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18t law of thermodynamics

* The first law of thermodynamics is an extension of the
law of conservation of energy

* The change in internal energy of a system is equal to the
heat added to the system minus the work done by the
system

AU=Q-W

If heat added to a system, there are two things that can be

done

- Change the internal energy of the system, or Cause the
system to do work

- Combination of the two
T

@ First Law of Thermodynamics n}:.,}

E = Intemal Energy State 2
E,-E, =Q-w
Any thermodynamic system in an equilibdium state possesses a
state variable called the intemal energy (E). Between any two
equilibium states, the change In intemal energy is equal to the

difference of the heat transfer into the system and work done
by the system.




2" | aw of thermodynamics

« Concept of temperature gradient as a
natural phenomenon.

« The 2™ Law can also be stated that heat

flows spontaneously from a hot object to a

cold object (spontaneously means without the assistance of
external work)

There exists a useful thermodynamic variable called entropy (S).

S, = S, (reversible)




Structure of ATP
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Fig: Structure of ATP OH OH

Structure of ATP

It consists of adenine, ribose, and a triphosphate moiety. Adenosine is
attached by the 9-nitrogen atom to the 1-carbon atom of ribose which in turn
is attached at the 5-carbon atom of sugar to a triphosphate group. Three
phosphate groups form a triphosphate moiety. They are termed alpha (a),
beta (B), and gamma (y) phosphate groups. There are three phosphodiester
bonds; one between phosphate groups, the second between the phosphate
groups, and the third between the phosphate and ribose sugar. The first two
are high-energy phosphodiester linkage and produce energy during
hydrolysis. Hence, hydrolysis of ATP to ADP (Adenosine Diphosphate) and
again to AMP (Adenosine Monophosphate) yields energy, but the breaking of
the phosphodiester bond between ribose and the phosphate requires energy.

Production of ATP

ATP is an energy-rich compound primarily synthesized during cellular
respiration in aerobic and anaerobic cells. Oxidation of glucose, lipids (fats),

and amino acids produce the ATP molecules inside cells. The energy
released during the oxidation of these nutrients is trapped in the form of the

high-energy phosphodiester bond in the ATP molecule.

Glucose and ATP

Carbohydrate is the primary source of energy. Carbohydrates consumed in
different forms (starch, sucrose, dextrose, lactose, fructose, etc.) are mostly
broken down to monosaccharide form ‘glucose.” Glucose is then subjected
to metabolic reactions, glycolysis, Krebs cycle, and oxidative
phosphorylation and is oxidized to release energy. This released energy is

trapped and stored in the form of ATP.

B N
-Glycolysis Diagram

Similarly, proteins and lipids metabolism also produce simple end products

like acetyl CoA, succinyl CoA, keto-acids, ammonia, etc., which are then

subjected to the Krebs cycle and oxidative phosphorylation to yield ATP

molecules.




Thtf Krebs cycle, also known as the citric acid cycle or TCA cycle, isa
series of reactions that take place in the mitochondria, resulting in the

oxidation of acetyl CoA to release carbon dioxide and hydrogen atoms that
later lead to the formation of water.

peecan TCA Cycle

Products i
(Each Cycle)

1 ATP [GTP)

Succinate 8. succinyl CoA 3 NADH
synthelogse
y 1 FADH; '
2C0;

GTP  GDP

Krebs Cycle

« This cycle is termed the citric acid cycle as the first metabolic
intermediate formed in the cycle is citric acid.

« This cycle is also termed tricarboxylic acid (TCA) because it was then not
certain whether citric acid or some other tricarboxylic acid (g., isocitric
acid) was the first product of the cycle. However, now it has been known
that the first product is indeed citric acid and thus the use of this name
has since been discouraged.

« This cycle only occurs under aerobic conditions as energy-rich molecules
like NAD* and FAD can only be retrieved from their reduced form once
they transfer electrons to molecular oxygen.

« The citric acid cycle is the final common pathway for the oxidation of all
biomolecules; proteins, fatty acids, carbohydrates. Molecules from other
cycles and pathways enter this cycle through Acetyl CoA.

