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RESPIRATION IN PL.A.NTS

All of us breathie to live, bul why 1s breathing $o essential 1o Ufe? What
happens when we breaibe? Also, do all living organtsms, including planis
and microbes. breathe? lfso, how?

All Ilving organtsms need energy [or carrving oul daily Hie activitles,
bie 1t absorplion, transport, movement, reproduction or even breathing.
Where does all thts energy comefrom? We know we eal food for energy -
but how 1= this enersy laken from food? How 1s this epergy utthised? Do
all foods give the same amount of energy? Do plants “cal™ Where do planis
gel Lheir energy tom? And micrp-organisms — lor Lheir énergy
requirements, do they eat food™?

You may wonder al the several questions ratsed above — they may
seem (o be very disconnecied. But in reality, the process of hireathing is
very much copnected to the process of release of energy (rom [bod. Let us
try and understand how thits happens,

All the energy reguired for life” processes 1s obtatned by oxidation of
some macromeleniiles that we call “food”. Unly green planis and
cyanohactena can prepare thetrown foed: by the process of phiotesynthesis
Ty trap Nehil ensray and converd 1L Indo chiemicsl sesuy |hial is storsd in
the bonds of carbohiydrates Hke glucose, sucrose and starch. We must
remember that n green plants oo, not all cells, Ussues and organs
photosynthestse; only cells contatning chioroplasis. that are most ofien
lecated in the superiliclal layers; carry oul pholosynithesls. Hence, even
in green plants all other organs, Ussues and cclls that are non-green,
need food for oxidation. Hence, lood has (o be transiocaled to all non-
green pars. Animals are heteroirophic, 1.e., they obiain foed from plants
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directly (herbivores) or indirectly (carnivores). Saprophytes like fung are
dependent on dead and decaving matler. Whal 18 impartant (o recognise
is that ulitmately all the food that s respired for e processes comes from
photosynthesis. This chapter deals wilth cellular respiration or the
mechanism of breakdown of food materials within the cell o release
encrgy, and the trapping of this energy for synthests of ATP.

Photosynthests, of course, takes place within the chloroplasis (in the
eubaryotss), whereas the breakdown of complex molecules to yield energy
lakes place in the oytoplasm and tn the mitochomdna (also only In
cukaryoles]. The breaking of the C-C bonds of complex compounds
through oxidation within the cells, léading o release of constderable
amount of enerey 1s called respiration. The compounds that are oxidised
tharing this process are Known as resplratory substrates. Usuaily
carbohydrates are exddised o release energy. bul proieins. fats and even
ofganic aclds can be used as resplralory subsiances in stine plants, ander
ceriatn conditions. During exidation within a cell sl the energy contatned
in respiratory substrates 1s nol released free tnlo the cell, or In a single
step. 1i is released n a series of slow slep-wise reactions conirolled by
enzymes. and 1 1s trapped as chemieal energy i the form of ATP. Hence.
il is tmportant (o undersiand (hat the energy released by osidalton tn
respiration 1s mol (or mther cannol bel used directly bul ts used o
synthestse ATP, which 1s broken down whenever {and wherever] energy
needs to be utilised. Hence, ATP acts as the energy curtency of the cell.
This energy Lrapped In ATP 1= ullltséd in varions energy-requiring
processss ol the organisms. and (he carban skeleton produced during
resplration 1s used as precursors [or blosymthests of other molecules in
the cell.

