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TOPIC -1 
Brief Summary of Mechanism of Photosynthesis 

 
1. Sunlight trapped by Chloroplast enters into PS1 and PSII to transduce solar energy into Chemical 
energy, this chemical energy is required during Carbon fixation or Calvin cycle. This has been shown 
below in the z scheme. This Scheme is operative in thylakoid. This process is also called as Light reaction 
which involves Photolysis of water to release e- which is instrumental in operation of PSII. The left over 
e- enters into PSI to carry out operation. he resultant energy product during these two cycle is ATP and 
NADPH. 

 

2. The energy produced during light as ATP and NADPH is consumed during dark reaction as shown 
Calvin cycle below. 

 
 



Chloroplasts are organelles found in plant cells and eukaryotic algae that conduct photosynthesis. 
Chloroplasts absorb light and use it in conjunction with water and carbon dioxide to produce sugars, the 
raw material for energy and biomass production in all green plants and the animals that depend on 
them, directly or indirectly, for food. Chloroplasts capture light energy to conserve free energy in the 
form of ATP and reduce NADP to NADPH through a complex set of processes called photosynthesis. 
Chloroplasts are members of a class of organelles known as plastids. Chloroplasts are a type of plastid— 
a round, oval, or disk-shaped body that is involved in the synthesis and storage of foodstuffs. 
Chloroplasts are distinguished from other types of plastids by their green colour, which results from the 
presence of two pigments, chlorophyll a and chlorophyll b. A function of those pigments is to absorb 
light energy. In plants, chloroplasts occur in all green tissues, though they are concentrated particularly 
in the parenchyma cells of the leaf mesophyll. 

 

Chloroplasts are roughly 1–2 μm (1 μm = 0.001 mm) thick and 5–7 μm in diameter. They are enclosed in 
a chloroplast envelope, which consists of a double membrane with outer and inner layers, between 
which is a gap called the inter membrane space. A third, internal membrane, extensively folded and 
characterized by the presence of closed disks (or thylakoids), is known as the thylakoid membrane. In 
higher plants, the thylakoids are arranged in tight stacks called grana (singular granum). Grana are 
connected by stromal lamellae, extensions that run from one granum, through the stroma, into a 
neighbouring granum. The thylakoid membrane envelops a central aqueous region known as the 
thylakoid lumen. The space between the inner membrane and the thylakoid membrane is filled with 
stroma, a matrix containing dissolved enzymes, starch granules, and copies of the chloroplast genome. 

 

Envelope 
 

The chloroplast envelope is double-membrane structure comprising an outer and an inner membrane. 
Each of these membranes is a phospholipid bilayer, and is 6 – 8 nm thick. A 10 – 20 nm thick space 
present between the two membranes is known as intermembrane space. 

Stroma 
 

The aqueous matrix present inside this double-membrane envelope is called the stroma. The internal 
components as well as several solutes are dispersed into the stroma. The stroma is especially rich in 
proteins, and contains several enzymes necessary for vital cellular processes. The chloroplast DNA is also 
present in the stroma along with ribosomes and other molecules required for protein synthesis. Starch 
synthesized through photosynthesis is stored in the stroma in the form of granules. 

 

Thylakoids 
 

In addition to the two membranes that form the envelope, chloroplasts contain a third internal 
membrane system called thylakoid membrane. Thylakoids are the internal, membrane-bound 
compartments formed by such thylakoid membranes. The internal portion of the thylakoid is called the 
thylakoid lumen, and contains plastocyanins and other molecules required for the transport of 
electrons. 



Grana 
 

Some of the thylakoids are arranged in the form of discs stacked one above the other. These stacks are 
termed grana, and are connected to each other through inter grana thylakoids and stroma thylakoids.

Photosystems 
 

Present in the thylakoid membranes, these are the structural and functional units for harnessing solar 
energy. A photosystem comprises a reaction center surrounded by light
complexes that contain chlorophyll, carotenoids, and other photosynthetic pigments, a
associated proteins. 