« The citric acid cycle is a cyclic sequence of reactions formed of 8
enzyme-mediated reactions.

« This cycle is also particularly important as it provides electrons/ high-
energy molecules to the electron transport chain for the production of
ATPs and water.

« Pyruvate formed at the end of glycolysis is first oxidized into Acetyl CoA

which then enters the citric acid cycle.
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Electron Transport System (ETS)
The Electron Transport System (ETS) is a series of protein complexes located in the
mitochondrial inner membrane. It plays a crucial role in generating energy for the cell through
the process of oxidative phosphorylation.Components of ETSThe ETS consists of five
complexes

:1. *Complex | (NADH dehydrogenase)*: Transfers electrons from NADH to ubiquinone.

2. *Complex Il (Succinate dehydrogenase)*: Transfers electrons from succinate to ubiquinone

3. *Complex Il (Cytochrome b-cl complex)*: Transfers electrons from ubiquinone to
cytochrome c.

4, *Complex IV (Cytochrome oxidase)*: Transfers electrons from cytochrome c to oxygen

5. *ATP synthase*. Uses the energy from the proton gradient to produce ATP.Process of
ETSThe ETS works by passing electrons through a series of protein complexes,

which generates a proton gradient across the mitochondrial inner membrane. This gradient is
used to produce ATP through the process of chemiosmosis.Oxidative PhosphorylationOxidative
phosphorylation is the process by which energy is generated in the form of ATP during the
transfer of electrons from high-energy molecules to oxygen. It occurs in the mitochondrial inner
membrane and is driven by the ETS.Mechanism of Oxidative PhosphorylationThe mechanism
of oxidative phosphorylation involves:1. *Electron transport*: Electrons are passed through the
ETS, generating a proton gradient.2. *Proton gradient*: The proton gradient is used to drive the
production of ATP through chemiosmosis.3. *ATP synthesis*: ATP is produced by the enzyme
ATP synthase using the energy from the proton gradientimportance of Oxidative
PhosphorylationOxidative phosphorylation is essential for generating energy in aerobic
organisms. It produces the majority of ATP in cells and is critical for maintaining cellular
function.Regulation of Oxidative PhosphorylationOxidative phosphorylation is regulated by:1.
*Energy demand*: The rate of oxidative phosphorylation is adjusted according to the energy
needs of the cell.2. *Substrate availability*: The availability of substrates, such as NADH and
FADH2, affects the rate of oxidative phosphorylation.3. *Oxygen availability*: Oxygen is the final
electron acceptor in the ETS, and its availability affects the rate of oxidative phosphorylation.
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Fermentation:

*Fermentation is a metabolic process that
converts sugar to acids, gases or alcohol.

* It occurs in yeast and bacteria, and also i
oxygen-starved ( Deficient ) muscle cells, a
in the case of lactic acid fermentation.

* Fermentation, chemical process by which

molecules such as glucose are broken down
anaerobically.

Modes of
fermentation:

» Batch fermentation
» Continuous fermentation
* Fed batch fermentation

*Batch culture technique is also called as closed system
of cultivation.

*In this technique at first nutrient solution is prepared
and it is inoculated with inoculum and then nothing is
added in the fermentation tank except aeration.

*In batch culture, neither fresh medium is added nor
used up media is removed from the cultivation vessel.
Therefore volume of culture remains same.

*Since fresh media is not added during the course of
incubation, concentration of nutrition decreases
continuously. Furthermore various toxic metabolites
also accumulates in the culture vessel. Therefore batch
culture technique gives characteristics growth curve
with lag phase, log phase, stationary phase and decline




production of L.A., 1880.

« Several carbohydrate substances such as corm, starch ,
molasses and whey can be used for the production of LA.

= Derivatives of LA. are used in the treatment of calcium
deficiency (calcium lactate) and of anemia (iron lactate), as a
solvent in lacquers (n-butyl lactate) and a plasticizer and

humectant (sodium lactate)

LAB (Lactic acid bacteria

Two types:
= Homofermentative:

v Only one product: LA

¥ As little substrate as possible is converted into cell material plus byproducts and

as much as possible is metabolized into L.A.

o Mainly Lb. delbrueckii and Lb. leichmannii when glucose is used as substrate.