12.1 Do Praxts BrREATEHE?T

Well, the ;imswer Lo this quesilon s nol quile so direct, Yes, plants reguire
O, for resptration Lo occur and they also give out CO,, Hence, plants have
systems in place thal ensure the avatlability of O,. Plants, uniike aminuls,
have no specialised organs for gaseous exchange bul they have stomata
and lenticels for Uis purpose. There are several reasons why planis can
grt along without respiralory organs, Firsi. cach planl part akes care of
Its own gas-exchange needs. There 1s very lite transport of gases from
ocne plant pan o another. Second. plants do not present great demands
for gas exchange. Roots. stems and leaves respire al rates [ar lower than
antmals do, Only dunng pholosynthests are large volumes of gases
exchanged and, each leal 1s well adapted (o take care of ils own needs
thartng these pertods. When cells photosynthestse, avatlabtity of 4, lsniol
“a problem in these cells since O Is released within the cell. Third. the



distance thal gases must dilfuse even in large, bulky plants 1s not great.
Each Iiving cell in 4 plant s located quitle close Lo the suiface of the plant.
“This 1s true for leaves', you may ask, ‘bul what about (hick. woody stems
aned roots? in stems, the bving célls are organtsed i (hin Liyers instde
and beneath the bark. They also have openings called lenticels. The eells
i the imtertor are dead and provide only mechanical support. Thus, most
cedfs ol a plant have al léasi a part of thetr surface in conlact with atr. This
ts also facilitated by the Inose packing of parenchivma cells tn leaves, stems
and tools, which provide an interconnected network of atr spaces.

The complete combustton of glucose, which produces CO, and HO
as enud products, vields encrgy most of which (s gtven oul as heal,

CaHy, 0 + 80, —— BCO, +6H.O+Energy

If this enermy is o be useful Lo (he cell, it should be able (o ulthise 1L to
synihesise other moleenles that the cell requitres. The strategy Lthal the
plant cell uses 1s to catabollse the glucose molecule tn such a way that
nol all the iberated energy poes oul 4s heal. The key 1s 16 oxidise glucose
nol i one step bul in several small steps enabling some steps to be just
large enough such that the energy released can be coupled o ATP
synthesis. How this is done ts. essentially, the story of respiration.

During the process of respirallon. oxyeen 1s ntilised. and carbon
dioxide. waler and energy are released as pridducts, The combustion
reaction requires oxygen, But some cells ve where oxygen may or may
not be avatlable, Can you think of such sftuations (and omanisms) where
O, is nol available? There are sullicierit reasons (o belleve that the first
cells an his plans Wved inan almosphiere that lackel oxvpgen, Even
among present-tay Iiving organtsms, we know of several that are adapled
to anserobic conditions. Some of these organtsms are facultative
anaerobes, while in others the requivement. for anacrobic condition is
obligale, T any case, all Iviig orpamiisms pdatin e eneymalic macliinesy
to parttally oxtdise glucose without the help of oxvgen. This breakdown
of glucose to pyruvic actd 1s called glycolysis.

12.2 Guiycorysis

The term giveolysis Has ongmated (rom the Greek words, gluces lor sugar.
and lysis for splitting, The scheme of giycolysis was given by Gusiav
Embglen. Otlo Meyerhol, and |J. Parnas, and is often referred 1o as Lhe
EMP pathway. In anaemobic organtsmms, 1t 1s the only process in resplration.
Glycolysis ocours in the cyloplasm of the cell and is preseni in all iving
organlsms. I s process, glucose undergoes partial oxtdalion Lo form
two malecules of pyruvie acid. in plants, this glucose ts derved from
sucrose, which is the end product of photesynthests, or from storage
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Flgure 12.1 Sieps of glycolysis

B

carbohvdrates. Sucrose ts converied Into ghucose
and fimctose by the engyime, mnveriass, and these
lwo monosacchardess readlly enler the glyoolyiie
pathway. Glucose and f[ructose are
phosphoryialed to give rise to glucose-G-
phosphale by the acuvily ol the enizyme
hexokinase., This phosphorviated lorm of
glucose then lsomerises (o produce fructose-6-
phesphate. Subsequent steps of metabolism of
glucose and fructose are same. The varlcus
sieps ol glycoly=s are displcled In Funire 12.1.
In glvealvsts, a chatn of ten reactions, tnder the
eofitrol of different enzymes, takes plice (o
produce pyruvate from glucose. Whitte studying
the steps of giycolysts, please nole Lhe steps al
whilch nitlisalion or syathesis ol ATPor (in this
case) NADH + H take place,

