CHAPTER 16

Respiration

INTRODUCTION

ALL living organisms whether plants or animals require energy to drive live
activities. Solar energy trapped by green plants during photosynthesis is the
ultimate source of energy available to living organisms for the purpose. To keep
the life process in motion, the energy is obtained by the oxidation of various
photosynthetic products by the process called respiration.

Respiration is a vital process which occurs in all living cells of the plant but
memgions are growing regions like floral and vegetative
Dbuds, germinating ings, stem and root apices. Roughly respiration may be
called a process Wi includes the intake of oxygen and chemically brings
about the oxidation and decomposition of organic compounds with the rele

: nergy. During normal conditions the process involves the liberation of
carbon dioxide, absorption of.oxygc_nind conversion of potential energy into

kinetic energy. The overall respiration process may be re| resented as
TTCH,D, + 60, —> sgo,—mqs:y—m‘n’.%

However, oxygen gas does not react directly with glucose. Water molecules
are required which are added to intermediate products to glucose degradation
and hydrogen atoms in the inter
that case, overall summary of the process would be

CH,,0, + 6H,0 + 60, —> 6CO, + 12H,0 + Energy

The utilizatiorr of water molecules at various steps are explained under
heading mechanism of respiration. 2o s

Respiration is a complex process which includes

(i) absorption of oxygen, :

(ii) conversion of carbohydrate (complex) to carbon dioxide and water

-

), i.e. oX

(simpler substances), 1.c. oxidat
(iii) release of energy-a part ¢

and rest may be lost in the form of heat,

(iv) formation of intermediate products playing different roles in metabolism,

(¥) liberation of carbon dioxide and water, and

(vig loss in weight in plants as a result of oxidation.
Respiration is, therefore, a reverse process of phof §ypg§i_s;rrhe table 16.1
surtmarises the points of differences hetween the two processes.

of food,

is utilised in various vital processes
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ipsmdu(:l.ril::::i of C(_),. At nig]u. when stomata are open in succulent plants, oxygen
abso and mlermefitaw compounds are formed due to partial oxidation on
account of which there is no evolution of CO, and the RQ value is found to be
Ie§;s than one, mostly zero. In day time, when cc
acids occurs the CO, produced is used up in photosynthesis wi

¢ : S Us S sis with a
there is no evolution of CO, and RQ falls to zero. i oo g

plete oxidation of intermedi

2C,H,,0,430, —> 3C,H,0+3H,0

(malic acid)
2CH 0,430, —> 2C,H,0,+4H,0
(citric acid)
co,
RQ = —> = —— = 'Zero
o, 3

(5) Respiratory Quotient of Organlc Acids

Organic acids are rich in oxygen and the proportion of oxygen to carbon is

very high. When organic acids are used as respi
s S spiratory substrate lesser oxygen is
needed to be absorbed and more CO, is evolv: i 0tk s
S ed is
stk . with the result that RQ value is

2C,H,0,450, —> 8CO+6H,0

(Tartaric acid)
CO, 3CO.
RQ BHE E(Lin ok
o, 50,
2(COOH),+0, —> 4C0+2H,0
(oxalic acid)
RQ = ity 48R, =
o, 10,
2C,H,0,490, —> 12C0,+8H,0
(citric acid)
co, 12C0,
RQ =— = — = 133
o, 90,
CH0+30, —> 4CO+3H,0
(malic acid)
co, 4Co0,
RQ = — = —'= 133
-0, 30,

Malic acid may.also convert into hexose. with f ing i
i se, with following intermediate stages
These reactions are popularly known as Wood-Werkman reaction. o

2COOH. CH,CHOH.COOH ——> 2COOH.CH,CO.COOH+4 (H)
2CO0H.CH,CO.COOH ——> 2CH,CO.COOH+2C0,
2CH,.CO.COOH+4(H) —> C,H,,0,

(hexose)

If this hexose is partly respired, the RQ may i
¢ i 5 y increase to 1.33 or more. S
times R_Q value is found to be 0.2 to 0.3 when the reaction gets associated :/TI.I‘:

ion of h

a
CO, ie.

and organic acid synthesis at the expense of

CgH 0, + 2C0, —> 2C,H,0,
(malic acid)

diate products are transferred to_oxygen. In
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Table 16.1. Differences between respiration and photosynthesis

