
Respiration
• Glucose 1 mole (180g)=2880kJ

• Starch, sucrose, fructan, other sugars, lipids,

organic acids, proteins

• To prevent damage, energy released in a multistep

process

• Metabolites derived from various intermediates-

aminoacids, pentoses in cell walls and nucleotide

biosynthesis, glycerol needed to synthesize

phospholipids



Respiration
➢ Glycolysis and the pentose phosphate pathways in the

cytosol and plastid convert sugars to organic acids, via

hexose phosphates and triose phosphates, generating NADH

or NADPH and ATP.

➢ The organic acids are oxidized in the mitochondrial citric acid

cycle, and the NADH and FADH produced provide the energy

for ATP synthesis by the electron transport chain and ATP

synthase in oxidative phosphorylation.

➢ In gluconeogenesis, carbon from lipid breakdown is broken

down in the glyoxysomes, metabolized in the citric acid cycle,

and then used to synthesize sugars in the cytosol by reverse

glycolysis.





Glycolysis, (Sucrolysis) glykos=sugar, 

lysis=splitting

• Glycolysis is main source of energy via fermentation

• Source of energy, when oxygen levels are low. Eg. Roots

in water flooded soil

• In animals, glycolysis takes place in supramolecular

complex attached to outer mitochondrial membrane





Substrate level phosphorylation:

• Direct transfer of P moeity from a substrate molecule to 

ADP



Fermentation

• No oxygen-No TCA & ETC

• When NADH/NAD ratio is high, to overcome the above situation 

fermentative metabolism occurs

• Ethanol less deleterious

• Lactate acidifies the cytosol



Alternative glycolytic reactions

• Gluconeogenesis: Synthesis of glucose through reversal 

of glycolytic pathway, operates in seeds (castor bean, 

sunflower)



TCA Cycle-citric acid cycle

• Hans A Krebs-1937

• In mt matrix

• Pyruvate transported into mt matrix through pyruvate translocater
(Pyruvate-OH)

• Pyruvate oxidatively decarboxylated into CO2, NADH and Acetic
acid

• Acetic acid formed linked to cofactor (CoA) via a thioester bond to
form acetyl CoA



• Pyruvate dehydrogenase (complex of several enz), catalyze the
reaction in a 3 step process: decarboxylation, oxidation, conjugation
to CoA

• Citrate synthase combines acetyl CoA with OAA to form citrate

• 3 carbon of pyruvate entering the cycle is released as 3 CO2

molecules

• Energy in the thioester bond of sucinyl CoA conserved through

synthesis of ATP (Substrate level phosphorylation)

• Succinate dehydrogenase is a membrane associated protein-the

cofactor FAD is converted into FADH2





TCA cycle unique features

• ATP in plants, GTP in animals

• NAD+ Malic enzyme



Malic enzyme and PEPcarboxylase provide

plants with metabolic flexibility for the metabolism 

of Phosphoenolpyruvate.





The oxidative pentose phosphate pathway (in 
plastids) plays several roles in plant metabolism:
• In nongreen plastids, such as amyloplasts, and in chloroplasts functioning in 

the dark, the pathway may also supply NADPH for biosynthetic reactions 
such as lipid biosynthesis and nitrogen assimilation.

• Because plant mitochondria are able to oxidize cytosolic NADPH via an 
NADPH dehydrogenase localized on the external surface of the inner 
membrane, some of the reducing power generated by this pathway may 
contribute to cellular energy metabolism; that is, electrons from NADPH 
may end up reducing O and generating ATP.

• The pathway produces ribose-5-phosphate, a precursor of the ribose and 
deoxyribose needed in the synthesis of RNA and DNA, respectively.

• Another intermediate in this pathway, the four-carbon erythrose-4-
phosphate, combines with PEP in the initial reaction that produces plant 
phenolic compounds, including the aromatic amino acids and the precursors 
of lignin, flavonoids, and phytoalexins

• During the early stages of greening, before leaf tissues become fully 
photoautotrophic, the oxidative pentose phosphate pathway is thought to be 
involved in generating Calvin cycle intermediates.



ETC-ATP synthesis
Complex I (NADH dehydrogenase). 

• Electrons from NADH generated in the mitochondrial
matrix during the citric acid cycle are oxidized by
complex I (an NADH dehydrogenase).

• The electron carriers in complex I include a tightly bound
cofactor (flavin mononucleotide [FMN], which is
chemically similar to FAD) and several iron sulfur
centers.

• Complex I then transfers these electrons to ubiquinone.

• Four protons are pumped from the matrix to the
intermembrane space for every electron pair passing
through the complex.



Ubiquinone,

• A small lipid-soluble electron and proton

carrier, is located within the inner

membrane. It is not tightly associated with

any protein, and it can diffuse within the

hydrophobic core of the membrane bilayer.