ATE 1s uylilised al two sleps: lirst 1o the

“conversion ol glucose nto ghucose 6-phosphate

and second In the conversion of fructose
G-phoesphale o mictose 1, 6-bisphosphale.
The fructose 1, 6-WMsphosphate 15 splut
tnio dihyvdroxyacetone phosphale and
A-phosphoglyeeraldehyde [PGAL), We Nind
that there i1s one siep where NADH + HY 1s
formed from NAD*, this Is when
3-phospheglyceraldehyde (PGALJ ts converted
lo 1. 3-lmsphesphogiveerate (BPGA). Two
redox-rguivalents e remove] (In the form of
two hvdmgen aloms) from POGAL and translemmed
to @& molecule of NAD:. PCAL 15 oxtdised and
with mmorganic phosphate to get converted into
BPGA. The converstion of BPGA Lo
3-phosphoglyeeric ackd (PGA], is also an energy
vieliling process; this energy 15 trapped by the
formatton of ATP. Another ATP 15 synthesised
during the comwersion of PEP Lo pyruvic actd.
Can you then calculate how many ATP
molecules are directly synthesised in this
patiupay from one glucose molecule?
Pymuvic acid is then ihe key prodoct of
glycolysis. Whal 1s the melabolie Eale of
pyruvale? This depends on the cellular need.

e ]
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There are three major ways nowinch different cells handle pyruvie acid
produced by dlycolysts, These are lacle actd fermentation. altoholle
fermentation and acrobic respiration. Fermentation takes place under
anacrobic conditions in many prokaryoies and unicellular eukaryoles.
For the complete oxidation of ghucese to CO, and H,O. however, organitsms
adopt Krehs' cvele which t= also called as aerobile respiration. This requires
O, supply.
12,3 FeameEntatios
In fermentatlon. say by yeast. ihe iIncomplete oxidailon of giuvose Is
achileved under anaerobic conditions by sets of reactons where pyravie
acld s converied to CO, and ethanol. The enzymes, pyruvic acid
decarboxylase and alochol dehydrogenase calalvse these reactions, Other
organisms like some baciera produce factic actd from pymuvic actd. The
steps livolved are shown i Flgdre 122 Tn antmal cells also, ke muscles
during exercise. when oxygen Is inadequiate for celiular resplration pymovic
acid is reduced o lactic acld by lactate dehvdmgenase. The vediicing:
agenlis NADH+H" which ts reoxidised (o NAD*
in both the processes,

In both factie acid and alcohol

Glhucase
fermenitabion not much enerey is released: less u
than seven per cenl of the energy tn glucase Is
released and nol all of 1L s (rapped as high .H.
energy bonds of ATP. Also, the processes are Glycaraldehyile
hazardons— either actd or aleahel i produced. 3 Phsphate b
What Is the net ATPs thal 1s synthestsed  NAD' ' ,
(calculate how many ATP are synthesised and Pl A NAD
dgﬂ et the fmn&r ol ATP uilised dirrtmg -L\'“ | - S
glyrolysis) when one molecule of glhiucose Is T NADH+H
fermented to alcohol or lactic acd? Yeasts d-Fhosphoglyeeric .
poison themselves to death when the “'ljd __,I’?”':j"“
concentratton of aleohal reaches about 13 per ! A napier
cenil. What then would be the moximum J‘L r_,:‘,f‘f "(
conceniration of alcohol in beverages that ¥ p/d 4 * NADY
Phosphaenial El.tla?:l a1+ 00,

are naturally fermented? How do you think Pyruvic neld
aleoholle beverages of aleahol conlenl greater
than this concentration are obiatned?

What then i1s the process by which
organisims can carmy oul complele oxtdation of
glucnse and extract the energy stored to

respirniion

e ]

Figure 12,2 Major pathways of nnnercbic



synlhesise a larger number of ATP malecules needed for cellular
melabolism? In cukaryoles these sieps (ake place within the mitochondna

-and this requitres (0, Aeroble respiration is the process that leads to a
complele oxidation of organic substances in e presenice of oxyueen, and
releases OO, water amd a large amount of energy present tn the substrale.
This type of resptration 15 most comman 1n higher organisms. We will
look at liese progesses 1n e next sectlon.