Respiration Photosynthesis
1. * Oxygen is absorbed in the process. 1. Oxygen is liberated in the process.
2. Carbon dioxide is evolved as a result 2. Carbon dioxide is absorbed and is
of oxidation of carbon containing fixed inside to form carbon
compounds. i containing compounds.
3. The process occurs day and night. 3. Process occurs only in presence of
light. 2
4. Light is not essential for the process. 4. Light is ‘essential for the process.
5. During the process, potential energy 5. During the process, radiant energy
is converted into kinetic energy. (light energy) is converted into
potential energy.
6. Raw materials used are glucose and 6. Raw materials used are CO, and
oxygen. ‘water.
7. The presence of chlorophyll is mot 7. Pr of chlorophyll is y
necessary. 3 for the photosynthesis.
8. [Energy is released during the process 8. Energy is stored during process
hence it is an exothermic process. hence it is endothermic process.
9. Due to respiration the plant suffers 9. By the process, the weight is gained.
with the loss of weight.
10. It is a catabolic pi includ: 10. It is an anabolic p and includ
the destruction of stored food. the manufacture of food.
11. The process includes dehydrolysis 11. It includes the processes like
and decarboxylation. hydrolysis and carboxylation.
12. During the breakdown of one glucose 12. During the synthesis of one glucose
lecule, 38 ATP molecules are lecule, 18 ATP molecules are
formed. . utilised.

Significance of Respiration
The respiration is an important process because

(i) It releases energy which is comsumed in various metabolic processes
essential for plant life and activates cell division.

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

as

Respiratoy Q

of the tissue in a given period of time at

important cell constituents.

(iii) Tt converts insoluble food into soluble form.

(iv) It liberates carbon dioxide and plays a part actively in maintaining the
balance of carbon cycle in nature.
(v) It converts stored energy (potential energy) into usable form (kinetic
energy).

RESPIRATORY QUOTIENT

uotient (RQ) may be defined as “the ratio between the volume of
carbon dioxide given out and oxygen take

n in simultaneously by a given weight
standard temperature and presSure.”
Volume of CO, evolved "

Respiratory Q

\

Volume of O, absorbed
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(6) Respiratory Quotient when Oxygen is Utilised for Other Metabolic
Processes v

Apart from respiration some other metabolic processes such as syathesis of
anthocyanins and conversion of fats to carbohydrates also require oxygen. In
such cases amount of CO, evolved does not correspond to the amount of oxygen
absorbed and, therefore, the value of RQ falls below unity. In Bryophyllum,

leaves are capable of utilising CO, (lib

d during

piration) for the

synthetizing organic acids in the dark so the RQ value falls below unity.

(7) Respiratory Quotient of Maturing Fatty Seeds

During the maturation of fatty seeds simple carbohydrates are converted into
fats. In the process oxygen is released but it is used up in respiration. As a result
CO, is released during respiration but oxygen is not absorbed from outside. In
such cases the value of RQ is found to be more than unity. But in germinating
fatty seeds, RQ value falls below unity because of combined effect of the seed

using fat substrate for

and also sy

ing carbohydrates from fats.

(8) Respiratory Quotient of Tissue Respiring in Absence of Oxygen

In absence of oxygen (anaerobic respiration) in which TO, is evolved without
O, being absorbed, the RQ value is found to be more than unity.

C,H,,0, —> 2C,H,0H+2C0,

RQ=CO0, /0,=2/0=infinity. |

The following table enumerates RQ values in different plant parts and |

substrates

-y =i o

On the basis of availability of oxygen, respiration has been divided into_two

categories. WL s 3 }
(A) Aerobic respiration. It takes place in presence of oxygen and the stored

food (respiratory substrate) gets completely oxidised into_carbon dioxide and

walter, i.e.

This t.

Plants RQ
Leaves rich in carbohydrate. 1 |
Darkened shoots of Opuntia. 0.03 -
Germinating starchy seed. 1
Germinating linseed (high fat). 0.64
Germinating buckwheat (high protein). 0.5

Germinating Peas. 1.54-2.4

CgHp0; + 60, —> 6CO, + 6H,0 » 686 keal.
found in all plants.

) Anaerobic respiration. It takes place in absence of oxygen or when

oxygen
oxidi
als

ype of respiration is of common occurrence and

and instead of carbon dioxide and water certain other compounds
ormed. This type of respiration is of rare occurrence but qog;mgr_\:_a@gilg

On 1 less than one per cent.

¢ stored food is incompl

micro-organisms like yeasts and can be represented by ’

CH,,0, —> 2C;H,0H + 2CO, + 56 keal.
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The second phase involves the breaking up of 6-carbon compound Fructose

1,6-diphosphate into two molecules of 3- carbon compounds, i.e.

- "

3.Phosphoglyceraldehyde and Dihydroxyacetone o. These two 3-carbon-

compounds are interconvertible.

The third phase involves degradation of 3-PGAIld into pyruvic acid with the
producuon of four molecules of ATP. As in the ghosphorylauon—t‘"iﬁfosc
"during the first phase two molecules of ATP have already been used up, there is

a net gain of only two molecules of ATP during glycolytic reactions.

The various steps of glycolysis are detailed as follows.