 

Peripheral Reticulum 
 

The chloroplasts of certain plants contain an additional set of membranous tubules called peripheral 
reticulum that originate from the inner membrane of the envelope. Tiny vesicles bud off from the 
membrane of the chloroplast, and assemble to form the tubules of peripheral reticulum.

 

The Photosynthetic Machinery 
 

The thylakoid membrane houses chlorophylls and different protein complexes, including photosystem I, 
photosystem II, and ATP (adenosine triphosphate) synthase, which are specialized for light
photosynthesis. When sunlight strikes the thylakoids, the light energy excites chlorophyll pigments, 
causing them to give up electrons. The electrons then enter the electron transport ch
reactions that ultimately drives the phosphorylation of adenosine diphosphate (ADP) to the energy
storage compound ATP. Electron transport also results in the production of the reducing agent 
nicotinamide adenine dinucleotide phosphat
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causing them to give up electrons. The electrons then enter the electron transport chain, a series of 
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Dark Reaction 
 

TOPIC -2 
Glycolysis and Krebs cycle 
 

Structure 
 

Mitochondria are bounded by an envelope consisting of two concentric membranes, the outer and inner 
membranes. The space between the two membranes is called inter-membrane space. 

A number of invaginations occur in the inner membrane; they are called cristae . The space on the 
interior of the inner membrane is called matrix. 

 
 
 
 
 
 



 

Outer Membrane: 
 

The outer mitochondrial membrane has high permeability to molecules such as sugars, salts, coenzymes 
and nucleotides etc. It has many similarities with the ER but differs from it in some respects, e.g., mono- 
amine-oxidase is present in the mitochondrial outer membrane but not in ER. 

 

On the other hand, the enzyme glucose-6-phosphatase is absent from the mitochondrial outer 
membrane but is present in ER. The mitochondrial outer membrane contains a number of enzymes and 
proteins. 

Inter-Membrane Space: 
 

The inter-membrane space is divided into two regions: 
 

(1) Peripheral space and 
 

(2) Intracristal space . 
 

Large flattened cristae are connected to the inner membrane by small tubes called peduculi cristae 
which are few nanometers in diameter. The inter-membrane space has several enzymes of which 
“adenylate kinase” is the chief one. This enzyme transfers one phosphate group from ATP to AMP to 
produce two molecules of ADP. 

 

Inner Membrane: 
 

The inner mitochondrial membrane invaginates inside the matrix; the invaginations are called cristae . 
This membrane has a high ratio of protein to lipid. “Knobs” or “spheres” of 8-9 nm diameter are spaced 
10 nm apart on the cristae membranes. These knobs contain F1 proteins and ATPase responsible for 
phosphorylation. They are joined to the cristae by 3 nm long stalks called “F0“. The F0-F1 ATPase 
complex” is called ATP synthase. The inner membrane contains large number of proteins which are 



involved in electron transfer (respiratory chain) and oxidative phosphorylation. The respiratory chain is 
located within the inner membrane, and consists of pyridine nucleotides, within the inner membrane, 
and consists of pyridine nucleotides, flavoproteins, cytochromes, iron-sulphur proteins and quinones. 

 

Besides its role in electron transfer, and phosphorylation, the inner membrane is also the site for certain 
other enzymatic pathways, such as, steroid (hormone) metabolism. 

 

The interior of mitochondrion is called matrix. It has granular appearance in electron micrographs. Some 
large granules ranging from 30 nm to several hundred nanometers in diameter are also present in the 
matrix. The matrix contains enzymes and factors for Krebs cycle, pyruvate dehydrogenase and the 
enzymes involved in β-oxidation of fatty acids. 

 
However, succinate dehydrogenase is present in the inner membrane instead of matrix; this enzyme 
catalyses the direct transfer of electrons from succinate to the electron transfer chain 

 
 

The enzyme pyruvate dehydrogenase converts pyruvate to acetyl-Coenzyme A (acetyl-CoA) which enters 
the Krebs cycle. Besides above, matrix also contains DNA, RNA, ribosomes and proteins involved in 
protein and nucleic acid syntheses. 