12,4 Arronic ResprmkaTion

For asroblc respimition (o take place within the mitochondria. the final
product of glycolysis, pyruvate ts transported from the cytoplasm tnto
the milochiondria. The cruclal events in acrobic respiralian are:

®  The coniplele oxtdation of pyriavale by e slepwlse removal of all
the hydrogen atoms, leaving thre molecules of CO,,

* The passing on of the electrons removed 85 part of the hydrogen
atoms to molecular O, with stmultangous synthests of ATP,

What fs inferestng to note is that the first process takes place (n the
matiix af (he mitochondria while the seennd process s localed on the
tnmer membrane of the mitochondria.

Pyruvate. which s formed by the glveolytic cataboltsm of carbohydrates
1 the cytosol. dller 1t enters bichicndrial malrix pndergoes oxidative
decarboxylation by a complex set of reactions catalysed by pyruvic

dehydrogenase. The reactions catalysed by pynivic dehypdmgenase require
the participation of several coenzymes. including NAD* and Coetioyme A

Pyruvicactd + CoA+NAD' —prmms u”ﬁmm + Acctyl CoA +CO, + NADH + H'

During this process, lwo molecules of NADH are protuced from Lhe
metaholism of two molecules of pyruvic actd (produced from one lucose
molecule during glycolysis).

The acety] CoA Lhen enters a oyelie pathway, tricarboxylic acid cyele,
more commanly called as Krebe' cycle after the setentist Hans Krebs who
first clucidated 1L

12.4.1 Tricarboxylle Acld Cycle

The TCA cyrle starts withi the condensalion of acetyl gronpwilh oxaloacetc
actd (0AA) and water (o yield cirie actd (Fipure 12.3). The reaction (s
catalysed by the emzyvme clirate synthiase and a molecule of CoA 15 released.
Citrate is then isomertsed to tsocitrate. 1t 1s followed by two successitve
steps of decarboxylation. leading to thie lormalion of a-Ketoglularic acid
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and then succmnvl-CoAl In the rematning steps ”!‘1{';"‘7'“:
af citrie actd cycle, suceinyl-Cod 1s ogidiss] Lo CuA -\‘ o~ NALY
OAA allowing the cyele Lo contmue. During the NAINBT
conversion of succinyl-CoA to succinic acida Aty ul&f}
molecule of GTP 1= synthesised. Tiis 15 a g
substrale level phosphorvlation. Ina coupled |
meaction GTP ts converled o GDP with the rhﬁl:m:i;__r]w acid . ]
stmullareous synlhesls of ATP om ADP  sasibie BC) N TN,
Also there are three polnts tn the cycle where AL e AR
NAD* ts reduced to NADH + H* and one point - mmﬂ#ﬂ
where FAD® 1s reduced to FADH,. The M sesid [l
contined oxidation of acetvl CoA'via the TCA ""? CITE. ACIL, CYOLE .-:....-:u‘
cyele requires the continued replenistament of FADI, ™ TNAD
oxatoacetic acld, the first member of the cycle. o e - - S KT
[n addtton It also requires regencratlon ol [ETR0 am
NAD"' and FAD" from NADH and FADH,
Tespecitvely, The summary equation foy (his
phase of respiration miay be wrillen as [ollows: Figure 12.3 The Ultric acid eyele

Fyruvicacld + 4ANAD' + FAD + 21,0+ ADP+Pi~ Mitochondrial Matrix

We have tll now seen that glucese has been broken down to release
CO, and elghl molesules of NADH + HY two of FADH, have been
synthestsed bestdes just two molecules of ATE in TCA eycle. You may be
wonidering why we have been discussing respiration al all — neither O,
has come trito the plotare nor the promised large pumber of ATP has yel
heen synthesised. Also whal is the role of the NADH + H- and FADH, (hal
i= synthestsed? Let us now understand (he mole of O, tn respiration and
how AT 1s synithesised.