(1) First of all in presence of enzyme _hexokinase and. with the help of one
ATP molecule, the sixth carbon position of glucose molecule is phosghoglawd
and and glucose is convemd to_Glucos e-&ﬂlosLalc ATP is, however, converted

into ADP. Reacuon may be repre d as followgi
Hexokinase
W Glucose ——>  Glucose-6-phosphate
Mgt
ATP ADP

_)_Nexl reaction involves the isomerisation and conversion of Glucose-6-
_phosphate into Fruc ose~6-phosphate The conversion is cataylsed by the enzyme
pho;phoglucotxqmque

R Phosphoglucoisomerase
G 6 &

(3) Now _the first carbon_of chwse_-&ph_o_sphale also gcts pliosphorylated
with _the help of another ATP molecule in_presence of enzyme
phosphofructokinase and is converted into fructose-1, 6-diphosphate. Magnesium

ions are needed for enzy; activity of K kqms
o l’lw:pha[ml:lakman
&~ &0k se-1,6-diphosph
Mg
ATP ADP

{4) This two- fol_pgosphorylauon of hexose permits its break-up. Fructose
1,6-diphosphate breaks into two molecules o es of 3-carbon compounds in presence
of enzyme aldolgse The two
3-Phosphoglyceraldehyde and Dlhjdroxyacemne phosphate These two

compounds are mterconverhble and an n equilibrium is. mam(a:ned hetween them.

pposphav.e is catalxsed by gle enzyme p@q._xp[ngmoseuomeg_a_ge

| CH,O(P) CH,O() A
| Aldolase |
Cc=0 —_— CHO Cc=0
| -— | + |
HOCH b HCOH CH,OH
74 | | Dihydroxyacetone
HCOH CH,O(P) phosphate {
| 3-Phosphogly-
H(iOH ceraldehyde £
cHo® . !
Fructose-1,6-diphosphate
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CH,O(P) Phosphotrieseisomerase. ICHO

| o
J IC=0 — HCOH

CH,0H CH,O(P)

Dihydroxyacetone phosphate Phosphoglyceraldehyde
Here (P) refers to phosphate, i.e. POH,

_(5) The next step is the oxidation of 3- Phoxgho_glgemldehyde and the
attachments of inorganic phosphate H,PO, to_the _molecule forming 1, 3-
pﬁospﬁoglycenc acid. The 3- Pho~phoglyccmldehydc mulecule is oxidised with
the release of two electrons and two protons (H*). The two steps of the reaction
are k:g_qp_ed in the sense lhd he energy supplied by one step (oxidation of 3-
Phosphoglyceraldehyde) is utilised by the other step (formation of organic
linkage between inorganic phosphdle and oxidised 3- Phoxpho;,lyccmldehydu in
the C, position to produce 1, 3- Dlphosphoglycenc 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 yecovered as ATP in the
next step. The two steps of the above reaction are catalysed by the enzyme

phosphoglyceraldehyde ¢ dehvdmge}ldie and the two electrons along with protons
(H*) released are however used up in reducing NAD to 'NADH + H".

"CHO Phosphoglyceraldehyde 0=C—0O(P)
| dehydrogenase |
N H(I:0H+Pi+NAD' —_—_— HCOH+NADH+H*
- ———————
CH,O®) CHO®)

3-Phosphoglyceraldehyde
(Pi represents to inorganic phosphate)

(6) With the conversion of the 3- Phoxphoglycemldehydt, to 1,3-Di-
phosphoglyceric acid a shift in the balance is affected and (o maintain it | more of
Dihydroxyacetone phosphate is converted into 3-Phosphoglyceraldehyde.

The mcorpomuon of Pi (inorganic phosphate) in the formation of 1,3-
Diphosphoglyceéric acid along with the energy released in the oxidation of 3-

Phosphoglyceraldehyde is important because in the | fiext step this phosphate

attaches itself with ADP to produce ATP where 1, 3- -Diphosphoglyceric acid is

into 3-Phosphoglyce d i presence of enzymé phosphoglyceric

ac:d kinase. This kind of reaction in which a phosphate group is transterred

from another already phosphorylated compound to ADP to form ATP is called
transphosphorylation (or substrate phosphorylation).

1.3-Diphosphoglyceric acid

COOMP Phasphoglyceric acid kinase COOH
i ST A |
<« " HCOH SEADR & Pttt et HCOH + ATP
| |
CH,O®) CH,O®)

1.3.-Diphosphoglyceric acid 3-Phosphoglyceric acid
LD In presence of enzyme phosphoglyceromutase, 3- thphoglyccnc dCId is

transformed to 2-phosphogylceric acid. —

S——""COOF Phosphoglyceromutase COOH
- > |

P HI(‘()H -— = HCO®P)

CHOm) CH,OH

A-Phosphoglyceric acid z-l’hmphuulyu_c}c wend
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