuclele aclds serve as genetle
materal. Polvsaccharides are componenis of cell wall in planis, fungl and also

ol Lhe exoskeleton of dartiliropods. They also are storage forms ol energy (...
starch and glyeogen). Proteins serve a variety of cellular funcilons. Many of

them are efmymies, somie are antibodles. some are reccplors, some are hormones
and some otliers are structural proteins. Collagen ts the most abundant prolein

11t antmal world and Ribulose bisphosphate Carboxylase-Oxypeenase (RuBisCO)
15 the most abundant prolein in the whaole of the hosphere.
Emzymes are proleins which catalyse hlochemical reaclions in the cells:

Riboymies are nuclEe acdswith calalyiile power. Prolsinaceous ensymes exhibil
substrate specteity, regatrs optiniam lemperatiie and pH o maximal activily.
They are denstured at high lemperatures, Engymes lower aclivation energy of
reacllons and enhance greally the rate of e reactonss. Nuclele actds carry
heredilary informallon and are passed on from parental generallon Lo progeany.

Exercises

1. What are macromplecules? Give mamples.
2 What Is meani by terttary structure of projetns?

4. Fuxl and write down siructures of 10 Inleresting small molecular welghl
tomoleciies. Fod i there s any tndustoy winch manhactires the compounds
by isalation. Find out who are the buyers.

4. Fined out and make a st of protetns used as thempentic agenis. Find other
appiications of prolemns (e, Cosmetics eln.)
Explain the composition of trighyeertde.

i Can you attempt bullding models of biomoleoules nsing commercally avatlable
atmmic models (Ball and Stick models).

Draw Lhe struchume of Lhe atilio sekl alsnine,

What are gums made of? 1s Fovieol different?

Find oul & qualttalive test for proweins, fals and olls, amino actds and tést any
frult julee, sallva. sweat and unne for them.

10, Find out how maich eclltlose 1s made by all the plants 0 the hiosphere and
compitre 1L with how much of paper s manufactured by man and henee what s
Uhe comsumpiion of plamnt malertal by man ammsily, Whial o loss of vegelation!

11. Deseribe the imporiant properties ol enzymes.
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