12.4.2 Electron Transport System (ETS) and Ozidative
Phosphorylation

The following sleps In the respiralory process are (o release and ulllise
the energy stored in NADH+H* and FADH, This Is accomplished when

they are oxtdised throngh the electron transport syslem and the electrons

are passed on 1o O, resuliing tn the formatton of HO. The metabolic

pathway through which the eleciron passes from one carrer (o another,
is calied the electron transport system (E15) (Figare 12.4) and it is
present i Lthe inner mitochondnal membrane. Electrons from NADH

300, + ANADH + 4H°

+ FADH, + ATP
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Figure 12.4 Blectron Transport Sysiem [ETS)

produced 111 the mitochondrial matrix
during cilrie acld cycle are oxidised by
an NADH dehydrogenase [complex I).
and electrons are then tmnsferred (o
ublguinone located within the inner
membrane. Ublquinone also receives
reducing equivalents via FADH, (complex
) that s generaled during oxtdation of
sucemate n the citrie acld eyele. The
reduced utiquinone (ubtquinot) is then
ceetdised with the transfer of electrons (o
cytochrome ¢ via cytochrome he,
complex (complex ). Cytochrome cis a
small proiein aillached io the ouler
surface of the inner membranc and acis
as a moblle carrier lor transfer of
clectrons between complex 11 and V.
Complex IV refers to cylochrome ©
oxidase complex conialiing cylochromes
aand a,. and iwo copper cenires.

When the electrons pass from one
carriér (o dnother via complex [ to [V in
the electron transport chain, hey are
coupled to ATP symihase fcomplex V) for
the production of ATP from ADP and
wrganic phosphate. The number of ATP
molecules synthesised depends on the
natare of the electron donor, Oxtdation
of one molecule of NADH pives ise lo 3
molecitles of ATP, while that of one
molecule of FADH, produces 2 molecules
af ATP. Althuugh the acroble process of
respiration takes place only o the
presence of oxygen, the role of oxygen is
bmtled to the terminal stage of the
process. Yel. the presence of oxygen Is

vital, stice 1L difves e whole process by mineving bydragen from the
syaiem. Oxyvgen acls as Lhe lnal hydrogen acceplor. Unlike
photophosphorylation where (L is tie hght energy that ts utilised for the
procluction of proton gradient regquired for phosphorylation, in respitration
it s the energy of extdation-reduction ulilised for the same process. [t1s
for this reason that the process is called oxidative phosphorylation.
Yau have already studied about the mechantsm of membrane-linked
ATP synthesis as explatned by chemiosmotic hypothests In the earlier
chapier. As menitoned eariter, the encrpy released during the eleciron
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transport syslen s uliitsed m syniliestsing ATP
with the help of ATP synthase (complex V). This
compiex consists of two major companents, F,
and F, (Figure 12.5). The F, headplece = a

periphieral membrane prolein complex and

conlatns Lhe site [or synithests of ATP from ADE
and Inorganic phosphate. F, 15 an integral
membrane proiein complex (hat forms the
chiannel thronigh which prolons cross (he trmner
membrane. The passage of protons through
the channel is coupled to the calalytic site of
the F, component for the production of ATP,
For each ATP produced, 4H* passes through
F, from the mtermenbrane space (o the matrx
down Lhe electrochemical proton gradienl.

12.5 Tue Resriratory BavaNce SHEeT
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Flgure 12.5 [Magrumatic presemation of ATP
dynihesis 0 mitochondria

it 1s poassible (o make calentatlons of the net g&in of ATP lor every glicoss
molecule oxidised: but nreality this can remain anly a theoretical pxercise,
These caleulations can be made only on certatn assumptlons that:
* There 1s a seguential, orderty pathway [anctontig, wilh one
substrate forming the next and with glycolysis, TCA eyele and ETS

pathway following one afieranother.

