CHAPTER 16

Respiration

INTRODUCTION

: ire energy to drive live activit;
ALL living organisms whether plants or amr.nals l:(?tl:)synthesis s thex T Soulre:é
Solasenengytmpped. by gres plan'tsI:: rfl:rg tll:e purpose. To keep the life proq,
9f en?gz ?;]l: i:i:gci)slzi\;lrril\%ezrg;r:li oxidation of various photosynthetic proq, s
in motion, ‘

Y ﬁll{e prpc:iscfncizl{:ii::flp));;(g;z:'which occurs in all livi.ng cells of the plap; but
the msz) ::tively respiring regions are growing regions 111}(:13 floral .an:l. Vegetatiye
buds, germinating seedlings, stem and root apices. Roug hy, r.eslillrablc?n may be
called a process which includes the intake. of oxygen and chemically brings ap,
the oxidation and decomposition of organic compounc.ls w1tl'1 the release of e.nergy_
During normal conditions the process involve§ the 11bera:t10n qf ca}rbon dloxide,
absorption of oxygen and conversion of potential energy into kinetic energy. The
) overall respiration process may be represented as

CeH 1206 + 60, —> 6CO, + 6H,0 + 686 keal

However, oxygen gas does not react directl

y with glucose. Water molecy]
od

6
The utilization of water m
heading mechanism of respira
Rf:splratxon'is a complex process which includes—
) absorption of oXygen,
(i) conversion of car

olecules at various steps are explained under th
tion. “
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Respiration is, therefore, a reverse process of photosynthesis. The Table 16.1

marises the points of differences between the two processes.

Table 16.1. Differences Between Respiration and Photosynthesis.

Respiration

Photosynthesis

/&;g'en is absorbed in the process.

~ Carbon dioxide is evolved as a result
of oxidation of carbon containing
compounds.

The process occurs day and night.
Light is not essential for the process.
During the process, potential energy is
converted into kinetic energy.

Raw materials used are glucose and
oxygen.

The presence of chlorophyll is not
necessary.

Energy is released during the process
hence it is an exothermic process.
Due to respiration the plant suffers with
the loss of weight.

It is a catabolic process and includes
the destruction of stored food.

The process includes dehydrolysis and
decarboxylation.

During the breakdown of glucose
molecule, 38 ATP molecules are formed.

10.

11.

12.

. Oxygen is liberated in the process.

Carbon dioxide is absorbed and is fixed
inside to form carbon containing
compounds.

Process occurs only in presence of light.
Light is essential for the process.
During the process, radiant energy (light
energy) is converted into potential
energy.

Raw materials used are CO, and water.

Presence of chlorophyll is necessary for
photosynthesis.

Energy is stored during the process hence
it is an endothermic process.
By the process, the weight is gained.

It is an anabolic process and includes
the manufacture of food.

It includes the processes like hydrolysis
and carboxylation.

During the synthesis of one glucose
molecule, 18 ATP molecules are utilised.

Significance of Respiration

The respiration is an important process because

(i) Itreleases energy which is consumed in various metabolic processes essential
for plant life and activates cell division.

(i) It brings about the formation of other necessary compounds participating

as important cell constituents.

(iif) It converts insoluble food into soluble form.

(iv) It liberates carbon dioxide and plays a part actively i e
in
balance of carbon cycle in nature. ¥ y In maintaining the

(v) Itconverts stored energy (potential energy) into usable form (kinetic energy)

Sl et e e



TYPES OF RESPIRATION

On the basis of the availability of oxygen, respiration has been divided into two
categories. |

(A) Aerobic respiration. It takes place in the presence of oxygen and the
stored food (respiratory substrate) gets completely oxidised into carbon dioxide
and water, i.e.,

This type of respiration s of common occurrence and is found in all plants.

(B) Anaerobic respiration. It takes place in the absence of oxygen or when
oxygen concentration is less than one per cent. The stored food is incompletely
oxidised and instead of carbon dioxide and water certain other compounds are

formed. This type of respiration is of rare occurrence but common among micro-
organisms like yeasts and can be represented by

C,H,,05 —> 2C,H;OH + 2CO, + 56 keal

D —
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Table 16.2. Difference Between Aerobic and Anaerobic Respir“hn

Aerobic respiration Anaerobic respiration ~~_
1. It is common to all plants. I. It is of rare occufrence,
2. It goes on throughout the life. 2. It occurs for a temporary phag,

. ; of |;
3. Energy is liberated in larger quantity. In | 3. Energy is liberated in |°SS¢rquamity e

total, 38 ATP molecules/glucose molecule 2 ATP molecules are formeq,
are formed.
4. The process is not toxic to plants. 4. 1t is toxic to plants.
5. Oxygen is utilized during the process. | 5. It occurs in absence of oxygey
6. The carbohydrates are oxidised completely | 6. The carbohydrates are oxidiseq
and are broken down into CO, and water. | incompletely and ethyl alcoho] ang Carhy
dioxide are formed. n
7. The end-products are carbon dioxide and | 7. The end-products are ethyl alcop,
water. carbon dioxide.
8. The process takes place partly (glycolysis) | 8. The process occurs only in the
in the cytosol and partly (Krebs cycle) cytosol.
inside the mitochondria.