. Lb. bulgaricus when whey is used.

E.g. Lb bulgaricus, Lactococcus lactis, Streptococcus thermophilus etc.

= Heterofermentative:

v Besides L.A. many other products (byproducts) are there so, not suitable for

commercial purpose

v E.g. Lbplantarum, Lb casei, Leuconostoc etc.
<+ All LAB (Lactic Acid Bacteria) are Facultative rather than obligate anaé
bioreactors need not to run with compete O, exclusion

robes. 50

Biosynthesis

L.A. from glucose via glyceraldehyde-3-F, 1,3-di-P-glycerate and pyruvate

* Reducing power produced during oxidation of glyceraldehyde phosphate is
transferred with an NAD-dependent lactate dehydrogenase t0 pyruvate, is
reduced stereospecifically to L{+) or D{-) LA.

« Theoretically, two moles of lactate are produced from 1 mole of glucose.

« Fig: LA, production from glucose

| Glucose E:cgte_l
—— R |
W
G idehyde-3-P —
h:e i NAD <
L Lactate
Glyceraldehyde phoiphate ST dehydrogenase
rogenase il
' ¢ B NADHs | e
Pyruvate

_i,aldi-ﬁ-gly_::erate
= — L



Photosynthetic Pigments

Principle Pigments

Accessory Pigments

Chlorophyll a

Chlorophyll b, ¢, d

Carotenoids

Phycobilins

Flowchart of photosynthetic Pigments




TYPES OF PHOTOSYNTHESIS

There are two types of photosynthesis

1. Anoxvgenic Photosynthesis -phototrophic bacteria H20 is not
ox:alzca a_nEl 02 1s not prn%[uccd, and thus the process is called
anoxygenic photosynthesis.

CO.+2H,A+Light—-=>[CH.0]+2A

Example-Purple bacteria

H,A=H,0.H,S H, etc.

2. Q;Fn’l_; Ehﬂ%ﬂluis-The oxidation of H20 produces
molecular oxygen ) as a by-product. Because O2 is produced,
photosynthesis in these organisms is called oxygenic
photosynthesis.

2H,0 4H"+0,+le
6CO,+12 H,O+light-—--- =2C,H,,0,+60,+6H,0
Example-Eukaryotes and cyanobacteria

ANOXYGENIC PHOTOSYNTHESIS

« [tis type of photosynthesis process which frequently occurs in
the microorganism which are mostly found in aquatic habitat .
This reaction does not involve production of oxygen.

* Sulfur is used as a reducing agent during the process in green
sulfur bacteria and purple bacteria.

ANOXYGENIC PHOTOSYNTHETIC BACTERIA

« Some photosynthetic bacteria can use light energy to extract
electrons from molecules other than water.

» These organisms are of ancient origin, presumed to have evolved
before oxygenic photosynthetic organisms.

«+ Anoxygenic photosynthetic organisms occur in the domain
Bacteria and have representatives in four phyla — Purple-Sulphur
Bacteria, Purple non- Sulphur Bacteria, Green-Sulfur Bacteria,
Green non- Sulfur Bacteria.

« Anoxygenic photosynthesis depends on electron donors such as
reduced sulphur compounds, molecular hydrogen or organic
compounds.

« They are found in fresh water, brackish water, marine and
hypersaline water.

 Anoxygenic photosynthetic bacteria have been divided into three
groups on the basis of pigmentation: purple bacteria, green bacteria
and heliobacteria.

OXYGENIC PHOTOSYNTHETIC BACTERIA

+ The Oxygenic Photosynthetic Bacteria are
unicellular or multicellular and possess
bacteriochlorophyll a and carry out oxygenic
photosynthesis.

. They are mostly represented by gram-
negative cynobacteria.

. Carboxysomes and gas vesicles are present
and also show gliding movement.

+ Photosynthesis is oxygenic and autotrophic.

+  Photosynthates get accumulated in the
form ofglycogen.
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