 

Function of Mitochondria: 
 

Mitochondria are regarded as the power house of the cell as it is the site of respiration. The general 
formula for glucose oxidation is, 

 

C6H12O6 + 6O2 ———-> 6CO2 + 6H2O + 686 kcal 
 

The above described process of Respiration is completed in two steps, called as 
 

1. Glycolysis- occurring in cytoplasm –the last break down product of this cycle is two molecules of 
Pyruvate( three carbon compound).Further break down of this pyruvate takes place in the Mitochondria 
where all the necessary enzymes for its metabolism is present. The metabolic pathway is called as Kreb 
cycle or Tricarboxylic acid cycle. 

 

2. Krebs cycle- This cycle operates in the Mitochondria .The pyruvate is converted to acetyl- 
Coenzyme A (acetyl-CoA) which is then metabolised further. In this cycle, energy is liberated and CO2 is 
produced. Some of the released energy is used to produce ATP, while a major part is conserved in the 
form of reduced coenzymes NADH and FADH2 (FAD = flavinadenine dinucleotide). The energy conserved 
in NADH and FADH2 is released by re-oxidizing them into NAD+ and FAD, respectively; the energy so 
obtained is utilized to produce ATP (oxidative phosphorylation).This process occurs in different steps in a 
strict sequence called electron transfer chain or respiratory chain located in the cristae. The electrons 
are finally transferred to oxygen, and H2O is produced at the end of this chain. The carriers of electrons 
are organized into three complexes, viz., I, III, and IV, and the sequence of electron transfer is as follows. 

 

3. Energy transfer in ETC: The oxidation of acetyl coenzyme A (acetyl-CoA) in the mitochondrial 
matrix is coupled to the reduction of a carrier molecule such as nicotinamide adenine dinucleotide 
(NAD) and flavin adenine dinucleotide (FAD). The carriers pass electrons to the electron transport chain 
(ETC) in the inner mitochondrial membrane, which in turn pass them to other proteins in the ETC. The 
protons move back across the inner membrane through the enzyme ATP synthase. The flow of protons 



back into the matrix of the mitochondrion via ATP synthase provides enough energy for ADP to combine 
with inorganic phosphate to form ATP. The electrons and protons at the last pump in the ETC are taken 
up by oxygen to form water. The concept provided by Peter D. Mitchell is known as the chemiosmotic 
hypothesis in 1961. 

 
 
 

 
 
 
 

Nitrogen fixation 

 

TOPIC -3 
Nitrogen Fixation In Nature 

 
Nitrogen is fixed, or combined, in nature as nitric oxide by lightning and ultraviolet rays, but more 
significant amounts of nitrogen are fixed as ammonia, nitrites, and nitrates by soil microorganisms. 
More than 90 percent of all nitrogen fixation is affected by them. 

Two kinds of nitrogen-fixing microorganisms are recognized: 
 

1.  free-living (nonsymbiotic) bacteria, including the cyanobacteria (or blue-green algae) Anabaena 
and Nostoc and genera such as Azotobacter, Beijerinckia, and Clostridium; and mutualistic 
(symbiotic) bacteria such as Rhizobium, associated with leguminous plants, and various 
Azospirillum species, associated with cereal grasses. 

2. The symbiotic nitrogen-fixing bacteria invade the root hairs of host plants, where they multiply 
and stimulate the formation of root nodules, enlargements of plant cells and bacteria in 
intimate association. Within the nodules, the bacteria convert free nitrogen to ammonia, which 
the host plant utilizes for its development. To ensure sufficient nodule formation and optimum 
growth of legumes (e.g., alfalfa, beans, clovers, peas, and soybeans), seeds are usually 



inoculated with commercial cultures of appropriate Rhizobium species, especially in soils poor 
or lacking in the required bacterium. (See also nitrogen cycle.) 

 

The roots of an Austrian winter pea plant (Pisum sativum) with nodules harbouring nitrogen-fixing 
bacteria (Rhizobium). Root nodules develop as a result of a symbiotic relationship between rhizobial 
bacteria and the root hairs of the plant. 