Complex II (succinate 

dehydrogenase)

• Oxidation of succinate in the citric acid cycle is

catalyzed by this complex, and the reducing

equivalents are transferred via the FADH2 and a

group of ironsulfur proteins into the ubiquinone

pool.

• This complex does not pump protons.



Complex III (cytochrome bc 

complex)









ATP synthesis is coupled to 

electron transport







Uncouplers stimulates the rate of e 

transport

• Dinitrophenol, many detergents

• can dramatically increase the proton 

permeability of the membrane and thus act 

as an uncoupler. As a result, less ATP and 

more heat is generated. 

• Heat production appears to be one of the 

uncoupling protein’s main functions in 

mammalian cells.



Plant uniqueness

• NAD(P)H dehydrogenase complex facing 

intermebrane space facilitate oxidation of 

NAD(P)H

• This is insensitive to rotenone (rotenone 

resistant bypass)

• Existence of alternate oxidase



Cyanide Resistant Respiration 

(Alternate pathway)

• Alternate oxidase (32KDa-Membrane 

protein)-inhibitor Salicyl Hydroxamic acid-

SHAM)

• Araceae(arum family)-25oC-voltilizes 

amines & indoles

• When cell saturated of ATP

• During stress-prevents the overreduction 

of ubiquinone pool



The internal, rotenone-insensitive NADH 

dehydrogenase, NDin (NADH).

• This is one of the multiple NAD(P)H 
dehydrogenases found in plant mitochondria. It 
has been suggested to work as a nonproton-
pumping bypass when complex I is overloaded. 
Complex I has a higher affinity for NADH (ten 
times lower Km ), than NDin (NADH). At lower 
NADH levels in the matrix, typically when ADP is 
available (state 3), complex I will dominate, 
whereas when ADP is rate limiting (state 4), 
NADH levels will increase and NDin (NADH) will 
be more active. The physiological importance of 
this enzyme is, however, still unclear.



Energy stored per ATP-50.2KJ

Total=3012KJ

1 Sucrose= 5760KJ

Efficiency=52-55%

Fermentation=5%



Respiration-Regulation

• General Factors

– Rate at which photosynthate synthesized

– Import into plant tissues

– ATP utilization



Regulation of Glycolysis

• In plants, the control of glycolysis comes from 

the bottom up with primary regulation at the level 

of PEP metabolism by pyruvate kinase and PEP 

carboxylase and secondary regulation exerted 

by PEP at the conversion of fructose-6-

phosphate to fructose-1,6-bisphosphate 

• In animals, the primary control operates at the 

phosphofructokinase, and secondary control at 

the pyruvate kinase.





• Phosphofructokinase ---PEP (inhibitor)—inhibition 
reduced by Pi (In animals, ATP inhibitor)

• Phosphofructokinase ---also feed back inhibited by 
1)citrate 2)2-oxoglutrate 3)malate

• Reaction catalysed by Pyruvate kinase bypassed by 
PEP carboxylase

• Pyruvate kinase and PEPcarboxylase, the enzymes 
that metabolize PEP in the last steps of glycolysis  
are in turn sensitive to feedback inhibition by citric 
acid cycle intermediates and their derivatives, 
including malate, citrate, 2-oxoglutarate, and 
glutamate.

• Though the two enzymes are inhibited by similar 
metabolites, the PEPcarboxylase can under some 
conditions perform a bypass reaction around the 
pyruvate kinase. The resulting malate can then enter 
the mitochondrial citric acid cycle. 



The regulation of the conversion of fructose-

6-phosphate to fructose-1,6-bisphosphate is 

also complex.
• Fructose-2,6-bisphosphate, another hexose 

bisphosphate, is present at varying levels in the 
cytosol. 

• It markedly inhibits the activity of cytosolic fructose-
1,6-bis-dependent phosphatase but stimulates the 
activity of PPi phosphofructokinase. 

• These observations suggest that fructose-2,6-
bisphosphate plays a central role in partitioning -
dependent pathways flux between ATP-dependent 
and PPi of fructose phosphate metabolism at the 
crossing point between sucrose synthesis and 
glycolysis.



Regulation-TCA Cycle

• Pyruvate dehydrogenase-phosphorylated-

inactive

• Pyruvate dehydrogenase-non 

phosphorylated (phosphatase)-active

• PDH & citrate synthase-inhibited by NADH 

& ATP





Regulation of ETC

• Controlled by ATP/ADP ratio

• Less demand for ATP—less ADP—
reduced oxidative phosphorylation—
increase in matrix NADH&ATP—inhibits 
pyruvate dehydrogenase, citrate 
sythatase—decresae in TCA cycle activity 
and build up of intermediates (malate)—
inhibits pyruvate kinase—incresae in 
PEP—inhbits phosphofructokinase