® The NADH synthesised i glycolvsis 1s iransferred inio the
millochondra and undergoes axidative phosphorviation.

*  Noneof the mtennediates i the pathway are ntilised to synthesise

any other compound,

*  Only dlucose is being respired— no ather allemalive subslimtes are
entering tn the pathiway at any of the intermediany stages,

But this kind of assumptions are not really valid tra iving syslem: all
peathways work stimultaneously and do nol take place one aller anothier;
substrates enter (he pathways and are withdrawn from 1 as and when
necessary; ATP 1s utilised as and when needed: enzymatic rates are
controlled by mulitple means. Yel, 0l ts useful to do this exeroise (o
apprechste the beauty and efficiency of the living system in exiraction
and stormng energy. Hence, there can be a nel gain of 38 ATP molecules
during acrobie resptration of one moelecule of glucose.
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Now it us compare fermentation and acrobic resptratton:

®* Fermenbatton sccounts for only @ parifal breakdown of glicose
whereas in acrobic respiration it is completely degraded o CO, and
H,0.

® In fEmenlibilon there s a nel galn of anly Lwvo molécules ol ATP [Gr
each molecule of glucose degraded 1o pyruvie actd whereas many
more molecules of ATP are generated under aerobic condittons.

* NADH 1= oxidised (o NAD® rather slowlv 1 [ermentation, however
the reaetion 1s very vigornus 1n case of asroble resplration.

12.6 Ameamoric Parsway

Glucose is the favoured substrale for respiration, All carfbohydmates are
u=aally first converied nto glucese before they are used [or respiration.
Other subsimtes can also be respired. as has been mentioned carlwer. bt
then they do not enler the rsspltmtory pathway al the first slep. See Figure
12.6 o see the potnts of enitry of differenl subsimites in the respiratory
patiway. Fats would need to be broken down into glyeerol and (atly acids
first. Il fity acids were (0 be respired they would first be degraded o

acelyl CoA and enter the pathway. Glycerol would enter the pathway

afler belng converied Lo PGAL. The proleins would be degraded by
proteases aid the idividual amino actds [@ller deamunation) depending
an thetr strncture would enter the pathway at some stage within (he Krels®
eyele oF even as pyruvate of acelyl CoA

Since respirallon volves breakdown of substrales, the respltony
process has raditonally been constdered a calabolic process and the
respirlory pathway as a calabolic pattresy. Bul is this understanding
correcl? We have disceussied above, al which pomls in the respimlory
patbivway different substrates would enter If they were Lo be resplred and
used Lo dertve enerey, Whal s impottan! (o recogntse is Lhat i 1s these very
tompoumids that would be withdrawn from the respliaiory peithiway for the
synthesis of the satd subsirates. Hence, [@tty actds would be lroken down
to acetyl Cod before entering the respiratory patlhway when it 1s usedasa
subsirate. Bul when Uie organitsm teeds (o synihesise fally aclds, acetyl
CoA would be withdrawn from the resptratory palhway for (L. Hence, the
respiralory pathway comes nto the pleture hoth during breakdown and
synthests of @ty actds. Simitlarly. during breakdown and synthests of
protem (oo, resptratory mtermedtiales fomm the link. Breaking down
processes within the Hving organism 1s catabolism. and synthesis is
anaboltsm. Because the respiralory pathway 1s imvolved n both anabolism
and catabollsm. Itwould henee be beller 1o constder Uhe respiratony pallway
as an amphibolle pathway rather thun as a catabolic one.
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Figare 12.6 Intcrrelatfonship among metabolic pathways showing mesptrmtion

mediated breskdown of different orginde molecules (o €L,

12.7 Resrmarory QuoTiEsT

Let us now look al another aspect of respiration. As you know, durtng
aeroble respimabton, O, is consumed and CO, 1s Tefeased. The ratio of the
volume of CO), evalved o the volume of O, consumed 10 respiralion Is
called (he resplratory quotient |R()) or respiratory rato.

valume of CO, evolved
RO - Q,
~ yolumeof O, consumed

The respiralory quolient depends upon the type ol respiratory
substrate used during respiration.