The molecular nitrogen is reduced into ammonia as the end product before it enters into the metabolic 
system of plants. Nitrogen fixation requires: 

A reducing power like NDPH, FMNH2. 

A source of energy like ATP. 

Enzyme nitrogenase. 
 

Compounds for trapping ammonia formed by the reduction of dinitrogen. 
 

The enzyme nitrogenase has iron and molybdenum which take part in attachment of a molecule of 
nitrogen. Bonds between the two atoms of nitrogen become weakened by their attachment to the 
metallic component. The weakened molecule of nitrogen is acted upon by hydrogen from a reduced 
coenzyme. It produces diamide, hydrazine and ammonia. Ammonia is not liberated. It is toxic even in 
small quantities. The nitrogen fixing microorganisms protect themselves from it by providing organic 

acids. Ammonia and organic acids react to give rise to amino acids. A part of the fixed nitrogen is 
handed over to the host by the symbiotic nitrogen fixing microorganisms. Free living nitrogen fixers do 
not immediately enrich the soil, it is only after the death that the fixed nitrogen enters the cycling pool. 
It occurs in two steps, ammonification and nitrification. 

 

Ammonification: Plants absorb inorganic nitrogen and convert it into organic compounds, that is 
protein. After the death and decay of organic plants, the protein again comes back to the soil.  In the 
soil, the proteins are broken into ammonia by active putrefying bacteria (bacteria of decay). This is done 
in following two steps: 

 

Proteolysis. In this step, proteins break down into their constituent amino acids. Protein breaks into 
peptide in the presence enzyme, proteases. The peptides break down into amino acid in the presence 
of enzyme, peptidases. Bacteria like Clostridium, Proteus, Pseudomonas, Bacillus etc., take part in the 
above-decomposition of protein. 

 

Deamination: In this step, amino acids are transferred into ammonia. The process involves removal of 
amino group from amino acid which is then transferred into ammonia. The process is facilitated by 
many species of bacillus such as Bacillus ramosus, Bacillus vulgaris, and Bacillus mycoides. Ammonia 
thus formed accumulates in the soil and some of it also diffuses into the atmosphere. Ammonia does 
remain in gaseous state in the soil but is changed to ionic form. Ammonia can be used by plants directly 
provided the pH of soil is more than 6 and the plant contain abundant organic acid. Unlike nitrates, very 
few plants can store ammonium ions, for example (Begonia, Oxalis). The ammonia is readily converted 
into nitrate which is absorbed by plants. 

 

NITRATE ASSIMILATION: Nitrate is the most important source of nitrogen to the plants. It accumulates 
in the cell sap of several plants and takes part in reducing osmotic potential. Nitrate is first reduced to 



ammonia and then it is used by the plants. Reduction of nitrate occurs in two steps. 
 

a) Reduction of nitrate to nitrite. It is carried out by the agency of an inducible enzyme called nitrate 
reductase. The enzyme is a molybdoflavoprotein. Nitrate reductase is found attached loosely to cell 
membrane . It requires a reduced coenzyme (NADH or NADPH) for its activity. The reduced coezyme is 
brought in contact with nitrate by FAD or FMN. 

 

NO3+NAD(P)H+H+→NO2+H2O+NAD(P)+ 
 

b) Reduction of nitrite: Nitrite is reduced in the presence of an enzyme called, nitrite reductase. The 
enzyme is a metalloflavoprotein. It contains copper and iron. It occurs inside chloroplast in the leaf cells 
and leucoplasts of other cells. Nitrite reductase requires reducing power. It is NADPH in illumininated 
cells and NADH in others. The process of reduction also requires ferredoxin, which occurs in higher 
plants mostly in green tissue. The product of nitrite reduction is ammonia. 

 

2NO2+7 NAD(P)H+7 H+→2NH3+4H2O+7 NAD(P)+ 
 

Ammonia is not liberated. It combines with some organic acid to produce amino acid. Amino acid then 
forms various types of nitrogenous compounds. 

 
 
  

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  