Ny

angd

MECHANISM OF RESPIRATION

Respiratory substrate. The substrates which are broken down in respiration f,
the release of energy may be carbohydrates, fats or proteins. Proteins are yseq
up as respiratory substrate only when carbohydrates and fats are not availapje
Blackman proposed that respiration in which carbohydrates are used as respiratory

substrate are called floating respiration and if proteins are used, protoplasmic respiration

Fats are used as respiratory substrates after their hydrolysis to fatty acids and
glycerol by /ipase and their subsequent conversion to hexose sugars: Proteins serve
as substrates after their breakdown to amino acids by proteolytic enzymes. As regards
carbohydrates, not only simple hexose sugars like glucose and fructose but complex -

disaccharides particularly sucrose and polysaccharides such as starch, inulin and
hemicelluloses are also used as respiratory substrates.

During respiration, the complex substrates are broken down into simpler ones
and finally CO, is liberated and water is formed. During oxidation of respiratoq
substrate, certain amount of energy is released. Part of this energy is trapped i
the form of energy rich compounds such as ATP while the remaining part is _l°5‘
in the form of heat. The energy trapped in ATP molecules can be used in variow
ways (both for physical and chemical requirements). Here, the typical examplé
of respiratory substrate, i.e. carbohydrate has been discussed. Oxidation of fats
and proteins are given separately. )

All complex carbohydrates are firstly converted into hexose (glucose of ff“f’“’sz
before actually entering into the respiratory process (Fig. 16.1). The oxidation
glucose to CO, and water consisis of two distinguishable phases:

(/) Glycolysis, and

(ii) Krebs cycle. . athwa

In glycolysis glucose is converted into pyruvic acid. Steps of glycolyticP atol)
are common to all kinds of respiration, hence may be called common resp

>

|
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GLYCOLYSIS

Fig. 16.1. Schematic conversion of complex carbohydrates before
entering into Glycolysis.

Glycolysis, fermentation, anaerobic respiration and lactic acid f9rmatiop processes
occur freely in the cytoplasm while Krebs cycle occurs m the matrix of mitochondria
i the eukaryotic cells and on the surface of mesosomes in prokaryotic cells. Enzy}rlnes
of glycolysis are found in the soluble portion of cytoplasm; called cytosol. These

remain active throughout the life time and are required again and again. Such enzymes
are called constitutive enzymes.

GLYCOLYSIS

(EMP pathway = Embden Meyerhof Paranas pathway, Common respiratory pathway,
~ Cytoplasmic respiration).
\ " The course of stepwis€

i S
as glycolysis. After the name of its tracers,
l as Embden Meyerhof Paranas pathway (EMP pathway).

| Glycolysis can be broadly represented as follows:
| (chosc) (Pyruvatc)

i ic acid is termed
dation from glucose to pyruvic acl
-2 the glycolytic pathway is also known

4 c . ound is broken
| Itthus states that a molecule of gl‘fcosqsv‘l;ﬁ;;sisa : ;f:r%‘:)r::?;pound through
o d(;Wn into two molecules of {)yrulw;:n::;rated reactions. It occurs in the following
2 large number of stepwise cl0S€ y

threeni he first phase of glyco ysis, the glucose MO ule is pho phorylated with
portant phases. _ lucos Lecule is phos

Iysis, i i two
the ilntrto:lucl:tisc:n of stwo phlosphate groups into its structure. For this phase

Molecules of ATP are needed.
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The second phase involves the breaking up of 6-carbon compound Flruct(,3e

1,6-diphosphate into two molecules of 3‘°a'rb°,n compounds, ie
- hosphate. These two 3.¢,,,

3-Phosphoglyceraldehyde and Dihydroxyacetone P Arbop

compounds are interconvertible. ; PR

The third phase involves degradation of 3-PGA11:lolrntl(;tIi3g’;“0Vt}; l?xcclgswnh the
production of four molecules of ATP. As in the Phos?readyy been used up etl?unn.
the first phase where two molecules of ATP héve ; lycolytic reactions. el
a net gain of only two molecules of ATjesillr;Zgaf follows.

The various steps of glycolysis are : -

(1 Firs of all in presence o the enzyme B recalo s oy o
one ATP molecule, the sixth carbon position of g;]u:OSZTP is, however cor:\};eated
and glucose is converted into Glucose-6-phosp z;‘el.lows , , et
into ADP. The reaction may be represented as o .

Glucose M Glucose-6-phosphate

Mg+t
ATP ADP
(2) Next reaction involves the isomerisation and conversion of Glucose-6-phosphate

into Fructose-6-phosphate. The conversion is catalysed by the enzyme
phosphoglucoisomerase.