When carbohydraies are used as subsiraie and are completely
oxtdised, the RQ will be 1. becanse equal amounts of CO, and O_ are
evolved and consiimed, respectively, as shows in the equation below ;

e ]

anel H:U
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C.H0, + 80, —— BCO, +BH,0 + Encrey

_6CO, _
RQ == =10

When fats are used In respliation. the RO 15 less than 1. Calcnlattons
[or a fmlly actd, (ripalmitin, 11 used as a subistrate s showne

A Hoy0; )+ 1450, — 10200, + 98,0 + energy
Tripalmitin

RQ E____Q_HE; —07

When proteins are respiratony substrdes the mbo would be aboul
0.9

Whiat is tiportant Lo recogise ts hat 1 Uving organisms resplrilory
substrales are often more than one; pure proleins ar Els are never used
as respliralory substrates,

SuMMARY

Plants unlike animals have no speclal sysiems lor breatlilng or pgaseous exchange.
Stomala and lenuoets allow gaseous exchange by diffusion, Almest all ltving cells
in a plant have their surfaces exposed (o air

The hreaking of C-C bonds of complex organic molecules by oxtdation cells
leading (o the release of a ot of energy 15 called cellular respiration. Glucose i1s the
favoursd subsirale [or respiralton. Fais and prolelns can also be hroken down Lo
vield energy. The inital stage of cellular resptration takes place in the cyloplasm,
Each glucose molecule s broken through a series of engyme calalysed reactions
nto two molecules of pyruvic actd. This process is called glycolysts. The {ate of the
pyruvale depends on the avallability of oxygen and the orgarisii. Under anaerobie
condifions etther lactle actd fermentation or alcohol fermentalton ocours,
Fermentalion lakes place under anacroble condilions In many prokaryotes.
unicellular eukaryotes and in germinating seeds, In eukaryolic preamisms actohic
resplration occurs in the presence of oxygen. Pyruvic ackd 1s transported into the
mitochandria where 1L ts converled tnto acely] Cod with the release of CO,. Acetyl
CoA then enters the tricarboxylic acid pathway or Krebs' cyele operating in (he
miatrx of the mitochondria. NADH + Hr and FADH_ are generated in the Krebs®
cvrie. The encrgy tn these molecules aswell as that 1 the NADH + H*svnthesised
during glycolysls are used Lo synlbiesise ATE. This is accomplished (hrough a



svsiem of eleetron carrters called eleciron transport system (ETS) located on the
mner membrane of the mitochondna. The electrons, as they move through the
system, release enough encrgy that are trapped Lo synthestse ATP. This is called
oxidative phosphoryliation. In this process O, 1s the ulttmate accepior of elecirons
and It gets reduced {o waler

The respiratory pathway is an amphibolic pathway asit imvolves both anabolism

and catabolism. The respiralory quollent depends upon the tvpe of résptralory
substance used durtng resptration.
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Exencises

Diferentlate between

(8] Respiraiion amd Combnsuon

(b} Civealysis and Krebs® oydle

fe) Aerobie respiration amd Fermentation

Whal ane respiralory subsiniles? Namw e most common respilraiony subsiraie,
Extve the sehematic representation Of glycolysis? !

What are the mamn steps i aerobic respiration? Where does 1L tike place?
Give the schemalic representation af an overall view of Krebs' oyele.
Explatn 1S,

Disilingnilsli etwireds Uie followris:

fa) Acrobie respleation and Anaemble resplration

(b} Glyeolvsts and Fomwentation

() Glycolysis and Clinie acld Cyele
Whal are the assumplions made during the caloalation of mel gain of ATP?

Mscuss “The respiralory pathway is an amphibolic pathway.”

Dellne RO, Wit 1s its vitlie for fats?

Whal 1s oxidative-glicspliorylation?

What ts the sigmificance of step-wise release of cnergy in respiration?
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