Phosphoglucoisomerase
Glucose-6-phosphate 2 Fructose-6-phosphate

- (3) Now the first carbon of Fructose-6-phosphate also gets phosphorylated
7 with the help of another ATP molecule in the presence of the enzyme phospho-

fructokinase and is converted into fructose-1,6-diphosphate. Magnesium ions are
needed for enzymatic activity of kinase. '

Phosphofructokinase

—> Fructose-1,6-diphosphate
@

| ATP ADP

Fructose-6-phosphate

| 6(4') This two-fold Phosphorylation of hexose permits its break-up. Fructo®
» 0-diphosphate breaks into two mole
of the ®Nzyme aldolase. The
Phqsphoglyceral




CH,O)
| CH,0L(r)
|

c=0 Aldolase CHO cC=0
CI:H ———F | " |
HoI HCOH CH,OH
l Dihydroxyacetone
H
HTO CH,0(P) phosphate
3-Phospho-
H(I:OH glyceraldehyde
CHZO(P)
Fructose-l, 6-diphosphate
CH00) CHO
| I
= Phosphotriosei
c=0 < photrioseisomerase ; HCOH
| I
CHZOH CH20(P)
DilaroecRls phiosphae Phosphoglyccraldehyde

Here (P) refers to phosphate, i.e., PO;H,

(5) The next step is the oxidation of 3-phosphoglyceraldehyde and the attachments
of inorganic phosphate H,PO, to the molecule forming 1, 3-Diphosphoglyceric
acid. The 3-phosphoglyceraldehyde molecule is oxidised with the release of two
electrons and two protons (H"). The two steps of the reaction are coupled in the
sense that the energy supplied by one step (oxidation of 3-Phosphoglyceraldehyde)
is utilised by the other step (formation of organic linkage between inorganic phosphate
and oxidised 3-Phosphoglyceraldehyde in the C, position to produce 1, 3-
Diphosphoglyceric acid). The two steps in fact serve to trap most of the energy
liberated in oxidation which otherwise would simply be dissipated as heat. This
energy is however recovered as ATP in the next step. The two steps of the above
reaction are catalysed by the enzyme phosphoglyceraldehyde dehydrogenase and
the two electrons along with protons (H*) released are however used up in reducing

NAD to NADH + H".

CHO 0=C-0(P)
| Phospoglyceraldehyde |
HCOH + Pi + NAD" — dehydrogenase __,  HCOH + NADH + H
I |
CH,O(P) CH,0(P)

3-Phosphoglyceraldehyde 1,3-Diphosphoglyceric acid.

(Pi represents inorganic phosphate)

~ (6) With the conversion of the 3phosphoglyceraldehyde to 1,3-diphospho-
glyceric acid a shift in the balance is affected and to maintain it more of Dihydroxyacetone
Phosphate is converted into 3—Phosphoglyceraldehyde.
~ The incorporation of Pi (inorganic phosphate) in the formation of 1,3-
D'ph(’sphoglyceric acid along with the energy released in the oxidation of
3'Ph°SPh0glyceraldehyde is important because in the next step this phosphate attaches
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itself with ADP to produce ATP where 1, 3-Diphosphogly ‘;Iem; :.er(:clz C%nk\(ened
into 3-Phosphoglyceric acid inpresence of the enzyme phosp doggm anotlf ér al'r"as@-
This kind of reaction in which a phosphate group is.tranSfegiransphosphor Iy
phosphorylated compound to ADP to form ATP is calle Yation
(or substrate phosphorylation).

gi

COOH
COO(P) |
| Phaspowceric aCidkj"ase__) HCOH + ATP
HCOH + ADP € |
| CH,O(P)
CH,O(P) 3-Phosphoglyceric aciq

1,3-Diphosphoglyceric acid

(7) In presence of the enzyme phospl.zoglyceromufase. 3-Phosphoglyceric acjq
is transformed to 2-phosphoglyceric acid.

COOH
COOH '
| Phospoglyceromutase N HCO(P)
HCOH < |
|
CH,O(P) CHZOH . |
3-Phosphoglyceric acid 2-Phosphoglyceric acid

(8) In the next step catalysed by the enzyme Enolase one molecule of water
is eliminated from 2-Phosphoglyceric acid and it is converted into 2-Phosphoenolpyruvic
acid.

COOH COOH
| |
Enol.
HCO(P) S‘% C—O(P) + H,0
I . |

2-Phosphoglyceric acid 2-Phosphoenolpyruvic acid



. Respiration
GLYCOLYSIS

Glucoso

Heoki
'ﬁ;ﬁ? ATP

ADP -— Glucose-s-phoaphaw
Phosphoglucoisomerase

Fructose-6-phosphate

Phosph '
Sp. ofructok‘:gaff INATP

ADP <-— Fructos

"":’“p I
Diphydroxy

acetone phosphate Phosphotriose 3- Phosphoglyceraldehyde

e-1,6-diphosphate

isomerase

<-2Pi  Phosphoglyceraldehyde
<+2NAD dehydrogenase

2NADH + H* <— 1,3-Diphosphoglyceric acid
‘ (2 molecules)
A

Phosphoglycerokinase Each molecule

<+2ADP

Y

2ATP <+— 3-Phosphoglyceric acid

Phosphoglyceromutase

2-Phosphoglyceric acid

Enolase
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Fig. 16.2. Schematic representation of glycolysis.
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